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URI WATERSHED WATCH 
Welcome to the University of Rhode Island Watershed Watch program!  

The University of Rhode Island (URI) Watershed Watch program is a statewide 
volunteer water quality monitoring program.  The focus is on educating the public 
and providing current information on the water quality of lakes, ponds, reservoirs, 
rivers and estuaries throughout Rhode Island.  The heart of the program consists 
of weekly or biweekly monitoring in the middle of these waterbodies by trained 
volunteer monitors.  Water quality is a reflection of the activities in the water itself 
as well as in the lands and waters that surround and lie upstream.  It is our hope 
that this program will encourage communities, shoreside homeowners, 
recreational users, and local residents to understand the need to cooperatively 
manage and improve the water quality of all the water bodies within a watershed.  
In this way we all will ensure that Rhode Island’s fresh water resources remain 
one of the state’s great assets. 
 URI Watershed Watch one of four Cooperative Extension Water Quality 
Programs and is in the Department of Natural Resources Science in the College 
of the Environment and Life Sciences at the University of Rhode Island.  URI 
Cooperative Extension provides much of the staff support and laboratory 
facilities.  The program also relies on the time and financial support of many 
organizations throughout the state. 
 URI Watershed Watch works with municipalities, watershed organizations, 
land trusts, and the Rhode Island Department of Environmental Management to 
determine which water bodies should be monitored.  This program began in May 
1988 as a cooperative effort between the URI’s Natural Resources Science 
Department and the Wood-Pawcatuck Watershed Association.  At this point 
more than thirty organizations throughout Rhode Island and northern 
Connecticut have co-sponsored water quality monitoring efforts by more than 
300 volunteers.  Each sponsoring organization financially supports the program.  
URI Watershed Watch provides all monitoring equipment, supplies, and training, 
as well as conducting laboratory analyses, data analysis, and reporting results. 
 In 1992 the Rhode Island Department of Environmental Management 
(RIDEM) confirmed the value of the quality data collected by the volunteers in 
the URI Watershed Watch program.  URI Watershed Watch data is the sole 
source of almost all of Rhode Island’s lake and pond data.  It is valued as 
“monitored data” in the “State of the State’s Waters” report.  RIDEM’s 
enthusiastic support has had a significant impact on the scope of the URI 
Watershed Watch program.  In 2006 our analytical laboratory attained 
certification by the Rhode Island Department of Health as a licensed laboratory. 
 This manual provides the step-by-step instructions for lake and pond 
water quality monitoring.  Coupled with field training and proper equipment, our 
dedicated volunteers are significantly expanding the information available on our 
lakes and ponds, a critical first step to their protection, management and 
enhancement.  Without a doubt, it is the dedication of the volunteers that makes 
this program a success. 
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HOW THIS MANUAL IS ARRANGED 
 
 This manual is divided into several sections.  We have tried to make it as 
“user-friendly” as possible. 
 General Information describes the overall program - who we are, what we do, 

and steps to take to prepare for monitoring. 
 How To Monitor is the heart of the manual.  You will refer to this section the 

most.  In it we summarize the steps to follow each time you go out on the 
water. 

• Shallow locations are those that are less than 5 meters (15 feet) in depth. 
• Deep locations are those which are more than 5 meters (15 feet) in depth.  

The reason that we separate these locations is that in our deep locations 
the water tends to form distinct layers during the summer.  We test for 
oxygen in the bottom waters of these locations as an additional indicator 
of water quality.   

• Weekly and biweekly monitoring is simpler than the triseason water 
collections.  All the weekly and biweekly monitoring takes place on site. 

• Triseason water collection involves collecting additional water samples 
and bringing them to the URI watershed Watch laboratory for us to 
analyze. 

• We provide a schedule for you to follow to keep you on track. 
 Specific Monitoring Techniques has complete instructions on how to do each 

monitoring procedure.  For example, we say “make your first set of Secchi 
depth transparency measurements” in How to Monitor.  In this section we 
provide step by step directions in making that particular measurement.   

 Directions for Water Samplers provides step by step directions for using each 
of our water samplers. 

 Natural Resources Factsheets provides background and supplemental 
information about what we monitor and why. 

 
Please note that each procedure should be followed  

in the order the steps are presented. 
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WHY MONITOR? 
(Excerpted from Great Bay Watch: A Citizen Monitoring Manual, University of New Hampshire Cooperative Extension) 

 
 Ecological monitoring has been defined as repetitive measurements or 
observations recorded over time for the purpose of determining a condition or 
tracking a trend or change.  Long-term ecological monitoring is necessary before 
drawing conclusions as to cause and effect of observed changes.  These 
changes are often gradual and subtle.  The question is whether they represent 
trends or natural fluctuations.  In general these studies have shown that: 

• Complex ecological systems require long-term observation and study 
for understanding; 

• A single sample says nothing about its environment, only about the 
sample itself; 

• A sequence of only two to three years of data can be very misleading 
about the direction of changes in environmental quality; 

• Environments have a “memory” or response time, which varies greatly.  
It takes a certain amount of time to detect a change – perhaps a 
decade for lakes, a century for soil. 

 
While those involved in citizen monitoring efforts are usually not trained 

scientists, they can, with relatively little training and simple equipment, collect 
information that can make a significant contribution.   
 

Another important value of monitoring is revealed through changes in 
individual behaviors due to increased knowledge, appreciation, and stewardship 
of the environment being studied. 
 
 

URI WATERSHED WATCH GOALS 
 
 The URI Watershed Watch program is an educationally oriented program 
with four main goals: 

• To promote active individual participation in water quality protection; 
• To educate the public about water quality issues; 
• To obtain multi-year surface water quality information and data to 

ascertain current conditions and to track trends; 
• To encourage management programs based upon sound water quality 

information. 
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SAFETY FIRST! 
(Field SOP 001) 

 
University of Rhode Island Watershed Watch 

 

Date:  
Version:  
Author:  

7/12 
2 
Linda Green 

 
Being a Watershed Watch volunteer usually involves going out on the water. It also may involve 
using chemical reagents to perform water quality tests. For your protection, here are some 
simple rules to follow. The most important is to use common sense and remember that your 
safety is far more important than any monitoring data. This list is not meant to be 
exhaustive. For more information see http://www.fs.fed.us/recreation/safety/safety.shtml/#top . 
 
Before going to your monitoring location: 
 Keep a first aid kit in your vehicle. 
 Check http://www.ribeaches.org/closures.cfm and/or http://www.dem.ri.gov/news/index.htm 

for beach closures and/or advisories. 
 Check the weather report for storm alerts, watches, or warnings. 
 If you are monitoring alone, alert someone in advance that you will be monitoring and check 

in when you are done. 
 Apply sunscreen, bug repellent, and wear a hat. 
 Make sure you have all your monitoring supplies. 
 Familiarize yourself with all monitoring instructions. 
 
Upon arrival at your monitoring location: 
 Park legally, and as far off of roads as possible, leave your vehicle flashers on if you have 

any concerns. We can provide you with a laminated ID card for your vehicle if you wish. 
 No trespassing! Please obtain property owner permission if you will be crossing or on private 

land. 
 Think about your footing while traveling to your monitoring site, watch your step! Watch and 

plan for 
o Steep and eroding slopes, 
o Tree roots and debris, plants and vines that tangle and scratch, poison ivy, 
o Loose or wet slippery rocks, 
o Ticks, spiders, snakes, snapping turtles, unfriendly dogs or waterfowl. 

 
When readying to go on the water and when you are on the water: 
 Monitor with a partner if possible.  The old adage about “safety in numbers” applies here. 

(Having a partner helps improve quality data collection, too.) 
 Familiarize yourself with all monitoring instructions before you go on the water. 
 Wear a personal flotation device. 
 If your boat has a motor, bring along oars or paddles too! 
 Have an anchor with an attached anchor line on board. 
 Bring along a supply of drinking water, especially in the summer. 
 Watch out for other boats on busy days – especially those towing water-skiers! 
 Stay off the water if high winds, a storm, or lightning is expected soon or has started. 
 Stay off the water if you do not feel well. 
 Wearing plastic gloves when you monitor is advisable, especially if you are monitoring 

within 24 hours of a major storm, there are visible algae blooms or other debris, or you have 
any concerns about the water you are monitoring. 

http://www.fs.fed.us/recreation/safety/safety.shtml/#top
http://www.ribeaches.org/closures.cfm
http://www.dem.ri.gov/news/index.htm
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When using monitoring kits: 
 Familiarize yourself with all instructions. Ready the material safety sheets and safety 

instructions that come with each kit. 
 Follow the instructions step-by step, in the order written. 
 Keep a supply of paper towels, some dampened, on hand to quickly mop up spills. 
 Wear glasses or goggles and gloves when using test kit chemical reagents. 
 Avoid contact between chemical reagents and your skin, eyes, nose, mouth. 
 Use stoppers or bottle caps, not your fingers or hands, to cover bottles during shaking or 

mixing. 
 If you spill anything on yourself, immediately flush thoroughly with lots of water. It is 

perfectly acceptable to use nearby lake, stream or salt water – do NOT wait until you 
get home or to a faucet! 

 Rinse and wipe up any regent chemical spills, liquids, or powder as they occur. 
 Thoroughly rinse all your testing apparatus with tap water after use. 
 Thoroughly wash your hands after performing your tests, even if you wore gloves. 
 Keep equipment and chemical reagents out of sunlight, extreme heat or cold (such as car 

trunks), or moist areas (such as under sinks.) 
 Keep all equipment and supplies away from children, just like you would household cleaning 

products. 
 
If you have any questions or concerns call URI Watershed Watch 
(401)-874-2905 
 
To report suspected blue-green algae blooms, contact Brian Zalewsky 
in DEM's Office of Water Resources at 222-4700 ext. 7145.   
For more information go to: 
http://www.health.ri.gov/healthrisks/harmfulalgaeblooms/ 
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WHAT WE MONITOR: 

URI WATERSHED WATCH 
WATER QUALITY MEASUREMENTS 

for Lakes, Ponds, Reservoirs 
 

WEEKLY 
 

Water Clarity 
(measured by Secchi Depth Transparency)  

 
Water Temperature 

 
BIWEEKLY 

 

Algal Biomass 
(measured by chlorophyll-a content) 

 

Dissolved Oxygen in deep water 
(measured at depths >= 5 meters (15 feet)) 

 

 
 

TRISEASON 
(May, July, October) 

(also September for deep lakes) 
A suite of water samples is collected by program volunteers 

once over a three day period, 
brought to URI the same day as collected, 

and analyzed by URI Watershed Watch staff for: 
 

pH and Alkalinity 
Total- and Dissolved Phosphorus 

Total-, Nitrate-, and Ammonium- Nitrogen 
Bacterial levels (Enterococci) 

Chloride 
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WHERE WE MONITOR: 

PIN-POINTING YOUR MONITORING 
LOCATION 

 (Field SOP 002) 

 
University of Rhode Island Watershed Watch 

Date:  
Version:  
Author:  

7/12 
2 
Linda Green 

 
 All URI Watershed Watch volunteers monitor a particular location for an entire 
monitoring season.  Unless otherwise described, water quality monitoring is done at the 
deepest part of each lake or pond, and mid-stream in rivers and streams.  Salt ponds, bays 
and harbor sites are usually specifically described and assigned by the local sponsoring group, 
such as Salt Ponds Coalition. 

Lakes and Ponds. 
We have several ways of determining where the deepest spot is.  For many locations we rely on 
maps originally found in Fisheries Investigations and Management in Rhode Island Lakes and 
Ponds, by Richard Guthrie and John A. Stolgitis, available from the Rhode Island Division of 
Fish and Wildlife.  This book contains bathymetric maps, which are maps of the bottom contours 
of lakes and ponds.  The contours have three-foot intervals.  These maps can be found on-line 
at http://www.dem.ri.gov/maps/mapfile/pondbath.pdf . For locations not in this book we rely on 
United States Geological Survey (USGS) topographic maps.  Unfortunately those maps don’t 
show bottom contours.  If your location has been monitored in the past we also provide 
annotated maps, where past volunteers have described and marked their monitoring location, 
generally following the directions below.  We do provide new volunteers with the contact 
information for the past volunteers so you can learn directly where they monitored.   

We do have latitude and longitude coordinates for all our active monitoring locations posted 
online. See http://www.uri.edu/ce/wq/ww/Lat-Long.htm for those values We also invite you to 
use your own GPS device to confirm or update your monitoring location. Since different GPS 
units have their own instructions we will not provide any here. 

What we rely on most is your knowledge of your particular monitoring location. 

 
Supplies: 

 boat, anchor, personal flotation device 
 map, clipboard, pencil 
 Secchi disk 

 

Directions: 
1. Bring your map to your lake and orient yourself.  Mark your starting location (dock, launch 

ramp, etc.) on the map.    

2. Go out to where you think the deepest spot is. 

3. Check the depth to the bottom using your Secchi disk. 

4. Try some nearby areas, marking the bottom depths on your map.  It may take you some 
time to find the deepest spot. 

5. When you find the deepest spot, anchor your boat and take a look around. 

6. Facing forward in your boat, what distinguishing landmarks do you see in front of you, in 
back of you, to your left and right? You will use these landmarks to locate your spot every 
time you monitor.  On some lakes and ponds you can leave a buoy to mark the spot. 

http://www.uri.edu/ce/wq/ww/Lat-Long.htm
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7. Mark down these landmarks on your map.  Also write them down on a separate piece of 
paper, and consider photographing your landmarks to further orient yourself and others.  

Rivers and Streams: 
Unless otherwise described, monitoring on rivers and streams is done in the middle of 
the stream, facing upstream. If you are monitoring a tributary stream to a lake, pond, salt pond 
or other stream, monitoring is done upstream of the location, so that your samples capture the 
river/stream water, not what it is flowing into. 

Monitoring is done facing upstream, so that if you are standing in the water anything you stir up 
will go downstream and not into your sample bottles.   

If you are monitoring at a road crossing, unless otherwise described, monitor on the upstream 
side of the road, to minimize the contribution of the nearby road to your water samples. 

We have maps with written descriptions for most monitoring locations, and rely on past 
volunteers to direct new ones to the exact spot. New for 2012 is a map accessible from the URI 
Watershed Watch website that includes coordinates for almost all monitoring locations. Go to 
http://www.uri.edu/ce/wq/ww/MonSites-Rivers.htm and click where noted to see the map to 
confirm site location. See http://www.uri.edu/ce/wq/ww/Lat-Long.htm to obtain the coordinates 
for your monitoring location. 

If your location is brand new, we encourage you to use a GPS device to record the coordinates. 

Another great way to help ”mark” your stream site is to take photos of it both to share with us 
(we love photos) and as a record of where your site it. With so many digital cameras in use, 
some volunteers take a photo of their site each time they monitor it, and in particular of any 
outstanding feature, such as a rock, culvert, existing marker or even the road crossing.  A series 
starting from further out and then successively zooming in is also very useful.   

Salt ponds, Bay or Harbor sites: 
In many cases salt water monitoring is done off the ends of docks.  These locations are 
generally specified by the sponsoring organization such as the Salt Ponds Coalition or Save 
Bristol Harbor and their monitors are shown exactly where to monitor.  Those organizations and 
URI Watershed Watch have GPS coordinates of those locations.  If monitoring is done in the 
middle of, for example, Green Hill Pond, the location is found and marked as in the “Lakes and 
Ponds” section above. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

No matter how you mark your spot, think about how you would explain your location to 
someone who isn’t as familiar with the spot as you are. This is very important, both for 
future monitoring efforts and for supplementary monitoring by water quality professionals.   

 

http://www.uri.edu/ce/wq/ww/MonSites-Rivers.htm
http://www.uri.edu/ce/wq/ww/Lat-Long.htm
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LAKE/POND WATER QUALITY MONITORING SUPPLIES  
 Monitoring manual 
 URI Watershed Watch postcards 
 Secchi Disk with calibrated line 
 View tube for Secchi disk 
 Water sampler 

• Shallow sampler for locations < 15 feet deep 
(home-made with black siphon pump) 

• Deep water sampler for locations > 15 ft deep 
(clear w/ gray ends LaMotte Sampler with calibrated line & weight) 

 Water sample bottles 
Shallow Locations Deep Locations 

• 500 ml white plastic bottle 
(magenta label), “1m UNFILTERED” 

• 500 ml white plastic bottle 
(magenta label), "1m UNFILTERED " 

 • 500 ml white plastic bottle 
(green label), "deep unfiltered" 

• 250 ml white plastic bottle with 
"sterile" label across lid 

• 250 ml white plastic bottle with 
"sterile" label across lid 

• Brown glass bottle (250 or 100 ml) 
(magenta label), "1m UNFILTERED " 

• Brown glass bottle (250 or 100 ml) 
(magenta label), "1m UNFILTERED " 

 • Brown glass bottle (100 or 250 ml) 
(green label), "DEEP UNFILTERED " 

• Plastic bottle (100 ml) 
• (yellow label, “1m FILTERED”) 

• Plastic bottle (100 ml) 
(yellow label), "1m filtered" 

Chlorophyll filtration apparatus (stored in a re-sealable plastic bag) 
• 2 - 250 ml chlorophyll sample bottles (labeled #1 of 2, #2 of 2) 
• 60 ml syringe (marked at 50 ml) 
• 2 white plastic filter holders 
• glass fiber filters (stored in 35 mm film canister) 
• tweezers 
• squeeze bottle of magnesium carbonate preservative 
• re-sealable bag containing desiccant chips to store/preserve filters 
• sheet of chlorophyll filter sample labels 
• blotting paper (supplied by volunteer- coffee filter, paper towel) 
• aluminum foil squares (supplied by volunteer) 

 Thermometer (usually stored in bag of chlorophyll supplies) 
 Dissolved Oxygen kit (for locations >15 ft deep) 

• Goggles, plastic gloves 
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WATER QUALITY MONITORING CHECK LIST 
 

ON THE WATER 
WEEKLY monitoring on all locations: 

Secchi disk and 2 clothespins 
Thermometer 
PVC view tube 

pencil and notepad 
monitoring postcard 

personal flotation device 
anchor 

map of monitoring location with landmarks noted 
 

 
for BIWEEKLY monitoring also bring: 

      SHALLOW ponds       DEEP ponds 
  shallow sampler   water sampler & weights 
  plastic bottles (labelled for chlorophyll)   plastic bottles (labelled for chlorophyll) 
  insulated cooler bag with freezer pak   clear glass dissolved oxygen bottles 
    insulated cooler bag with freezer pak 

 
(TRISEASON) water collection dates monitoring 

bring weekly, biweekly supplies, and: 
 
      SHALLOW ponds       DEEP ponds 

  Large white plastic bottle labeled  
“1 meter unfiltered” 

  Large white plastic bottle labeled  
“1 meter unfiltered” 

  brown glass bottle  
labeled "unfiltered" 

  2 brown glass bottles: 
• 1 - unfiltered shallow 
• 1 - unfiltered deep 

  sterilized bacterial bottle   sterilized bacterial bottle 
    1-2 more glass D.O. bottle(s) 
**********************************************************************************************************

** 
ON SHORE 

Organize these items either inside or out of direct sunlight, before you go out on the water. 
 

BIWEEKLY monitoring  
 Chlorophyll Filtration Apparatus, which includes 

• syringe 
• round white plastic filter holders 
• small filter circles (stored in black film canister) 
• tweezers 
• white flip-spout squeeze bottle (labeled magnesium carbonate) 
• wrapping for filters – your own paper towels or coffee filters 
• aluminum  foil squares (your own) 
• sheet of location labels 

 
 Dissolved oxygen kit for deep ponds 
 

(TRISEASON) water collection dates monitoring – all of the above plus 
• 1 plastic bottle with yellow label "1m FILTERED" 
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MONITORING POSTCARD 

INSTRUCTIONS 
(Field SOP 003) 

 
University of Rhode Island Watershed Watch 

Date:  
Revision:  
Author:  

5/10 
2 
E. Herron & 
L. Green 

 
At the bottom of this page is a copy of the monitoring postcard.  Please fill one out each time 
you do your water quality monitoring.  The postcards are pre-stamped. 
 

Please be sure to mail it to us right away. 
 

Often monitors forget to write their name, their location, and/or the date.  Without this 
information we cannot record and use your valuable data.  Please check over your postcard 
before you mail it to be sure you have included everything needed.   
 
Note that “Salinity” is only applicable to sites that are influenced by the ocean such as the 
Narrow River, Salt Ponds, estuaries and Narragansett Bay.  If “Salinity” is not determined at 
your site write “N/A” or Not Applicable in this area of the postcard.  Codes for “Light”, “Wind” and 
“State of Tide” are described below under “Codes for Environmental Conditions”.   
 
Please read the monitoring postcard carefully.  Some additional information is requested from 
certain monitors or groups and would have been described during your training.  If you still have 
questions, call us at 401-874-2905. 
 
Monitoring Postcard: 
 
LOCATION:     MONITOR(S): 
 
DATE MONITORED:    TIME: 
       (mo/day/yr)   (military) 
SECCHI DEPTH (measure 4 times): 
 

__________   _________   __________   __________ meters 

Depth to bottom is _______ meters.  Is Secchi visible on bottom?  yes  or  no 
CHLOROPHYLL SAMPLES:  FILTERED and FROZEN:  yes or no 
       Record actual depth 
DEPTH MONITORED (meters) Surface 1 meter ____m deep ____m deep 
WATER TEMPERATURE (deg. C)     

DISSOLVED OXYGEN (mg/L) 
(Measure twice at each depth) 

N/A  ¦ 
¦ 

¦ 
¦ 

SALINITY (ppt) N/A    

(for below, circle best description, see monitoring manual for details) 
LIGHT:     1= Distinct shadows     2= No shadows              3= Very overcast 
WIND:       0= Calm    1= Light       2= Gentle           3= Moderate    4= Strong 
RAIN W/IN 48 Hrs.     1= None      2= Light              3= Moderate    4= Heavy 
------------------------------------------------------------------------------------------------------------------------------------------------------- 

STATE OF TIDE:  EBB ____   FLOOD ____   HIGH ____   LOW ____   N/A ____ 
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CODES FOR ENVIRONMENTAL CONDITIONS 
 
These codes describe environmental conditions when you are monitoring.  Please enter the 
code number that best describes the conditions on your monitoring postcard. 
 

Light conditions: 
Code # Description 

1 Bright, distinct shadows 

2 Cloudy-bright, no shadows 

3 Heavily overcast 
 
Wind speed: 
 

Code 
# 

Wind Velocity 
(mph) 

Weather 
Term Condition of Water surface 

0 0 Calm Completely calm 

1 1 - 7 Light Smooth or rippled to small wavelets 

2 8 - 11 Gentle Large wavelets, crests begin to break, few whitecaps 

3 12 - 16 Moderate Small waves, frequent whitecaps 

4 17 - 24 Fresh Moderate crested waves, many whitecaps 

5 25 - 35 Strong Large waves, white foam crests everywhere, wind 
blown spray – too dangerous for monitoring!!! 

 
Rain within 48 hours 
 

Code # Description 
1 None within the last 48 hrs 

2 Light < 0.5 inch within the last 48 hrs 

3 Moderate 0.5 – 1 inch within the last 48 hrs 

4 Heavy > 1 inch within the last 48 hrs 
 
State of Tide: 
 

State of Tide Description 
EBB Tide is flowing OUT toward the ocean 

FLOOD Tide is flowing IN toward land 

HIGH At high tide 

LOW At low tide 

N/A None of the above apply 
 (site is inland and not connected to the ocean) 

 



 

 
ON-LINE FIELD DATA ENTRY 

INSTRUCTIONS 
(Field SOP 014) 

 
University of Rhode Island Watershed Watch 

Date:         7/12 
Version:  1 
Authors:   E. Herron, L. Green 
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How to Use URI Watershed Watch’s Online Data Entry 

 
Online entry of postcard data can be completed by logging in through URI Watershed Watch’s 
webpage at http://www.uri.edu/ce/wq/ww 

• Click on “Online Data Entry” on homepage (Figure 1) 
• Password is “monitorXX”, where the XX = the current year, ie 2010 (Figure 2) 
• Site ID is a number (WW##) found on the attached sheet and also on website (Figure 1) 

– Enter it exactly, including any 0’s 
• Select the type of waterbody you are monitoring to get the correct set of data entry fields 

(Figure 3). 
• Complete the data from your postcard and/or field data sheet (Figure 4) 
• Complete and hold onto postcards/field data sheet. Return the postcards or field data 

sheet at the end of the season! 

Figure 1.            Figure 2.  

   
Figure 3.            Figure 4. 

   
Please contact Elizabeth (874-4552 or emh@uri.edu) if you have any questions or problems 
entering your postcard data.  



SAMPLE 
URI WATERSHED WATCH 

2006 WATER QUALITY MONITORING SCHEDULE 
LAKES, RESERVOIRS, AND PONDS 

 
Week 

Ending 

Secchi & 
Temp 
Only 

Secchi, temperature, 
chlorophyll, 

D.O.(deep locations) 

 
WATER COLLECTION DATES 

April 29 X   
May 6  X  
May 13 X   
May 20  X FIRST TRISEASON:  May 18 - 20 

CHLOROPHYLL QC CHECK 
May 27 X  MEMORIAL DAY IS MAY 29 
June 3  X New England Chapter of NALMS 

Lakes Conference 
June 2 & 3, 2006 – UMaine - Farmington 

Farmington, ME - Please consider attending 
June 10 X   
June 17  X June 17 - optional lake water collection day 

Scheduled river collection day 
June 24 X  Narrow River Swim – Come support the NRPA! 
July 1  X  
July 8 X  Participate in ‘06 Great American Secchi Dip-In 

July 15  X  
July 22 X   
July 29  Bring DO Kit to URI SECOND TRISEASON:  July 27 - 29 

D.O. QC CHECK 
August 5 X   
August 12  X AUGUST 14 IS VICTORY DAY 
August 19 X   
August 26  X Aug. 26 - optional lake water collection day 

Scheduled river collection day 
September 2 X  SEPTEMBER 4 IS LABOR DAY 
September 9  X  

September 16 X   
September 23  X  
September 30 X  Sept 30 - optional lake water collection day 

Scheduled river collection day 
October 7  X  

October 14 X  OCTOBER 9 IS COLUMBUS DAY 
October 21  X Yup – DO & Chl-a 2 weeks in a row 
October 28  X 

Return all supplies 
THIRD TRI-SEASON:  Oct. 26 - 28 

Chlorophyll QC check 
Scheduled river collection day 

 

This is an example of a monitoring schedule. 
Each year’s monitoring schedules are on-line at: 
http://www.uri.edu/ce/wq/ww/MonSchedules.htm/ 

Copies are also given to each volunteer. 
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HANDLING AND TRANSPORTING 

WATER SAMPLES 
 (Field SOP 004) 

 
University of Rhode Island Watershed Watch 

Date:  
Version:  
Author:  

7/12 
2 
Linda Green 

 

Keep ‘em cold & NO Smoking!!! 
 
How you handle your water samples once they are out of the water is extremely important in 
ensuring that the results of what you test truly reflect the condition of the water.  Sunlight and 
warm air temperatures can dramatically affect your samples.  Here are some important points 
for transporting your water samples: 
 
Before you go on the water: 

 Bring a cooler/bag and a frozen cold pack with you for chlorophyll monitoring and on 
water collection days. 

 Have a zip lock bag and a separate cold pack on shore to store your chlorophyll filters in. 
 On hot, sunny days store your deep water sampler in the cooler/bag while you are on 

your way out to your monitoring site.  (The temperature of the sampler can raise the 
temperature of the water inside it.) 

 
On the water, after you collect your water samples: 

 Check the water temperature of one sample and then… 
 Immediately put your two chlorophyll bottles in the cooler/bag. 
 It is a good practice to store your dissolved oxygen bottles in the cooler/bag too! 
 If you forget your cooler/bag at least store your water samples out of the direct sunlight. 

On-shore: 
 NO SMOKING!  It will affect the amount of ammonia-N in your water (no kidding!) 
 Find some shade!  Chlorophyll filtering must be done out of direct sunlight if outside and 

in subdued light if indoors. 
 Keep the processed filters cold!  If you filter your samples at home put the filters right in 

the freezer when you are done.  If you aren’t home, put the filters in a zip lock bag next 
to a cold pack.  Do not store the filters directly on ice. 

 Water samples should be stored in your refrigerator until you are ready to bring them to 
the URI Watershed Watch laboratory. 

Bringing your water samples and chlorophyll filters to the URIWW lab: 
 KEEP ‘EM COLD!  Use an insulated cooler/bag with cold packs or ice.  If you choose to 

use ice, please put the ice in its own zip lock bag or put your water bottles in a bag so 
that the melting ice doesn’t cause the labels to slip off your bottles. 

 Please put your bag of chlorophyll filters right next to a cold pack.  Either put the pack 
inside the zip lock bag with your filters or use a rubber band to keep the chlorophyll bag 
right next to the cold pack. 

 

  



 
 
 
 

Monitoring Basics 
(what to do and when) 
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Shallow Ponds: WEEKLY AND BIWEEKLY Monitoring 
 
 This summarizes monitoring procedures for locations less than five 
meters (fifteen feet) deep.  Detailed descriptions of each procedure are in 
Section III, Specific Monitoring Techniques.  Detailed instructions for the shallow 
water sampler are in Section IV, Directions for Water Samplers. 
 
Before going out on the water: 
Go over this on-the-water checklist to make sure you have everything you 
need. 

 Secchi disk and two clothespins 
 viewing tube 
 water sampler 
 2 white lidded plastic chlorophyll sample bottles (labeled #1 of 2, #2 of 2) 
 thermometer  
 insulated cooler bag with freezer pack 
 pencil and notepad 

• monitoring postcard 
 personal flotation device 
 anchor 
 map of location with landmarks and location noted 

 
On the water every week: 
1. Go to your location, anchor your boat. 
2. Make two sets of Secchi depth transparency measurements. 
 

Additionally, on the water every other week (biweekly): 
B1.  Rinse your shallow sampler & chlorophyll bottles. 

• Put the shallow sampler into the water. 
• Squeeze the black bulb ten times to rinse the sampler. 
• Rinse the plastic chlorophyll bottles with some of this water. 
• Discard rinse water. 

B2.  Fill the two chlorophyll bottles & measure water temperature: 
• Use the shallow sampler to pump water. 
• Fill the white-lidded plastic bottles about ¾ full. 
• Cap one bottle and put it in your cooler. 
• Put thermometer into the other bottle.  Keep it out of direct sunlight. 
• After a minute or two read the thermometer while it is in the bottle 

o  Record temperature on your postcard/notebook.  
o  Remove the thermometer, 

•  Cap the second bottle and put it in your cooler. 
 

3. Check & record the depth to the pond bottom using your Secchi disk, 
 then return to shore. 

(continued on next page) 
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Back on shore and out of direct sunlight: 
C1.  Set out your chlorophyll filtering supplies (stored in a plastic bag): 

 60 ml syringe (marked at 50 ml) 
 2 white plastic filter holders 
 glass fiber filters (stored in 35 mm film canister) 
 tweezers 
 squeeze bottle of magnesium carbonate 
 resealable bag containing desiccant chips 
 sheet of chlorophyll filter sample labels 
 blotting paper (supplied by you- coffee filter, paper towel) 
 aluminum foil squares (supplied by you) 

C2.  Do the chlorophyll filtration twice on water from each bottle. 
(step-by-step instructions are in Section III), remembering to 
• Shake your bottle thoroughly before each filtering, 
• Rinse your syringe before using, 
• Add the preservative (magnesium carbonate) 

CAUTION: You should not have to push with all your strength in order to filter the 
water.  If you see water drops coming out from between the top and bottom 
halves of the white plastic filter holder this means that the filter has become 
plugged (either with algae or sediment).  You must start over with a fresh filter 
and water sample.  Use less water, for example 25 ml, and record the amount 
used on your postcard and on the filter label.   

 
C3.  Fold, wrap and store your four (4) chlorophyll filters, remembering to 

• Fold the filters in half, with particles on the inside (like pita bread) 
• Wrap in blotting paper 
• Wrap in aluminum foil 
• Fill out and attach a label – record the date & amount of water filtered 
• Put the wrapped packet in the desiccant chip plastic bag 
• Store in your freezer 

 
Fill out and mail the monitoring postcard to URI. 
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Shallow Ponds: WATER COLLECTION DAYS Monitoring 
 
 This summarizes monitoring procedures for locations less than five 
meters (fifteen feet) deep on scheduled water collection days.  Detailed 
descriptions of each procedure are in Section III, Specific Monitoring Techniques.  
Detailed instructions for the shallow water sampler are in Section IV, Directions for 
Water Samplers. 

In general, expect to fill every bottle that is labeled with the collection date. 

Monitors on very shallow ponds (< 3 meters) - if possible, take your water 
samples before you anchor your boat to avoid stirring up and collecting bottom 

sediments. 

Before going out on the water: 
Go over this on-the-water checklist to make sure you have everything you need, 
including your water collection bottles. 
Remember to read through these instructions. 

 bacterial monitoring bottle (labeled "sterile") 
 large white plastic bottle with unfiltered (magenta) label 
 1-2 brown glass bottle(s) with unfiltered (magenta) label 
 Secchi disk and two clothespins, viewing tube 
 water sampler 
 2 white lidded plastic chlorophyll bottles (labeled #1 of 2, #2 of 2) 
 thermometer  
 insulated cooler bag with freezer pack 
 pencil and notepad 

• monitoring postcard 
 personal flotation device, anchor 
 map of location with landmarks and location noted 
 

On the water: 
1. Go to your location, anchor your boat. 
2. Make two sets of Secchi depth transparency measurements. 
3. Collect your bacteria sample, from water at arm’s depth: 

• Remove the “sterile” label just before sampling, roll up your sleeve 
• Do not touch inside of bottle or lid. 
• Do not put lid on boat seat. 
• Do not use any water sampling device. 
• Hold bottle upside down, push it deep into the water, 
• Sweep it up and forward to fill. 
• Recap bottle immediately after sampling and put in cooler. 

4. Rinse your shallow sampler, chlorophyll bottles, magenta labeled water 
collection bottles (plastic and glass) 

• Put the shallow sampler into the water. 
• Squeeze the black bulb ten times to rinse the sampler. 
• Rinse all bottles with some of this water. 
• Discard rinse water.      (continued on next page) 
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5. Fill chlorophyll bottles and magenta labeled water collection bottles & 
measure water temperature: 

• Use the shallow sampler to pump water. 
• Fill plastic and glass magenta-labeled water collection bottles 

o Cap and place in cooler 
• Fill the white-lidded plastic chlorophyll bottles about ¾ full. 

o Cap one bottle and put it in your cooler. 
• Put thermometer into 1 chlorophyll bottle.  Keep it out of direct sunlight. 
• After a minute or two read the thermometer while it is in the bottle 

o  Record temperature on your postcard/notebook.  
o  Remove the thermometer, 

•  Cap the bottle and put it in your cooler. 
6. Check & record the depth to the pond bottom using your Secchi disk, 

 then return to shore. 
 

Back on shore and out of direct sunlight: 
1. Set out your chlorophyll filtering supplies (stored in a plastic bag): 

 Small plastic bottle with yellow dated “filtered” label, (from bag of 
water collection bottles) 

 60 ml syringe (marked at 50 ml) 
 2 white plastic filter holders 
 glass fiber filters (stored in 35 mm film canister) 
 tweezers 
 squeeze bottle of magnesium carbonate 
 resealable bag containing desiccant chips 
 sheet of chlorophyll filter sample labels 
 blotting paper (supplied by you- coffee filter, paper towel) 
 aluminum foil squares (supplied by you) 

2. Do the chlorophyll filtration twice on water from each bottle. 
(Step-by-step instructions are in Section III), remembering to 
• Shake your bottle thoroughly before each filtering, 
• Rinse your syringe before using, 
• Add the preservative (magnesium carbonate) 
• SAVE the filtered water in the yellow labeled bottle. There will be more 

than enough water to rinse and fill this bottle. 
 

3. Fold, wrap and store your four (4) chlorophyll filters, remembering to 
• Fold the filters in half, with particles on the inside (like pita bread) 
• Wrap in blotting paper, then wrap in aluminum foil 
• Fill out and attach a label – record the date & amount of water filtered! 
• Put the wrapped packet in the desiccant chip plastic bag 

 
Bring all water samples and your bag of accumulated chlorophyll filters to 

URI. Use an insulated cooler with cold packs. 
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DEEP PONDS:  WEEKLY AND BIWEEKLY WATER MONITORING 

 This summarizes monitoring procedures for locations more than five 
meters (fifteen feet) deep.  Detailed descriptions of each procedure are in Section 
III, Specific Monitoring Techniques.  Detailed instructions for the water sampler are 
in Section IV, Directions for Water Samplers. 
 
Before going out on the water: 

Go over this on-the-water checklist to make sure you have everything you need.  
 Secchi disk and two clothespins 
 viewing tube 
 water sampler & weight 
 2 white lidded plastic chlorophyll bottles (labeled #1 of 2, #2 of 2) 
 2-3 clear glass dissolved oxygen(DO) bottles from dissolved oxygen kit 
 thermometer  
 insulated cooler bag with freezer pack 
 pencil and notepad 

• monitoring postcard 
 personal flotation device 
 anchor 
 map of location with landmarks and location noted 

 
On the water every week: 
1. Go to your location, anchor your boat. 
2. Make two sets of Secchi depth transparency measurements. 
3. Check bottom depth using Secchi disk. 
 

Additionally, on the water every other week (biweekly): 
B1.  Rinse your deep sampler, chlorophyll, and dissolved oxygen bottles. 

• Close the lid on the sampler and plug with stopper 
• Lower the sampler below surface of water. 
• Jerk to release plug, wait until no more bubbles come out 
• Use this water to rinse the plastic chlorophyll and glass DO bottles. 
• Discard all rinse water. 

B2.  Collect first 1m chlorophyll sample and measure water temperature 
• Put thermometer into sampler. 
• Close the lid, and plug with stopper. 
• Lower quickly to 1 meter depth. 
• Jerk to release plug, wait until no more bubbles come out 
• Rapidly raise sampler and bring into your boat 
• Record water temperature leaving thermometer in sampler. 
• Open sampler top, rinse and fill 1st chlorophyll bottle about ¾ full 
• Cap the bottle and put it in your cooler. 

(continued on next page) 
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B2.  Collect second 1m chlorophyll sample and shallow DO sample 

• Put glass DO bottle into sampler, first removing black bottle cap 
•  Put tube in sampler lid into DO bottle. 
• Close the lid, and plug with stopper. 
• Lower quickly to 1 meter depth. 
• Jerk to release plug, wait until no more bubbles come out. 
• Rapidly raise sampler and bring into your boat. 
• Open sampler and reach in to cap DO bottle under water, making sure 

there are no air bubbles. 
• Remove capped DO bottle and put into cooler. 
• Rinse and fill 2nd chlorophyll bottle with water left in sampler.  
• Cap the chlorophyll bottle and put it in your cooler. 
 

B3.  Collect first DEEP dissolved oxygen sample & measure DEEP water 
temperature 

• Put glass DO bottle into sampler, first removing black bottle cap. 
•  Put tube in sampler lid into DO bottle. 
• Close the lid, and plug with stopper. 
• Lower sampler quickly to depth listed in table. 
• Jerk to release plug, wait until no more bubbles come out. 
• Rapidly raise sampler and bring into your boat. 
• Open sampler and reach in to cap DO bottle under water, making sure 

there are no air bubbles. 
• Remove capped DO bottle and put into cooler. 
• Record water temperature from thermometer in water in sampler. 

 
B4.  Collect second DEEP dissolved oxygen sample 

• Repeat instructions in B3 to collect a second deep DO sample. 
 

Deep water sampling depths 
if your monitoring location has a 

maximum depth of: 
 
take your DEEP sample at a depth of: 

5 to 7 m (16 to 23 ft) 0.5 - 1.0 m from the bottom 
7 to 10 m (23 to 33 ft) 7 m from surface, or 1m from bottom 

> 10 m (>33 ft) 10 m from surface, or 1m from bottom 
 

4. Return to shore. 
 
 

 (continued on next page) 
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Back on shore and out of direct sunlight – every other week (biweekly): 
C1.  Start your DO test (detailed instructions are in Section III of the manual): 

• BE SAFE! Use gloves, goggles, do testing on paper plate or newspaper. 
• Remove cap from DO bottle, 
• Holding dropper upside down, add 8 drops of pink reagent 1 

(manganous sulfate solution), 
• Holding dropper upside down, add 8 drops of clear reagent 2  

 (alkaline potassium iodide azide), 
• Shake well and let sit as per instructions in manual. 
• Holding dropper upside down, add 8 drops sulfuric acid  

 (bottle has red cap). 
• Shake thoroughly to dissolve cloudiness. 
• Finish DO tests after filtering chlorophylls. 

At home: 
D1.  Set out your chlorophyll filtering supplies (stored in plastic bag): 

 60 ml syringe (marked at 50 ml) 
 2 white plastic filter holders 
 glass fiber filters (stored in 35 mm film canister) 
 tweezers 
 squeeze bottle of magnesium carbonate 
 resealable bag containing desiccant chips 
 sheet of chlorophyll filter sample labels 
 blotting paper (supplied by you- coffee filter, paper towel) 
 aluminum foil squares (supplied by you) 

D2.  Do the chlorophyll filtration twice on water from each bottle. 
(step-by-step instructions are in Section III), remembering to 
• Shake your bottle thoroughly before each filtering, 
• Rinse your syringe before using, 
• Add the preservative (magnesium carbonate) 
• Fill out and attach a label – record the date & amount of water filtered 
• Put the wrapped packet in the desiccant chip plastic bag 

CAUTION: You should not have to push with all your strength in order to filter the 
water.  If you see water drops coming out from between the top and bottom halves 
of the white plastic filter holder this means that the filter has become plugged (either 
with algae or sediment).  You must start over with a fresh filter and water sample.  
Use less water, for example 25 ml, and record the amount used on your postcard 
and on the filter label.   

D3.  Finish the first set of DO tests. 
• Follow DO test instructions in Section III of your manual. 

D4.  Make a second set of DO tests. 
• You will then have 2 shallow and 4 deep DO test results. 

D5.  Record results and clean up. 
• Flush reagent chemicals down the drain with plenty of water 
• Rinse bottles with tap water, let air dry 

Fill out and mail the monitoring postcard to URI. 
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DEEP PONDS:  WATER COLLECTION DAYS MONITORING 
 This summarizes monitoring procedures for locations more than five 
meters (fifteen feet) deep.  Detailed descriptions of each procedure are in Section 
III, Specific Monitoring Techniques.  Detailed instructions for the water sampler are 
in Section IV, Directions for Water Samplers. 
 
Before going out on the water: 
Go over this on-the-water checklist to make sure you have everything you need. 

 Secchi disk and two clothespins 
 viewing tube 
 water sampler & weight 

 2 white lidded plastic chlorophyll bottles (labeled #1 of 2, #2 of 2)  
 all clear glass dissolved oxygen(DO) bottles from dissolved oxygen kit 
 thermometer  
 insulated cooler bag with freezer pack 
 pencil and notepad 

• monitoring postcard 
 personal flotation device 
 anchor 
 map of location with landmarks and location noted 
 water collection bottles (in bag with colored & dated labels) 

• bacterial monitoring bottle (labeled "sterile" on top) 
• large white plastic bottles, labeled 1m or shallow,(magenta label) 
• 2-3 brown glass bottles, labeled "unfiltered 1 meter " (magenta label), 

and "unfiltered-deep" (green label) You may have duplicate bottles for 
one of the depths – but would typically have 1 each for 1 meter and 
deep 

In general, expect to fill every bottle that is labeled with the collection date. 
 
On the water: 
1. Go to your location, anchor your boat. 
2. Make two sets of Secchi depth transparency measurements. 
3. Check bottom depth using Secchi disk. 
4. Collect your bacteria sample, from water at arm’s depth: 

• Remove the “sterile” label just before sampling, roll up your sleeve 
• Do not touch inside of bottle or lid. 
• Do not put lid on boat seat. 
• Do not use any water sampling device. 
• Hold bottle upside down, push it deep into the water, 
• Sweep it up and forward to fill. 
• Recap bottle immediately after sampling and put in cooler. 

 (continued on next page) 
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5. Rinse your water sampler, chlorophyll, and magenta labeled water 

collection bottles (plastic and glass.) and DO bottles 
• Close the lid on the sampler and plug with stopper 
• Lower the sampler below surface of water. 
• Jerk to release plug, wait until no more bubbles come out 
• Use this water to rinse the all the bottles. 
• Discard all rinse water. 

6. Collect & fill first 1m chlorophyll sample bottle and measure water 
temperature 

• Put thermometer into sampler. 
• Close the lid, and plug with stopper. 
• Lower quickly to 1 meter depth. 
• Jerk to release plug, wait until no more bubbles come out 
• Rapidly raise sampler and bring into your boat 
• Record water temperature leaving thermometer in sampler. 
• Open sampler top, rinse and fill 1st chlorophyll bottle about ¾ full 
• Cap the bottle and put it in your cooler. 

 
7. Collect second 1m chlorophyll sample and shallow DO sample 

• Put glass DO bottle into sampler, first removing black bottle cap 
•  Put tube in sampler lid into DO bottle. 
• Close the lid, and plug with stopper. 
• Lower quickly to 1 meter depth. 
• Jerk to release plug, wait until no more bubbles come out. 
• Rapidly raise sampler and bring into your boat. 
• Open sampler and reach in to cap DO bottle under water, making sure 

there are no air bubbles. 
• Remove capped DO bottle and put into cooler. 
• Rinse and fill 2nd chlorophyll bottle with water left in sampler.  
• Cap the chlorophyll bottle and put it in your cooler. 
 

8. Collect and fill magenta labeled bottles with 1m water. 
• Close the lid on sampler and plug with stopper. 
• Lower quickly to 1 meter depth. 
• Jerk to release plug, wait until no more bubbles come out. 
• Pour water into magenta labeled 1m sample bottles (plastic and glass) 

 
 
 
 
 

(continued on next page) 
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9. Collect first DEEP dissolved oxygen sample & measure DEEP water 
temperature 

• Put glass DO bottle into sampler, first removing black bottle cap. 
•  Put tube in sampler lid into DO bottle. 
• Close the lid, and plug with stopper. 
• Lower sampler quickly to depth listed in table below. 
• Jerk to release plug, wait until no more bubbles come out. 
• Rapidly raise sampler and bring into your boat. 
• Open sampler and reach in to cap DO bottle under water, making sure 

there are no air bubbles. 
• Remove capped DO bottle and put into cooler. 
• Record water temperature from thermometer in water in sampler. 

 
10. Collect second DEEP dissolved oxygen sample & fill green labeled deep 

water sample bottle. 
• Repeat instructions in step 9 to collect a second deep DO sample. 
• Put in cooler. 
• Pour remaining water from sampler into green labeled DEEP brown 

glass sample bottle. 
 

11. Return to shore. 
 

Deep water sampling depths 
if your monitoring location has a 

maximum depth of: 
 
take your DEEP sample at a depth of: 

5 to 7 m (16 to 23 ft) 0.5 - 1.0 m from the bottom 
7 to 10 m (23 to 33 ft) 7 m from surface, or 1m from bottom 

> 10 m (>33 ft) 10 m from surface, or 1m from bottom 
 

Back on shore and out of direct sunlight 
1. Start your DO tests  (detailed instructions are in Section III of the manual): 

• BE SAFE! Use gloves, goggles, do testing on paper plate or newspaper. 
• Remove cap from DO bottle, 
• Holding dropper upside down, add 8 drops of pink reagent 1 

(manganous sulfate solution), 
• Holding dropper upside down, add 8 drops of clear reagent 2  (alkaline 

potassium iodide azide), 
• Shake well and let sit as per instructions in manual. 
• Holding dropper upside down, add 8 drops sulfuric acid  

 (bottle has red cap). 
• Shake thoroughly to dissolve cloudiness. 
• Finish DO tests after filtering chlorophylls. 

(continued on next page) 
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2. Set out your chlorophyll filtering supplies (stored in plastic bag): 
 60 ml syringe (marked at 50 ml) 
 2 white plastic filter holders 
 glass fiber filters (stored in 35 mm film canister) 
 tweezers 
 squeeze bottle of magnesium carbonate 
 resealable bag containing desiccant chips 
 sheet of chlorophyll filter sample labels 
 blotting paper (supplied by you- coffee filter, paper towel) 
 aluminum foil squares (supplied by you) 

3. Do the chlorophyll filtration twice on water from each bottle. 
(step-by-step instructions are in Section III), remembering to 
• Shake your bottle thoroughly before each filtering, 
• Rinse your syringe before using, 
• Add the preservative (magnesium carbonate) 
•  Fill out and attach a label – record the date & amount of water filtered 
• Put the wrapped packet in the desiccant chip plastic bag 
• SAVE the filtered water in the yellow labeled bottle. There will be more 

than enough water to rinse and fill this bottle. 
 

CAUTION: You should not have to push with all your strength in order to filter the 
water.  If you see water drops coming out from between the top and bottom halves 
of the white plastic filter holder this means that the filter has become plugged (either 
with algae or sediment).  You must start over with a fresh filter and water sample.  
Use less water, for example 25 ml, and record the amount used on your postcard 
and on the filter label.   

4. Finish the first set of DO tests. 
• Follow DO test instructions in Section III of your manual. 

5. Make a second set of DO tests. 
• You will then have 2 shallow and 4 deep DO test results. 

6. Record results and clean up. 
• Flush reagent chemicals down the drain with plenty of water 
• Rinse bottles with tap water, let air dry 

 
Bring all water samples and your bag of accumulated chlorophyll filters to 

URI. Use an insulated cooler with cold packs. 
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Monitoring Inlet Streams 
Basic Tributary Sampling Procedure 

 
 Often lake and pond water quality is significantly affected by what is 
happening upstream.  In many cases, what seems puzzling in terms of lake 
water quality can be explained by what’s coming into your lake or pond.  URI 
Watershed Watch volunteers are encouraged to sample their inlet streams on 
the triseason water collection days.  Here is the basic procedure.  Of course, this 
is just the “bare bones.”  A comprehensive stream monitoring program involves 
much more than what is described here. 
 
1. Locate the tributary or inlet stream using a USGS topographic map or other 

map.  Find out its name! 
2. Locate the stream in the field, and determine if it is a suitable sampling site.  

The sampling site should be well defined with an obvious channel and flowing 
water.  It should also be readily accessible by boat or by car or on foot, at a 
road crossing, or foot trail.   

1. Note the EXACT location of your tributary sampling site by easily identified 
landmarks.  Describe the sampling location in your Watershed Watch 
monitoring manual, and pinpoint the location on a map of your pond so that it 
is possible for someone else to return to your sampling site.  (To check your 
directions, ask a friend to locate your sampling spot with just your description 
and map.)  Please provide a copy of this information to Watershed Watch.   

2. Make sure that you stand downstream of your sampling spot so that you 
don’t stir up sediments. 

3. Rinse your sample bottle by scooping a small amount of stream water with 
your sample bottle, and swirl it around the inside of the bottle.  Discard this 
rinse water downstream. 

4. Collect the water sample by dipping an upside down sample bottle into the 
stream to a depth of halfway between the water surface and the bottom; tip 
the bottle up to allow it to fill, making sure that the bottle is facing upstream 
into the flow.  Pour off water to the bottle’s shoulder. 

5. Cap the bottle tightly.  Label it with the name of your stream, and the pond for 
which it is a tributary.  Repeat step #5 with your bacterial sampling bottle, 
skipping the rinse step (step 4.) 

6. Keep your water samples chilled until brought to the URI Watershed Watch 
lab (on the same day on which they were collected.) 
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SECCHI DEPTH TRANSPARENCY 

 (Field SOP 005) 

 
 

University of Rhode Island Watershed Watch 

Date:  
Version:  
Author:  

7/12 
3 
Linda Green 

 
1. Make your measurements between 10 AM and 2 PM, preferably at the same 

time, each time you go out. 

2. Position your boat over the deepest point in your pond and anchor it. 
3. Secchi depth measurements are taken with the aid of a view tube.   
4. Make your measurements from the sunny side of the boat.  Wear your regular 

prescription glasses, but not sunglasses. 

5. Hold the view tube vertically by the handle so that it extends into the water 
about 4 inches.   

6. Using your free hand, lower the Secchi disk slowly until it just disappears from 
sight. 

7. At this point mark where your line meets the water with a clothespin.  This is the 
descending Secchi depth transparency. 

8. Now, lower your line a few feet more, then slowly raise it.  When you can just 
make out the Secchi disk, mark the line with another clothespin.  This is the 
ascending Secchi depth transparency. 

9. Bring your disk back on board your boat. 

10. The engineering tape attached to your Secchi disk is marked in meters and 
tenth’s of meters. (1 meter = 3 1/4 feet). 

11. Measure the distance to each clothespin from the Secchi disk to the nearest 
1/10 meter.  Record your measurements in your field note pad, using a pencil.  
(Pencils write when wet, pens usually don’t). 

12. After any other monitoring procedures are competed, make a second set of 
Secchi depth transparency measurements following Steps 4-11.  Record those 
too. 

13. After all monitoring procedures are completed determine bottom depth by 
dropping the Secchi disk all the way to the bottom of the pond.  It is important to do 
this last because when the Secchi disk hits the bottom it will stir up sediment. 

14. When you are back on shore, transfer your readings and other appropriate 
monitoring information to the pre-stamped postcard and drop it a mailbox as 
soon as possible.  Postcards should be mailed weekly, not just when biweekly 
chlorophyll filtering is done.  Alternatively enter your field data on-line and save your 
postcard and hand it in at the end of the monitoring season. 

PLEEEZE remember to put your monitoring location, your name, date and time on 
your monitoring postcard.  We can’t use your data if we don’t know from where and 
when it came! 
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General Points to remember: 
 Keep your thermometer out of direct sunlight when not in use.  It will heat up and take longer 

to stabilize if not. 
 Your thermometer must be immersed in water while you read it. 
 Measure water temperature while on the water.  Do not wait to come back to shore. 
  If your river/stream site is shallow enough, as many streams are, hold your thermometer 

directly in the water, half way to the bottom to measure water temperature. 
 All thermometers are calibrated before being given out to ensure that they are accurate. 
 
Using Liquid-filled Thermometers: 
 Visually check your thermometer to make sure that the liquid (non-toxic alcohol) has not 

separated.  If it has please return it to Watershed Watch for a replacement. 
 If your thermometer has a clear plastic cover it does not need to be removed before use.  If 

you notice that water is not getting inside the cover, loosen it a bit.  (You can also remove 
the cover, heat a pin over a flame and push it through the plastic cover to create a vent 
hole.) 

 Measure water temperature while the bulb of the thermometer is still in the water. 
Swish the thermometer in the water until the temperature stops changing. It will respond 
quickly. 

 The thermometer does not need to be completely submerged to take a reading. 
 The thermometers we use measure temperature in degrees Celsius.  On the next page is a 

conversion chart to Fahrenheit. 
 It is best to store the thermometer upright, bulb end down. 
 
Using Electronic (yellow lollipop) Thermometers: 
 This thermometer can accidentally be turned on if the on/off button hits other equipment in 

your monitoring supply bag – so please be careful to check it before storing your supplies 
between sampling trips (the batteries will not last long if left on.) We have replacement 
batteries. 

 To operate the thermometer, press the on/off button.   
 Once the thermometer is on, check to be sure the instrument is reading in degrees Celsius 

(oC), if not press the oF/ oC button.  URI Watershed Watch records temperature in oC.   
 Remove the plastic cover from the stem of the thermometer and insert it into the sample 

bottle or stream to take a temperature reading. Only the metal stem need be submerged to 
obtain a temperature reading. 

 
(continued on next page) 
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To determine water temperature from shallow lake and pond (including salt pond) 
locations: 
 
1. Water temperature is measured from a depth of 1 meter on lakes & ponds unless otherwise 

specified. 

2. Obtain a water sample using your sampler, typically filling your plastic chlorophyll bottle. 

3. Put your thermometer into the water sample contained in the plastic chlorophyll bottle. 

4. Wait for your thermometer to stabilize; this usually takes a minute or two.  Record the 
temperature on your monitoring postcard and field data sheet. 

 
 
To determine water temperature from deep lake and pond (including salt ponds and deep 
river) locations: 
 
1. There is a place inside the clear LaMotte deep water sampler for your spirit-thermometer to 

fit in.   

2. Put the spirit-thermometer in the sampler before you collect your water sample.  Position it 
so that you can read the thermometer without taking it out. 

3. Collect your shallow and deep water samples as you would normally (SOP 012). 

4. If you are collecting water for dissolved oxygen as well as temperature, please read the 
water temperature after you have capped the dissolved oxygen bottle. 

5. Record water temperature for both 1 meter and deep sample depths on your monitoring 
postcard and field data sheet.  The temperature at the 1 meter depth can be taken from the 
water sample in the plastic chlorophyll bottle (filled from a depth of 1 meter). 

 
 
Optional surface water temperature measurements: 
In certain years URI Watershed Watch volunteers measure surface water temperature.  You will 
be given a small plastic bottle to collect a water sample from a depth of approximately 6 inches.  
You will measure the water temperature of that sample as indicated in Steps 1-2 under “To 
Determine Water Temperature from Shallow Lake, Pond and River Locations”, recording the 
temperature on your monitoring postcard where indicated. 

 

 

(continued on next page) 
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Comparison of Celsius and Fahrenheit Temperatures 
 

Celsius Temperature 
(ºC) 

Fahrenheit Temperature 
(ºF) 

0 32.0 
1 33.8 
2 35.6 
3 37.4 
4 39.2 
5 41.0 
6 42.8 
7 44.6 
8 46.4 
9 48.2 
10 50.0 
11 51.8 
12 53.6 
13 55.4 
14 57.2 
15 59.0 
16 60.8 
17 62.6 
18 64.4 
19 66.2 
20 68.0 
21 69.8 
22 71.6 
23 73.4 
24 75.2 
25 77.0 
26 78.8 
27 80.6 
28 82.4 
29 84.2 
30 86.0 
31 87.8 
32 89.6 
33 91.4 
34 93.2 
35 95.0 
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Equipment 
 Insulated cooler/bag with freezer pack 
 2 white lidded plastic bottles (labeled for chlorophyll) of sample water 

Chlorophyll filtering apparatus: 
 60 mL plastic syringe, marked at 50 mL 
 2 round white plastic filter holders 
 Small glass fiber filters (stored in 35 mm film canister) 
 Wrapping paper: coffee filters or paper toweling (provided by you) 
 Tweezers or large safety pin 
 4" squares of aluminum foil (provided by you) 
 Sheet of chlorophyll labels 
 Squeeze bottle containing magnesium carbonate (MgCO3) – non-toxic 
 Re-sealable plastic bag containing desiccant chips 
 Plastic bottle with a yellow label "filtered" (used just during water collection days) 

 
Getting Started… 

Remember, NO SMOKING ALLOWED 
Measuring chlorophyll tells us how much algae are in your water.  Sample collection 
and filtering for chlorophyll is done on water from a depth of 1 meter (approximately 3.25 ft).  
Remember, it is very important to keep the water samples in an insulated cooler/bag and 
out of the light until you are ready to begin the chlorophyll filtration.   
If you are doing this on a scheduled water collection day, you will save your filtered 
water in your yellow-labeled plastic bottle, if not you can discard it.   

1. Before you go out on the water, on shore and out of direct sunlight, set out your filtering 
apparatus, making sure you have everything you need, including paper toweling for 
wrapping filters, aluminum foil for sealing them and labels for them. 

2. Collect two separate 1 meter water samples using your water sampler.  After 
rinsing your plastic chlorophyll bottle with water from the sampler, fill the first bottle with 
your first sample and the second bottle with your second sample.  Cap the bottles, and 
put them into your insulated cooler/bag.  They must be kept out of sunlight. 

3. Finish your other monitoring activities and return to shore. 

 

(continued on next page) 
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Rinse and prepare the syringe.   
4. Thoroughly shake one of the plastic bottles containing your water sample.   
5. Using your syringe, draw up approximately 20 mL of water from the bottle into the 

syringe.   
6. Rinse the syringe by pushing the water back and forth using the syringe plunger or by 

shaking the syringe.   
7. Then, push the water out of the syringe.  The syringe is now rinsed. 
8. Take apart your syringe by pulling the plunger all the way out. 

 
Prepare the filtering apparatus (out of direct sunlight): 

9. Open one round white filter holder assembly.  

10. Using tweezers, remove 1 small filter circle from its container (35 mm film canister). 

11. Put the filter circle in the filter holder.   
• Handle the filter circle with your tweezers, not your fingers. 
• Center the filter circle rough side up, gridded side down, on the metal screen on 

the bottom of the filter assembly. (remember – grid to grid, or “roughed up”) 
• Place the black rubber gasket on top of the filter and  
• Firmly screw the filter holder back together. 

12. Attach the round white filter holder to the syringe by twisting it on.  You will see that there 
is only one way in which it will fit, and only ¼ turn is needed to seat it. 

Filter your water sample. 
13. Cap your sample bottle and shake well again. 
14. Hold the syringe with filter holder facing down.  Put your finger over the outlet. 
15. Pour your water sample into the syringe up to the 50 mL line marked on the syringe. 
16. Shake the flip top bottle of magnesium carbonate.  Squeeze four drops of magnesium 

carbonate into the water sample in the syringe. 
17. Attach the syringe plunger and slowly push the water through the filter apparatus with 

even pressure.  Take your time!   
18. (Usually you will discard the filtered water.  If it’s a water collection day you will save 

the filtered water in the plastic bottle with the yellow “filtered” label.  Use some of the 
filtered water to first rinse the bottle.  Then collect about half of the remaining filtered 
water.) 

 

CAUTION: On some lakes with intense algal blooms the algae will completely clog the filter 
before you have filtered all 50 mL of water.  You should not have to push with all your 
strength to filter the water sample.  If this is the case or if you see water drops coming out 
from between the top and bottom of the white plastic filter holder the filter has become 
clogged (either with algae or sediment.)  You must start over with a fresh filter and water 
sample.  Use less water, perhaps 25 mL, and record the amount used on your postcard and on 
the filter label itself.  The amount of water filtered should be the same for all four filters for the 
same date.  If the volumes are different, then package the filters separately with labels 
indicating the volume filtered. 
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After you have filtered a water sample. Out of direct sunlight… 
19. Take the filter holder off the syringe. 
20. Unscrew the two halves.  Using tweezers lift out the black rubber gasket. 

21. Again using tweezers (or the tip of a large safety pin), lift out the filter circle by an 
edge. 

22. Place the filter circle on a piece of blotting/wrapping paper (paper towel/coffee 
filter).  If the filter breaks while you are removing it, try to get all the pieces onto the 
blotting/wrapping filter paper. 

23. Fold the filter in half with the rough sides together.  BE SURE TO FOLD THE FILTER 
SO THAT THE CHLOROPHYLL SAMPLE IS ON THE INSIDE – your filter will be a 
half circle, like pita bread!  Wrap the blotting/wrapping paper over the filter.   

24. Place the folded filter paper on a piece of aluminum foil.  Cover it loosely with foil.  

Filter three more water samples. 
25. Shake your first water sample in the white plastic bottle again.  Repeat steps 9 – 24 to 

filter a second sample of water from the first chlorophyll bottle. 
26. Then repeat these steps twice with the water from the second chlorophyll sample 

bottle. 

You will have filtered a total of 4 samples of water! 

Finish processing the four filter circles. 
27. Securely fold a piece of aluminum foil around the four filters. 

28. Attach a chlorophyll label, filling in your name, the date, the amount of water you filtered, 
and the number of filters in the foil packet.   

29. Place the aluminum foil packet in the re-sealable plastic bag containing desiccant 
chips and then into your freezer. 

Rinse the filtering apparatus & fill out your postcard. 
30. Take apart the syringe and filter assembly.   

• Rinse all apparatus with tap water - DO NOT USE DETERGENTS.   
• Place upside down on a paper towel to dry.  Reassemble loosely when dry. 

31. Circle “Yes” on your Monitoring Postcard in the section: “CHLOROPHYLL SAMPLES: 
FILTERED and FROZEN: yes or no. 

Only on water collection days: 
32. Save the filtered water in the plastic bottle with the yellow “filtered” label.   
33. Add the filtered water from second, third and fourth chlorophyll samples to that from the 

first sample.  You will have more than enough water to rinse and fill your bottle.  We use 
this water to test for nitrate-N, ammonia-N, dissolved phosphorus, and chloride. 
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In bacterial monitoring maintaining sterility is essential, because bacteria are everywhere!  All 
the sample bottles have been sterilized.  They have a piece of tape with the word ”sterile” 
across the bottle cap.  Since bacteria are everywhere – in the air, in the water, on our skin and 
on the outside of the sample bottles, it is important to avoid getting anything in the sample 
bottle, on the mouth of the bottle, or inside the lid except the water sample you are collecting.  
Bacterial samples are collected at the same monitoring location as the rest of your samples.  
However the sample is collected at arm’s length using your arm, not any water sampler.  
 

We recommended that you wear disposable plastic gloves when you collect your water 
samples to further avoid any contamination, either from you to the sample or from the 
water to you. Also, rinse yourself well with fresh water, perhaps with a water bottle from 
home after you are done sampling. 
 

KEEP THE TAPE ON THE LID UNTIL YOU ARE ABOUT TO COLLECT YOUR SAMPLE. 
 

1. Roll up your sleeve and put on your gloves. 
2. When you are ready to sample, remove the “sterile” tape from the bottle cap and place it on 

the side of the bottle, as shown below. 

 
3. Take the cap off the sample bottle.  Be careful not to touch the inside of the cap or the rim of 

the bottle.  Hold the lid in your other hand.  Don’t put the lid down on the seat of your boat. 
4. Grasp the middle of the bottle with your sampling arm. 
5. Holding the bottle upside down, push the bottle as far down into the water as you can reach.  

Turn the bottle opening forward and scoop it forward and up out of the water.  Do this in one 
sweeping motion.  Make sure you sample forward and away from you so that there is no 
chance that you will contaminate the sample with bacteria from your arm.  The figure below 
shows this motion. 

 
6. Pour off water in the bottle so the water level in the bottle is at the bottle neck.  This 

provides necessary space for mixing. 
7. Cap the bottle.  Store the bottle in your cooler with ice or an ice pack. 
8. Bring your water sample in a cooler with an ice pack to the URI Watershed Watch laboratory 

as soon as possible. 

Scoop Forward and Up 

S 
T 
E 
R 
 
 
 

STERI
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INTRODUCTION TO 
DISSOLVED OXYGEN MONITORING 

 
BIWEEKLY, ON LAKES AND PONDS 
 
 On lakes and ponds with deeper than 5 meters (about 16 ft) dissolved oxygen 
(D.O.) monitoring is done every other week near the bottom at a depth that 
depends on how deep your monitoring location is.  These depths are listed here. 

"Deep" water sampling depths 
if your monitoring location has a maximum 

depth of: 
 

take your "deep" sample at a depth of: 

5 to 7 m (16 to 23 ft) 0.5 - 1.0 m from the bottom 
7 to 10 m (23 to 33 ft) 7 m from the surface, or 1m from bottom 

> 10 m (>33 ft) 10 m from the surface or 1m from bottom 

 
• Please collect TWO separate deep-water samples for dissolved oxygen 

measurements each time you sample. 

• Run the dissolved oxygen test TWICE, for a total of 4 measurements.   
• Record all measurements on your monitoring postcard. 

 
TRISEASON WATER COLLECTION DAYS 

• Collect and measure dissolved oxygen on 2 deep water samples, as usual. 
• Also, collect and measure dissolved oxygen on water from 1 meter from the 

top.  (You may wish to do this each time your measure bottom water dissolved 
oxygen.) 
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The most common deep-water sampler URI Watershed Watch uses is the LaMotte #3-0026 
water sampler.  Detailed instructions for this water sampler are in Deep Water Sampler 
Operation Field Standard Operating Procedure (SOP) 012.  Briefly: 
 
1. Remove the cap of a glass dissolved oxygen bottle and place it in the sampler. 
2. Put the lid on the sampler making sure the inlet tube on the sampler lid goes into the 

glass bottle. 
3. Put the black plug firmly into the hole in the top of the sampler lid. 
4. Lower the sampler to the desired depth. 
5. Jerk sharply on the sampler line to pop the plug out of the lid. Water flows through the 

inlet tube into the glass bottle and then overflows, flushing the glass bottle a number of 
times before filling it and the sampler. 

6. As the water fills the sampler a steady stream of air bubbles will rise to the water 
surface, how close to your boat depends on the water current.  Sometimes you may not 
see them. Often they come up under the boat and you may hear them popping softly. 

7. Wait at least five minutes before bringing your sampler to the surface or until there are 
no more bubbles. 

8. After the sampler is taken out of the water you can do one of two things.  You can cap 
the glass bottle and then remove it from the sampler.  Alternatively and preferably, if no 
other sample is being taken re-insert the plug and keep the lid on the water sampler, 
leaving the dissolved oxygen bottle right in the sampler until you get to shore and are 
ready to start the dissolved oxygen tests. 

9. Remember to read the thermometer right away when you pull your deep water sampler 
onto the boat.  More information on how to collect temperature samples is found in the 
“Water Temperature” procedure (SOP 006).   

 
The most important first step is to make sure your dissolved oxygen bottle is filled to 
the brim and that there are no air bubbles.  When obtaining water samples for dissolved 
oxygen measurement you must be very careful to minimize contact of the water sample 
with air.  While our lake water samples will typically contain 0-12 ppm oxygen, the air we 
breathe contains about 210,000 ppm oxygen.  This is especially important with deep 
samples since deep water can become depleted of much of its oxygen during the summer.  
If you are collecting both a shallow and deep water sample, collect the deep water sample 
after collecting the shallow water sample.  This way the deep water sample does not sit in 
the boat as long, decreasing the chances of introducing oxygen into the deep samples. 
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When you arrive back on shore, the dissolved oxygen test must be started before 
any other measurements.  We use LaMotte test kits.  The specific instructions for the 
kit are on the next pages as well as in the kit itself.  Please familiarize yourself with the 
procedure before you begin.  The basic procedure involves "fixing" the oxygen by 
reacting it with several different chemical reagents.  Once the dissolved oxygen is 
"fixed" atmospheric oxygen cannot affect the results. 
Read the information contained on the Material Safety Data Sheets (MSDS) that come 
with each kit.  Glasses or safety goggles and gloves should be worn because of 
the chemical reagents used.  The dissolved oxygen kits must be kept out of the 
reach of children.  Keep a supply of paper towels on hand to mop up any spills right 
away.   
After the tests are completed all the equipment must be carefully rinsed with tap water 
and allowed to air dry on a paper towel.  The chemical reagents used in the analysis 
can safely be flushed down the drain with plenty of water or poured onto the ground.  
Wash your hands thoroughly when you are done. 
If you spill any of the chemical reagents on yourself, immediately flush the affected area 
with lots of water.  It is perfectly acceptable to use lake or stream water.  Do not wait to 
wash off until you are at a faucet. 
Remember to enter your Dissolved Oxygen data on the Monitoring Postcard (as shown below) 
or online and on your Field Data Sheet. 

 
Monitoring Postcard example: 
 

LOCATION: Easy Pond   MONITOR(S): Monica Monitor 
 
DATE MONITORED:  07/04/05  TIME: 08:45 
       (mo/day/yr)   (military) 
SECCHI DEPTH (measure 4 times): 
 

      4.0               4.0            4.1            3.9      meters 

Depth to bottom is ___6.0__ meters.  Is Secchi visible on bottom?  yes  or  no 
CHLOROPHYLL SAMPLES:  FILTERED and FROZEN:  yes or no 
       Record actual depth 
DEPTH MONITORED (meters) Surface 1 meter  5.5  m deep 5.5 m deep 
WATER TEMPERATURE (deg. C) 27 26 19 19 

DISSOLVED OXYGEN (mg/L) 
(Measure twice at each depth) 

N/A 10.0 
10.0 

8.0¦8.2 
¦ 

7.8¦8.0 
¦ 

SALINITY (ppt) N/A NA NA NA 

(for below, circle best description, see monitoring manual for details) 
LIGHT:     1= Distinct shadows     2= No shadows              3= Very overcast 
WIND:       0= Calm    1= Light       2= Gentle           3= Moderate    4= Strong 
RAIN W/IN 48 Hrs.     1= None      2= Light              3= Moderate    4= Heavy 
------------------------------------------------------------------------------------------------------------------------------------------------------- 

STATE OF TIDE:  EBB ____   FLOOD ____   HIGH ____   LOW ____   N/A _X___ 

Fill out this section with 
your Dissolved Oxygen 
data. The dotted line 
provides room for 2 results 
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DISSOLVED OXYGEN TESTING 
LaMotte Dissolved Oxygen Kit Instructions 

Model 7414 or 5860 
 

• The following instructions are also on the inside of the lid of your dissolved oxygen 
kit.  Familiarize yourself with the instructions before your use your kit. Wear safety 
goggles and gloves while completing the procedure outlined below.  Keep a 
supply of paper towels on hand to mop up any spills right away. 

• Do the tests on paper towels or on a paper plate to make sure that none of the 
reagents stain your work area.  Before you shake your bottles wrap them in 
paper towels to help prevent droplets flying through the air. 

 

Make sure you completely fill your dissolved oxygen bottle. 
 Turn it over to check for air bubbles. 

 Air bubbles will cause erroneously high results. Please follow the steps in the order 
they are written.  
 

Step 1.  “Fix” your sample in the glass bottle. 
  a)  Holding the reagent bottle completely upside down, add 8 drops of Manganous Sulfate 

solution (labeled “1” on bottle). 
  b)  Holding the reagent bottle completely upside down, add 8 drops of Alkaline Potassium 

Iodide Azide (labeled “2” on bottle.) 
  c)  Cap and shake the bottle for 30 seconds.  A white to brownish orange floc will cloud the 

sample bottle. 
  d)  Let the floc settle until the top half of the bottle is clear.  Shake again.  Allow to settle 
again. If you are testing salt water, wait 15 minutes before continuing since the floc may not 
settle. 
 
Step 2.  Add 8 drops of Sulfuric Acid 1:1 (red cap on bottle) and shake for 30 
seconds.  The solution will turn from cloudy to clear in color (If you still see some dark solids 
in the solution add 1 more drop).  Your sample is now "fixed". 
 
Step 3.  Prepare to test your fixed water sample. 
a) Pour your fixed sample into the graduated cylinder to the 20 ml mark. 
b)  Pour it into the titration vial (glass vial labeled code 0299). 

 
Step 4.  Fill the titrator syringe (plastic syringe with the pink tip).   
  a)  First push in the plunger to expel air. 
  b)  Put the tip of the titrator into the hole in the top of the titrating solution (bottle labeled 
Sodium Thiosulfate 0.025N).   
  c)  Fill the syringe by turning the bottle upside down and slowly pull back on the syringe 
plunger until the tip on the bottom of the plunger is well past the zero mark on the scale on the 
titrator.  You may have to push the plunger in and out a few times to get rid of any air bubbles in 
the syringe. 
  d)  Turn everything right side up. 
  e)  Slowly push the plunger until the large ring on the plunger of the plastic titrator is right 
at the zero mark on the syringe barrel.   
  e)  Remove the titrator from the sodium thiosulfate bottle. 
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Step 5.  Titrate the sample. 
  a)  Put the tip of the titrator into the opening on the plastic cap of the titration vial (code 
0299) that contains your fixed sample. 
  b)  Add the titrating solution one drop at a time by gently pushing the plunger.  Swirl the 
solution between drops until the sample has turned pale yellow.  If your solution is already 
pale yellow skip this step.  If your solution is colorless you have zero mg/l dissolved oxygen (if 
this is the case you can proceed to step 6 for confirmation, if you like). 
 
Step 6.  Add starch indicator. 
..a)  Pop off the plastic cap from the titration vial without moving the titrator’s plunger. 
b) Add 8 drops of starch indicator solution to the pale yellow sample in the titration vial.  The 

sample should now turn deep blue or black. 
c) Put the cap back on the titration vial. 
d) Swirl to mix the contents. 

 
Step 7.  Finish the titration. 
a) Continue to add sodium thiosulfate one drop at a time, swirling the solution between each 

drop. 
b) Observe the color change from dark blue to light blue. 
c) Stop right when the solution turns from pale blue to colorless. 
d)  (If no color change occurs by the time the plunger tip reaches the bottom of the scale on 

the titrator, refill the titrator by filling with titrant to the zero mark and continue the titration.  
Include both titration amounts in the final test results.) 

 
Step 8.  Read the test result directly from where the scale intersects the ring of the 
plunger for plastic titrator or the tip of the plunger for the glass titrator.  The titrator is marked at 
0.2 ppm increments.  So if the titrator ring or tip (as appropriate) is touching the third line below 
the line marked “7” the result would be 7.6 mg/l dissolved oxygen.  (If the titrator has been 
refilled once before, the result would be 17.6 mg/l dissolved oxygen.) 
 
Step 9.  Repeat steps 1 through 8 for a replicate test from the sample 
DO bottle.  If the results are more than 1 mg/l apart between the two tests, repeat the test 
again and record all three results on your monitoring postcard.  
 
Step 10.  Repeat steps 1 through 9 for a duplicate test with any other 
DO bottles.  If the results are more than 1 mg/l apart between the two tests, repeat the test 
again and record all three results on your monitoring postcard.  
 
Step 11.  Record all results on your monitoring postcard &/or on-line.   
 
Step 12.  Clean-up.   
a) Dispense any remaining sodium thiosulfate in the syringe into the titration vial.  Never put it 

back in the bottle it came from. 
b) By the end of the test all the liquids are safe to pour into the ground or down the drain. 
c) Rinse everything with tap water.  Allow to air dry on a paper towel. 

 



 

Specific Monitoring Techniques: Dissolved Oxygen - 14 
 

 Supplemental Dissolved Oxygen Titration Information – Plastic Titrator 
 

Green Pink 
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LaMotte 
PO Box 329 
Chestertown, MD 21620 
800-344-3100 
www.lamotte.com 
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COMMON QUESTIONS ABOUT ANALYZING 
DISSOLVED OXYGEN 

 
This assumes that you have collected your water sample(s) and have capped the bottle(s). 
 
Should I pour off any of the water in my sample bottle before I add the reagents?    
NO!  If you pour off some water you are introducing air (and oxygen).  When you cap the bottle 
and shake it this oxygen can cause erroneously high results.  Put the bottle on a paper towel if 
necessary to catch any water that spills over when you add the reagents. 
 
How should I hold the dropper bottles to dispense each reagent? 
Hold the dropper bottles completely upside down.  This ensures a uniform drop size.  The liquid 
reagents won’t come out until you squeeze the bottle. 
 
Why must I shake the bottle and let the floc settle twice? 
Doing this twice ensures that the chemical reactions are complete and that all the oxygen 
molecules have reacted with the chemical reagents. 
  
Sometimes after I add the eight drops of sulfuric acid some brown particles remain.  Is 
this OK? 
The brown particles should be dissolved before you continue with your test.  First, try shaking 
the sample bottle quite hard to see if they dissolve.  If this doesn't work add one more drop of 
sulfuric acid (red capped bottle).  Occasionally in water with an algae bloom there may be some 
organic matter present in you sample.  This won't dissolve.  You should be able to tell the 
difference between this and the chemical particles. 
 
What does it mean by saying that the sample is "fixed"? 
In a practical sense it means that contact with atmospheric oxygen will not affect your test 
results.  Fixed samples may be stored up to eight hours, if kept refrigerated and in the dark.  
The chemical reactions that occur in this analysis are explained after these questions. 
 
What is the best way to measure the amount of 
fixed sample that I should titrate? 
If you have a plastic graduated cylinder, use it to 
measure 20 ml of fixed sample.  If you don't have one 
pour the fixed sample directly into the titration vial 
(glass bottle labeled 0299) to the white 20 ml line.  
 
 
Okay, now I've got my syringe filled and through the hole in the cap on the titration vial.  
Sometimes the drops don't seem to fall right into the water sample.  Why?  
Each cap should have a tiny vent hole in it so that as the sodium thiosulfate is added to the fixed 
water sample the displaced air can escape.  If you don't have this tiny hole, when you add the 
sodium thiosulfate instead of it dropping into the liquid it will run down the side of the bottle.  
This will also happen if a drop of liquid on top of the cap covers the vent hole.  So, make sure 
that  1) your cap has a vent hole and 2) that is remains unobstructed during the titration.  If your 
cap doesn't have a vent hole you can easily make one or enlarge an existing one by heating a 
pin and pushing it through the plastic. 
 

Code 
0299 

20 ml Line 

Titration Vial 
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The directions say to add sodium thiosulfate until the water samples turns a straw 
yellow.   How much does the color matter?  Why shouldn't I add the starch indicator all at 
once in the beginning? 
I checked with Steve Wildberger of LaMotte Chemical Company about these questions.  He 
feels that if you add the starch indicator all at once you will be likely to overshoot the end point.  
The color change from dark blue to colorless is much more abrupt than the more gradual 
change from brown to yellow.  The pale yellow color in itself is an indicator that you are nearing 
the end point of the titration.  He suggests that the yellow color you should be looking for when 
adding the indicator is "a manila folder yellow" rather than a straw yellow.  I have also found that 
in high oxygen water if you add the starch indicator in the beginning the dark blue color seems 
to coat the sides of the titration vial, which makes the visual determination of the endpoint more 
difficult.  
 
My water sample is pale yellow right after it is fixed.  Do I still have to see it get lighter 
before I add the starch indicator? 
If your water sample is already a pale yellow after it is fixed, add the starch indicator before you 
begin your titration.  If your sample is completely colorless after it is fixed and remains that way 
after you add the indicator this means that there is no dissolved oxygen in your sample.  If this is 
the case you might want to check the dissolved oxygen content of the 1 meter water just to 
make sure that the reagents in your kit are still functioning properly.  If the surface water also 
has no detectable dissolved oxygen, call URI Watershed Watch at 874-2905 so that we can 
check your reagents to make sure everything is OK. 
 
How many times should I run the test on my water sample? 
You should run the dissolved oxygen test at least twice on each of your water samples.  If the 
results are more than 1.0 ppm apart run it a third time.  Remember to report all the results on 
your monitoring postcard. 
 
What should I do with any leftover sodium thiosulfate in the syringe? 
Discard any remaining sodium thiosulfate into your titrator vial.  Do not put it back into the bottle 
it came from.  Then take apart your syringe and rinse it with tap water.  Store it with the plunger 
backed off from the bottom of the syringe. 
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Chemical Reactions when Using the Azide Modification of the Winkler Method 
to Test for Dissolved Oxygen 

 
(from:  Clean Water:  A Guide to Water Quality Monitoring, by E. Stancioff, University of Maine 
Cooperative Extension.) 
 
The first step in a dissolved oxygen (DO) titration is the addition of manganous sulfate solution 
(4167) and alkaline potassium iodide azide (7166) to the water sample.  These reagents react 
with each other to form a precipitate, or floc, of manganous hydroxide, Mn(OH)2.  Chemically 
the reaction is: 
 
MnSO4                           +  2KOH                                    Mn(OH)2         +          K2SO4 
manganous sulfate + potassium hydroxide              manganous hydroxide + potassium sulfate 
 
Immediately upon formation of the precipitate, the oxygen in the water oxidizes an equivalent 
amount of the manganous hydroxide to manganic hydroxide.  In other words, for every molecule 
of oxygen in the water one molecule of manganous hydroxide is converted to manganic 
hydroxide.  The reaction is: 
 
2 Mn(OH)2                     +           O2        +     2H2O                                2Mn(OH)4 
manganous hydroxide   +        oxygen   +     water                                 manganic hydroxide 
 
After the precipitate is formed a strong acid, sulfuric acid 1:1 (6141WT) is added to the water 
sample.  The acid converts the manganic hydroxide to manganic sulfate.  At this point the 
sample is considered “fixed”. Any concern for additional oxygen being introduced into the 
sample is reduced.  The chemical reaction is: 
 
2Mn(OH)4                +      4H2SO4                             2Mn(SO4)2        +      8H2O 
manganic hydroxide +     sulfuric acid                      manganic sulfate  +   water 
 
Simultaneously, iodine from the potassium iodide in the alkaline potassium iodide azide solution 
is replaced by sulfate, releasing free iodine into the water.  Since the sulfate for this reaction 
comes from the manganic sulfate which was formed from the reaction between the manganic 
hydroxide and oxygen; the amount of iodine released is directly proportional to the amount of 
oxygen present in the original sample.  The release of free iodine is indicated by the sample 
turning a yellow-brown color.  This chemical reaction is: 
 
2Mn(SO4)2          +           4KI                                  2Mn(SO4)       +     2K2SO4           +          2I2 
manganic sulfate  + potassium iodide                 manganic sulfate + potassium sulfate + iodine 
 
The final step in the Winkler titration is the addition of sodium thiosulfate.  The sodium 
thiosulfate reacts with the free iodine to produce sodium iodide.  When all the iodine had been 
converted the sample changes color from yellow-brown to colorless.  Often a starch indicator is 
added to enhance the final endpoint.  This chemical reaction is: 
 
4NaS2O3              +          2I2                                       Na2S4O6                 +       4NaI 
sodium thiosulfate  +    iodine                                  sodium tetrathionate  +  sodium iodide 



 
IV. How to Collect Water Samples  

 
 



 

How to Collect Water Samples: 1 
 

 

 

COLLECTING UNFILTERED 
WATER SAMPLES 

(Field SOP 009) 
 

 
University of Rhode Island Watershed Watch 

Date:  
Version:  
Author:  

07/12 
2 
Linda Green 

 

Unfiltered water samples are collected for a variety of laboratory analyses, as well as field 
processing for lab chlorophyll analysis and field analysis of dissolved oxygen.  We collect water 
samples in plastic bottles for pH and alkalinity and in glass bottles (labeled unfiltered) for total 
phosphorus and nitrogen.  We also save the filtered water from chlorophyll filtration in plastic bottles 
for analysis of nitrate- and ammonia-nitrogen, dissolved phosphorus and chlorides. 
The samples bottles you are supplied with have been thoroughly cleaned to make sure that they are 
as free from contaminants as possible.  Our Watershed Watch students occasionally even fill the 
shallow and deep samplers with ultra-pure water to check for residual contamination. 
The most important step you can take to prevent contamination is to rinse your water 
sampling apparatus and any bottles (except your sterile one) before you use or fill it.  This is 
called conditioning.  And then rinse them with tap water after you use it and let it air-dry! 
1. Rinse your water sampling apparatus with some surface water and then collect a shallow 

water sample either using the shallow water sampler (see Shallow Water Sampler Operation 
Field SOP 011) or a deep water sample using the deep water sampler (see Deep Water 
Sampler Operation Field SOP 012). 

2. Un-cap and rinse your unfiltered sample bottle(s) with some of the collected water.  
Discard the water used to rinse the bottle.   

3. Fill your sample bottle(s) to within approximately 1inch of the bottle rim.  This will leave an 
air space in the sample bottle to allow for mixing of the sample in the laboratory. 

Dissolved oxygen bottles must be filled to the brim, no air space or air bubbles 
allowed! 

4. Cap your sample bottle and place it into your cooler. 
5. Repeat as needed until all surface &/or deep unfiltered water sample bottles 

are filled. 
6. Finish your other monitoring activities and return to shore. 
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Introduction 
The Shallow water sampler was designed by Jim Geib, a volunteer 
monitor with the URIWW program.  A marine gasoline tank primer bulb 
acts as a pump and can be operated with one hand.  The other hand is 
left free to hold the tubing securely inside the mouth of the collection 
bottle.  To maintain the proper sampling depth, Geib made a float by 
cutting pieces from a polyethylene foam noodle pool toy.  The float is held 
securely in place at 1 meter above the end of the sampling tube.  The 
sampler should not be used to collect samples for bacteria since its not 
sterile or dissolved oxygen since the collection procedure introduces 
oxygen into the sample. 
 
Instructions for use 
1. Place the end of the sampler with the brass pipe into the water 

and lower it until it is supported by the float. 
2. Squeeze the bulb 10 times to rinse out the sampler.  Do not use 

this water as your sample. 
3. Holding the sample bottle in one hand, pump the bulb with the 

other hand to rinse and then fill your sample bottle.  You are 
sampling at a depth of 1 meter.  

4. When you return to shore rinse your shallow sampler by pumping 
tap water through it, and hanging it to drain. 

 

The Shallow Water Sampler in use. 
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Introduction 
The LaMotte Water Sampling Bottle (3-0026) is 
a unique device that collects water samples 
representative of specific depths and is 
particularly suited to the collection of dissolved 
oxygen samples.  Samples may be taken at 
specific depths by using the attached stopper 
and attached calibrated line and (2 pound) 
weight.  Simply lower the bottle to the sample 
depth.  When the trip line is pulled the sample 
collection bottle will begin to fill, overflowing and 
flushing more than 5 times.  During retrieval, 
decreasing water pressure prevents exchange 
of air and water with the sample.  Excess water 
in the sample chamber can be used for other 
tests.  The interior chamber also accommodates 
LaMotte Model 545 Armored Thermometer for 
accurate sample temperature readings.  The 
thermometer can be pressed gently into a hole 
in the base of the sampler chamber, and the 
sample temperature can be read through the 
clear body of the sampler.   
Operation 
1. To release the wire lid retainer lift it up and 

away from the sampler. 
2. Remove the plastic lid with attached inlet 

tube, by sliding it up the rope bridle. 
3. Rinse the sampler with some surface water, 

discarding rinse water. 
4. Insert a Dissolved Oxygen collecting bottle, 

with the cap removed, into the inner 
chamber of the sampler. 

5. Replace the grey sampler lid, inserting the 
inlet tube into the collecting bottle. 

6. Snap the wire lid retainer into the grooves on 
the lid by lifting up and in. 
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Collecting Water Samples:  Deep Water Sampler - 4 
 

7. Attach a two pound weight to the snap clamp at the bottom of the rope bridle. 
8. Press the black plastic stopper securely into the center inlet hole.  
9. Lower the water sampling bottle to the desired depth. 
10. Quickly jerk the calibrated line to removie the stopper from the inlet hole and start collecting 

your water sample. 
11. Note: As air is displaced by water entering the sampler, bubbles will be observed rising to 

the surface (downstream). When the water sampler is filled, bubbles will no longer appear.  
Filling takes about 45 seconds to one minute and the bubble rarely appear need the sampler 
line. 

12. Once there are no more air bubbles, use a steady, hand-over-hand motion, to retrieve the 
water sampler. 

13. If the thermometer is used with the sampler, read the temperature through the clear sample 
body without removing the thermometer from the sampler.  Record the temperature. 

14. Place the sampler on a flat surface. 
15. Release the wire lid retainer and remove the plastic lid with inlet tube attached, sliding it up 

the rope bridle. 
16. Cap and remove the dissolved oxygen bottle from the inner chamber of the sampler.  If the 

dissolved oxygen test is to be performed on this sample follow the directions in your 
dissolved oxygen test kit. 

17. Use the remaining water in the sampler to rinse and fill your chlorophyll and sample bottles.  
You may need to collect more than 1 water sample to rinse and fill your bottles. 

18. When you are back on shore, rinse your water sampler with tap water and let air dry. 
19. For more information contact: 

LaMotte Company 
PO Box 329 Chestertown, MD 21620 

1-800-344-3100 
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Watershed scale monitoring is emphasized 
because the water quality of a given water body 

is a reflection of the activities in the lands and 
waters that surround it and lie upstream. 

The University of Rhode Island Watershed Watch 
Program (URIWW), founded in 1987, is a statewide 
volunteer monitoring program sponsored by URI 
Cooperative Extension (CE) as well as many Rhode 
Island organizations.  The heart of the program 
consists of on-site monitoring throughout the growing 
season by numerous trained volunteer monitors, 
citizen scientists.  URI Watershed Watch is a resource 
for current information on the water quality of many 
Rhode Island waterways, including lakes, ponds, 
reservoirs, rivers, streams and coastal ponds.  The 
program is intended to provide detailed environmental 
data and information to encourage communities and 
shoreline residents to cooperatively protect, manage 
and improve the water quality of all water bodies within 
a watershed.  In this way, we can ensure that Rhode 
Island's bays, estuaries, lakes, ponds and streams 
remain the state's greatest assets.  

What is URI Watershed Watch? 

URI Watershed Watch Partnerships 
Watershed Watch relies upon a variety of partnerships to achieve its goals.  URI CE, the 
College of the Environment and Life Science and its Department of Natural Resources 
Science, provides much of the professional staff support, laboratory facilities, and 
technical expertise for the program.  However, the program also relies on the time and 
financial support of organizations throughout the state.  These organizations currently 
include the New England Water Program, the Rhode Island Department of 
Environmental Management, lake and watershed associations, local environmental 
groups, municipal conservation commissions, the Narragansett Indian Tribe and others.  
Each organization, known as a “local sponsor,” decides which water bodies to monitor, 
and helps recruit volunteers to conduct monitoring.  Each local sponsor pays an annual 
registration fee.  URI Watershed Watch provides all monitoring equipment, supplies and 
training, as well as water quality data collection, analysis and reports.  URI Watershed 
Watch is active regionally and nationally through the New England Regional Monitoring 
Collaborative (NERMC), the Cooperative State Research, Education, and Extension 
Service (CSREES) National Facilitation Project, the National Water Quality Monitoring 
Council, the North American Lake Management Society and other organizations. 

URI Watershed Watch 
COOPERATIVE EXTENSION 
College of the Environment and Life Sciences (CELS) 
Department of Natural Resources Science (NRS) 
Coastal Institute in Kingston, 1 Greenhouse Road, Kingston, Rhode Island 02881-0804 

URI Watershed Watch Goals 

 To educate the public about water 
quality issues 

 To assess current water quality 
conditions and detect trends in Rhode 
Island waters 

 To promote active citizen participation 
in water quality protection 

 To encourage sound management 
programs based upon water quality 
information 

THE 

UNIVERSITY 
O F  R H O D E  I S L A N D 



The water quality analyses performed by URI Watershed Watch primarily provide 
information on: 

· Nutrient enrichment (eutrophication) 
· Lake and stream acidification 
· Bacterial contamination 

The water quality indicators monitored are listed in Table 1.  Watershed Watch 
incorporates procedures and protocols recommended by national organizations 
to ensure that monitoring results accurately reflect the conditions of the 
sampled water bodies.  High quality field kits and measurements by volunteers 
are combined with state-of-the-art research grade instruments in the laboratory.  
These instruments allow for high resolution and excellent detection limits.  
Specific methods of analyses are available upon request. 

Ensuring Data Quality 

Table 1:  Water Quality Indicators Measured by URI Watershed Watch 
Indicator How Often How Monitored Purpose 

Water clarity Weekly  Secchi disks and view tubes by  
 volunteer monitors 

 To assess long term trends in water clarity 
 and overall water quality 

Temperature Weekly  Thermometers by volunteer  
 monitors 

 To gauge overall condition of water bodies;  
 relates to dissolved oxygen concentration 
 and affects aquatic organisms 

Algal Density Biweekly  Water samples collected, processed 
 and frozen by volunteer monitors; 
 later analyzed in URIWW lab 

 To determine how much algae are in the 
 water; complements water clarity 
 measurements 

Dissolved 
Oxygen 

Biweekly  Field kits by volunteer monitors  To indicate the overall health of water bodies 
 and suitability for fish habitat 

Salinity Biweekly  Field kits by volunteer monitors  To indicate fresh water inputs in estuarine 
 systems 

pH and  
Alkalinity  

Tri-Seasonally 
or Monthly 

 Water samples collected and 
 analyzed in URIWW lab 

 To monitor the acidification and buffering 
 capacity of water bodies 

Nutrient Levels Tri-Seasonally 
 or Monthly 

 Water samples collected and 
 analyzed in URIWW lab 

 To assess how much phosphorus and 
 nitrogen is in the water; complements water 
 clarity and  algal density measurements 

Chloride Tri-Seasonally 
or Monthly 

 Water samples collected and 
 analyzed  in URIWW lab 

 To evaluate water hardness and possible 
 impacts from roads or salt storage piles 

Bacteria Tri-Seasonally 
or Monthly 

 Water samples collected in sterile 
 bottles 

 To screen for suitability for recreational water 
 use and for possible sewage contamination 
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Watershed Watch 
volunteers lower Secchi 

disks into water bodies to 
assess water clarity and 

overall water quality. 

To ensure data quality, URI Watershed Watch: 
 Requires duplicate field measurements by volunteer monitors 
 Encourages volunteers to participate in quality assurance tests 
 Routinely analyzes replicate and duplicate samples 
 Routinely analyzes quality assurance samples from outside labs 
 Participates in Environmental Protection Agency (EPA) water pollution 

quality control studies (WP studies) 
 Consults with local and national experts 
 Actively participates in state, regional, and national conferences to keep up-

to-date on monitoring and analytical techniques 

What URI Watershed Watch Monitors 



A monitoring schedule is distributed prior to the start of each season. There are separate schedules for lake, 
coastal and river monitoring.  Schedules may be adjusted to meet organizational needs.  The schedule 
indicates three levels of water quality monitoring in which most volunteers participate: 

 Weekly: measurements of water clarity and surface temperature. These measurements take about 15 
minutes to perform, not including travel time to monitoring location, and must be done between 10 am 
and 2 pm.  These measurements are not typically monitored on rivers and streams. 

 Biweekly: sample collection and processing for algal density (at most locations), water temperature at 
1 meter depth, dissolved oxygen (at select water bodies), and salinity (at select water bodies). 

 Water sample collection:  Generally, volunteers on lakes, ponds and reservoirs collect a set of water 
samples tri-seasonally while volunteers on rivers and marine ecosystems collect water samples 
monthly.  On these specified dates, volunteers immediately bring their samples to the Watershed 
Watch laboratories in Kingston, RI.  For each water collection, volunteers select their specific collection 
date within a designated time period.  While at URI on these water collection days, volunteers may 
perform additional quality assurance tests on water samples provided by URI. 

 Experienced volunteer monitors have the option of monitoring incoming tributaries to their monitoring 
location on the water collection days.  Information on the quality of inflowing water is valuable for 
tracking potential sources of contaminants. 

Weekly and biweekly on-site monitoring results are mailed to URI on pre-stamped postcards provided to the 
volunteers by Watershed Watch, or data can be entered on-line at the URI Watershed Watch website.   

URI Watershed Watch Monitoring Schedules 
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 No prior experience monitoring needed 
 One to two hours per week (on the day that is 

most convenient) for a whole monitoring season 
(generally early May to mid-October),  

 Many sites require access to a canoe, kayak, or 
boat to get to monitoring locations, which are 
typically the deepest part of the lake, or mid-
stream for rivers 

 Participation in classroom and field training 
sessions, held in March and April 

 Mail pre-stamped monitoring postcards weekly 
 Deliver water samples to URI, typically three to six 

times per season 
 Participate in quality assurance sessions 
 Enjoy being on the water! 

 Help recruit volunteers 
 Help groups fulfill their monitoring needs 
 Conduct classroom and field training   
 Provide detailed monitoring procedures manual  
 Provide monitoring equipment and supplies 
 Maintain open lines of communication between 

volunteers and Watershed Watch staff 
 Perform laboratory and data analyses 
 Ensure data quality 
 Report monitoring results 

Volunteer Commitment 

For those who love the water, becoming a URI 
Watershed Watch volunteer is a great excuse to 
spend time on a favorite lake, pond, stream, in 
the bay or on the ocean. 

URI Watershed Watch Commitment 

URI Watershed Watch 



Reporting the Results 

Linda Green, M.S., Elizabeth Herron, M.A., Arthur Gold, Ph.D., and Kelly Addy, M.S., are members of the Dept. of Natural 
Resources Science, College of the Environment and Life Sciences, University of Rhode Island.  
Contribution #3962 of the RI Agricultural Experiment Station, with support from RI Cooperative 
Extension, New England Water Quality Program and RI Department 
of Environmental Management.  Illustrations from the University of 
Wisconsin Cooperative Extension.  Cooperative Extension in Rhode 
Island provides equal opportunities without regard to race, age, 
religion, color, national origin, sex or preference, creed or handicap. 

1.  Please Contact: 
Linda Green, Program Director 

Phone: 401-874-2905 
Email: lgreen@uri.edu 

 

Elizabeth Herron, Program Coordinator 
Phone: 401-874-4552 

Email: emh@uri.edu 

To Become a URI Watershed 
Watch Volunteer….. 

2. We will add you to our “potential volunteer” 
list for the next spring training  (volunteers 
need to start at the beginning of a monitoring 
season) and will contact you when training 
will take place. 

3. We will help you determine if your desired 
monitoring location is already part of URI 
Watershed Watch and if so, determine if 
additional volunteers are needed.  If it isn’t, 
we can help you find a local sponsor or steer 
you toward another monitoring location 

4. Attend spring training and begin water quality 
monitoring!! 

URI Watershed Watch details water quality results 
of monitoring locations on-line in pdf formats that 
can be viewed or printed.  Site specific reports or 
spreadsheet data are available upon request.  The 
data is also provided to the State of Rhode Island 
for inclusion in its Consolidated Assessment and 
Listing Methodology report, also known as the  
“State of the State’s Waters” report to the US EPA 
and Congress [305(b) Report].  Through the US 
EPA’s Water Quality Exchange (WQX) the volunteer 
generated data is also available to users on-line 
locally, regionally and nationally. 

Annual Registration Fee 
$600 per lake or pond site and $300 per river 
site, generally paid by the sponsoring organization, 
not the volunteer monitor. 

W E’ R E  O N T H E  W E B:  
www.uri.edu/ce/wq/ww/ 

Companion Programs in Community Outreach 

URI Watershed Watch is part of the 
Cooperative Extension Water Quality 
Program.  It is one of a suite of outreach 
programs that can be easily tailored to 
specific audiences. These programs 
include the Non-point Education of 
Municipal Officials Program, the On-site 
Wastewater Training Center, Home*A*Syst 
residential pollution prevention education, 
Healthy Landscapes, the Greenshare 
pesticide and nutrient education program, 
Geographic Information Systems training 
through the URI Environmental Data 
Center, and Experiential Learning for 
graduate and undergraduate students. 
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     Have you ever wondered why rainwater drains a 
certain way off of your property and where it goes? 
Or why some waterbodies seem to be fed by rivers 
and streams and others don’t? Or how 
Narragansett Bay can be impacted by pollutants 
deposited far away from its banks? The answer to 
all these questions is that the land we live on is 
divided into drainage basins called watersheds. 

The term watershed refers to any area of land that 
drains to a common body of water like a lake, river, 
or stream at the watershed’s lowest point. Every 
piece of land is part of a major watershed and 
successively smaller sub-watersheds, and each 
watershed is divided from the next by a drainage 
divide formed by the ridges and hills surrounding a 
waterbody. Every one of us lives in a watershed! 

The most famous drainage divide is the Continental 
Divide, the ridge running north-south through the 
peaks of the Rocky Mountains that separates the 
watersheds of the Gulf of Mexico, which is 
connected to the Atlantic Ocean, from those of the 
Pacific Ocean. One major watershed of the Atlantic 
Ocean is the New England watershed, which 
contains many sub-watersheds nested within it, 
including the sixteen watersheds that constitute 
the land area of Rhode Island (figure 1). 

Understanding what watersheds are and how they 
work is essential to improving water quality 
throughout Rhode Island and beyond. During a rain 
event like a storm, rainwater that isn’t taken by 
evaporation or used by plant life travels over the 
surface or seeps into the ground to recharge each 
of a watershed’s waterbodies. As this water travels 
over the surface, it picks up contaminants like 
sediment, chemicals, and waste in its path, 
depositing pollutants in a watershed’s bodies of 
water, which sometimes prompts the beach 
closings and shellfish bans we have become all too 
familiar with in Rhode Island. 

WHAT IS A WATERSHED?  

     Because of gravity, precipitation follows the lay 
of the land, known as the land’s topography, 
collecting in natural and man-made drainage 
pathways like streams, wetlands, man-made 
channels, and storm drains. Some precipitation 
runs off the higher upland areas of a watershed, 
through wetlands like wooded swamps and 
marshes, and into each watershed’s rivers, 
streams and lakes. Other precipitation seeps into 
the ground where it moves through soil and may 
emerge at a nearby lake or pond or stream, while 
some infiltrates more deeply to replenish regional 
groundwater supplies. 

What is a Watershed? 
URI WATERSHED WATCH, Cooperative Extension 
College of the Environment and Life Sciences (CELS) 
Department of Natural Resources Science (NRS) 
Coastal Institute in Kingston, 1 Greenhouse Road, Kingston, Rhode Island 02881-0804 

PARTS OF A WATERSHED 

Figure 1:  The state of Rhode Island contains sixteen sub-
watersheds, many of which drain to Narragansett Bay. 

Caroline Gottschalk Druschke, Evan Dunphy, Linda Green, Elizabeth Herron, Molly Hunt 



 

     Uplands are the drier, well-drained areas of the 
watershed. Because of their frequent distance from the 
watershed’s main waterbody, their importance in the 
watershed is often overlooked. However, uplands drain to 
wetlands and other waterbodies by discrete channels. In 
some instances, upland sites have a positive impact on 
watersheds. Upland sites with sandy, coarse-textured soil 
readily allow precipitation to infiltrate, thereby serving as 
important groundwater recharge areas. In other cases, 
uplands can have negative impacts on the health of their 
watersheds. Uplands with fine-textured, less permeable 
soil may not provide significant groundwater recharge, for 
instance. Uplands with extensive paved surfaces, known 
as impervious surfaces, pose a special threat: precipitation 
falling on paved surfaces quickly washes downstream, 
carrying sediment and other pollutants, eroding 
streambanks, and increasing flooding. 
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Figure 2 (top right): Upland areas surrounding a 
waterbody can have a great deal of impact on its 
water quality. 
Figure 3 (bottom right): Healthy wetlands help 
remove sediment and pollutants from water before 
it enters a waterbody.  Photo by Pete Pattavina, 
USFWS Georgia Ecological Services Field Office 
Figure 4 (below): Flooding on the bike path in 
Lincoln, RI in 2005. 

Uplands 

What is a Watershed?, URI Watershed Watch 

     Wetlands, which are saturated areas such as wooded 
swamps, marshes, and bogs, have important hydrologic 
and water quality functions, as well as fish and wildlife 
habitat value. Wetlands work like giant sponges, slowing 
the flow of incoming water and temporarily storing this 
water before slowly releasing it downstream or into 
groundwater reservoirs. By doing so, wetlands protect 
downstream areas from flooding, an increasingly 
important function during the more frequent and intense 
storm events of recent years. Slow movement of water 
through wetland vegetation also helps to settle sediment 
and remove certain pollutants, thereby improving water 
quality downstream. But the positive water flow and water 
quality benefits provided by wetlands are lost when they 
are filled or channelized for man-made uses. This was 
made evident in 2010 by the severe flooding in filled 
wetlands along the Pawtuxet and other Rhode Island 
rivers. 

Wetlands 
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AQUATIC ECOSYSTEMS 

What is a Watershed?, URI Watershed Watch 

      A groundwater reservoir, or aquifer, is 
a geologic formation that can store and 
release large amounts of subsurface 
water. In Rhode Island, the most 
productive aquifers consist of deep sand 
and gravel deposits, commonly referred to 
as glacial outwash or stratified drift (left 
from the recession of the last glacial 
period), where water is stored among 
grains of sand. Groundwater reservoirs 
have their own watersheds, known as 
recharge areas, which consist of all the 
land contributing subsurface flow to a 
common location. The boundaries of a 
surface watershed and groundwater 
recharge area can, but do not always, 
coincide. 

In recharge areas, surface waterbodies 
a n d  g r o u n d w a t e r  a r e  o f t e n 
interconnected. Occasionally, surface 
waters can provide a source of flow, or 
recharge, to the aquifer, especially when 
the top of the aquifer, also known as the 
water table, is low or deep in the ground. 
When the water table is closer to the 
surface, groundwater can flow into lakes 
and streams and help maintain surface 
water levels. Lakes that seem to have no 
major inlet, like Larkin Pond and Silver 
Lake in South Kingstown, may be fed 
primarily by groundwater. These 
waterbodies, known as seepage lakes or 
kettle hole ponds, actually represent the 
top of the groundwater table in the area. 

      All materials that reach a lake or river or even Narragansett Bay 
through uplands, wetlands, and groundwater impact their aquatic 
ecosystem: the chemical and physical environment and its complex 
association of soil, water, microorganisms, plants, and animals. 
Changes in any part of the watershed will influence other parts of the 
ecosystem downstream, for better or worse.  

The watershed drainage network makes it possible for point source 
and nonpoint source pollutants to reach a waterbody that may be 
located many miles from the pollution source. While point source 
pollution comes from discrete, identifiable sources like industry or 
sewage treatment plants, nonpoint source pollution comes from 
diffuse sources like farms and housing developments. Nonpoint 
source pollution from farms in the upper Midwest, for example, has 
an effect on the Gulf of Mexico, a thousand miles away, because 
agricultural fertilizers and pesticides are carried by rainwater over the 
surface of the land, into local creeks and then rivers, until the 
Mississippi River carries them downstream to the Gulf. Although 
subsurface water moves much more slowly than surface water, 
groundwater recharge areas, too, can be polluted by a source many 
miles away.  

Figure 5:  Groundwater flows through underground aquifers. Groundwater 

HOW PEOPLE AFFECT AQUATIC ECOSYSTEMS 

      Not everyone lives next to a pond or stream, but all of us live in a watershed. All of our activities, like residential 
and commercial construction, road and highway expansion, lawn maintenance, crop and livestock production, 
family pet care, and sewage treatment, can intentionally or unintentionally affect aquatic ecosystems, even when 
these activities occur far from any shore. These activities can directly contribute nutrients, sediment, bacteria, and 
toxins to our waterbodies. But they also can have more subtle effects, changing the pattern of water flow in a 
drainage network, thereby increasing the amount of water that reaches a waterbody and the speed by which it gets 
there. Without enough time for toxins to infiltrate into the soil, these nutrients, sediment, and toxic substances can 
seriously impair ponds, streams, groundwater resources, and, as we are seeing, Narragansett Bay. 



     Impervious cover refers those hard surfaces like roads, 
paved sidewalks, driveways, and roofs that don’t allow 
rainwater to soak into the ground to be filtered and 
cleaned. These hard surfaces become funnels for 
stormwater, routing unfiltered stormwater very quickly 
across the landscape and into the nearest body of water 
with all of the contaminants, sediment, and debris it 
picked up on the way. We now know that it doesn’t take 
much impervious cover to affect stream water quality. 
Water degradation starts when 10% of the landscape 
contains impervious cover, while only 4-8% impervious 
cover prompts degradation in sensitive wetlands and trout 
waters. In Rhode Island only 17 of our 39 cities and towns 
have less than 10% impervious cover; the other 22 contain 
enough impervious cover to degrade streamwater. And 
while degradation may begin at 4% impervious cover, 
streams surrounded by more than 25% impervious cover, 
like those flowing into Mt. Hope Bay and northern sections 
of Narragansett Bay, are considered severely impaired.  
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Impervious Cover 

What is a Watershed?, URI Watershed Watch 

Nutrient Enrichment 
     Nutrient enrichment is a major threat to aquatic ecosystems. 
In undisturbed watersheds, nutrient enrichment, also known as 
eutrophication, is a very slow, naturally occurring process. 
However, as a watershed becomes more agricultural or 
urbanized, increased nutrient runoff from chemicals and 
fertilizers speeds the process of eutrophication. Nutrients are 
not harmful in and of themselves, but have a negative impact 
on water quality when a waterbody contains too much of a good 
thing.  

Freshwater resources can suffer from too much phosphorous. 
As phosphorous levels within a lake increase, algae and aquatic 
plant growth increase, reducing water clarity and causing the 
water to appear green and murky. Dense growth of rooted 
aquatic plants can make boating and swimming difficult or 
unpleasant, and when these aquatic plants die, their 
decomposition can reduce the amount of oxygen in the water. 
As lakes become more nutrient enriched, or eutrophic, fish 
more tolerant of low oxygen conditions, such as carp, become 
more successful and other fish populations decrease. A similar 
situation occurs in coastal salt ponds and Narragansett Bay, 
where excessive nitrogen in the water causes eutrophication, 
subsequently depriving some species of the oxygen they need 
for life. This was the case in the Greenwich Bay fish kill of 2003 
when roughly one million fish died and washed ashore along 
Greenwich Bay in just one day (figure 8).  

Figure  8 (below):  Excess nutrients from coastal 
watersheds may cause nutrient overenrichment  
leading to lack of oxygen and fish kills. Photo by 

Narragansett Bay Estuary Program. 

 

 

Figure 6 (above): Contaminants such as road salt enter 
waterbodies quickly from impervious surfaces such as 
roads. 

Figure 7 (right): Algae caused by 
  eutrophication in Yawgoo Pond. 
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     Because rivers, ponds, wetlands, and groundwater aquifers are 
located in watersheds that rarely follow political boundaries, these 
resources can be effectively protected only through a combination 
of state and municipal policies and regulations, watershed and 
environmental organizations’ efforts, and individual actions. 

The first step in watershed protection is to recognize that our 
aquatic resources are vulnerable and that we, both individually 
and collectively, must assume responsibility for their care. No 
matter our distance from a waterbody, we all make individual and 
collective decisions that impact its health. We must do a better job 
of balancing our needs with the needs of our aquatic resources.  

Because watershed borders don’t necessarily align with 
jurisdictional boundaries, interested stakeholders throughout the 
state have joined forces to create a number of watershed councils 
and organizations to protect Rhode Island’s sixteen watersheds. 
The most visible of these groups is Save the Bay, which was 
founded in 1970 in opposition to the development of energy 
facilities on the banks of Narragansett Bay. Over the past several 
decades, Save the Bay has turned into a dynamic advocacy and 
education organization, involving citizens from Mt. Hope Bay to 
Westerly in the protection, enjoyment, and use Narragansett Bay 
and its watershed through its legislative work, restoration 
activities, and public events. 

Rhode Island also has a number of additional active watershed 
organizations doing important work. The Wood-Pawcatuck 
Watershed Association in southwestern Rhode Island, the 
Woonasquatucket River Watershed Council in northern Rhode 
Island, and the Narrow River Preservation Association in southern 
Rhode Island all work to protect the waters of their particular 
watersheds by emphasizing their value as ecological, 
environmental, and recreational resources. Save the Lakes and 
the Salt Ponds Coalition, among others, are also working to protect 
and restore waterbodies throughout the state. 

Each of these groups advocates for protection and restoration 
through some combination of education, research, and outreach, 
and are supported in that effort by the work of the URI Watershed 
Watch (URIWW). URIWW recruits and trains volunteer citizen 
scientists to do on-the-water monitoring and water sample 
collection throughout Rhode Island. Their data allows watershed 
councils, government agencies, and legislators through the state 
to know which waterbodies are doing well, which are degraded, 
and where restoration efforts are having the most success. 
URIWW’s success in the long-term ecological monitoring of Rhode 
Island’s fresh and salt water resources – and, ultimately, in 
supporting the health of these waterbodies and their watersheds – 
depends upon the work of its network of passionate, engaged 
volunteers. Everyone has a role to play in protecting Rhode 
Island’s waters! 

WATERSHED MANAGEMENT PLANNING Local Watershed Organizations 
 Blackstone River Watershed Council  

http://blackstoneriver.org/blackstone/ 
 Buckeye Brook Coalition 

http://www.buckeyebrook.org/ 
 Clean up Sounds and Harbors (CUSH) 

http://www.cushinc.org/ 
 Committee for the Great Salt Pond 

http://www.cgspblockisland.org/ 
 Friends of the Hunt River Watershed 

http://mysite.verizon.net/vzeyphac/ 
 Friends of the Moshassuck 

http://www.themoshassuck.org/ 
 Greenwich Bay Watershed Group 

http://www.greenshed.org/ 
 Hunt River Watershed Association 

http://www.huntriver.org/ 
 Kickemuit River Council 

http://www.kickemuitriver.org/ 
 Narragansett Bay Estuary Program 

http://www.nbep.org/ 
 Narrow River Preservation Association 

http://www.narrowriver.org/ 
 Pawtuxet River Authority and Watershed 

Council  
http://www.pawtuxet.org 

 Rhode Island Rivers Council  
www.ririvers.org 

 Salt Ponds Coalition 
http://www.saltpondscoalition.org/ 

 Save Bristol Harbor 
http://www.savebristolharbor.com/ 

 Save The Bay 
http://www.savebay.org 

 Save The Lakes 
www.stlri.org 

 Taunton River Watershed Alliance 
http://savethetaunton.org/ 

 Ten Mile River Watershed Association 
http://www.tenmileriver.net/ 

 Wood-Pawcatuck Watershed Council 
http://www.wpwa.org/ 

 Woonasquatucket River Watershed 
Council 
http://www.woonasquatucket.org/ 

 
Rhode Island Stormwater Solutions 
http://www.ristormwatersolutions.org/ 
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In your yard: 
 Don’t dump anything into storm drains. 
 Water your lawn wisely and fertilize sparingly. 
 Keep fertilizer off sidewalks and driveways. 
 Pick up and dispose of animal waste. 
 Retain and recycle rainwater for your garden. 
 Maintain your septic system. 
 Find and use pesticide alternatives, only as needed. 
 Properly dispose of toxic household materials. 
 Create a rain garden to keep runoff in your yard and beautify it at the same time. 
 Plant bare areas to prevent erosion. 
 

Around town: 
 Sign up to monitor a waterbody through URIWW. 
 Establish a waterfront buffer of native vegetation along streams, lakes, and bay shores. 
 Protect wetlands. 
 Don’t feed waterfowl. 
 Watch for and prevent activities that have the potential to affect water quality. 
 Join your local watershed organization. 
 Volunteer for your town conservation commission. 
 

In the legislature: 
 Support local, state, and federal legislation that protects water resources. 
 Become actively involved in water resource issues in your community.  
 
See Rhode Island Stormwater Solutions for a more detailed list and links to resources to help you 

take action (http://www.ristormwatersolutions.org/SW_takeaction.html) 

STEPS INDIVIDUALS CAN TAKE TO PROTECT WATER QUALITY 

What is a Watershed?, URI Watershed Watch 

Get Involved! 
To learn more about the URI Watershed Watch program and its 
water monitoring efforts, or for more fact sheets about water 
quality, visit the URI Watershed Watch web site: 

http://www.uri.edu/ce/wq/ww/ 
 

Or please contact: 
 

Linda Green, Program Director 
401-874-2905;  lgreen@uri.edu 

Elizabeth Herron, Program Coordinator 
401-874-4552;  emh@uri.edu 
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shallow waters due to wind, waves, and/or boating activities.
The measurement of water clarity using a Secchi

disk is known as Secchi Depth Transparency.  This is a direct
measure of how deep sunlight penetrates the water column
and an indirect measure of the amount of suspended material
(algae, microscopic organisms, and sediment) in the water
column.  The standard Secchi disk consists of a weighted
steel or heavy plastic disk, 20 centimeters (8 in.) in diameter
either all white or with alternating black and white quadrants,
attached to a calibrated line.  Although 20 centimeters is the
standard size of a Secchi disk for lake monitoring, they can
range in size from 2.5 centimeters to 1.2 meters and are used
to monitor all sizes of waterbodies from backyard ponds to
oceans.  The underlying assumption of Secchi disk method-
ology is that the greater the Secchi depth measurement, the
clearer the water.  Secchi depth measurements range from
several centimeters (a few inches) for very turbid (cloudy)
waters to more than 40 meters (130 ft.) for the clearest
waterbodies.  However, most measurements range from 2-
10 meters (about 6-33 ft.).

How to Use a Secchi Disk

The basic procedure for using a Secchi disk is quite
simple.  The disk is slowly lowered into the water until it
disappears from view.  Then the calibrated line is marked at
the water surface, often with a clothespin.  Next, the disk is
lowered several more feet and then slowly raised until it is
again sighted.  A second clothespin is used to mark this point.
The Secchi depth measurement is determined by averaging
the depths of disk disappearance and reappearance.

Sunlight variability can significantly influence Secchi
depth measurements.  To compensate for influences of the
sun’s angle in the sky, measurements should be taken
between 10 am and 2 pm.  Although usual prescription
glasses should be worn, avoid wearing sunglasses.

To compensate for the sun’s glare on the water, two
variations have been developed for making Secchi depth
measurements.  The first variation is to take measurements
on the shady side of the boat.  On the shady side, there is less

MEASURING WATER CLARITY

Linda Green, Kelly Addy, and Natalie Sanbe
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Whether or not we realize it, many of us judge the
health of a waterbody by its clarity.  Generally speaking, if
we can see the bottom of a lake or some distance into its
depths- it’s clean; if we cannot see the bottom in even shallow
water - it’s dirty.  However, the issue of water clarity is more
than an aesthetic issue of  “clean” or “dirty."  Can water
clarity objectively be used to measure water quality?

Although scientists have devised various compli-
cated means to measure water clarity, a simple method was
developed by Angelo Secchi, an astrophysicist and scientific
advisor to the Pope.  On April 20, 1865, Secchi lowered the
first Secchi disk from the papal steam yacht and tested its
utility in a series of experiments.  The Secchi disk has
become a universally accepted tool for monitoring water
clarity on a long term basis.  This fact sheet will describe
water clarity, how to measure clarity using the Secchi disk,
what these measurements indicate, and how to make a Secchi
disk.

Water Clarity and the
Secchi Disk

Water clarity is primarily af-
fected by algae and suspended
sediments.  Algae are naturally
occurring microscopic plant life
found in most waterbodies.  Al-
gae, mostly growing as single
cells or in colonies, are part of a

healthy lake ecosystem.  Their  photosynthetic processes are
a source of  oxygen for the lake and its organisms.  Also,
many lake organisms depend on algae as a basic food source
(Simpson 1991).  However, too much algae growth, stimu-
lated by nutrient inputs from watershed activities, can
dramatically reduce water clarity and adversely affect a
lake's ecological balance.

Sediment carried by streams and storm runoff also
decreases water clarity.  Additional factors reducing water
clarity include “tea” colored staining from naturally occur-
ring tannic acids and resuspension of bottom sediments in



O l i g o t r o p h i cO l i g o t r o p h i c
V e r y  C l e a rV e r y  C l e a r

> 4 m  ( 1 3  f t . )> 4 m  ( 1 3  f t . )

M e s o t r o p h i cM e s o t r o p h i c
A v e r a g e  C l a r i t yA v e r a g e  C l a r i t y

2 m  -  4 m2 m  -  4 m
( 6 . 5  f t .  -  1 3  f t . )( 6 . 5  f t .  -  1 3  f t . )

E u t r o p h i cE u t r o p h i c
P o o r  C l a r i t yP o o r  C l a r i t y

< 2 m  ( 6 . 5  f t . )< 2 m  ( 6 . 5  f t . )

kjlljklj

Figure 1:
Water Clarity and
Secchi Depth Measurements
This diagram illustrates how
Secchi depth measurements are
influenced by algae, suspended
sediments, and aquatic plants.
Ranges of Secchi depth measure-
ments are correlated with the
appropriate trophic status.

sunlight variability to affect Secchi depth measurements.
The second method, recommended by URI Watershed
Watch and thought to be more accurate, is to observe the disk
through a view tube on the sunny side of the boat.  A view
tube is a 2-3 foot long section of PVC pipe, preferably with
a black interior and a handle attached near one end.  The tube
is held vertically, with four inches submerged in water.  The
view tube reduces interference from surface glare.  Some
view tubes come with a plexiglass “window” at one end to
prevent water from entering the tube, like a scuba mask.
Whichever variation you choose or your monitoring pro-
gram recommends, you must follow it every time you take
measurements to ensure consistency and reliability.

As with any water monitoring procedure, opportu-
nities for human error exist when taking Secchi depth
measurements.  The visual acuity of the monitor can
influence the depth to which the disk remains visible from the
surface (Pseisendorfer 1986).  To reduce chances of human
error, some steps can be taken.  For example, replicate
measurements help to obtain more reliable results.  URI
Watershed Watch recommends that monitors lower their
Secchi disks into the water at least two times, recording all
disappearance and reappearance depths.  In addition, if two
people monitor the lake, the second person should take
duplicate measurements at the same location.  Under most
circumstances, measurements that vary by even as much as
4 to 6 inches are still considered acceptable and useful data.
All measurements are averaged for that particular day.

In order to compare water clarity measurements of
a lake, it is critical for monitors to take Secchi depth
measurements at the same location on the lake every time
they monitor.  This practice ensures consistency.  The usual
strategy is to take measurements at the deepest spot on the
lake.  However, monitors may wish to explore water clarity
at other areas of concern.  No matter how many locations are

monitored, it is critical that replicate measurements be taken
at the same location and recorded separately.

To obtain the best Secchi depth results, lakes or
ponds ideally should be 50% deeper than the average Secchi
depth measurement so that the disk is contrasted against the
water and not bottom sediments (Carlson 1995). The biggest
problem occurs when the disk is consistently visible at the
bottom of the monitoring location.  Under such circum-
stances, Secchi depth measurements  are likely to misrepre-
sent actual conditions.  However, Secchi depth measure-
ments on such lakes can be useful in identifying general
trends in water clarity.  For example, if the disk is seen at the
bottom less frequently over the years, decreasing water
clarity is evident.  On the other hand, improving water clarity
is indicated by seeing the disk at the bottom when it has not
been seen there in the past.  Despite these complications,
studies have found no significant differences in precision
between Secchi depth measurements  and more sophisticated
techniques (Carlson 1995).

What Do Secchi Depth Measurements Indicate?

Using Secchi depth measurements, lakes and ponds
can be grouped into trophic status categories, which indi-
cate their general level of clarity, nutrient enrichment, and
algae and/or plant abundance (Fig.1).  Oligotrophic
waterbodies are what many people consider most desirable
and pristine.  Such lakes are clear to great depths and have
low nutrient, or productivity levels.  At the other end of the
spectrum are eutrophic lakes, having low water clarity and
high productivity levels.  Mesotrophic lakes occupy the
middle range.  Lakes naturally progress from oligotrophic to
eutrophic status over thousands of years in the process of
eutrophication.  However, human activities have greatly
accelerated this process.  This is known as cultural eu-



Figure 2:
1992 Secchi Depth

Measurements
Georgiaville Pond, Smithfield

The top of this graph can be
viewed as the surface of the

water, and the length of the bars
represent how deep the Secchi
disk was visible into its depths
on that particular day.  As can

be seen in this graph, Secchi
depth measurements can vary

from week to week throughout
a season.  In 1992, Secchi depth

measurements on Georgiaville
Pond had a range of 2.6 meters.
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trophication.  (Simpson 1991, Wetzel 1993)  For more
information on trophic status, refer to Natural Resources
Facts, Fact Sheet No. 96-2, "Phosphorus and Lake Aging."

Secchi depth measurements  can indicate the amount
of algae in a waterbody.  The more algae, the less clear the
water and consequently, the less visible the Secchi disk.  As
algal populations fluctuate, individual Secchi depth measure-
ments can also vary throughout a season (Fig. 2). This
variation can be up to 2 meters.  For example, in the summer,
when the sunlight penetrating the lake is more intense, a
summer algal bloom may occur if there is an abundance of
available phosphorus.  If a lake were characterized by only
a single Secchi depth measurement during the summer, this
could misrepresent the lake’s water quality.  The frequency
and length of algal blooms are highly indicative of water
quality problems and can be characterized by weekly Secchi
depth measurements.  Individual rainfall events may also
carry a surge of nutrients to a waterbody.  It is useful to
examine seasonal variability in Secchi depth measurements
on a particular waterbody to detect water clarity trends.
Over 200 volunteers in the URI Watershed Watch program
monitor more than 70 sites taking over 2000 Secchi depth
measurements each year between April and November to
detect any such water quality trends.

Secchi depth measurements can also indicate the
turbidity (cloudiness) of a waterbody.  Turbidity is caused by
particulates, such as suspended sediments or algae, scatter-
ing the light passing through the water.  The more suspended
solids in a lake, the lower its clarity.  Development greatly
increases the amount of suspended sediments entering a
waterbody in storm runoff.  As vegetation is cleared, soil
erosion increases while impervious surfaces increase the rate
and volume of polluted runoff entering streams and lakes.
Consequently, short term changes in Secchi depth measure-
ments are often observed until the new influx of sediments
settles to the lake bottom.

To distinguish between suspended sediment and

algal influences on water clarity, chlorophyll a and total
phosphorus concentrations are frequently measured in con-
junction with Secchi depth measurements.  Chlorophyll a is
a green pigment found in algae and all other photosynthyzing
plants.  Chlorophyll a is considered a good indicator of the
amount of algae in a waterbody (see Natural Resources
Facts, Fact Sheet No. 96-4, "Algae...").  The amount of
phosphorus controls the amount of algae and plant growth
possible in freshwater lakes and ponds (see Natural Re-
sources Facts, Fact Sheet No.  96-2, "Phosphorus and Lake
Aging").  Measuring total phosphorus can also predict the
amount of chlorophyll a.  Using these indicators, along with
Secchi depth measurements, can lead to a more accurate
portrait of the water quality of a given lake or pond.

Secchi depth measurements  can also vary naturally
over the long-term, responding to precipitation patterns.
Depending on specific lake hydrology, droughts can reduce
or improve water clarity.  For example, if a lake has a low
flushing rate (it takes a long time for water in a lake to be
completely replaced by incoming water), drought may cause
nutrients to accumulate in a  lake resulting in high produc-
tivity and low water clarity for that particular year.  On the
other hand, droughts also suppress the transport of contami-
nants to a waterbody, which may improve water clarity.  The
timing of precipitation also influences Secchi depth measure-
ments.  For instance, if a heavy storm occurs in the early
spring when many land surfaces remain uncovered, more
runoff is generated.  This additional runoff carries an early
load of sediments and nutrients to a pond thereby decreasing
water clarity.  This illustrates the importance of long-term
monitoring of lakes and ponds.  If a lake is monitored for only
one year, “normal” patterns and potential variation may be
overlooked.  Long-term monitoring of lakes is frequently
supported by volunteer efforts, as with URI Watershed
Watch.   As of 1995, URI Watershed Watch volunteers have
collected up to 8 years of data on some of its Rhode Island
monitoring locations.
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How to Make a Secchi Disk (Fig. 3)

From a plastics supply house (look under “Plastics” in your
local Yellow Pages) order a 20-cm diameter, 1/4" thick,
white opaque acrylic disk with a 3/8" hole drilled through the
center.  (The disk will have paper masking on both sides.)  If
possible, the plastic surface should have a non-glossy or
“flat” finish.

1)  On one side of the acrylic disk, divide
masking paper into quarters and peel paper
from opposing quadrants.  A straight edge
will be needed for use as a knife guide.

2)  Rough up the exposed quadrants with fine
sandpaper and warm the disk under bright
lights.  While the disk is still warm, paint
exposed quadrants with flat black enamel
paint.  After applying a second coat of paint,
peel off the remaining masking paper.  The
paint will take about two weeks to fully
harden.  If the disk is used during the
hardening period, it must be treated gently to
prevent chipping.

3)  To weight the disk, use 1/4", 5" x 5" steel
plate. The steel plate should be painted to
avoid rusting.  You could also use a series of
washers, or even a brick or a sand-filled
plastic bottle as a weight.

4)  Assemble the disk with a 5/16" diameter
stainless steel eyebolt.  Use flat washers
between the disk and nut, and between the
steel plate and locking washer.  Use one

     5/16" nut at the top of the eyebolt, and
another to bolt the steel plate onto the disk.

5)  Attach the nylon line to the disk through the
eye of the bolt.  Measuring from the face of
the disk, mark remaining length of line at
meter and half meter (or foot and half foot)
increments using an indelible pen or wire
ties.  The line should be calibrated periodi-
cally to ensure accurate measurements.

Pre-made Secchi disks  and other water quality apparatus can
be purchased from a number of commercial sources.  Three
sources are:

LaMotte Chemical Co. (1-800-344-3100)
Laurence Enterprises  (1-207-276-5746)
Hach Chemical Co.  (1-800-227-4224)

Fig. 3
Making a Secchi Disk

Cooperative Extension in Rhode Island provides equal opportunities without regard to race, age, religion, color, national origin, sex or preference, creed or handicap.

Special thanks to URI Natural Resources Professor Dr.
Arthur Gold, and URI Research Associates Lorraine Joubert
and Alyson McCann for commenting on and reviewing this
fact sheet.
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Algae play a vital role in all aquatic ecosystems.
Algae form the food and energy base for all organisms living
in lakes, ponds, and streams.  However, unnatural or
excessive growth of algae (nuisance algal blooms) may
interfere with our enjoyment of aquatic resources and may
even be harmful.  Because of their importance to aquatic
ecosystems and susceptibility to changes in the environment,
algal measurements are often key components of water
quality monitoring programs.  This fact sheet will describe
algae and their role in aquatic ecosystems; characterize algal
succession; describe how algal levels are measured and what
these measurements indicate; and discuss how algal popula-
tions, especially nuisance algal blooms, may be controlled.

What are Algae?

There are two main forms of algae: micro and
macro algae.  This factsheet will focus on micro algae—
microscopic, often unicellular plants.  Unlike their larger
plant relatives, algae do not have roots, stems, or leaves.  Not
all algae are green; algae come in a wide range of colors
depending on which pigments are dominant in their cells.
For example, if chlorophyll a is present in high concentra-
tions, algae tend to be green, but orange and red colored
algae are caused by high levels of carotene pigments.  Micro
algae are divided into two general groups: phytoplankton and
periphyton.  Phytoplankton live suspended in the water
column.  Periphyton live attached to rocks, sediment, plant
stems, and aquatic organisms.  Algae usually are single-
celled (unicellular) with these cells either solitary or grouped
in clusters (colonies) or strings (filaments).

Like their aquatic and terrestrial plant
relatives, algae are primary producers, known as
autotrophs.  Autotrophs convert water and carbon
dioxide to sugar (food) in the presence of sunlight.
This process, photosynthesis, generates oxygen as
a by-product.  This oxygen contributes to the
survival of  fish and other aquatic organisms in
lakes.  Algae also form the base of lake food chains;
all lake organisms depend either directly or indi-

rectly on algae as a food source.
Phytoplankton need to stay near the water’s surface

in order to absorb sunlight for photosynthesis.  Algae come
in an amazing number of sizes and shapes which are actually
adaptive strategies to prevent them from sinking away from
the sunlight in the upper portion of the water column.  These
anti-sinking adaptations include flat, wide cell shapes and
spines which increase friction and lessen gravitational influ-
ences.  Some phytoplankton have developed mechanisms to
move actively (Caduto 1990).  Tail-like extensions, flagella,
of some algae can move them through the water (Fig. 1).
Some phytoplankton adjust the size of gas-filled sacs,
vacuoles, to move through the water column.

Some algae reproduce via asexual reproduction,
where the parent splits into two or more cells, while other
algae are capable of sexual reproduction (Caduto 1990 and
St. Amand 1995).  A few algae can reproduce by either
method with some algae alternating methods depending on
environmental conditions.  Some even adapt reproduction
rates in response to water flow rates.  For example, an alga
may reproduce faster in turbulent waters, to replace cells
swept downstream, than in still waters where algal biomass
can accumulate (Caduto 1990).

Role in Aquatic Ecosystems

Increases in algal cell numbers are affected by
season, temperature, amount of sunlight penetrating the
water column, amount of available inorganic nutrients,
competition from other algae and aquatic plants, and how

    (b)  (c)

 (d)

(e)

(a)

Fig. 1:  Peridinium (a & b),
Ceratium (b), Gymnodium  (c),
and Dinobryon (d) are algae very
common in Rhode Island lakes
(Source: St. Amand & Wagner
1995).  They all have flagellae to
move them through the water
column.  Size: Microscopic detail
shown.



Seasonal Changes in Algae

Algae are a very diverse group of organisms.  More
than 40 species can coexist in one lake!  Throughout the year,
however, algal species dominance of lakes changes in a
yearly cycle, known as algal succession (Kortmann & Henry
1990). This natural succession of algae occurs in response to
changes in season, temperature, wind, precipitation pat-
terns, and nutrient cycles (Moore & Thornton 1988).  Algal
populations are abundant in spring and early summer when
available light and nutrients are high and few organisms are
present to feed on the algae.  Toward the end of this stage,
a phenomenon, commonly known as the clear water phase ,
occurs in many lakes.  Spring algal populations are usually
composed of small, highly edible species.  As this phase
approaches, zooplankton populations increase dramatically.
These zooplankton consume algae rapidly, causing algal
populations to crash, resulting in very clear water for a few
weeks, hence the name “clear water phase.”

These small, edible algal populations are gradually
replaced by larger, colonial, non-edible species that are often
covered by gelatinous sheaths.  Because available nutrient
concentrations are often limited in the summer, the total
concentration of algae in summer can be less than in spring
before the clear water phase.  In late summer and fall,
nutrients stored at the bottom of the lake become mixed
through the water column generating a fresh supply of
nutrients.  This allows algal populations to flourish again and
late season algal blooms to develop.  During winter months,
algae are able to survive, but usually at low concentrations
due to colder water temperatures and lower amounts of
available sunlight.

Nuisance algal blooms

Algae are necessary and beneficial to aquatic eco-
systems.  They form the food and energy basis for nearly all
other aquatic organisms.  However, unnaturally elevated
levels of algal growth may interfere with use and enjoyment
of lakes, ponds, and even streams.  Nuisance algal levels
usually decrease aesthetic beauty, by reducing water clarity,
and often create taste and odor problems.  Extremely high
levels of algae can generate enough shade to prevent sunlight
from reaching rooted aquatic plants (macrophytes), limiting
their plant growth or even causing them to die (Fig. 2).  Also,
as more algae grow within the lake, there are more dead
algae to be decomposed.  Decomposition by bacteria con-
sumes oxygen and may decrease or even completely deplete
dissolved oxygen contents of some lakes during the summer.
Complete lack of oxygen is a condition known as anoxia
which can cause fish kills (see Natural Resources Facts, Fact
Sheet No. 96-3, “Dissolved Oxygen and Temperature”).

High levels of algae may raise the pH of waterbodies.
Elevated pH levels are thought to be a by-product of
photosynthetic uptake of carbon dioxide.  Daily cycles of pH

long the water stays in the lake (residence time) (Simpson
1991).  When enough sunlight is available, such as in
summer, the amount of phosphorus in the lake often controls
the abundance of algae.  Therefore, phosphorus is consid-
ered the limiting nutrient in most fresh waterbodies.

Some phosphorus enters a lake naturally.  For
example, autumn leaf fall, animal wastes, waterfowl, and
atmospheric deposition contribute phosphorus to lake eco-
systems.  However, human activities often increase the
amount of phosphorus.  Man-made contributors of phospho-
rus to aquatic ecosystems include: phosphate containing
detergents, lawn and garden fertilizers, improperly sited or
maintained septic systems, urban storm runoff, agricultural
drainage, wastewater treatment effluent, and road de-icers.
As land becomes more developed, the amount of runoff and
the nutrient concentration of runoff increases.  When excess
nutrients enter a waterbody, algal growth rates are stimu-
lated, increasing populations to abnormally large sizes.
Excessive amounts of algae on the surface of the lake may
also occur as dense, smelly mats.  Any excess of algal
biomass is often referred to as an algal bloom.

Some Types of Algae

When viewed under a microscope, the sym-
metrical geometric patterns of diatoms can be seen
(Fragilaria is shown here in microscopic detail).  Silica is
the primary component of the
diatom skeleton, which cannot
be decomposed.  Preserved dia-
tom skeletons in lake sediments
are an important tool for scien-
tists interested in determining a lake’s history (Caduto
1990).  The ancient remains of diatoms have even
contributed to our current fossil fuel supplies (Caduto
1990).

Blue-green algae are actually blue-green bacte-
ria, cyanobacteria (Aphanizomenon is shown here in
microscopic detail) (Caduto 1990 and Monson 1992).
Many blue-green algae are capable of converting atmo-
spheric nitrogen into useful forms in a process known as
nitrogen fixation.  These species tend to flourish in mid to

late summer when lake nitro-
gen concentrations are low.
These species are also particu-
larly resilient, they are able to

over-winter as spores in the lake.  The large colonies of
blue-green algae are not a preferred food of lake organ-
isms, which improves survival rates.  Some blue-green
algae produce toxins that, in high concentrations, have the
potential to kill animals.  Blue-green algae are best known
as the dominant species of most algal blooms.



can be observed.
Higher pH levels
may be noted late
on sunny summer
afternoons after
photosynthesis has
consumed carbon
dioxide through-
out the day.  After
sunset, pH levels
may fall notice-
ably since photo-
synthesis has
ended.  These ex-
treme fluctuations

in pH stress sensitive aquatic life.
There is also concern that excessive amounts of

algae may form the organic matter base of a reaction with the
chlorine used at many water treatment facilities.  This
generates trihalomethanes (Moore & Thornton 1988).
Trihalomethanes may be associated with cancer risks.

It is important to realize that algae occur in natural
cycles of abundance in aquatic ecosystems (Fig. 3).  Blooms
of algae should only be considered problematic if they occur
with increasing frequency as a direct result of human
influence on the environment.  Lake management emphasis
should be geared toward maintaining healthy, natural levels
of algae within waterbodies.

How are Algal Concentrations Measured?

Because algae are strong indicators of environmen-
tal change, many water quality monitoring programs mea-
sure algal concentrations to determine changes in water
quality.  In all plants and algae, photosynthesis requires the
green pigment chlorophyll a.  Although the ratio of chloro-
phyll a to biomass can vary among algal groups, measure-
ment of chlorophyll a concentration is considered a reason-
able estimate of algal concentrations.

To measure chlorophyll a concentration, a lake
water sample is taken.  A known quantity of water from this
sample is passed through a glass fiber filter disk.  The filter
catches the algal cells from the sample.  The filter is stored
in the cold and dark to minimize additional algal growth or
degradation.  Chlorophyll a is extracted with an acetone
solution.  Concentrations are determined by analysis with a
fluorometer or a spectrophotometer.  This method may be
the most reliable method of determining algal concentrations
because chlorophyll a is chemically extracted from the algal
cells (Simpson 1991).  Other benefits of this method include
the ease and consistency of sampling which appeals to many
volunteer water quality monitoring groups, including URI
Watershed Watch.

There are some limitations associated with measur-
ing algal biomass, the quantity of algae, using this technique.
One limitation is that algae are not uniformly distributed

through a waterbody.  To compensate for this patchiness,
multiple water samples should be taken on each sampling
date.  Alternatively, subsamples may be taken from a larger
composite sample.  A number of volunteer monitoring
programs, including groups in Vermont, address this patchi-
ness by taking an integrated sample, as suggested by EPA.
In this approach, monitors extend a garden hose down to two
times the Secchi depth measurement, producing a water
sample representative of the water column.

Another limitation of this chlorophyll a measure-
ment method is that some species of algae have naturally
higher chlorophyll a levels than other algal species.  Addi-
tionally, the chlorophyll a concentration within algae fluctu-
ate during the day in order to maximize the efficiency of
photosynthesis.  Uniform and repeated measurements are the
best way of dealing with these limitations.  Taking water
samples at the same time of day and at the same depth in the
water column each time a sample is collected can reduce
inconsistencies.  URI Watershed Watch recommends taking
chlorophyll a samples between 10am and 2pm at the deepest
spot on the pond at a 1 meter depth.

A way to measure algal concentrations indirectly is
by taking Secchi depth measurements, a measure of water
clarity (see Natural Resources Facts, Fact Sheet No. 96-1,
“Measuring Water Clarity).  The degree of water clarity is
a result of the amount of suspended materials in the water
column.  In areas of low sediment inputs to lakes, there is a
strong relationship between Secchi depth measurements and
chlorophyll a con-
centrations.  Total
phosphorus con-
centrations may
also be used to es-
timate the poten-
tial amount of al-
gae in a lake (see
NRS Facts 96-2
“Phosphorus and
Lake Aging”).

What do algal
measurements

mean?

A l g a l
concentrations can
be used to deter-
mine the trophic
status of a lake.
Trophic status is
an indicator of the
stage of the lake in
terms of the natu-
ral process of lake
aging, known as
eutrophication.

Fig. 2:  Nuisance algal blooms may
prevent sunlight from reaching aquatic
plants lower in the water column.

(a)

(b)

(c)

(d) (e)

Fig. 3:  Anabeana (a & b) are very
common forms of blue-green algae
found in RI lakes.  Coelastrum (c),
Dictyosphaerium  (d), and Gonium
(e) are very common forms of green
algae found in RI lakes.  Size:
microscopic detail shown.  (Source:
St.Amand & Wagner 1995)
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Oligotrophic waters are clear to great depths and have few
algae.  Waterbodies with abundant algae are described as
eutrophic; these are often turbid.  In the middle of the
spectrum, with moderate algal levels, are mesotrophic
waterbodies.

Trophic status can be estimated from chlorophyll a
concentrations, Secchi depth measurements, or total phos-
phorus concentrations.  Each parameter used alone has its
weaknesses, but when considered together, they help to
create a more complete picture of a lake’s water quality and
the relationship between water quality and algal growth.  By
evaluating which particular algal species resides in a lake,
even more information can be obtained about a lake’s water
quality.

How can Algal Populations be Controlled?

Due to the growing concern about nuisance algal
growth in many lakes, mechanisms have been explored to
limit algal growth (McComas 1993).  The best way to limit
algal growth is to limit the amount of nutrients that enter the
lake (see Natural Resources Facts, Fact Sheet No. 96-2,
"Phosphorus and Lake Aging" for suggestions).  However,
alternative methods of algal control have been developed.
(McComas’s 1993 edition of LakeSmarts: The First Lake
Maintenance Handbook  is highly recommended for more
information on control strategies since this discussion is very
general and brief.)

Chemicals can be added to lakes to reduce algal
growth.  Copper sulfate and various synthetic organic
compounds are frequently used as herbicides.  Buffered alum
and/or calcium compounds are sometimes added to bind up
phosphorus and make it unavailable for algal use.  This
approach works well if phosphorus is supplied by recycling
within the lake, and inputs from surrounding areas are kept
to a minimum.  While these chemicals are effective in
reducing algal growth, application requires RI DEM permits
and must be applied by a licensed applicator.  Even though
considerable research has been conducted to assure the safety
of these herbicides, controversy still exists over their long-
term effects on ecosystems.

Other artificial control strategies include aeration,
introduction or manipulation of biological controls, and
physical removal of algae.  Mechanical aeration adds oxygen
to lakes in order to inactivate phosphorus or reduce the
effects of algal blooms.  Biological controls, such as grazers
that consume algae, can limit the number of algae living in
the lake.  Physical removal of algae often involves filtering
algae from the water.  These control methods may be costly,
and efficiency varies.

The best control method is limiting algal growth
before it accelerates by limiting the amount of nutrients
entering the waterbody.  As long as algae do not reach
nuisance levels, they play an important, essential role in a
healthy aquatic ecosystem (Fig. 4).

Fig. 4: Algae are at the base of what makes a happy,
healthy aquatic ecosystem.

Special thanks to URI Professor Dr. Saran Twombly, URI
Research Associate Elizabeth Herron, and Dr. Kenneth Wagner
of Fugro East, Inc. for reviewing and commenting on this fact
sheet.  Algae graphics were obtained from St.Amand and
Wagner's 1995 algal workshop (reference below).  The
University of Wisconsin Extension and Wisconsin DNR
provided the other graphics used in this factsheet.
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Since the early 20th century, scientists have at-
tempted to classify lakes and ponds into categories in order
to describe their condition and thus encourage appropriate
lake management.  Nutrient levels, especially phosphorus,
are particularly important in influencing water quality con-
ditions and hastening lake aging.  To be useful, a classifica-
tion system must recognize that lakes change in response to
climatic fluctuations, watershed activities, and nutrient in-
puts.  This fact sheet will describe the process of lake aging
in northern temperate ecosystems, such as found in New
England; explain trophic status classifications; discuss the
role of phosphorus in aquatic ecology; introduce Carlson’s
Trophic State Index; and offer suggestions for  limiting
phosphorus inputs to lakes.

Eutrophication

Sediment, silt, and organic matter
gradually fill lakes as they age.  Nutrients
flushed into a lake from its watershed stimu-
late the growth of aquatic plants and algae,
creating a more productive waterbody.  Pro-
ductivity is a measure of the amount of plant
and algal biomass in a lake or pond.  A lake
with larger quantities of aquatic plants and
algae tends to be more productive than a lake
with fewer aquatic plants and algae.

Eutrophication is the natural pro-
cess that describes increasing lake productivity, nutrient
enrichment, and general lake aging.  Throughout the eu-
trophication process the physical, chemical, and biological
composition of lakes change (Simpson 1991).  In the early
20th century, limnologists, scientists who study lakes and
freshwater ecosystems, devised a classification system to
describe lakes as they proceed through the eutrophication
process.  Each trophic state indicates the lake’s general
level of water clarity, nutrient enrichment, and algal and
aquatic plant abundance.  However, trophic state should not
be considered a discrete category, but rather part of a
continuous spectrum.

Lakes in early stages of eutrophication are typically
characterized by limited algal and plant productivity and low
nutrient levels.  These oligotrophic lakes have very clear
water, are nutrient poor, and maintain high dissolved oxygen
concentrations throughout the water column and throughout
the summer (Fig. 1a) (Simpson 1991, Moore & Thornton
1988).  Sand, stones, or other mineral deposits usually line
the lake bottom.  These lakes may support cold water
fisheries, including trout.  Organic matter accumulates
slowly on the bottom of the lake basin.

Eutrophic lakes are at the opposite end of the
trophic status spectrum (Fig. 1c).  In these highly productive
waterbodies, algal and plant growth is stimulated by high
nutrient levels (Simpson 1991, Moore & Thornton 1988).  In

addition to abundant algae and plants, high sedi-
ment inputs contribute to decreased water clarity.
Bottom sediments are commonly organic muck.
These lakes may also experience severe algal
blooms.  Deep waters become depleted of dis-
solved oxygen during the summer (see Natural
Resources Facts, Fact Sheet No. 96-3, “Dis-
solved Oxygen and Temperature”).  These lakes
typically cannot support cold water fisheries.
Extremely eutrophic lakes of “pea-soup quality”
are further subclassified as hypereutrophic lakes.
Eventually, the lake basin may fill in so much
with sediment and plants that it becomes a marsh,
bog, or other wetland area.

Mesotrophic lakes are in the range between olig-
otrophic and eutrophic lakes (Fig. 1b).  These lakes have
intermediate nutrient availability with corresponding inter-
mediate algal and plant growth and intermediate water
clarity (Simpson 1991, Moore & Thornton 1988).  Many
Rhode Island lakes and ponds fall into this mesotrophic
range.

Some lakes and ponds are naturally eutrophic.  This
occurs because trophic state is also a reflection of the lake’s
physical condition, such as size and shape of the lake, length
of time water remains in the waterbody (residence time),
geology, soils, and size of the watershed (Moore & Thornton

Kelly Addy is a Graduate Research Assistant in the Department of Natural Resources Science, University of Rhode Island.  Linda Green is Program Director
of University of Rhode Island Watershed Watch and a Research Associate IV in the Department of Natural Resources Science, University of Rhode Island.
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eutrophic waterbody because abundant aquatic plants pro-
vide excellent food and cover for fish.  However, swimmers
and boaters prefer more oligotrophic lakes with few aquatic
plants to tangle legs and boat motors.  The goal of lake and
fishery managers, biologists, and limnologists is not as
simple as oligotrophy, mesotrophy, or eutrophy for all lakes,
but to maintain a variety of lake types to satisfy a variety of
people (Jones 1995).

Cultural Eutrophication

Natural eutrophication takes place over hundreds,
even thousands of years.  However, human activities have
greatly accelerated the process of eutrophication.  Cultural
eutrophication can take place in as few as ten years.  Runoff,
especially from urban and agricultural areas, may carry
industrial effluent, fertilizers, pesticides, and/or sediment.
These by-products of human activity can be discharged into
a waterbody and consequently accelerate eutrophication.
Most human-oriented land uses, including logging, agricul-
ture, and residential and commercial developments, contrib-
ute to cultural eutrophication.

Many water quality monitoring programs, such as
URI Watershed Watch, are geared toward monitoring cul-
tural eutrophication in order to provide management infor-
mation.  The good news is that eutrophication is a reversible
process, at least to some extent, with sufficient funding
(Monson 1992).  If problem sources can be identified and
land use practices modified, eutrophic lakes can become
mesotrophic or even oligotrophic once again.

Role of Phosphorus in Eutrophication

The phosphorus content of increased inputs to a lake
frequently stimulate cultural eutrophication.  Just as you
need nutrients to grow and survive, aquatic plants and algae
require certain nutrients for growth.  Phosphorus is the
limiting nutrient of most freshwater lakes, ponds, and
streams.  This means that the amount of phosphorus in a lake
determines or limits aquatic plant and algal productivity.
Without phosphorus, few aquatic plants and algae would be
able to grow.  However, even minute amounts of phospho-
rus, parts per billion levels, can cause tremendous increases
in growth.  The presence of phosphorus in lakes also enables
plants to use other nutrients more efficiently, further increas-
ing productivity.

As aquatic plant and algal biomass increases, there
is a corresponding increase in the amount of biomass to be
decomposed after these plants die.  Decomposition by
bacteria and fungi consumes dissolved oxygen.  Plants and
algae undergo night-time respiration which also consumes
oxygen.  If a lake's dissolved oxygen content decreases
significantly, fish kills may occur or fish species composition
may shift to those with lower oxygen needs.  If lakes lose
oxygen faster than it can be replaced by photosynthesis and

1988, Monson 1992).  In addition, man-made reservoirs tend
to become eutrophic more rapidly than natural lakes since
there is a tendency for these reservoirs to revert back to their
original state, typically a stream system or marsh (Moore &
Thornton 1988, Monson 1992).  Alternatively, some lakes
may become more oligotrophic as they age.

Oligotrophic versus eutrophic lakes is not simply
"good" versus "bad."  Different trophic classes are more
suitable for different lake activities (Monson 1992, NYDEC/
FOLA 1990).  For example, fishermen may desire a more

Fig. 1: As lakes age, they progress through the
trophic status spectrum.  (a) Oligotrophic lakes are
very clear and nutrient poor. (b) Mesotrophic lakes
have moderate clarity and nutrient levels. (c)
Eutrophic lakes have high algal and plant growth
stimulated by high nutrient levels.  These lakes
tend to have low clarity.  (Illustrations by Carol
Watkins for the lakes program book Life on the Edge.)

(a)

(b)

(c)



TSI Value
Secchi Depth

M e a s u r e m e n tChlorophyll a
T o t a l

P h o s p h o r u s

O l i g o t r o p h i < 3 9 >4 m (>13 ft) <2.6 ppb <12 ppb

M e s o t r o p h i 4 0 - 5 0 2-4 m (6.5-13 ft) 2.6-7.2 ppb 12-24 ppb

E u t r o p h i c 5 0 - 1 1 0 <2 m (6.5 ft) >7.2 ppb >24 ppb

atmospheric exchange, the lake may become anoxic, with-
out oxygen.  When anoxia occurs, a chemical reaction takes
place in bottom sediments which releases sediment-bound
phosphorus into the water column.  This additional supply of
phosphorus perpetuates the cycle of more and more plant and
algal growth and decreased water clarity.  Nuisance algal
blooms may occur more and more frequently.

Typically, any form of land use development con-
tributes more phosphorus to a waterbody than undeveloped
forested land.  Some significant contributors of phosphorus
are: phosphate-based detergents, lawn and garden fertiliz-

ers, improperly sited
and maintained sep-
tic systems, water-
fowl, agricultural
drainage, urban
storm runoff, waste-
water treatment ef-
fluent, animal
wastes, road de-
icers, and atmo-
spheric deposition.

Total phosphorus in northern lakes typically ranges from 14-
17 ppb under natural conditions (Monson 1992).  In 1976, the
EPA recommended phosphorus limits of 50 ppb for streams
where they enter a lake and 25 ppb within the lake to prevent
or control eutrophication.  Many monitoring programs
measure total phosphorus concentrations to detect trends in
water quality of lakes and ponds.  URI Watershed Watch
evaluates total phosphorus concentrations in its lakes and
incoming streams on at least a tri-season basis, in May, July,
and November.

In coastal ponds, nitrogen often replaces phospho-
rus as the limiting nutrient.  In these waterbodies, total
nitrogen concentrations can be measured as an indicator of
eutrophication.  Similar to freshwater responses to phospho-
rus, increased nitrogen loads to a coastal pond may shift the
pond toward the eutrophic end of the trophic status spectrum.

Carlson’s Trophic State Index

Water clarity is a widely accepted indicator of lake
trophic status.  The Secchi disk is the typical tool used to
measure water clarity.  The common assumption is that the
deeper the Secchi disk is visible from the surface of the

water, the clearer and more oligotrophic the lake (see
Natural Resources Facts, Fact Sheet No. 96-1, “Measuring
Water Clarity”).  Using Secchi depth measurement data, Dr.
Robert Carlson (1977) developed the Carlson’s Trophic
State Index (TSI).  The index was developed to alleviate
difficulties in communicating with the public using the
traditional oligotrophic, mesotrophic, eutrophic classifica-
tion system.

Since all lakes classified into the same trophic status
are not identical, TSI quantitatively describes the trophic
status of a lake within a numerical range of 0-110 (Table 1).
Shallow Secchi depth measurements, indicative of low water
clarity, correspond to higher TSI numbers.  Higher TSI
numbers indicate more eutrophic waterbodies.  An increase
by 10 on the TSI scale correlates to a doubling of lake algal
biomass and halving of water clarity (Carlson 1977, Monson
1992).

Two other types of measurements, chlorophyll a
concentration and total phosphorus concentration, may also
be used to calculate TSI.  These two measurements can be
used to estimate lake productivity.  Higher chlorophyll a and
total phosphorus concentrations translate into higher TSI
numbers.  Natural log transformations of Secchi disk values,
chlorophyll a concentrations, or total phosphorus concentra-
tions are calculated to determine TSI values as such:

TSI=60-14.41 ln Secchi depth (meters)
TSI=9.81 ln Chlorophyll a (ppb) + 30.6

TSI=14.42 ln Total Phosphorus (ppb) +4.15
If one of these measurements is known, the other measure-
ments can be predicted from these equations (Carlson 1977,
Monson 1992).  TSI was developed for use on lakes with few
rooted aquatic plants and little non-algal cloudiness, there-
fore, TSI should only be used on lakes with these character-
istics.  Scientists associate ranges on the TSI scale with the
classic oligotrophic, mesotrophic, and eutrophic trophic
status classifications (Table 1).

As TSI suggests, total phosphorus, chlorophyll a,
and water clarity are inter-related components.  When
additional phosphorus enters a waterbody, aquatic plant and
algal growth is stimulated.  Chlorophyll a concentrations,
indicative of algal levels, subsequently increase (see Natural
Resources Facts, Fact Sheet No. 96-4, “Algae in Aquatic
Ecosystems”).  With greater algal and plant growth, water
clarity decreases, progressing the lake toward the eutrophic
end of the trophic status scale.

Table 1:
The Carlson's Trophic State
Index describes the trophic

state of lakes quantitatively.
Scientists associate ranges of
the TSI scale with the classic

oligotrophic, mesotrophic,
eutrophic classifications.



What YOU Can Do
 to Limit Phosphorus Inputs to Lakes

(for more information see Diet for a Small Lake...)

* Maintain your septic system.
—Have it inspected every year or two
—Have it pumped regularly, usually every 1-3 years.
—Old systems should be replaced to meet new stan-

dards.
—Avoid using garbage disposals which add excessive

solids and grease to septic systems.
* Don’t pour chemicals (pesticides, disinfectants, acids,

medicines, paint thinner, etc.) down the drain.  These
chemicals harm septic system bacteria and can
contaminate groundwater.

* Manage lawn and garden fertilizer use. (Most fertilizers
contain phosphorus)

—Have your soil tested to determine exactly how much
fertilizer your lawn needs.

—Use a mulching lawnmower; grass clippings recycle
nutrients to your lawn.

—Avoid fertilizer application just before a heavy rain.
—Use slow-release fertilizers.
—Do not rinse spilled fertilizer off paved surfaces, but

sweep excess up or onto lawn.
—Use native and adapted plants with lower fertilizer

needs.
—Store fertilizer in a location with a concrete floor.

* Plant a buffer strip of plants or shrubs (a greenbelt)
between your lawn and lake; this zone will absorb
excess phosphorus before it can enter the lake.
(Fig. 2)

* Rake and remove leaves from lakeside property in the
fall (leaves contain phosphorus).  Do not dispose of
them in the lake.

* Use no-phosphate detergents (check labels).  Most
liquid laundry detergents do not contain phosphorus,
but some powdered laundry detergents and dish-
washer detergents still do.

* Support maintaining wetlands in their natural states.
Wetland areas help to filter nutrients and many other
pollutants.

* Do NOT feed the waterfowl.  Waterfowl, along with all
animals and humans, excrete phosphorus in their
wastes.  Feeding waterfowl encourages them to
congregate in your lake.

* Direct roof downspouts to broad, grassy areas so the
rain water has a chance to seep into the ground rather
than run off, carrying sediments and nutrients with it.

* Conserve water.  For example, use low-flow shower
heads or place a brick in the toilet tank.

* Correct soil erosion problems immediately!  Steep,
sloping banks and exposed soil should be seeded or
terraced to prevent erosion.

* Join your local lake, pond, or watershed association.

Cooperative Extension in Rhode Island provides equal opportunities without regard to race, age, religion, color, national origin, sex or preference, creed or handicap.

Fig. 2:  A buffer zone of plants, shrubs, or trees between
your property and your lake will help prevent phosphorus
from entering the lake.  This is just one way that you can
help prevent cultural eutrophication in your lake.

Special thanks to URI Research Associate Elizabeth Herron and
Dr. Kenneth Wagner of Fugro East, Inc. for reviewing and
commenting on this fact sheet.  The University of Wisconsin
Cooperative Extension Service provided the illustrations used
throughout this fact sheet.

For more information:

Carlson, R.E.  1977.  A trophic state index for lakes.
Limnology and Oceanography.  22:361-369.

Jones, B. 1995. “Is oligotrophy bad?” Lakeline. 15:12-13.

Monson, B.A.  1992.  A Primer on Limnology. Second
Edition. Water Resources Research Center. College of
Natural Resources, University of Minnesota, Rm. 302,
1518 Cleveland Ave., N., St. Paul, MN 55108.
Phone # (612) 624-9282.

Moore, L. and K. Thornton, ed. 1988. The Lake and
Reservoir Restoration Guidance Manual. First Edition.
EPA 440/5-88-002, US EPA, Office of Wetlands,
Oceans, and Watersheds, Assessment & Watershed
Protection Division, WH-553, 401 M Street, S.W.,
Washington, DC 20460.  Phone # (904) 462-2554.

Natural Resources Facts, Fact Sheet No. 96-1,
“Measuring Water Clarity,” 1996. Cooperative
Extension, URI.

Natural Resources Facts, Fact Sheet No. 96-3,
“Dissolved Oxygen,” 1996. Cooperative Extension,
URI.

Natural Resources Facts, Fact Sheet No. 96-4, “Algae
in Aquatic Ecosystems,” 1996. Cooperative Extension,
URI.

New York State Dept. of Environmental Conservation and the
Federation of Lake Associations. Diet for a Small Lake:
A New Yorker’s Guide to Lake Management.  1990.
Phone # (305) 655-4700.

Simpson, J.T.  1991.  Volunteer Lake Monitoring: A
Methods Manual.  EPA 440/4-91-002. Phone #
(202) 260-7018.

For more information on URI Watershed Watch:
Contact URI Watershed Watch at (401) 874-2905

or e-mail riww@uriacc.uri.edu



lakes and ponds.  In sunlight, aquatic plants and algae
produce oxygen within aquatic ecosystems through pho-
tosynthesis.  Turbulence and currents circulate DO
throughout waterbodies.

Dissolved Oxygen Fluctuates Daily

The DO concentration within a waterbody can
experience large daily fluctuations.  Aquatic plants and
algae produce oxygen as a by-product of photosynthesis
by day.  But at night, they consume oxygen through res-
piration.  Productive lakes, lakes with large populations
of aquatic plants or algae, are likely to experience the
greatest DO fluctuations.  In such lakes, the DO con-
centration is usually lowest just before sunrise, and high-
est in late afternoon (Caduto 1990).  In some highly pro-
ductive waterbodies, DO is consumed by night-time res-

p i r a t i o n
faster than
it is re-
placed by
o x y g e n
diffusing
from the
a t m o -
s p h e r e .
C o n s e -
quen t l y ,
fish and
other lake

organisms may die from lack of oxygen (Simpson 1991).

What Affects Dissolved Oxygen Levels?

The amount of oxygen dissolved in a waterbody
is affected by salinity, altitude, groundwater inflow, and
water temperature.  Salinity is how much salt is in the
water.  Although it is generally not a concern in most
freshwater lakes, salinity can greatly affect oxygen solu-
bility in estuaries, brackish waters, bogs, and waterbodies
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Dissolved oxygen and temperature are two of
the fundamental variables in lake and pond ecology.  By
measuring dissolved oxygen and temperature, scientists
can gauge the overall condition of waterbodies.  Aquatic
organisms need dissolved oxygen for their survival.  While
water temperature also directly influences aquatic organ-
isms, it regulates dissolved oxygen concentrations within
a lake.  Dissolved oxygen and temperature are also used
to classify lakes. This fact sheet describes why lakes need
dissolved oxygen, characterizes daily and seasonal dis-
solved oxygen concentrations, discusses how tempera-
ture affects lakes and dissolved oxygen concentrations,
explains methods of classifying lakes using dissolved oxy-
gen and temperature, and specifies how dissolved oxy-
gen and temperature are measured.

Why Do Lakes Need Oxygen?

Dissolved oxygen (DO) is the amount of oxy-
gen in solution.  Without oxygen, lakes could not sup-
port life.  All organisms in a lake, from fish to insects to
microscopic zooplankton, need oxygen for respiration.
During respiration, organisms consume oxygen and give
off carbon dioxide while absorbing food molecules to
obtain energy for growth and maintenance (Caduto 1990).

Since different organisms survive at different op-
timal oxygen levels, the amount of DO determines which
organisms a lake can support.  High oxygen contents are
needed by some species, such as trout.  Other species,
including carp, catfish, water fleas, and zooplankton, have
adapted to survive under low oxygen conditions.  Some
organisms can even live in environments where oxygen
levels fluctuate significantly.  Even plants respire at night
when lack of sunlight prevents photosynthesis.  Decom-
position of dead plant and animal material also requires
DO.  In addition, DO concentration controls important
chemical reactions in bottom sediments of lakes.

Oxygen is introduced into lakes in a variety of
ways.  Wind and wave action bring oxygen into
waterbodies.  Inflowing streams can also carry DO into
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Water temperature can vary within a lake, tre-
mendously influencing lake ecology.  Thermal stratifi-
cation, or temperature layering, generally occurs in lakes
and ponds greater than 5 meters (16.4 feet) in depth.
Stratification occurs because water at different tempera-
tures has different densities.  The typical annual cycle of
thermal stratification has several phases (Caduto 1990,
Kortmann and Henry 1990, Simpson 1991).  The first
phase, spring overturn, occurs in early spring when ris-
ing air temperatures warm surface water and melt ice
cover.  The entire water column stabilizes to a uniform
temperature as wind action mixes the water from top to
bottom.

As air temperatures increase in spring and sum-
mer, lake water also warms up.  Surface water warms
more rapidly than deeper water.  Because the warmer,
surface water is lighter than the colder, deeper water,
these lakes separate into three distinct thermal layers (Fig.
1).  The surface layer, the epilimnion, is warmed by
sunlight and mixed by wind action.  The middle layer,
the metalimnion, is a transition zone.  The bottom layer,
the hypolimnion, receives minimal sunlight and does
not mix with the upper layers.  As summer progresses,
the depth of the epilimnion increases as the warm tem-
perature water penetrates deeper into lakes.

During autumn, lower air temperatures cool the
surface water.  When the surface water (epilimnion) cools
to the same temperature as the hypolimnion, stratifica-
tion is broken, and all the water in the lake circulates
freely in response to wind action.  This process, similar
to spring overturn, is called fall overturn.

In winter as air temperatures grow colder, lakes
may stratify again.  As opposed to summer stratifica-
tion, during winter stratification, the upper zone is colder
than the bottom waters.  An ice layer may form on the
surface of the lake preventing sunlight and oxygen from
entering the water.

in agricultural areas (Campbell and Wildberger 1992).
Higher salinity reduces the amount of oxygen that can
dissolve in the water.  Due to lower atmospheric pres-
sure, lakes in higher altitudes usually have lower levels
of DO.  Groundwater, which does not have contact with
the atmosphere, typically has lower levels of DO than
surface waters.   When groundwater enters a lake, DO
concentrations are initially reduced near the spring (Caduto
1990).  However, groundwater is generally colder than
surface waters (Caduto 1990).  Colder water holds more
oxygen than warmer water.  By reducing lake water tem-
perature, groundwater inputs increase the ability of a
waterbody to hold oxygen in the long term.  Of these
variables, temperature most directly effects DO in lakes
and ponds.

How Does Temperature Affect Lakes?

Many factors influence lake and pond water tem-
perature, including seasonal air temperature, water depth,
groundwater inflow, stream flow, mixing due to wind
and water currents, and the amount of sunlight and shade.
Water temperature plays an important role in aquatic eco-
systems.  It limits the migration, spawning, egg incuba-
tion, growth, and metabolism of aquatic organisms.  As
with DO, each aquatic organism has an optimal tempera-
ture range for its metabolism.  Warmer water promotes
higher metabolism and respiration rates.

Water temperature also affects lakes indirectly
by influencing DO concentrations.  Warm water holds
less oxygen in solution than cold water.  Percent satura-
tion can be used to describe the DO status of a lake.  Per-
cent saturation is calculated as:

DO concentration measured in the lake
maximum DO concentration at that temperature

The bottom half of this equation indicates the impor-
tance of temperature in relation to DO capacity of water
bodies.

Figure 1:
In summer, deep lakes may

undergo thermal stratification.  A
stratified lake is separated into

three thermal layers: the epilim-
nion (warm surface layer), the
metalimnion (transition zone),

and the hypolimnion (cool
bottom layer).

Adapted from The Lake and
Reservoir Restoration Guidance

Manual,  EPA 440/5-88-002



Thermal stratification causes extreme DO con-
ditions within a waterbody.  Since there is no replenish-
ment of oxygen to the bottom waters, oxygen in these
bottom waters may gradually become depleted by decom-
posers that live in, or on bottom sediments.  Decompos-
ers are bacteria, fungi, and other organisms that consume
oxygen in order to break down detritus, dead plant and
animal material.  If DO concentration drops below 2 mil-
ligrams/liter, fish kills may occur.  If oxygen levels are
reduced below 1 milligram/liter, nutrients once bound to
bottom sediments are released into the water through a
chemical reaction (Simpson 1991).  When stratification
breaks down in autumn, algae are able to utilize these
nutrients.  As a result, an algal bloom, a tremendous
growth of algae, may occur (See Natural Resources Facts,
Fact Sheet No. 96-4, “Algae in Aquatic Ecosystems”).

Classifying Lakes by Temperature

Water temperature is the basis for thermal clas-
sification of lakes and ponds (Hutchinson and Loffler
1956).  Scientists often categorize lakes according to their
thermal structure since it is believed that these lakes func-
tion similarly.  Lakes with the typical thermal stratifica-
tion scheme described previously would fall under the
classification of holomictic.  Water in holomictic lakes
circulates freely throughout the entire water column some-
time during the year.  Holomictic lakes are further sub-
classified into monomictic, dimictic, and polymictic.  As
the name suggests, monomictic lakes stratify once per
year, usually during summer.  Dimictic lakes stratify twice
during the year with summer and winter stratification and
waters that freely circulate in the spring and fall.    Most
lakes in Rhode Island are monomictic or dimictic.
Polymictic lakes stratify irregularly throughout the year
possibly due to chemically induced density differences.
If a lake is not holomictic, it may be meromictic which
is stratified throughout the entire year often due to chemi-
cally induce density differences.

There are many shallow ponds in Rhode Island
that do not experience thermal stratification during sum-
mer.  In these shallow ponds, oxygen usually remains
evenly distributed throughout the water column due to

complete mixing of the water by wind and waves.  How-
ever, lakes on hot, windless days may experience DO
depletion, and shallow lakes may experience winter strati-
fication when covered by ice.

Classifying Lakes by Dissolved Oxygen

DO concentration can also be used as a water
quality criterion in order to classify lakes and ponds.  The
State of Rhode Island uses surface DO as one of  the
water quality criteria in its five category classification
system of  lakes and ponds (Table 1).

What is Trophic Status?

Another way to classify lakes is by trophic sta-
tus.  As lakes age, they gradually fill in with sediment,
silt, and organic matter in the natural process of eutrophi-
cation.  This process has been divided into sequential
steps, each indicated by a different trophic state.  Degree
of DO depletion in bottom waters of deep lakes can be an
indicator of its trophic state.  Oligotrophic waters are
clear with few aquatic plants and algae.  Little oxygen is
needed for decomposition, so oxygen remains fairly con-
stant in the hypolimnion.  Eutrophic waterbodies are
cloudy and have an abundance of aquatic plants and al-
gae.  In eutrophic lakes, available oxygen will be rapidly
consumed by decomposition processes and may become
completely depleted, a condition called anoxia.  Dissolved
oxygen concentrations in deep lakes typically progress
toward anoxic conditions throughout the summer.  Me-
sotrophic waterbodies are in the middle of the trophic
status spectrum.  Decomposition processes will partially
deplete available oxygen supply in mesotrophic lakes.
For more information on trophic status, see Natural Re-
sources Facts, Fact Sheet No. 96-2, “Phosphorus and
Lake Aging.”  Dissolved oxygen concentration in the
hypolimnion commonly acts as an “early warning” of
trophic state changes in a lake because oxygen depletion
can occur before other indicators of trophic state change,
such as increased algal productivity (Carlson and Simpson
1996).

C l a s Designated Uses Dissolved Oxygen
Cr i ter ia

A , B Public water supply with appropriate treatment;

agricultural uses; bathing; fish and wildlife habitat

(Bacterial levels distinguish these two classes)

75% saturation 16

hours/day, but not < 5 mg/l

at any time

C boating; fish and wildlife habitat; industrial

processes and cooling

> or = 5 mg/l at any time

D migration of fish; good aesthetic value > or = 2 mg/l at any time

E nuisance conditions; certain industrial processes

and cooling; power; navigation

< 2 mg/l at any time

Table 1:
This five category
classification system,
based on surface dis-
solved oxygen con-
centrations, is used by
the State to classify RI
lakes and ponds.
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How are Temperature and Dissolved Oxygen
Measured?

Temperature is perhaps the easiest water quality
measurement that can be made on a lake.  All that is
needed is an accurate thermometer and a little patience
while the thermometer equilibrates to the water tempera-
ture.  Care must be taken to ensure that the temperature
reading does not change due to contact with air.  It is best
to read the thermometer while it is still in the water.
Thermometers are commonly attached to water sampling
devices.  Electronic thermistor thermometers are also
available.

The Winkler titration method is the standard
method for measuring DO content and has been adapted
for use in field kits.  The kits are widely available, rang-
ing in price from $30 - $50.  The first step of the Winkler
titration is to “fix” the water sample.  Once a sample is
fixed, the monitor need not be concerned about oxygen
diffusing into or out of the sample.  The sample is fixed
by adding manganous sulfate solution, alkaline potassium
iodide azide solution, and a strong acid.  During these
steps, for each molecule of oxygen in the water, a mol-
ecule of free iodide is released into the water.  The re-
mainder of the titration is concerned with the iodide con-
centration, which is equivalent to oxygen concentration
but cannot diffuse out of the sample as readily as oxygen.
The final stages of the procedure includes a drop by drop
addition of sodium thiosulfate.  When all of the iodide
has reacted, the solution becomes clear.  The concentra-
tion of DO is related to the amount of sodium thiosulfate
added to the sample to produce a clear solution.

Dissolved oxygen samplers are used to collect
samples.  A principle feature if these samplers is that
they have a mechanism to allow sample collection at spe-
cific depths, after first purging the sampler of air.  Dis-
solved oxygen and temperature measurements from the
lake surface to the bottom are compiled into a DO profile
(Fig. 2).  These measurements can be made using sam-
plers, DO kits and thermometers.  However, it is easier
to make multiple DO measurements using a dissolved
oxygen meter.  Unfortunately, the cost of meters, rang-
ing from hundreds to thousands of dollars, is often pro-
hibitive for volunteer monitoring groups (Simpson 1991).

Analysis of DO and temperature measurements
give an indication of a lake or pond’s general condition.
Volunteers in the URI Watershed Watch program make
DO measurements every other week using DO samplers
and field kits.  These measurements are made at the deep-
est spot of  lakes and ponds with a maximum depth greater
than or equal to five meters (16.4 feet).  Water samples
from depths of one meter from the surface and one meter
from the bottom are routinely collected and tested.
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Figure 2:
 Dissolved Oxygen and Temperature Profile

Dissolved oxygen and temperature can be taken at
every meter in a lake's water column.  As typical
with most thermally stratified deep lakes, this pro-
file shows that both temperature and dissolved oxy-
gen concentrations decreased with depth.

For more information:

Caduto, M.J. 1990.  Pond and Brook: a guide to nature in
freshwater environments.  Prentice-Hall, Inc.
Englewood Cliffs, NJ.

Campbell, G. and S. Wildberger. 1992. The Monitor's
Handbook .  #1507. LaMotte Company, Chestertown,
MD, pp. 30-32,36-39.  Phone # 1-800-344-3100.

Carlson, R. and J. Simpson. 1996.  A Coordinator's Guide to
Volunteer Lake Monitoring Methods. NALMS.

Hutchinson, G.E. and J. Loffler. 1956. The thermal
classification of lakes.  Proc. Nat. Acad. Sci., Wash.
42: 84-86.

Kortmann, R.W. and D.D. Henry. 1990. Mirrors on the
Landscape: an introduction to lake management.
Connecticut Insitute of Water Resources.  University of
Connecticu, Storrs, CT. Phone # (203) 742-0744.

Natural Resources Facts, Fact Sheet No. 96-2, "Phosphorus
and Lake Aging."  1996.  Cooperative Extension. URI.

Natural Resources Facts, Fact Sheet No. 96-4, "Algae in
Aquatic Ecosystems." 1996. Cooperative Extension,
URI.

RI Water Quality Standards. 1981.  Water quality
tegulations for water pollution control.  RI DEM.

Simpson, J.T. 1991.  Volunteer Lake Monitoring: A Methods
Manual.  EPA 440/4-91-002. pp. 16-21,70-72.  Phone #
(202) 260-7018.
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Why do we care about Nitrogen? 

Nitrogen and Its Forms 

Figure 1:  The Nitrogen Cycle 

All life needs nitrogen (a nutrient and component 
of protein) for growth and survival. However, too 
much nitrogen can cause adverse health effects 
(in drinking water) or environmental degradation 
(especially in coastal waterways). In this fact sheet, 
we will discuss the many forms of nitrogen and 
how it cycles through the environment, the health 
and environmental effects of excess nitrogen, the 
water quality standards for nitrogen, and what you 
can do to minimize the amount of nitrogen 
released into the environment. 

Nitrogen (N) exists in the environment in many 
forms.  Nitrogen is the most abundant element in 
the atmosphere; nitrogen gas (N2) makes up 78% 
of the air we breathe. However, most organisms 
cannot use N2 directly. N2 is converted to more 
usable forms of nitrogen via fixation (Box 1). The 
three other major forms of nitrogen are: organic N, 
ammonium (NH4+), and nitrate (NO3-). Figure 1 
depicts the nitrogen cycle, the processing of N into 
different forms.  
 
Organic N is simply the N that is present in living, 
dead, or decomposing plants and animals. Nitrate 
and ammonium get converted to organic N via  

plant uptake and immobilization 
(microbial uptake of nitrogen). 
When abundant, ammonium is 
preferred by plants over nitrate. 
Animals consume plants and 
animals (which have fed on 
plants) to get their supply of N. 
When plants and organisms die 
and decompose, ammonium is 
released back into the 
environment.  

Ammonium is the most reactive form of N in 
aquatic systems. Because it is positively charged, 
it readily adheres to soils and sediment. In 
addition to decomposition, ammonium levels can 
be increased by dissimilatory reduction, a 
process of microbes converting nitrate to 
ammonium when oxygen is not present. The 
reverse process also occurs—microbes can 
convert ammonium to nitrate in nitrification. 
 
Nitrate is typically the most common from of 
inorganic N in lakes and streams. Unlike 
ammonium, nitrate generally does not bind to 
soils and sediment so it is likely to leach into 
groundwater where it will be transported to 
streams and coastal waterways. In addition to 
the processes listed above, nitrate is involved in 
denitrification, a process in which bacteria 
convert nitrate to gaseous N (N2 or N2O) under 
zero oxygen, or anoxic, conditions.  
Denitrification is the only process that completely 
removes N from the soil-water environment.   
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Why Is There Excess N in the 
Environment? 

Nitrogen in soil and water can originate from many 
sources, most notably commercial fertilizers applied to 
lawns, gardens and cropland, livestock manure, pet 
waste, septic systems, and leaking sewers. Some N 
enters water from the atmosphere, which carries N-
containing compounds derived from automobiles and 
other sources. The advent of industrial N fixation has 
meant that American farmers routinely achieve levels of 
crop productivity that seemed improbable in the early 
1900s. Before World War I, the world annually 
produced 0.6 million tons of nitrogen fertilizers. Today, 
the United States alone produces about 12 million tons 
of nitrogen fertilizers annually (Trautmann et al. 1998). 
Unfortunately, crop production gains through industrial 
fertilization may incur human health and environmental 
costs. If the amount of N applied exceeds the crop or 
lawn need, as is often the case, the extra N escapes to 
ground and surface waters (Fig. 2). 

Box 1: Nitrogen Fixation 
 
1. Atmospheric fixation occurs when lightning 

breaks the N molecules apart and combines 
them with oxygen, often in the form of nitrate. 
Atmospheric fixation contributes only 5-8% of the 
total N fixed. 

2. Biological fixation takes place in some naturally 
occurring bacteria. These particular bacteria 
often live in a symbiotic relationship (two 
dissimilar organisms living together to the 
benefit of both) with certain plants, including 
alders and the legume family (i.e., soybeans and 
alfalfa; which is why farmers use alfalfa as a 
cover crop -  it helps to fertilize the soil naturally). 
In aquatic environments cyanobacteria, e.g., blue
-green algae, fix N. The N from this process is 
quickly taken up by organisms. 

3. Industrial fixation is a man-made process. Under 
high temperature and pressure, N2 and 
hydrogen, usually from natural gas or petroleum, 
is combined to form ammonia (NH3). Often, it is 
processed further to nitrate for fertilizer use. 

Figure 2:  Nitrogen Levels in Narragansett Bay increased 
dramatically before 1900, after installation of a public water supply 
and sewer system.  After 1950, fertilizer usage contributed to 
increased N.  (Adapted from Nixon 1998) 

What Are the Impacts of Excess N? 
The primary health hazard from drinking water with high levels of nitrate-N (> 10 parts per million (ppm)) is 
“blue-baby syndrome,” in which blood lacks the ability to carry sufficient oxygen to cells. Most adults are not 
susceptible to this condition, but infants under six months of age, pregnant women, nursing mothers, and the 
elderly may be at an elevated risk. For more information on nitrate-N in private drinking water wells, please refer 
to the following University of Rhode Island Cooperative Extension fact sheet: http://www.uri.edu/ce/wq/has/
html/Nitrate.pdf. 

Excess levels of nitrate-N can cause 
environmental problems too. Nitrate-N is 
usually the most abundant form of N in lakes 
and streams. Nitrate-N concentrations > 1 ppm 
typically indicate human impact of some sort. 
Concentrations of nitrate-N are of particular 
concern in coastal or salt water systems where 
it is the nutrient that in excess can cause 
cultural eutrophication (Ryther and Dunstan 
1971; Nixon 1993). When eutrophication 
occurs, algal and plant growth is stimulated, 
water clarity is decreased, deep waters become 
depleted of dissolved oxygen, and fish and 
shellfish death may result. A fish kill in the 
summer of 2003 received much attention 
spurring public interest (Fig. 3). Review RI 
DEM’s report to the Governor for more 
information on that event: http://
www.ci.uri.edu/projects/pnb/Documents/
Greenwich-Bay-Fish-Kill-Report-to-Governor.pdf 



Page 3 Nitrogen and Water Quality, URI Watershed Watch 

Box 2: Rhode Island Waterways 
URI Watershed Watch (URI WW) typically does not monitor 
private drinking water wells, thus does not have 
groundwater data. Less than half of the URI WW lakes 
have detectable levels of nitrate-N, i.e., 0.04 ppm, and all 
lakes were below the drinking water standard.  For total 
N, 80% of the lakes monitored by URI WW exceeded the 
EPA suggested EcoRegion criteria of 0.32 ppm indicating 
the impact of humans in the state. All streams and rivers 
monitored by URI WW were below the drinking water 
standard.  For total N, 27% of the streams and rivers 
monitored by URI WW exceeded the EPA suggested 
EcoRegion criteria of 0.71 ppm. URI WW data on nitrate-N 
and total N can be found online at: http://www.uri.edu/
ce/wq/ww/html/ww_data.htm under parameter data for 
individual years. 
 
Historically, no URI WW sites have shown ammonium-N 
concentrations considered toxic to aquatic organisms. 
Often, these sites have no detectable levels of 
ammonium-N. However, expanded mid-summer deep 
lake sampling found that some lakes contained high 
ammonium-N concentrations in the bottom waters. These 
deep locations were already known to be depleted of 
oxygen in mid to late summer (see fact sheet Dissolved 
Oxygen and Temperature http://www.uri.edu/ce/wq/ww/
resources/dotemp.pdf for more info) and hence were 
already showing signs of cultural eutrophication. URI WW 
will conduct follow-up monitoring at these sites. 
 
In 2004, RI DEM stated in its 305b Report (http://
www.state.ri.us/dem/pubs/305b/) that the major 
impacts on designated uses for the estuarine waters of RI 
were due to bacterial contamination, low dissolved 
oxygen, and nutrient enrichment. 

Figure 3:  Excess levels of N in coastal waterways may cause 
nutrient overenrichment leading to lack of oxygen and fish kills 
(Photo from RI DEM). 

Nitrogen Standards 
Nitrate-N standards take two forms: drinking-water 
standards - designed to prevent adverse human-
health effects, and ambient-water standards - 
designed to prevent excessive eutrophication in 
lakes and streams.  
1. Drinking Water Standards. EPA’s drinking water 

standard for nitrate-N is 10 ppm (US EPA 1996).  
This standard is to prevent health risks 
associated with drinking water with elevated 
nitrate-N. As with most states, RI adopted the 
EPA guideline as its standard. For more 
information on drinking water standards in RI, 
visit the RI Department of Environmental 
Management (DEM) website at: http://
www.state.ri.us/dem/pubs/regs/REGS/WATER/
GWQL8-96.PDF.  

2. Surface water quality standards. EPA recently 
set guidelines for determination of nutrient 
criteria for various types of water bodies in 
different regions (For more information on the 
ecoregional nutrient criteria, see the EPA 
website at: http://www.epa.gov/waterscience/
standards/nutrient.html). These recommended 
water quality criteria can help states identify 
problem areas, serve as a basis for state water 
quality criteria for nutrients, and evaluate 
relative success in reducing cultural 
eutrophication. Rhode Island is in Ecoregion XIV 
where EPA suggests total N criteria of 0.32 and 
0.71 ppm for lakes/reservoirs and rivers/
streams, respectively. States are being 
encouraged to incorporate these criteria into 
state regulations. For Rhode Island’s fresh and 
sea waters, N water quality standards vary by 
water body classification. The RI Department of 
Environmental Management (DEM) tries to 
prevent N concentrations that will impair usages 
for specific classes or cause undesirable or 
nuisance aquatic species associated with 
cultural eutrophication. For more information on 
surface water quality standards in RI, visit the RI 
DEM website at: http://www.state.ri.us/dem/
pubs/regs/REGS/WATER/h20qlty.pdf.  

 
For surface ammonium-N water quality standards, 
EPA is re-evaluating the current water quality criteria 
to determine if they should be revised to reflect new 
toxicity data. For more information see the EPA 
website at: http://www.epa.gov/waterscience/
standards/ammonia/.  



There are many ways to reduce N levels in the 
environment. First, N can be prevented from entering the 
environment - source reduction. For instance, 
homeowners and farmers are being taught to have their 
soil tested so that they only apply as much fertilizer as 
their soil needs. Alternatively, treatment measures or 
best management practices (BMPs) can be implemented 
to remove N once it has entered the environment. In 
areas with sensitive groundwater resources and 
challenging soils, alternative septic systems, which 
reduce N concentrations more than conventional 
systems, are being researched and gaining popularity 
(see the URI Onsite Wastewater Training Center: http://
www.uri.edu/ce/wq/owtc/html/owtc.html). Farmers or 
homeowners can create vegetated buffer zones to filter 
excess N before it reaches groundwater or waterways. 
Preventing excess N from leaching into ground and 
surface waters is typically much more cost effective than 
removing it after it has entered these environments.  
 
In 2004, Rhode Islanders approved a referendum that 
authorizes Rhode Island to conduct anti-pollution 
projects and restoration activities benefiting 
Narragansett Bay and state watersheds. These funds will 
support open space, farmland preservation, recreational 
development, and acquisition of land for groundwater 
protection and supply. Much of the focus will be on 
preventing N from entering Narragansett Bay. Also in 
2004, the Rhode Island Legislature passed an act to 
implement measures to achieve an overall goal of 
reducing N loadings from wastewater treatment facilities 
by 50% by 2008. For more information on these actions, 
see Save the Bay: http://www.savebay.org/Advocacy/
WastewaterPermits.asp.  
 
The R.I. Coastal Resources Management Council (CRMC) 
is coordinating with Warwick, East Greenwich, 
government agencies, and community groups to prepare 
the Greenwich Bay Special Area Management Plan 
(SAMP). The SAMP describes the present status of the 
bay, characterizes its watershed, identifies sources of 
pollution, and recommends steps to help government 
work with communities to restore, protect, and balance 
uses of Greenwich Bay. To learn more, visit the RI Sea 
Grant website at: http://seagrant.gso.uri.edu/G_Bay/
Management/SAMP/. 

Kelly Addy, M.S., Linda Green, M.S., and Elizabeth Herron, M.A. are members of the Dept. 
of Natural Resources Science, College of the Environment and Life Sciences, University of 
Rhode Island. Contribution #4090 of the RI Agricultural Experiment Station, with support 
from RI Cooperative Extension, and RI Department of Environmental Management. 
Cooperative Extension in Rhode Island provides equal opportunities without regard to 
race, age, religion, color, national origin, sex or preference, creed or handicap. 
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To learn more about the URI Watershed Watch 
program or Nitrogen monitoring, please contact: 

 
Linda Green, Program Director 

401-874-2905;  lgreen@uri.edu 
Elizabeth Herron, Program Coordinator 

401-874-4552;  emh@uri.edu 
 

www.uri.edu/ce/wq/ww/ 

Minimizing N Problems in RI For more information: 
Nixon, S.W. 1993. Nutrients and coastal waters: 

Too much of a good thing?  Oceanus 36:38-47. 
 
Nixon, S.W. 1998. Enriching the Sea to Death.  

Scientific American Presents 9: 48-53. 
 
Rhode Island Department of Environmental  

Management. 2003. Greenwich Bay Fish Kill –  
August 2003: Causes Impacts and Responses. 
h t t p : / / w w w . c i . u r i . e d u / p r o j e c t s / p n b /
Documents/Greenwich-Bay-Fish-Kill-Report-to-
Governor.pdf 

 
Rhode Island Health Department and the  

University of Rhode Island Cooperative  
Extension. 2003. Nitrate-Nitrogen in Private 
Drinking Water Wells. Private Well Series. 
h t tp : //ww w.ur i . edu / ce/w q/h a s/h tm l/
Nitrate.pdf 

 
Ryther, J.H. and W.M. Dunstan. 1971. Nitrogen, 

phosphorus, and eutrophication in the coastal 
marine environment. Science 171:1008-1013. 

 
Trautman, N.M., K.S. Porter, and R.J. Wagenet. 

Nitrogen: The Essential Element. Cornell Coop-
e r a t i v e  E x t e n s i o n .  h t t p : / /
pmep.cce.cornell.edu/facts-slides-self/facts/
nit-el-grw89.html 

 
U.S. Environmental Protection Agency, 1996, 

Drinking water regulations and health  
advisories: U.S. Environmental Protection 
Agency report EPA-822/B-96/002, 11 p. 



What YOU can do to prevent Nitrogen and Phosphorus contamination of our waterways 

 Maintain your septic system (For more information please see septic system fact sheets from URI Cooperative 
Extension: http://www.uri.edu/ce/wq/has/html/has_septicfacts.html):  

*  Have it inspected every year or two;  
*  Have it pumped regularly, every 1 -  3 years; 
*  Replace an old system to meet new standards, and 
*  Avoid using garbage disposals. 

 Manage lawn and garden fertilizer use: 
*  Have  your  soil  tested.  Only  apply  the  amount  of  fertilizer  your  lawn  needs  (See  the  University  of 
    Massachusetts  Soil  and  Plant  Tissue  Testing  Laboratory:  http://www.umass.edu/plsoils/soiltest/); 
*  Use a mulching lawnmower (grass clippings recycle nitrogen to your lawn); 
*  Use slow-release fertilizers; 
*  Do not rinse spilled fertilizer off paved surfaces, instead sweep excess up or onto lawn; 
*  Store fertilizer in a water-tight container on a concrete floor; and 
*  Do not throw grass clippings or leaves into the water. 

 Plant a buffer strip of plants or shrubs between your lawn and lake/river; this zone may absorb excess nitrogen 
before it can enter the waterbody. 

 Support maintaining wetlands in their natural states. Wetlands help filter nitrogen as well as other nutrients 
and pollutants. 

 Properly dispose of pet waste (garbage). Please remove your pet’s waste, especially when walking your pet 
along a waterway. 

 Do NOT feed waterfowl. 
 Direct roof downspouts to broad, grassy areas so rain, along with sediments and nutrients, has a chance to 

seep into the ground rather than run off. 
 Conserve water. For example, use low-flow shower heads or place a brick in the toilet tank. 
 Correct soil erosion problems immediately! Steep, sloping banks and exposed soil should be seeded or 

terraced to prevent erosion. 

NATURAL RESOURCES SCIENCE 
URI WATERSHED WATCH 
URI COOPERATIVE EXTENSION 
105 Coastal Institute in Kingston 
Kingston, RI 02881 

URI Watershed Watch Program (www.uri.edu/ce/wq/ww/) 
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      Is it safe to swim in the water?  That’s a 
question we often hear when we say we are 
monitoring a favorite swimming spot.  Researchers 
and regulatory agencies have determined that one 
way to answer that question is to conduct bacterial 
monitoring.  They do this to identify the human 
health risk associated with recreational water 
contact.  The bacteria selected for water quality 
monitoring rarely cause human illness directly; 
rather the presence of these bacteria indicates that 
fecal contamination may have occurred and 
pathogens may be present in the water.  Pathogens 
are microorganisms that cause illnesses; they may 
be viruses, bacteria or protozoans.  Direct 
measurement of these pathogens, such as giardia, 
cryptosporidium, and Norwalk virus, is expensive 
and impractical because: 

 There are innumerable types of pathogens 
that may be in waterbodies; it would be 
impossible to check for all these pathogens. 

 The presence of one pathogen may not 
indicate presence of others. 

 Generally, simple laboratory techniques do 
not exist to measure pathogens. 

      Bacterial monitoring is a practical method 
to determine the potential health risk of water 
exposure.  Bacteria are microscopic, single-celled 
organisms that can be found in virtually any 
environment.  Bacterial indicators of pollution are 
the species found in the intestines of warm-
blooded animals, including humans, where many 
pathogens also originate.  Indicator bacteria in a 
waterway come from many sources (Figure 1), e.g., 
animal droppings, faulty or leaking septic or 
sewage systems, combined sewage overflows 
(CSOs, see Box 1), stormwater runoff, boat sanitary 
waste and disturbed sediments.   

Why Monitor Bacteria? 

      Bacterial indicators should meet as many 
of the criteria listed in Box 2 as possible to 
ensure safe swimming water.  Water quality 
monitors screen water samples most frequently 
for fecal coliform (F.C.), Escherichia coli or 
enterococci as bacterial indicators (see Box 3 for 
details).  These indicators are prevalent in the 
intestines of warm-blooded animals and 
associated with fecal contamination.  Total 
coliforms are a group of closely related bacteria, 
fecal coliforms are a subgroup of total coliforms 
and E. coli are a specific species of F.C. bacteria 
(Figure 2).  Enterococci are another group of 
bacteria unrelated to the coliforms. 

Bacterial Monitoring 
URI WATERSHED WATCH, Cooperative Extension 
College of the Environment and Life Sciences (CELS) 
Department of Natural Resources Science (NRS) 
Coastal Institute in Kingston, 1 Greenhouse Road, Kingston, Rhode Island 02881-0804 

What bacterial indicators are 
monitored? 

Figure 1:  Potential sources of bacteria to a waterway 
(from Ely, 1997).   

Box 1:  Combined Sewage Overflows (CSOs) 
Combined Sewage Overflow systems carry storm water 
from roadways and untreated sewage from home and 
businesses in the same pipes.  On a dry day, all this 
waste water is treated by the sewage treatment plant.  
However, on very rainy days, the sewage treatment plant 
may not be able to treat all the water and may need to 
release some untreated waste water into waterways.  
CSO control plans are in progress in the Providence area 
to minimize these inputs to Upper Narragansett Bay. 



      Since bacteria are everywhere, great care must be 
taken to avoid contamination when collecting water 
samples for analysis.  Water sample containers must be 
sterile and non-toxic.  Plastic bottles that have been 
autoclaved (an autoclave is like a giant pressure cooker 
where objects are sterilized inside a chamber at high 
temperature and pressure) are most frequently used. 
Because water sampling devices usually can’t be 
sterilized, samples are collected directly into the sampling 
container - basically scooped into the bottle. Monitors 
open the container just before sampling, being careful not 
to touch the inside of the container or the lid with anything 
other than the water. The sample container is closed 
immediately after collection, with samples stored on ice 
until delivery.  Samples should be analyzed within six 
hours of collection.  In the laboratory, samples are most 
commonly processed with either Membrane Filtration (MF) 
or multiple tube fermentation methods.  The multiple tube 
fermentation (or the proprietary IDEXX tray version)  
method yields the Most Probable Number (MPN) of 
bacteria and is commonly referred to as MPN. 
      The MF method is a well-established method 
approved by most federal and state agencies to assess 
bacterial concentrations.  Water is pulled through a filter 
that traps all the bacteria from the sample (Figure 3).  The 
filter is then placed in a petri dish with growth medium and 
incubated at a specific temperature.  The resultant 
bacterial colonies that grow are visible to the human eye 
and easily counted.  Varying the type of growth medium, 
temperature and incubation periods help laboratories to 
isolate particular species of bacteria.   
      Unlike MF methods, MPN methods don’t provide a 
specific count of bacteria.  Rather, they are based on a 
statistical probability that the sample contained a certain 
number of bacteria based on a series of test tube analyses 
with water and species specific liquid media that positively 
identify the presence of the indicator bacteria. The IDEXX 
method, approved by US EPA and the RI Department of 
Health (RIHealth), substitutes a plastic tray and sealer for 
the tubes, and relies on their own reagent designed for 
specific bacteria indicator species (including total coliform, 
E. coli and enterococci)  (Figure 4). 
 URI Watershed Watch (URIWW) uses an MF 
method with mTec media to assess fecal coliform, the 
indicator species required by the National Shellfish 
Sanitation Program (NSSP) for classifying shellfish waters, 
for some samples.   Enterococci is analyzed with the IDEXX 
MPN method for all of the sites monitored through URIWW 
as an indication of safety for recreational uses. The 
URIWW analytical laboratory is certified by RIHealth for 
both methods, and reports results to RI DEM and RIHealth. 
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Total Coliforms 

Fecal Coliforms 

E. Coli 
(single species) 

Fig. 2 (left): Breakdown of 
coliform bacteria 
(adapted from Ely, 1998). 
Fig. 3 (bottom left): 
Filtering a water sample 
for the Membrane 
Filtration Method. 
Fig 4 (below): Checking 
for positive bacterial 
results using the MPN 
method (Photo by IDEXX). 

Box 3:  Common Indicator Bacteria. 
Total Coliforms and Fecal Coliforms: 
Total and fecal coliforms have been used as bacterial 
indicators since the 1920’s.  Total coliforms (T.C.) as a 
general group are not particularly useful in terms of 
estimating human health risks because they can also 
be found in soil and plants naturally.  Fecal coliforms   
(F.C.), a subgroup of the total coliforms, are considered 
a more useful indicator of human health risk because 
they are more often associated with fecal sources, even 
though a few non-fecal species exist, and are widely 
used to test recreational waterways and to classify 
shellfish waters. 
E. coli and Enterococci 
E. coli and enterococci are bacteria that occur primarily 
in the intestinal track of warm-blooded animals.  The 
US Environmental Protection Agency (US EPA) and 
other researchers have found better correlations  
between swimming-associated gastrointestinal illness 
and E. coli and enterococci in fresh waters, and with 
enterococci in marine waters than with T.C. or F.C. (US 
EPA 2002).   

How are bacteria monitored? Box 2:  Criteria for a good bacterial indicator 
(adapted from Ohrel and Register, 2001). 

Good Bacterial Indicators Are: 
Present whenever intestinal pathogens are present 

Useful in fresh and marine waters 
Alive longer than the hardiest intestinal pathogen 

Found in a warm-blooded animal’s intestines 
Analyzed with an easy testing method 

Directly correlated with the degree of fecal contamination 
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What do bacterial standards mean? 

Bacterial Monitoring, URI Watershed Watch 

     Current RI water quality regulations use 
enterococci for recreational contact 
(swimming) and F.C. for shellfish waters 
and as an overall indicator of water 
quality.  RI bacterial standards for 
recreational use  in fresh and salt waters  
are listed  in Table 2.  The standards 
include single sample maximum values,  
as well as standards based on the 
geometric mean of multiple samples.  
Information on specific regulations can be 
found at the RI DEM website (http://
w w w . d e m . r i . g o v / p u b s / r e g s /
index.htm#WR). To learn more about how  
areas designated or licensed as 
swimming beaches are monitored see the 
RIHealth site (http://www.ribeaches.org/).  
The US EPA criteria (US EPA, 1986, 2002) 
are based on E. coli and enterococci as 
the bacterial indicators (Table 2). 
     URIWW is state certified to analyze 
samples for F.C., E. coli and enterococci. 

 Recreational contact with waters at or above standard levels of indicator bacteria does not mean you will 
definitely get sick; however, your chances of getting sick are increased.  The US EPA criteria are based on health 
risk of contracting gastrointestinal illnesses (EPA, 1986).  More research is needed on the risk of contracting upper 
respiratory and skin ailments from recreational water contact.  RI’s procedures for beach closings are outlined in 
Box 5. 
 As in any facet of water quality monitoring, the US EPA and other water quality professionals emphasize the 
importance of repeat analysis of waterbodies for indicator bacteria.  Single samples may give the most recent 
information about the water quality and a basis on which to post beach closings or advisories for potential health 
risks.  However, repeat sampling should be conducted to determine variability in indicator bacterial levels or if a 
chronic contamination problem exists.  

 

Re-test 

CLOSE 
Beach 

Exceed 
bacterial 
standard 

Is water 
known to be 
affected by a 

pollution 
event*? 

YES 

NO 

Retest daily until 
bacteria levels are 

below the standard; 
then reopen 

Beach 
remains 

OPEN 

YES 

NO

CLOSE 
Beach 

Does 
re-test 
exceed 

standard
? 

Box 5:  Beach closing 
procedures in RI 
(modified RIHealth flowchart). 

* Pollution event may be a 
storm related CSO discharge. 
 
Corner illustration from the 
University of Wisconsin 
Cooperative Extension 

Table 2:  Bacterial standards for recreational water uses by RI1 and EPA 

1  For more details on RI water classes and other bacterial standards please see RI 
DEM: www.dem.ri.gov/pubs/regs/index.htm#WR 
2 From US EPA 1986 and 2002.  

Box 4: Who monitors bacteria in RI? 
     The RI Department of Health requires monitoring  at all of RI’s 
licensed salt and freshwater beaches and posts subsequent beach 
closings (Box 5). The RI Department of Environmental Management 
(DEM) Shellfish program collects samples regularly in shellfish 
waters and conducts sanitary surveys.  RI DEM, with help from URI 
Watershed Watch (URIWW) and other volunteer monitoring 
programs, monitors bacterial levels in additional water bodies.  
URIWW monitors waterways for indicator bacteria to augment the 
state’s dataset and to point out potential areas of concern.  

Water Type Current RI Standard1 EPA Criteria2 

 ————— count per 100 ml water sample ————— 

 
Freshwater  

Enterococci -  
Single Sample 

61 Enterococci - 
Geometric mean 

33 

Enterococci - 
Geometric mean 

33 / 54* E.coli 126 

Enterococci -  
Single Sample 

104 Enterococci - 
Geometric mean 

35 

Enterococci - 
Geometric mean 

35 * = non-
designated beach 

 

 
Saltwater  

What are the water quality 
standards for bacteria? 



For further information on bacterial 
monitoring: 
Ely, E.  1998.  Bacteria Testing Part 1:  Methods 

Primer.  The Volunteer Monitor.  Volume 10, 
No. 2. 

Ely, E.  1998.  Bacteria Testing Part 2:  What 
Methods do Volunteer Groups Use?  The 
Volunteer Monitor.  Volume 10, No. 2. 

Heufelder, G.  1997.  Interpreting Fecal Coliform 
Data:  Tracking Down the Right Sources.  
The Volunteer Monitor.  Volume 9, No. 2. 

Miceli, G.A.  1998.  Bacterial Testing Q & A.  The 
Volunteer Monitor.  Volume 10, No. 2. 

Ohrel Jr., R.L. and K.M. Register.  2001.  Volun-
teer Estuary Monitoring: A Methods Manual.  
Second Edition.  U.S. EPA.   

 This manual is available on-line at:  
        www.epa.gov/owow/estuaries/monitor/ 
Turin, D. and M. Liebman.  2002.  Keeping 

Posted: Communicating Health Risks at  
Public Beaches.  Journal of Urban Technol-
ogy 9:45-69. 

US EPA.  1986.  Ambient Water Quality Criteria 
for Bacteria-1986.  EPAA440/5-84-002. 

US EPA.  2002.  Draft Implementation Guidance 
for Ambient Water Quality Criteria for  
Bacteria.  EPA-823-B-02-003. 

 
RI DEM Office of Water Resources:  http://
www.dem.ri.gov/pubs/regs/index.htm#WR 
 
RI DOH’s Bathing Beaches Program: http://
www.ribeaches.org/ 
 
Issues of the Volunteer Monitor :   
www.epa.gov/owow/volunteer/vm_index.html 
 
http://www.usawaterquality.org/volunteer/Ecoli/ 

Kelly Addy, M.S., Elizabeth Herron, M.A.,  and Linda Green, M.S., are members of the Dept. of Natural Resources 
Science, College of the Environment and Life Sciences, University of Rhode Island.  Contribution #3983 of the RI 
Agricultural Experiment Station, with support from RI Cooperative Extension, RI Department of Environmental 
Management, and RI Seagrant.  Cooperative Extension in Rhode Island provides equal opportunities without 
regard to race, age, religion, color, national origin, sex or preference, creed or handicap. 
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 Repeat measurements should be performed to determine if 
there is a long-term bacterial problem within a waterway and to identify 
any seasonal variation in bacterial levels.  Waterbodies surrounded by 
summer communities can experience a surge in bacteria levels due to 
increased near-shore population and the resultant waste during the 
summer.  In addition, warmer water may protect bacteria and promote 
growth.  Conversely in the winter, bacteria tend to die off in cold waters.  
It may also be useful to sample for bacteria following storm events when 
CSOs may overflow and runoff may wash fecal waste from the land into 
water.  These seasonal and storm event data often guide agencies in 
advisory protocols and may help to track bacterial sources. 
 If a chronic bacterial problem is diagnosed, sanitary shoreline 
surveys are usually conducted to determine the source of the bacteria.  
Such a survey involves an investigator looking throughout the watershed 
for evidence of failing septic systems, broken sewer pipes, and storm 
drains discharging water during dry weather.  Additional observations of 
large congregations of waterfowl, wildlife, farm animals or pets are 
noted.  Dyes or tracers may be used to determine the pathways of some 
potential pollutants.  Once the source of the high levels of bacteria is 
determined, remediation action can be taken. 
 There have been many advances in bacterial source tracking 
using state-of-the-art microbiological techniques.  Researchers compare 
the DNA of the bacteria in the water sample with DNA of known sources 
of fecal contamination.  It is important to note that the US EPA no longer 
allows broad exemptions to their regulations for waterbodies that have 
identified the source of high bacteria loads as non-human (US EPA, 
2002).  More research needs be conducted on the potential of human 
health risk from the exposure to non-human fecal contamination.  
Therefore, the goal of this DNA fingerprinting is to help identify the 
source of the contamination for remediation purposes. 
 In some instances where bacterial contamination cannot be 
resolved, most likely due to economic or social restraints, EPA allows 
states to deem waterbodies suitable for only secondary recreational 
contact.  Activities such as canoeing or motor boating are allowed 
because water contact and immersion seem unlikely. 

What can YOU do to minimize the 
amount of bacteria entering 

waterways? 
 Have your septic system inspected 

and pumped regularly. 
 Properly dispose of pet waste. 
 Don’t feed waterfowl. 
 Pump out boat waste at approved 

pumping stations. 
 Support community plants to 

construct or upgrade sewage 
treatment plant and eliminate 
CSO’s 

What can be done about high bacteria levels? 

To learn more about the URI Watershed Watch program 
or their bacterial monitoring, please contact:  

 
Elizabeth Herron, Program Coordinator 

Phone: 401-874-4552 
Email:  emh@uri.edu 

Linda Green, Program Director 
Phone: 401-874-2905 
Email: lgreen@uri.edu 

www.uri.edu/ce/wq/ww/ 
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URI pH and Alkalinity 
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Water quality standards for pH? 
The U.S. E.P.A. considers lakes with pH less than 5 
“acidified.”  Aquatic organisms may be stressed in 
such acidified lakes.  The RI Department of Environ-
mental Management (DEM) has a fresh water pH 
criteria of 6.5 – 9.0 or as what occurs naturally.  
The sea water pH criteria is 6.5 – 8.5, but not more 
than 0.2 units outside the normally occurring 
range. 
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What is pH? 

pH, one of the most common analyses in soil and 
water testing, is the standard measure of how 
acidic or alkaline a solution is.  It is measured on a 
scale from 0 – 14 (Figure 1).  pH of 7 is neutral, pH 
less than 7 is acidic, and pH greater than 7 is 
basic.  The closer pH gets to 1, the more acidic.  
The closer pH gets to 14, the more basic.  
Examples of the pH of some common items are 
listed in Figure 1.  Acids and bases are two 
extremes like hot and cold.  Mixing acids and bases 
together can even out the extreme effects much 
like mixing hot and cold water to even out water 
temperature.   

 
The pH scale is logarithmic, which means that a 
unit decrease in pH equals a ten fold increase in 
acidity.  For instance, tomato juice (pH 4) is ten 
times more acidic than black coffee (pH 5). 
 
Hydrogen (H+) ions (ions are atoms or groups of 
atoms with negative or positive charge) control 
acidity levels.  pH measures the concentration of H+ 
and hydroxide (OH-) ions which make up water 
(H2O): 

H+ + OH- = H2O 

When the two ions are in equal concentration, the 
water is neutral, whereas the water is acidic if H+ > 
OH- and basic when OH- > H+. 

Figure 1:  pH scale and examples of solutions at particular pH’s. 

Why is pH important? 
Aquatic organisms need the pH of their water body 
to be within a certain range for optimal growth and 
survival.  Although each organism has an ideal pH, 
most aquatic organisms prefer pH of 6.5 – 8.0.  
Outside of this range, organisms become physio-
logically stressed.  Reproduction can be impacted 
by out-of-range pH, and organisms may even die if 
the pH gets too far from their optimal range. 
 
In addition to directly affecting the physiology of 
aquatic organisms, additional aspects of lake dy-
namics are influenced by pH.  Low pH can cause 
the release of toxic elements and compounds 
from sediments into the water where they may be 
taken up by aquatic animals or plants.  Changes in 
pH also influence the availability of plant nutrients, 
such as phosphate, ammonia, iron and trace met-
als, in the water. 
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How is pH measured? 

pH can be measured electronically or visually.  There 
are three main methods routinely used in water 
quality monitoring (Figure 2): 
1.         Laboratory quality pH meter and electrode 
2.         pH “pocket pals” and multi-parameter probes 
3.         Color comparators / pH strips 
            The pH meter and electrode, generally 
restricted to laboratory analysis of field collected 
samples, offers the highest degree of accuracy and 
precision.  This pH meter-electrode measures the 
electric potential which is a function of the H+ activity 
in water samples.  Calibration is completed with two 
buffer solutions.  URI Watershed Watch (URIWW) 
uses a pH meter and electrode to measure the pH of 
lake and stream samples. 
            The latter two methods can be easily used in 
the field.  pH “pocket pals” and multi-parameter 
probes are electronic hand-held testers that are 
dipped directly into the water body and provide digital 
read out of pH.  Pocket pals are typically calibrated 
with one buffer.   
            With color comparators, you add a reagent to 
the water sample that colors the sample for a visual 
comparison.  pH strips are dipped into water samples 
and then change color according to the pH.  The 
intensity of the color is proportional to the pH in the 
sample, and colors are compared on a chart. 

Fig. 2.  (a) Laboratory quality pH 
meter and electrode with 
multiple reagents.  (b) pH 
“pocket pal” for field monitoring 
of pH.  (c) Volunteer uses a color 
comparator to assess pH (photo 
from EPA). 

What affects pH? 
 
Some variables that influence pH include: 
 
Bedrock (the solid rock underlying surface 
soils) of a location.  Since we are in a 
glaciated area, our water generally has a 
lower pH (more acidic).  However, areas with 
limestone bedrock, including areas in Lincoln, 
RI, generally have higher pH waters (more 
basic). 
 
Acid rain (atmospheric deposition).  The 
presence of acid rain can lower the pH in 
lakes making them more acidic.  For more 
information on acid rain, please visit the U.S. 
Environmental Protection Agency (U.S. E.P.A.) 
web site at http://epa.gov/airmarkets/
acidrain/   
 
Water use.  Municipal water suppliers often 
raise the pH of drinking water to prevent 
corrosion of pipes, often to pH 9. 
 
Wastewater discharge.  Materials added to 
water during domestic water use, such as 
detergents and soap-based products are often 
alkaline which can increase the pH of water 
(more basic).  Wastewater treatment facilities 
are required to adjust the pH of wastewater 
that is outside of acceptable limits (U.S. E.P.A. 
range 5 – 10) prior to discharge into streams 
or estuaries.  See the Narragansett Bay 
Commission’s “P2 Facts: pH Control”  
http://www.narrabay.com/publications.asp 
for more information. 
 
Carbon dioxide (CO2).  pH fluctuates 
throughout the day in a lake or pond largely in 
response to changing CO2 levels.  CO2 
dissolved in water forms a mild acid.  When 
CO2 is high, pH falls (more acidic).  In the 
morning, CO2 levels are high as a result of 
respiration that occurred in the pond 
overnight.  As sun rises, plants and algae 
begin photosynthesis thereby consuming CO2 
and causing the pH to rise (more basic) as the 
day progresses. Algae blooms can significantly 
increase this effect.  

(a) 

(c) 

(b) 
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What is the pH of RI inland waterways? 
pH in RI lakes and ponds generally increases as 
you move from south to north.  In 2003, the pH 
range of inland waterways monitored by URIWW 
was 5.1 - 8.2 Visit the Monitoring Data page 
(parameter data) http://www.uri.edu/ce/wq/ww/
html/ww_data.htm of the URIWW web site for site 
specific pH data. 

pH of Drinking Water 
The pH of drinking water generally is not a health 
concern.  However, acidic water can leach metals 
from plumbing systems which can cause health 
problems.  For more information on pH in private 
drinking water wells, please refer to “Healthy 
Drinking Waters for Rhode Islanders: pH-Acidity of 
Private Drinking Water Wells,” http://www.uri.
edu/ce/wq/has/html/has_wellfacts.html a 
publication of the RI Department of Health and 
URI Cooperative Extension. 

What is Alkalinity? 
Alkalinity is the buffering capacity of a water body.  
It measures the ability of water bodies to 
neutralize acids and bases thereby maintaining a 
fairly stable pH.  Water that is a good buffer 
contains compounds, such as bicarbonates, 
carbonates, and hydroxides, which combine with 
H+ ions from the water thereby raising the pH 
(more basic) of the water.  Without this buffering 
capacity, any acid added to a lake would 
immediately change its pH. 
 

Why is alkalinity important? 
Aquatic organisms benefit from a stable pH value 
in their optimal range.  To maintain a fairly 
constant pH in a water body, a higher alkalinity is 
preferable.  High alkalinity means that the water 
body has the ability to neutralize acidic pollution 
from rainfall or basic inputs from wastewater.  A 
well buffered lake also means that daily 
fluctuations of CO2 concentrations (discussed 
above) result in only minor changes in pH 
throughout the course of a day. 
 

What affects alkalinity? 
Alkalinity comes from rocks and soils, salts, 
certain plant activities, and certain industrial 
wastewater discharges (detergents and soap-
based products are alkaline).  If an area’s geology 
contains large quantities of calcium carbonate 
(CaCO3, limestone), water bodies tend to be more 
alkaline.  Granite bedrock (much of RI) is deficient 
in alkaline materials to buffer acidic inputs. 
Addition of lime as a soil amendment to decrease 
acidity in home lawns can runoff into surface 
waters and increase alkalinity. 

 

What are the water quality 
standards for alkalinity? 
The U.S. E.P.A. developed 6 categories to describe 
alkalinity status of lakes and ponds (Table 1).  As 
the concentration of CaCO3 increases, the 
alkalinity increases and the risk of acidification 
decreases.   
 

1Godfrey, P.J., M.D. Mattson, M.-F. Walk, P.A. Kerr, O.T. Zajicek, and A.
Ruby III.  1996.  The Massachusetts Acid Rain Monitoring Project: Ten 
Years of Monitoring Massachusetts Lakes and Streams with Volunteers.  
Publication No. 171.  University of Massachusetts Water Resources 
Research Center. 

U.S. E.P.A. category Concentration of CaCO3 
(mg/L) 

Acidified < 1 and pH < 5 

Critical < 2 

Endangered 2 – 5 

Highly Sensitive 5 – 10 

Sensitive 10 – 20 

Not Sensitive > 20 

Table 1: U.S. E.P.A. Classification1 of lakes and ponds 
based on alkalinity as measured in concentration of 
calcium carbonate (CaCO3). 
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How is alkalinity measured? 
Alkalinity, reported as mg/L CaCO3, is 
measured as the amount of acid (e.g., sulfuric 
acid) needed to bring the water sample to a pH 
of 4.2.  At this pH, all the alkaline compounds 
of the sample are “used up.”  Laboratory 
technicians use a buret (a graduated glass 
tube with a small opening at its base and 
stopcock for delivering measured quantities of 
liquid) to dispense the sulfuric acid drop by 
drop into the water sample while continuously 
monitoring the change in pH with a pH meter 
and electrode or pH “pocket pal.”  Field kits are 
also available, but they typically target a higher 
range of alkalinity than in RI waterways. 

Figure 3.  Number of RI lakes monitored by URI Watershed Watch  in each US E.P.A. category of alkalinity (Table 1) from 
1997 to 2003. 

What is the alkalinity of RI lakes and 
ponds? 
Through its water collections, URIWW monitors 
alkalinity three times per year (Figures 3, 4).  Only 
a few ponds have appeared in the acidified 
category.  This appears to be a natural condition 
for these lakes.  The more oligotrophic (low 
nutrient) lakes tend to have lower alkalinity while 
eutrophic (high nutrient) lakes tend to have higher 
alkalinity.  In general, most locations stay within 
the same category from year to year.  Visit the 
Monitoring Data page (parameter data) http://
www.uri.edu/ce/wq/ww/html/ww_data.htm of the 
URIWW web site for more information. 

RI Lakes: Alkalinity Distribution
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To learn more about the URI Watershed Watch program 
or pH monitoring, please contact:  

Linda Green, Program Director 
401-874-2905;  lgreen@uri.edu 

Elizabeth Herron, Program Coordinator 
401-874-4552;  emh@uri.edu 

Figure 4. Measuring 
alkalinity in the URIWW 
laboratory. 
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Chlorides in Fresh Water 
URI WATERSHED WATCH, Cooperative Extension 
College of the Environment and Life Sciences (CELS) 
Department of Natural Resources Science (NRS) 
Coastal Institute in Kingston, 1 Greenhouse Road, Kingston, Rhode Island 02881-0804 

Introduction 
Chlorides are present in both fresh and salt water, and are  
essential elements of life. Salts such as table salt are composed 
of ions that are bonded together. When table salt is mixed with 
water, its sodium and chloride ions separate as they dissolve. 
Chloride ions in the environment can come from sodium chloride 
or from other chloride salts such as potassium chloride, calcium 
chloride and magnesium chloride. The concentration of chlorides 
has sharply increased in many bodies of water since the        
widespread adoption of road salt as a deicer in the 1970s, and 
the ecological implications of this change have yet to be fully    
determined. Scientists who study watersheds use elevated      
chloride levels as one indicator of pollution in a body of water. 

Natural Chlorides 
Chlorides constitute approximately 
0.05% of the earth’s crust. Chloride 
concentrations of between 1 and 100 
ppm (parts per million) are normal in    
freshwater. Chloride ions come into 
solution in water in underground  
aquifers, geological formations that 
contain groundwater. In coastal areas, 
chloride from saltwater aquifers, sea 
spray, and coastal flooding can also 
find its way into freshwater waters. 
Seawater has a natural chloride  
concentration of 35,000 ppm. Plants 
and animals that live in salt or  
brackish (mixed salt and fresh) water 
are adapted to live with high chloride 
concentrations. Once chlorides are in 
a water body, there are no biological 
processes that remove them. They are 
not typically removed at water  
treatment plants due to restrictively 
high cost. Natural spikes in chloride 
concentration can occur during  
summer “low flow” periods when 
evaporation exceeds precipitation. 
However, recent increases in chloride 
concentrations nationwide are 
thought to be due to anthropogenic, 
or human-caused, factors such as 
road salt, sewage contamination, and 
water softeners. 
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Molly Hunt, Elizabeth Herron and Linda Green  

Chloride in Road Salts 
The use of road salts for deicing in snow-belt states such as 
Rhode Island began in the 1940s and sharply increased in the 
1970s. Chlorides are the “active” ingredient in most commercial 
deicers, whether they are made with sodium chloride or new  
alternatives like potassium chloride. When ice and snow begin to 
melt in the winter and spring, chloride concentrations spike in 
roadside streams due to road runoff. When roads are pretreated 
in anticipation of snow and ice but precipitation comes as rain, 
chloride from pretreatments is washed off with stormwater.   
Uncovered salt storage piles lose about 20% of their salt each 
year, much of which finds its way into nearby waterways.   
 
Chloride concentrations tend to be higher in areas with pavement 
and other treated surfaces because stormwater and snowmelt     
runoff does not have a chance to soak into the ground before       
entering rivers, lakes, and streams. Road salts travel farther from 
roads when the speed limit is high; they have been observed        
traveling over 40m (130 ft) from the side of major highways 
(Karraker, 2008). Concern over the release of sodium into the    
environment has prompted many communities to switch to other 
chloride road salts; however, these salts may be more toxic to 
aquatic organisms than sodium chloride road salts (Mount et al., 
1997). Commercial road salts have phosphorus compounds 
added to keep them from clumping, contributing nutrient  
increases in lakes and streams. Road salts often have heavy 
metal additives, so high chloride concentrations may indicate the 
presence of other harmful substances in lakes and streams. 
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Other Chloride Sources 
Chlorides can also enter a watershed 
through water softener discharge or 
sewage contamination. Water         
softeners remove magnesium and   
calcium ions from hard water by       
performing an ionic exchange  
reaction with sodium chloride. Small 
amounts of sodium enter water that 
has passed through the softener, 
while magnesium chloride and  
calcium chloride are stored in the  
device and eventually discharged as 
brine into a sewer or septic  system. 
 
As salt intake continues to increase 
in the American diet, more chlorides 
are entering groundwater through 
human waste. Sodium chloride is 
added to many processed foods to 
delay spoilage while bringing out   
flavor. However, chlorides are not  
removed from waste by septic tank 
treatment processes and enter the 
leach field with the rest of the  
effluent, or wastewater. From there, 
chlorides can enter groundwater 
through septic systems and find their 
way into lakes, ponds, streams, and 
wetlands. URI Cooperative Extension 
Water  Qual i t y  Program has  
assembled informative fact sheets 
about home wastewater treatment, 
septic system maintenance, and 
drinking water quality that can be 
found online at www.uri.edu/ce/wq. 
  
A third anthropogenic source of      
chlorides in groundwater is fertilizer 
made with potash, or mined salts.   
Potassium chloride is the salt most 
commonly used in potash fertilizer, 
and potassium (K on fertilizer bags) is 
one of three essential nutrients 
(along with N -  nitrogen and P  - 
phosphorous) that are added to       
increase soil fertility on farms and 
home gardens and lawns. However, 
like nitrogen and phosphorous,  
chloride can leach from fertilized 
soils into rivers and streams. 

Measuring Chlorides 
At URI Watershed Watch, volunteers collect water samples for  
chloride analysis in the spring and fall. In the lab, chloride testing is 
performed by Watershed Watch staff using a sophisticated 
autoanalyzer, which can quickly test a large number of samples.  
Chloride test strips are also commercially available for home use. 
 
URI Watershed Watch volunteers monitoring use salinity              
refractometers or meters for estuaries, bays and the ocean.  These 
devices measure concentration in parts per thousand and are 
therefore not sensitive enough for measuring chlorides in fresh   
water. (A part per thousand is 1000 time more concentrated than a  
part per million.) 

Figure 2 (left) and Figure 3 
(below): Chloride              
concentrations tend to be 
higher in bodies of water 
surrounded by large         
developed areas with lots of 
impermeable surfaces.    
Photos courtesy of Ken  
Wagner. 

Figure 1 (left): 
Uncovered 
salt piles 
such as this 
will lose 20% 
of their salt to 
local waters 
each year.  
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Too Much Chloride? 
High chloride concentrations in freshwater can 
harm aquatic organisms by interfering with  
osmoregulation, the biological process by which 
they maintain the proper concentration of salt 
and other solutes in their bodily fluids. Difficulty 
with osmoregulation can hinder survival, 
growth, and reproduction. In Rhode Island, the  
Department of Environmental Management 
(DEM) has set acceptable chloride  
concentration exposure limits for freshwater 
organisms at 860 ppm to prevent acute 
(immediate) exposure effects and at 230 ppm 
to prevent chronic (long-term) exposure effects. 
For drinking water, DEM has set a  maximum 
contaminant level of 250 ppm chloride, which is 
the point at which water starts to taste salty.   
 
Some research suggests that, with certain        
exceptions, fish are less sensitive to chloride 
exposure than small, free-floating planktonic 
crustaceans (Evans and Frick, 2001). These 
planktonic animals are a food source for fish 
and amphibians and help control the algae that 
contribute to eutrophication, nutrient  
accumulation that depletes lakes of oxygen.  
Recent published research suggests that high 
chloride concentrations are harmful to many 
aquatic animals. Meador and Carlisle (2007) 
found chloride tolerance levels for some brook 
trout species to be as low as 3.1 ppm. Rhode 
Island’s native spotted salamander has a 40% 
reduction in survival when spawned in a vernal 
pool with a chloride concentration over 162 
ppm (Karraker, 2008). Vernal pools, temporary 
bodies of water, tend to have high chloride  
concentrations in early spring, when eggs are 
laid, and in summer, when larvae and tadpoles 
undergo metamorphosis and become adults, 
two especially delicate times in their lifecycle 
(Karraker, 2008).   
  
Invasive and fast-growing Eurasian water  
milfoil is more tolerant of high chloride levels 
than native plants, thus increasing chloride  
levels could help them out-compete native 
fauna (Evans and Frick, 2001). Hale and  
Groffman (2006) found that elevated chloride 
levels interfered with the processes by which 
bacteria break down nitrogen in suburban 
stream debris dams, naturally-occurring  
barriers of sticks, rocks, and other debris. The 
use of road salts in the northern United States 
is not likely to end in the near future, the long 
term effects of chloride in aquatic communities  
remain to be seen. 

How Can I Help Keep Chlorides Out Of Our                  
Waterways? 

▪  Shovel early after a storm to minimize the need for  
    deicers. 
▪  If you must use a deicer, consider a pre-wetted 1:1  
    sand and road salt mixture to minimize the amount of      
    chlorides released. 
▪  Apply deicers early and sparingly; extra salt will not  
   melt ice  faster! 
▪  Do not deice with kitty litter, ashes, or any product  
   containing urea. 
▪  If you need a water softener, consider a portable       
    exchange water softener.  A company will  
    periodically pick up your brine to dispose of in a 
    controlled manner. 
▪  Upgrade your water softener to a newer model with  
    an on-demand setting. 
▪  Set your water softener to the correct hardness level  
    for your water, and connect it so only inside water is  
    being softened. 
▪  Consider using permeable pavement for paved   
    surfaces on your property.  For more information, see  
    URI Cooperative Extension’s Porous Pavement fact  
    sheet at http://www.uri.edu/ce/wq/publications.htm. 
     

Figure 4 (above): Frogs and other amphibians lay their 
eggs in vernal pools, which are isolated from other water 
sources and do not have any process that flushes out   
chlorides.  Amphibians such as these are especially        
vulnerable to high chloride levels as eggs and  during   
metamorphosis. Photo by Thomas Tetzner. 
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Chlorides in Rhode Island 
This chart shows chloride  
concentration trends for five bodies 
of water in central Rhode Island. 
Ponagansett Reservoir and Carr 
Pond, which show consistently low 
levels of chloride, are surrounded 
by large areas of undeveloped land. 
Blackamore Pond is in a heavily 
developed area close to Rte 2, 
making it susceptible to large  
chloride spikes from roadway  
runoff. Mishnock and Tiogue Lakes, 
which are both close to interstate 
highways and retail areas with large 
parking lots, have shown a steady 
increase in chloride concentration over the last 
twenty years. These five water bodies illustrate that 
chloride concentrations tend to be higher in areas 
with lots of residential and commercial development. 
Chloride data from a small sample of suburban 
streams compiled by the URI Watershed Hydrology 
Laboratory in 2008-2009 shows chloride levels  
ranging from 17 ppm with occasional spikes as high 
as 84 ppm (Addy, personal communication).  
Seasonal concentration trends varied among the 
streams sampled. 
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To learn more about the URI Watershed 
Watch program or our chloride monitoring,  
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              Freshwater jellyfish, Craspedacusta sowerbyii, 
were sighted in three RI lakes during the summer and fall 
of 1995.  Only one other confirmed sighting of jellyfish 
was ever recorded in RI natural history, Waterman Lake in 
Glocester/Smithfield in 1990.  In 1995, URI Watershed 
Watch volunteer water quality monitors were responsible 
for two sightings.  During their weekly 
sampling trips in early September, 
monitors on Lake Mishnock in West 
Greenwich and on Lower Sprague 
Reservoir in Smithfield observed 
thousands of these jellyfish in their 
respective lakes.  After reading an article 
about the jellyfish in a local newspaper, 
two 13-year-old boys reported that while 
canoeing in Peep Toad Pond in Scituate, 
they had seen jellyfish throughout most of 
the summer and into the fall.  Soon after 
the news articles appeared, a shoreline 
resident of the Lower Sprague Reservoir 
reported that he had seen the jellyfish in 
the lake in previous years.  Another account of jellyfish 
sightings in previous years was reported to the RI 
Department of Environmental Management (DEM) by a 
lakeside resident of Lake Mishnock. The 1995 sighting 
are considered official because they were verified 
scientifically.  The reports from URI Watershed Watch 
monitors on these lakes enabled biologists to collect 
samples confirming the 1995 sightings.  These monitors 
have the satisfaction of having contributed to the official 
RI natural history. 
              Since first documented in the United States in 
1908, these unpredictable and sporadic organisms have 
been reported in 35 states.  The jellyfish have been found 
in lakes, farm ponds, quiet coves of rivers, and old water-
filled quarries.  Like their saltwater relatives, freshwater 
jellyfish are translucent, bell-shaped organisms with 50-
500 tentacles along the bell’s edge.  This stage of jellyfish 
life is known as the medusa.  Medusae can grow to the 
size of a quarter, but those sighted in RI were only about 
the size of a dime.  Freshwater jellyfish generally live in 
water of pH range 6.5-8.5.  This alkaline (non-acidic) 
“hard” water is more common to northern RI, where most 

of the sightings occurred.  Blooms of medusae can be seen 
anytime between July and October when lake water is warm 
and food is abundant.  Their tentacles capture and sting 
microscopic animals, such as rotifers and brine shrimp, for 
food.  This sting is not felt by or harmful to humans.  The free-
swimming medusae, which move by contracting their body, are 

not the favored meal of other lake 
organisms.  Bass, for example, will ingest 
these jellyfish but then spit them out. 
              The polyp may be the dominant 
life stage of freshwater jellyfish.  In this 
stage, the stalked polyps live in colonies 
usually of 2-4 individuals attached to 
substrates, such as lake bottoms, 
underwater rocks, and rooted aquatic 
plants.  Due to their insignificant size, less 
than 2 mm long per individual, these 
microscopic polyp colonies are often 
overlooked.  When subject to 
environmental stresses, possibly changes 
water temperature, food abundance or 

water depth, the polyps may break off buds that develop into 
the medusa form of jellyfish.  During spring and summer 
months, polyps feed and reproduce, but the cold waters of late 
fall and winter cause the polyps to contract into an inactive 
“resting body” that is protected by a secreted sclerotized 
coating.  This resting body also forms in response to prolonged 
starvation.  The resting body will transform into the polyp form 
when more favorable conditions return to the waterbody.  
              Since so little of its biology is known or understood, 
occurrences of freshwater jellyfish are unpredictable.  No one 
can forecast if or when another jellyfish bloom will occur in RI 
lakes.  The new awareness of URI Watershed Watch volunteer 
water quality monitors and lake users will encourage rapid 
reporting of jellyfish sightings which may enable scientists to 
learn more about these elusive organisms. 
              For more information about freshwater jellyfish, 
contact Dr. Terry Peard: Dept. of Biology, Indiana University of 
Pennsylvania, Indiana, PA 05705, tpeard@grove.iup.edu; 
http://nsm1.nsm.iup.edu/tpeard/JELLYFISH.HTML 
              To report jellyfish sightings in RI or for more 
information about URI Watershed Watch, contact Linda Green 
at 401-874-2905, lgreen@uri.edu 

Unexpected and Unpredictable Jellyfish Surface in Rhode Island Lakes 
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Department of Natural Resources Science (NRS) 
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Kelly Addy, M.S. is a member of the Dept. of Natural Resources Science, College of the Environment and 
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with support from RI Cooperative Extension and the Gloria Hurley Watershed Watch Endowment of the URI 
Foundation.  Cooperative Extension in RI provides equal opportunities without regard to race, age, religion, 
color, national origin, sex or preference, creed or handicap. 
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UNITS OF MEASUREMENT 
 
Acre (ac): 

An area equal to 43,560 square feet, approximately 0.4 hectare.  Acres / 2.5 = 
hectares. 

 
Centimeter (cm): 

One one-hundredth of a meter, equivalent approximately to two-fifths of an inch. 
 
Concentration.: 

The ratio of the amount of one substance in another substance.  For example, in 
seawater, the amount of chloride dissolved in water is approximately 18,000 
milligrams per liter. 

 
Gram (g): 

One one-thousandth of a kilogram. 
 
Hectare (ha): 

Metric measurement for area equivalent to 10,000 square meters or 
approximately 2.5 acres.  Hectares X 2.5 = Acres. 

 
Kilogram (kg): 

The base unit for mass in the metric system; 1000 grams or approximately 2.2 
pounds; a 150-pound person weights 68 kilograms. 

 
Liter (L): 

A unit of metric measurement for volume; roughly equivalent to 1 quart or 0.25 
gallon. 

 
Mass: 

In common usage, mass is used synonymously with weight; the common English 
unit for mass is pounds (lb), whereas in the metric system the unit is the kilogram 
(kg). 

 
Meter (m): 

The basic metric unit for length;  equivalent approximately to 3.25 feet; a 5-foot 
person is approximately 1.5 meters tall. 

 
Metric System: 

An international system of scientific measurements based on multiples of 10.  
The base unit for length is the meter and for mass, the kilogram. 

 
Microgram (ug): 

One one-millionth of a gram, one one-thousandth of a milligram. 
 
Micrograms per liter (ug/L): 

An expression for concentration, usually in reference to a liquid, roughly 
equivalent to parts per billion. 
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Milligram (mg): 
One one-thousandth of a gram. 

 
Milligrams per liter (mg/L): 

An expression for concentration, usually in reference to a liquid, roughly 
equivalent to parts per million; for example, 1 gallon of food coloring placed in 
1 million gallons of water would result in a concentration of food coloring in 
the water of 1 mg/L. 

 
Millimeter (mm): 

One one-thousandth of a meter; a dime is approximately 1 millimeter thick; 1 
inch equals approximately 25 millimeters. 

 
Parts per billion (ppb): 

An expression for concentration (see Micrograms per Liter); one one-
thousandth of a part per million; the quantity of one substance contained in 1 
billion units of another substance when both are measured by identical terms.  
The magnitude of this quantity can be related to 8 ounces of a substance 
dissolved in 4 inches of water ponded on a 1 square mile area; roughly 
equivalent in scale to 2 seconds in a lifetime. 

 
Parts per million (ppm): 

An expression for concentration (see Milligrams per Liter); the quantity of one 
substance contained in 1 million units of another substance when both are 
measured by identical terms.  For solutions (substances dissolved in liquids), 
it is the number of units of the substance contained in 1 million units of 
solution. 

 
 
Meters to Feet Conversion Temperature Conversions 
  0.025 meters =  1 inch -18 C =  0 F 
  0.1   meters =  4 inches -12 C =  10 F 
  0.5   meters =  1.6 feet 0 C =  32 F water freezes 
  1.0   meters =  3.3 feet 10 C =  50 F 
  1.5   meters =  4.9 feet 15 C =  59 F 
  2.0   meters =  6.6 feet 20 C =  68 F 
  2.5   meters =  8.2 feet 25 C =  77 F 
  3.0   meters =  9.8 feet 30 C =  86 F 
  4.0   meters = 13.1 feet 35 C =  95 F 
  5.0   meters = 16.4 feet 40 C = 104 F 
  6.0   meters = 19.7 feet 50 C = 122 F 
  7.0   meters = 23.0 feet 100 C = 212 F water boils 
  8.0   meters = 26.2 feet  
  9.0   meters = 29.5 feet F = [9/5 (C)] + 32 
 10.0   meters = 32.8 feet C = 5/9 (F - 32) 
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A GLOSSARY OF TERMS 
 
Anoxia: 

A condition of no oxygen in the water.  Often occurs near the bottom of eutrophic, 
stratified lakes in summer; under ice in winter. 

 
Algae: 

Green plants that occur as microscopic forms suspended in water (phytoplankton), 
and as unicellular or filamentous forms attached to rocks and other substrates.  
About 15,000 species of freshwater algae are known. 

 
Algal bloom: 

A sudden increase in the abundance of suspended (planktonic) algae, especially at 
or near the water surface, producing a green scum or a "pea-soup" appearance. 

 
Biomass: 

The weight of biological matter.  
 
Brown water lakes: 

Lakes which are naturally rich in humic (organic) materials derived from plants, 
giving the water a "tea" color; "stained" lakes. 

 
Chlorophyll: 

Green pigments found in plants which are necessary for photosynthesis; may be 
utilized as an indicator of algal population levels. 

 
Cultural eutrophication: 

The accelerated enrichment of waters due to the activities of man, such that they 
support a higher amount of plant and animal matter than they would naturally. 

 
Ecosystem: 

A community of plants and animals interacting within the physical and chemical 
environment. 

 
Eutrophic: 

A term used to describe very productive or enriched lakes. These lakes tend to 
exhibit some or all of the following characteristics:  an abundance of rooted plants; 
turbidity due to high algal populations; loss of oxygen in bottom waters during the 
summer months; rapid accumulation of soft bottom sediments; and abundant fish, 
which may include stunted and/or rough species in the most fertile lakes. 

 
Eutrophication: 

A gradual increase in the productivity of a lake ecosystem due to enrichment with 
plant nutrients, leading to changes in the biological community as well as physical 
and chemical changes.  This is a natural process, but can be greatly accelerated by 
man (see cultural eutrophication). 
 

Flushing rate: 
The number of times that the total volume of water in a lake is replaced in a year by 
inflowing streams, groundwater, precipitation, and overland runoff. 
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Epilimnion: 
Uppermost, warmest, well mixed layer of a lake during summertime thermal 
stratification.  The epilimnion extends from the surface to the thermocline. 

 
Habitat: 

The place where a plant or animal lives, which has all of the conditions necessary to 
support its life and reproduction. 

 
Hypolimnion: 

Lower cooler layer of a lake during summertime thermal stratification.  
 
Mesotrophic: 

A term used to describe lakes which are moderately productive.  These lakes tend to 
exhibit some or all of the following characteristics:  moderate growth of rooted plants 
and algae; some loss of oxygen from bottom waters during the summer months; 
some sediment accumulation; relatively good fish production of cool or warm water 
species, such as walleye, perch, bass, pike, and panfish.  The majority of lakes are 
placed in this category. 

 
Metalimnion: 

The layer of rapidly changing temperature and density which separates the 
hypolimnion from the epilimnion.  

 
Nitrogen: 

An element necessary for the growth of the aquatic plants; may be found in several 
forms, including nitrates, nitrites, and ammonia. 

 
Nutrient: 

Any of a group of elements necessary for growth.  Although over 15 elements have 
been identified as necessary for growth of aquatic plants, most are readily available 
in natural waters.  Supplies of phosphorus or nitrogen may be depleted, however, 
thus limiting plant growth in surface waters. 

 
Oligotrophic: 

A term used to describe a relatively unproductive lake or one poorly supplied with 
plant nutrients.  Because of low biological production, these lakes tend one poorly 
supplied with plant nutrients.  Because of low biological production, these lakes tend 
to exhibit some or all of the following characteristics: clear waters; limited growth of 
algae or rooted plants; bottom waters well supplied with oxygen throughout the year; 
low rate of sediment accumulation; low fish production, but often of desirable 
species, such as trout, walleye, or perch. 

 
Plankton: 

The community of micro-organisms, consisting of plants (phytoplankton) and 
animals (zooplankton) inhabiting open-water regions of lakes and rivers. 
 

Phosphorus: 
An element necessary for the growth of aquatic plants.  It is naturally present in low 
concentrations, and lack of phosphorus often limits plant growth.  Thus the addition 
of phosphorus can affect water quality by increasing the production of algae and 
rooted plants. 
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Producers: 
Green plants that manufacture their own food through photosynthesis. 

 
Productivity: 

The amount or mass of living things which can be supported by an ecosystem (e.g., 
a lake) over a specified period of time. 

 
Photosynthesis: 

Conversion of water and carbon dioxide in the presence  of sunlight to 
carbohydrates. 

 
Residence Time: 

The average time required to completely renew a lake's water volume is called the 
hydraulic residence time.  Short residence times are ten days or less, long residence 
times are greater than one hundred days. 

 
Secchi disk: 

A simple device widely used to measure the transparency or clarity of water, 
consisting of a metal or plastic plate, usually 8" in diameter, painted black and white, 
on a calibrated line. 

 
Secchi depth transparency: 

The depth at which a Secchi disc disappears from view when lowered into the water.  
A measure of water clarity. 

 
Sediment: 

Solid material including both soil particles and organic matter which is suspended in 
the water and gradually deposited in the bottom of a lake. 

 
Standard deviation: 

A statistical term used to describe the amount of variation in a set of data; 68% of all 
measurements are expected to fall within plus- or minus-one standard deviation from 
the mean (average). 

 
Thermocline: 

A horizontal plane of water across the lake through the point of greatest temperature 
change.  It is within the metalminion. 

 
Trophic state: 

The level of productivity in a lake, or degree of eutrophication; generally described 
as eutrophic (very productive). 

 
Trophic State Index (TSI): 

A numerical scale used to classify lakes according to productivity (the amount of 
living material supported by the lake).  The TSI value (0-100) is calculated directly 
from Secchi depth transparency, phosphorus concentration, or chlorophyll a 
concentration. 

 
Turbid: 

Cloudy, not clear. 
 
Watershed: A drainage area or basin; all land and water areas which drain or flow toward a 
central collector, such as a stream or a lake, at a lower elevation. 
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