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GREAT BAY KSTUABKtIIK SYSTEM AND SITE LOCATIONS

cmhearaiem
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FACT SHEET

Great Bay Coast Watch works to protect the long-term health
and natural resources of New Hampshire's coastal waters

Protecting the long-term health and natural resources of New Hampshire's coastal
waters and estuarine systems is the focus for a group of dedicated volunteers.

Since 1990, these volunteers have been playing an increasingly important roie through monitoring and education
projects, Working within the UNH Cooperative Extension/Sea Grant Program and originally calied the Great Bay
Watch, these volunteers monitor parameters at a number of sites and contribute their data to a database at the
University's Jackson Estuarine Laboratory. Over time, the organization evolved into the Great Bay Coast Watch,

Today, over 100 volunteers monitor a wide range of parameters, induding fecal coiiform levels and the presence of
harmful algal bloom at over 30 sites in the estuary and along the New Hampshire coast. In addition to building the
important database, the monitors' findings help local communities and state agencies make decisions in matters
concerning the health of both the region's citizens and its environment.

Through its activities, the GBCW seeks to achieve three goais:

~ to monitor the chemical, physical, and biological systems of the New
Hampshire coast and the Great Bay Estuary.

~ to educate residents of New Hampshire's coastal and estuarine
communities about the health status and protection of these natural
resources.

to develop a management structure that engages volunteers in all
aspects of the Great Bay Coast Watch and continuously improves the
quality of the monitoring and education projects.

GBCW is always looking for area residents interested in joining its monitoring
teams. New volunteers are trained at workshops led by stafF, technical
advisors, and Watch members. They then participate in one or more aspects
of the monitoring program:

monitoring water quality
taking shoreline surveys
doing community outreach
checking for harmful algal blooms

If you would like to volunteer and want more information before making a commitment, please contact Ann Reid,
Great Bay Coast Watch coordinator, at 603-749-1565,

In the beginning, federal grant funds helped to establish and expand GBCW. The availability of these funds has
decreased and the Watch is working to develop a broad base of support by building partnerships with state and local
agencies and organizabons that appreciate the importance of the organization's efForts, tt addition, the Watch ts
seeking to raise $10,000 from local businesses and individuals who care about the health of the Great Bay Estuary
and the New Hampshire coast.

Visit Our 8'eb Site ar http/lwww gbcw.utlh.edu
The University of view Hampshire Cooperative Extension is an equal opportunity educator and employer.

University of New Hampshire, U.S, Department of Agriculture and N H. counties coopenting. 3/00
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I%TROD UC TIDE

For years, some of us have known the Great Bay Estuary as a place of great beauty and abundant
resources. Researchers &om the University of New Hampshire and elsewhere utilize it as a
"living laboratory." It is an exciting outdoor classroom for University of New Hampshire
oceanography and biology classes, and most recently, it is an essential part of the Math and
Marine Science  M Ec M! program for high school students. It is being discovered by many who
want a "taste of the coast" without braving the crowds at the beach. Sportsmen wait eagerly for
the annual 5dl bird migrations. Now, people are building homes at a rapid rate along the
estuary's rivers and bays, increasing pressures on the already strained sewage treatment facilities
in the communities around the estuary. This year 50-55/o of Great Bay's clam and oyster beds
are off limits due to pollution. In &ct, Great Bay Estuary still has the third highest percentage of
area closed to shellfishing in New England, a rather dubious distinction.

Still, the estuary is one of the region's most pristine, and the Great Bay proper recently achieved
status as a National Estuarine Research Reserve. The reserve includes 4,471 acres of tidal waters
and mudflats and approximately 48 miles of shorehne. The water area includes all of Great Bay,
the small channel &om the Winnicut River and large ones &om the Squamscott and Lamprey
Rivers which meet in the center of the Bay to form a channel known as Furber Straits, which
connects to Little Bay at Ad ms Point. Also within the bound;uy are 800 acres of upland that
includes a wide range of environments including salt marshes, tidal creeks, islands, woodlands

1
and open Gelds.

The U.S. Department of Agriculture has designated portions of the Great Bay Estuary watershed
�63/00 acres! as a priority watershed area in the Nonpoint Source Mmagement Plan  in
accordance with section 319 of the Clean Water Act!. The selected project area encompasses a
little less than half the watershed in the Lamprey, Exeter and Oyster River/Great Bay hydrologic

2
ullIts.

The Great Bay Coast Watch  GBCW!, a pilot citizen water monitoring program sponsored by
Sea Grant Extension through a grant &om the National Oceanic Atmospheric Administration
 NOAA!, has been formed. The dual purposes of the GBCW are to extend and augment
monitoring efforts already underway in the estuary by the University of New Hampshire's
Jackson Estuarine Laboratory staff; and to involve interested people in an action-oriented
educational program. The data that the group collects is being made available to researchers,
town and regional planners, state and local government agencies, and other interested parties.



WHY MOMTOR?

Ecological monitoring can be defined as repetitive measurements or observations recorded over
time for determining a condition or tracking change. A number of scientific studies point to the
necessity of doing long-term ecological monitoring before drawing conclusions as to the cause
and effect of observed changes. Changes are often gradual and subtle. The question is whether
they represent trends. For example, is the apparent sea level rise due to warming of earth' s
atmosphere or just a natural fluctuation? In general, these studies have shown that:

l. complex ecological systems require long-term observation and study for
understanding;

2. a sequence of only two to three years of data can be very misleading about the
direction of environmental quality;

3. 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
and a century for soil.

While those involved in citizen monitoring efforts are usuaHy not trained scientists, they can,
with relatively little training and simple equipment, coHect information that will contnbute to an
ecological study of the site they are investigating. When the data collected at the Great Bay
Coast Watch sites are put together, they will become part of the ecological picture of the Great
Bay Estuary.



General

i Weather

o Rai&sll

~ Rain pH

At Shoreline

Have a specific problem.
 Determine cause and
decide whether regulation
or enforcement is needed.!

Land Use

~ Erosion

~ Sedimentation

~ Wetlands

~ Boating  marinas!
~ Animals and Plants

Physical Characteristics
~ Temperature
~ pH
~ Turbidity
~ Salinity
~ Color

~ Tides

~ Discharge Color

WHY MONITOR?

DECIDE WHAT TO MONITOR

Living Resources
~ Submerged Aquatic Vegetation
~ Fish Catch Statistics

~ Fish Kills

~ Shellfish Harvests

~ Shellfish Health

~ Plankton

~ Bacteria

WATER QUALITY

WHERE TO MONITOR

 Site Location!

Near-shore Waters

Need or want info on current

status and future trends.

Constituents

~ Dissolved Oxygen
~ Nutrients

~ Collect Samples for
Lab Analysis

- Coliform Bacteria

- Chlorophyll
- Toxms

- Others

Middle of Stream/River



General Precautions:

Read au instructions to familiarize yourself with the test procedure before you begin. Note any
precautions in the ~ctions.

FOR YOUR SAFETY AND GOOD DATA RECORDING WORK WITH AT LEAST
ONE PARTNER.

Keep all equipment and reagent chemicals out of the reach of small children and animals.
I

NOTE THAT SOME OF THE REAGENTS ARK CAUSTIC.

In case of an accident or susl~ted poisoning, immediately call 1-800-562-8236, the Poison
Control Center - New Hampshire. If a reagent should get into your eye or on your skin, irrigate
the area immediately with 6esh water. We have the details on the reagents we are using. See
Appendix VI, Material Safety Data Sheets. Call Ann �49-3880! or Sharon �59-5441! at home
or at once �49-1565!.

PROTECT YOURSELF AND YOUR K UIPMENT: Use ro er an cal techni ne.

l. Avoid contact between reagent chemicals and skin, eyes, nose, mouth.

2. Wear safety goggles or ghsses when handlmg the reagents.

3. Use stoppers, not your 6ngers, to cover the bottles during shaking or mixing.

4. Rinse and wipe up any reagent chemical spills, liquid or powder as they occur.

5. Thoroughly rinse jars and bottles before and after each use. Dry your hands and the outside
of the bottles.

6. Avoid prolonged exposure of equipment and reagents to direct sunlight. Keep reagents in a
dark location, protected 6om extremes in temperatures.

WASH KVKRYTHING THAT WAS IN CONTACT WITH CHEMICALS OR SALT
WATER AFTER KVKRY TEST. DRY EVERYTHING THOROUGHLY INCLUDING
THE INSIDE OF THE BUCKET.





EQUIPMENT LIST Site ¹

TEMPERATURE

Air thermometer with string
Armored  water! thermometer ¹

Site Name Tool Box ¹

SALINITY

Hydrometer with case and stopper ¹
Hydrometer jar  plastic 500ml cylinder!

 inside paper on hydrometer stem!

pH
pH meter ¹
Small brown bottles with caps
Small bottle for extra buffer

 count!

DISSOLVED OXYGKN

Graduated burette �!
Glass rods �!
BOD bottle  glass! and stopper �!
100ml graduated cylinder
Plastic beaker

1 box manganese suite pillows
1 box iodide-azide pillows
1 box sulfamic acid pillows
1 bottle starch solution
1 bottle of sodium thiosulfate
1 scissors

2 glass marbles

FECAL COLIFORM

Collecting tongs
Whirlpak bags  sterilized!  count!
Permanent marker
Ice pack
Cooler container for samples

SAFETY ITEMS

Container with sticker/emergency numbers
Band-Aids and antiseptic
Plastic container for tap water  for eyewash,
Protective glasses

Count

Count

Count

pH test and clean-up!

MATER TRANSPARENCY

Secchi disk with tneasure line attached

NAME  Please print!

SIGNATURE

DATE

revised 2/20/2002

hQSCELLANKOUS

Clipboard with ¹2 pencil attached
Waste container � gallon plastic detergent container!
Clean cloth for drying equipment
GBCW manual and data sheets

Water sample collection container with rope, tubing, clamp and spigot attached



SAFETY KQUIPMKNT

CONTAHVKR  with sticker and
emergency numbers!

PLASTIC WATER CONTAINER

 for eyewash, pH test and clean-np!

B~D-AIDS dk,

ANTISEPTIC,'

PROTECTIVE

GLASSES



MISCELLANEOUS EQUIPMENT

CLEAN CLOTH  for drying equipment!

CLIPBOARD  with No. 2 pencil attached! SAMPLING BUCKET

WASTE CONTAINER



SAMPLING PROCEDURE SUMMARY

Procedure at the water's ed e:

Brmg instruction manual.

Fill out data sheet heading completely.

Put air thermometer in place.  We suggest hanging it in a nearby bush out of the sun.!
Record temperature after 3-5 minutes.

3.

Do Secchi disk readings. Record.

Take water depth measurement. Record.

Take water sample with bucket.

immediately immerse armored thermometer to measure water temperature. Read after 3-5
minutes � no later. Record.

While you are waiting for the temperature reading, draw ofF water for dissolved oxygen test
into your BOD bottle. Do steps 1-4 of the D.O procedure

Take sample of water in sterile bag for coliform test and place in cooler.

Procedure in laborato: {These may be done at water's edge or site lab.!

10. Determine pH.  Remember to first discard tap water, sample ~er, and old bufFer.!

11. Fill hydrometer jar and immerse both the arrxered thermometer and the hydrometer in the jar.
Read the thermometer after 3-5 minutes. Record. Then read the hydrometer. Record.

12. Determine salinity, using the tables in your book.

13. Complete the dissolved oxygen protocol steps 5-12  titration!.

14. WASH EVERYTHING THAT WAS IN CONTACT WITH CHEMICALS OR SALT
WATKR AFTER EVERY TEST. Dry everything thoroughly, includmg the inside of the
bucket. This will help maintain the life of the equipment.

16. Complete entries for the Cumulative Data Sheet  page 10! and Time 4, Mileage Sheet  page
11!.

17. Bring water sample for coliform testing  before 6 p.m.! to Kingman Farm, phone 8749-1565.

15. Complete data sheet: Weather, Water, Activity, and, VERY IMPORTANT, Observation
Narrative. Write in time spent and have data sheet signed by a member of the site team
who has successfully completed a QAQC session. This stature is VERY
IMPORTANT as it validates the sampling data.



1.001 5

05
1.0055

1.0095

1.0105

1.0115

1.01 25

1,01 35

1.0145
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1.01 55

1.01 65

1,0175

1.0185

25

  over !
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GREAT BAY COAST WATCH FIELD DATA SHEET



RippleWater: Calm WhitecapsWaves

Weather: Clear Partly Cloudy Overcast Fog/Haze
Showers Downpour Snow Other

Activities: Fishing Oystering
Other

HuntingBoating

Time Estimates:

DateSignature
 QA/QC Qualified!

GREAT BAY COAST WATCH FIELD DATA SHEET
Please describe the conditions at your site today:



4/29 5/28 6/25 7/25 8/26 9/23 10M 11/6Sample Date
Air Temperature  'C!

Tide

High
Water Temperature   C! Low

High
Water Transparency  cm! Low'

High
Water Depth  cm!

pH

High
Sahnity  ppt!

Dissolved Oxygen  mg/l! Low
High

Percent Saturation

Samplers Names

Fecal Cohform

Water

Activities

Additional Observation Narrative b Date

4/29/02

5/28/02

6/25/02

7/25/02

8/26/02

9/23/02

10/22/02

11/6/02

 revised 2/20/02!

GREAT BAY COAST WATCH CUMUI ATIVK DATA SHEET FOR 2002
Site Name: Site Number:



TIME AND MILEAGE SHEET FOR 2002

NAME:

PHONE:

DATE TASK

Signature: revised 2/20/02
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Discussion

Although temperature is one of the easiest measurements to perform, it is one of the most
important parameters to be considered. It dramatically affects the rates of chemical and
biochemical reactions within the water. Many biological, physical, and chemical principles are
temperature dependent. Among the most common of these are the solubility of compounds in
sea water, distribution and abundance of organisms living in the estuary, rates of chemical
reactions, density, inversions and mixing, and current movements. Because the Great Bay and
its tributaries are so shallow, their capacity to store heat over time is relatively smaH. As a result,
water temperature fluctuates considerably.

The temperatures of surface and subsurface water usuaHy differ. Kith increase in depth, the
water generaUy becomes colder. This results in thermal stratification of deeper water and can
lead to density di6erences. Vertical temperature profiles are fairly predictable. During the
spring and summer months, the sudace waters are warmer than the deeper waters, due to the
warmth of the sun. In the fail, the warming radiation of the sun begins to diminish. As the
surface water cools, it increases in density, becoming heavier. Once the surfhce water becomes
colder and denser than the waters toward the bottom, it begins to sink and vertical mixing occurs.
%'ind and tide may speed up the process. This mixing action can bring nutrients up &om the
bottom into higher water where more plants and organisms may use it to their advantage. During
the winter, the water temperature becomes relatively constant kom surface to bottom until
March, when the process of surface warming begins again.

Temperature is to reported on the field data sheet in degrees Celsius. You can make conversions
either way using the foHowing formulas:

Fahrenheit to Centigrade:

Su~ 32 degrees from Fahrenheit temperature; divide by 9; multiply by 5.

Centigrade to Fahrenheit:

Divide Centigrade temperature by 5; multiply by 9; add 32.

13



R uired E ui ment:

~ Armored thermometer  for water!~ Air thermometer WATER THERMOMETER
 ARMORED!

Tem erature Procedure:

1. Check thermometers for continuous Guid - no breaks.

2. Hang the air thermometer in a nearby bush, out of the sun.

3. Rinse sampling bucket twice by filling it halfway and disposing of contents in an area away
from the sampling spot. Let water flow through the tube and then clamp tube shut.

4. Take water sample with bucket at a depth of one to two feet, hang armored thermometer in
bucket, and record reading after 3-5 minutes,

5. Record air temperature making sure to use Celsius scale. Convert from Fahrenheit if
necessary.





WATER TRANSPARENCY  SECCHI DISK!

Discussion

Transparency of water is a quick and easy measurement that integrates many important features
of an aquatic system. Algae, microscopic aniznals, eroded soil, and resuspended bottom sediment
contained in the water column interfere with light penetration and lessen the transparency of the
water. ln late spring and early fall, ttmsparency is usuaUy less because of plankton and algal
blooms, and in the early spring, the water may become more turbid with silt being carried into
the estuary with spring run-ofK Since the sunlight is the basic energy source for all life, the
degree of water transparency of the water has an important effect.

Transparency afFects Gsh and other aquatic life by:

1. limiting photosynthetic processes and increasing respiration, oxygen use and the amount of
carbon dioxide produced.

2. cloggmg of fish gills by suspended particles.

3. obscuring vision of fish and shellfish as they hunt food.

Water color indicates transparency, to a degree, and it is useful to record its color.

O'ECCH I DISK 7'RANSPARENCY

Svnlzaht Penet~tian
+

~PCt ii i ]&A'5

plankton aeT'is
Cl~ if' iUS

S:~TTER.l N &

p>=r.ktan piarnerzta
dC ssa r vs 5 col c~

A,BSQR.P' T ION

ater CZawtg
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R uired E ui men '

~ Secchi disk, with line marked every 6ve centimeters.

Water Trans area Procedure:

d t the same spot each tame. Do tests du g y 'rin da ' ht hours.Note: Take these rea Ings a e s

A. Water Transparency- into the water  in the shade of your body as you stand with your back
h

pp Bve centimeters. Also recor e a
[If the disk is resting on the bottom and is still visible, recor ep o
average value.]

B. Water Depth�

our back' disk into the water  in the shade of you body as you stand with your bac
to the sun! until you feel or see the Secchi disk t om.
slack.! Record the water depth to the closest 5 centimeters.



HOW TO RZ m THE SECCHI Dm.

1h6%TAVi".=

-icasc ssazz cssaaaaZ 6mn asc sate~
aF sbc Beech cRt. Fzea zi2c sacjhx
azs a2 M 12LUE Hae is 10 ca

Each ~ Snc xegecscass 5 ca2 caca,

~ yea have 22asaa P. 10 SLUE Bsm
yaa ba2sc zeacne8 2bc 1 bKTZB. i222c
 sbis is mprcscascd by 2 ~ ~

2DO ces = 2 seesess  s sesss 2 BLACK Esses!
193 an

190 an

180 an

185 an

175 au

170 cm
165 an

160 cm
155 an

150 czn
145

140 cm
135 cm

123 sse3�
115 an&

100 cm = 1 meter  shams 2 BLACK Hnes!

85 an

65 an

10 an

35 czn

25 an
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= This is zhe ~ ~ hne ~ 15 cm
ftozn the ~ac» of DISK

90 an

80 cm

70 czn

60 an

Tne first BLDG line yoz see

trozn the ~ce of DIKk



pH

Discussion

pH is the measure of alkalinity/acidity. The pH scale runs &om zero to fourteen, acidic to basic,
with 7.0 being neutral. The scale is logarithmic, which means that for each increase of one on
the pH scale, pH increases by a Gator of ten. At a pH of 4.0 there are ten times as many
hydrogen ions as there are at a pH of 5.0, and so on. The pH of ocean water is slightly basic,
usually at 8.0 to 8.4. In estuaries, the pH varies more, usually &om 7.0 to 8.6, but can vary even
more widely at times of extreme influx of &esh water or a high degree of biologic activity.
Water dissolves the mineral substances it contacts, picks up aerosols and dust &om the air,
receives wastes, and supports photosynthetic organisms, all of which affect pH. Water has a
buffering capacity, which helps it resist pH change, but some change does occur. Generally,
aquatic life can exist between pH of 9.0 and 5.0.

R uired K ui ment:

~ pH pocket meter
~ pH 7.0 buffer solution
' ~ Tap water
~ Six bottles and tray.



I!8 P

NOTE: BE SURE TO IM1VfKRSE THE PROBE IN TAP WATER TO THK BLACK
LINK FOR AN HOUR BEFORE SAMPLING. BK SURE TO SEE IF pH METER IS
FUNCTIONING.

A. Sample Collection�

l. Obtain a sample of estuarine water &om your sampling bucket and pour into bottles marked
"rinse sample" and "test sample."

B. Cahbration and Measurement of pH�

Note:  pH is temperature dependent. Calibration liquid must be near your sample temperature
or vise-versa.! If your meter does not calibrate, check the batteries. Change them if necessary
and attempt calibration again. If it still does not calibrate correctly, the solution could be weak,
or something else could be wrong. Do not take the reading -- bring the meter to the office. �49-
1565!

l. Fill two small brown bottles labeled "rinse tap" and "test tap" and fill with tap water.

2. Check two small bottles of pH 7 buffer � bottle marked "rinse buffer" should contain the
older, used buffer and bottle marked "test buffer" should contain the kesher, newer buffer.

3. Remove protector cap from pH probe.

Cantion'f In the following steps, Only immerse pH meter to black Ine and keep meter in
dry area of the kit.

4. Turn on meter  Press on/off button!.

5. Rinse probe in bottles marked "rinse tap" and "test tap" by stirring gently. No need to take
pH readings.

6. Rinse probe in small bottle of buffer solution marked "rinse pH 7", then immerse in "test pH
7." Press the "caV' button to enter calibration mode  you will see CA in window!. Stir
gently and wait for the displayed value to stabilize. Press "hold/con"  you will see CO in
window! to complete calibration.

7. Rinse the probe in tap water, first the rinse tap" then the "test tap". Do not record any
numbers.

8. Rinse probe in small bottle of "rinse sample," then immerse in "test sample". Stir once and
allow reading to stabilize.  ATC will correct for temperature changes.!

19



Caution: Daring demup be sure that you do not immerse the electrode on the pH meter
above the black line.

1. Rinse probe again in two tap bottles, shake ofF excess water, replace cap. Rinse sample
bottles and tap water bottles in fresh water and dry. Old bufFer can be disposed of by
pouring down any drain or into waste container. Store meter in toolbox near bottles and in a
dry section.

2. Note: At the end of' the sampling day, throw out the rinse bufFer, wash, dry the "rinse
burr" bottle, and wash the cap. Pour the used test bufFer into the "rinse bufFer" bottle.
Wash "test bufFer" bottle and 611 with new test bufFer solution from extra bufFer solution
bottle before next sampling day.

pH Scale Showing the pH of Some Common Substances

Very alkaline
Household lye

Bleach

Egg yolk

Orange juice

Pickle processing

Very acidic Battery acid

20

9. Read pH in the display window.

10. Press on/off button to shut ofF pH meter.

C. Cleanup-

Egg whites
Salt water aquarium

Swimming pool water
Fresh water aquarium

Brewing beer
Pure rain

Food processing
Beer

Baking Soda
Sea water

Blood

Distilled water

Milk





Discussioa

Salinity is total amount of dissolved solids ia the water and is made up of all known elements.
The salinity of the open ocean is approximately 35 parts per thousand  ppt} but in the Gulf of
Maine, salinity is slightly lower at about 32 or 33 ppt due to river influx d - ff: I th

t ay stuary, seven rivers bring mesh water into embayment, and during the spring run-oK,
levels of salinity have been recorded as low as 0 ppt. Salinity may also range hi h 30range as 'g as ppt
o erance of wide-ranging aad sometimes rapidly changing salinity determine than' es, more aay

o er sing e actor, which species of plants and animals can survive in an estuary. Although
salinity levels are higher at the mouth of the Piscataqua River, and generally become
progressively lower as we move into the Great Bay proper, winds and tides cause Little Bay and
Great Bay to be we11-mixed. Mixing also occurs top to bottom, bleadiag the warmer, fresher
water that tends to float on top with the cooler, more dense salt water brought in by the tides.

Temperature in the Great Bay estuary has a marked pattern of seasonal variation Rom a winter
low of -1.9 degrees Celsius to 28-30 degrees C' in the summer. Great Bay itself is quite shallow,
averaging about 8 feet, wbich allows for rapid warming aad cooling as the seasons chaage.
From 1973 to 1982, time series analyses of hydrographic trends in the estuary by UNH Professor
Ted Loder and others showed that water temperature decreased 0.17 degrees C. per year while

ty rose  at Dover Point! 0.34 ppt per year. These trends to colder, saltier water may indicate
either local river-flow changes or regional trends affecting the Gulf of Maine.

There are several ways of determining salinity, most of them requiring the use of expensive
equipment. However, we will use a hydrometer, an instrument which measures the density of a
fluid by making use of Archimedes' Principle. This principle states that "a floating body will

h dr
displace a volume of water, the mass of which is equal to its owa mass." Th f
y ometer is fixed so that it floats in pure, distiHed water at 1.00 grams per cubic centimeter.

Salinity is also related to temperature of the water, which we wiH measure. Then we will use
conversion tables to relate the density and temperature amLsurements, and extrapolate our
salinity reading in parts per thousand.



~R' d

~ Armored thermometer

~ Hydrometer~ Hydrometer jar �00 ml cylinder! HXDRO~ZZR
J~

�00 xal CyBxuier!

WATER THERMOMETER
 ARM ORKD!

l. Using water &om the bucket, 511 the 500 ml cylinder 3/4 full.

2. Hang the arxrered thermometer in the jar.

3. Immediately insert the hydrometer carefuBy with a twisting
motion.  This removes any air bubbles.! Don't just drop the
hygrometer into the jar because it might hit the bottom of the
jar too hard and break.
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4. Level the cy1inder so hydrometer is vertica1 and not touching the sides.  Try to keep it out of
the wind.!

5. After 3-5 minutes, read the thermometer to the nearest 0.5 degrees C. and record.

6. Remove the thermometer.

7. Read the density using the scale on the
hydrometer, taking care to read at the
bottom of the curve formed where the water
rises slightly as it touches the sides of the
hydrometer.  A magnifying glass may be
he}pfui.! This curve is called the meniscus.
On your data sheet, show where the
meniscus is by marking the "READING
THE HYDROMETER" dial~ Record
your density reading on your data sheet.

8. To determine the salinity, use Table 1, the
five-page salinity table  see pp.25-29!.
Salinity is in parts per thousand  ppt!.
Locate the density in the Ie8 hand column
and the recorded temperature across the top
of the appropriate page. Then, read down to
the appropriate salinity and record the result.

SSSSSL SsSsSSSI Ised
ddssses sr'~

sssse ss es
lsXd ls ls
SXSS Sl SS
sssss ik 4s
sxeI sl ssNOTE: If you find the density or

temperature reading to be a value ending in
five �!, you will need to interpolate the
result on the table. This is done by taking
the average of the points above and below
the value. For example, if the density
reading from the hygrometer is 1.0135, you
would take the values for 1.0140 and 1.0130
and average them to get the salinity value.

SSSXI
ssxe La
SSSX SS SS
SXSS SSS SSS 11S

sss
g5

Sle

W SSS
SSSS
1SXS K: SS 'SRS

XLS
Sle

SSS
SSS

PSK7
111

S1J BRA SSSSie
ssS
SSSiSSSI %$ Xt

sst
SSS SSSSt dl'

9. Record the number of your hydrometer on
the data sheet. It is found near the neck on
white paper inside the stem

23



SALINITY TABLE 1  Temperahms -1.0 - 8.0 'C!

sa5aity Ra ~~I per thousand  pe!
'rhis table is designed 5z nse ssith SF/60 F hydmme~.

of %&a in Gradual Qyhndeq  -Q

20 30-1.0 4.0 60 7.0 80

0.6 06

19 19

32 3.1

4.4 42

SA 59
6.6

7.9

92

10A

30.8

32 1
334
347

359

365

37. I

365
37.8

369

377

1.0300

1 0310

36.7

378
36.9
38Z

367

38.0

36.8
38.1

37M

385

373

38.6

37 1

38 4 24

Observed

Rc."~o

I 0000

1 0010

1.0020
1.0030

1 0040

1 0050

1.0060

I 0070

I 0080

1.0090

I 0100

1.0110

1.0120

1 0130

1 0140

1.0150

1.0160

1.0170

1 0180

1 0190

1.0200

10210

10220
1 0230

1 0240

1.0250

1.0260
1.0270
1 0280

1.0290

57

6.8

83

93

105

11.8

13.0

148

15.4

16.7

17.9

192,
204

21.7

229

24'

25&

26.6
27.8
29.1

300

316
328
341

35Z

55

6$

8.0

92

105

11.7

13.0

14.1

15.4

16.6

17.9

191

20.4

217

22.9

242

253

26.6
27.8

291

309

31.6
32.8

341
35Z

05

18

4Z

SA

6.7

7.9

9Z

M.4

11.7

12.8

14.1

154
16.6

17.9

19.1

20.4

2l 6

2%9

24.0

256

266
27.8

29.1

306

31.6
329
34.I
354

05
1.6
2.9

4.1

SA

6.6

7.9

92

10A

11.7

128

14.1

154

166

179

19.1

20A

21.6

229

24'

259

266
27.8

291

3GA

316
3~9

341
35A

02

1.6

2.8

41

66

79

9Z

11.7

128

14.1

15.4

16.6

17.9

191

20.4

21.7

22.9

242.

255

26.6
27.9

291

30.4

31.7

329
342,

355

02

1.6

2.8

41

53

6.6

7.9

92

10.4

11.7

128

14.1

15A

16.6

17.9

192

20.4

21.7

230

242

255

268
27.9

29Z

30.6

31.7

330

343

355

OZ

15

28

41

117

13.0

141

1SA

16.7

179

19'

205

217

23.0

24'

25.6

26.8
281

29.4

306

319
332
345

35.6

OZ

ld

2.8

4.1

SA

6.6

7.9

9Z

10$

117

13.0

146

154

16.7

18.0

192

20D

21.8

23 l

240

256

269
ZSZ

296

307

320

333
345
35.8

OZ

1.6
28

41

SA

6.7

7.9

9Z

10$

11.8

13.1

149

15.6

16.9

180

192

20.6

220

23'

24.4

257

27.0

28&

295

OZ

16

2.9

42

5.4

6.7

8.0

99

106

118

13.1

144

157

17.0

180

195

20.8

22.1

23A

24.6

25.9

27'
285

298

30$
. 322

335
348
36Z



SALINITY TABLE 1  TemperatLues 9.0 - 18.0 'C!

%Ale I.

ÃOTF

Sallmity ia ~s per thoamnd.  ppt!
This table is design for me w9h 60 /60 2 hydrometer.

of Water in Graduah& Hnder  "C!

9.0 10.0 11.0 120 I30 14 0 15.0 160 I70

S.8 6.?

8.0

93

10.6

11.9

?.1

9.7

11.0

I32

145

15.8

171

186

19.9

212

23.8

25.1

26."

27.7

290
303

316

32.9

342

355

36.8
38.1

1.0300

1.0310
37.6

389
381

35I.4
377

39=0

380

393

384

39.7
38.6

399

394

407

39.7

410

38.9

402.

39.1

405

Observed

$~~o

1.0000

1.0010
I 0020

1.0030

I 0040

I.%50

1.0060

1.0070

1.0080

1.0090

1 0100

1.0110

I 0120

1.0130

1.0140

1.0150

1.0160

I 0170

1.0180

1 0190

1 0200

1.0210

1.0220
1.0230

1 0240

I.mm
1.0260

1.0270

1.0280

I 0290

05

I6

2.9

55

6$
8.1

99

10.6

119

130

145

158

170

183
196
20.9

222

235

24.7

260

273
28.6

29.9

311
32.4

337

35.0

362

05

1.8

3;I

4A

55

6.8

8.1

9.4
I07

120

13.4

147

158

17.1

18A

19.7

210

223

236

248

26.1

27A
287

300

3ID

326

339

35.1
364

0.6

15

32

45

57

?0

89

96

10.9

122

135

14.8

16.0

172

186

19.9

210

225

23.8

25.1

26.4

27 I
28.9

300

315

328

34.1

35.4

367

0.6

2.0

33

46

123

13.6

14.9

162

1?5

188
20.1

213
'7~ 6

2.9

252

265

27.8
29.1

30A

31.7

33.0
349
356

368

07

2.I

3A

48

59

7Z
8$
9.8

111

12A

137

15.0

162

l77

190
203
21.6

22.9

24'

255

268

28.1
29A

30.6

31$
332
345

35$

371

0.8

23

36

4.9

62

75

88
100

126

139

150

165

17.8

19.1
20A

217

23.0

249

256

26.9

282
295

308

321
33A

347

36.0

379

1.0

2A

3.7

5.0

63
7.6

89

le

115

128

14.1

15A

16.7

180

193
20.6

22.0

233

24.6

25.9

272

285
29.8

311

324
337

35.0

363
37.6

00

10

25

38

51

6.6

7.9

9Z

105

118

13 I

14A

157
170

I89

19.6
205'

235

24.8

261

27.4

28.7
30.0

312

326

339

35'

365

37$

02

15

2.8

4.1

5A

OD

1.6

2.9

4.2

55

70

8.3

96

10.9

122

135

148

16.1

17A

187

200

219
'7'7 7

24.0

259

266

27.9

292
306

31.9

332
345

358

371

3SA



SALINITY TABLE I  Temperatures 18.S - 23.0 'C!

g~ per thous& {ppt!
This table is designed far Use mph 60 /60 F hydrometm-

of Water m Graduated Cylinder   C!

.20520.0 21.0 230

0.0 0.1

1.0

29

8.8 .
101
11.-'.

127

11.1

12.4

27.9

29'
307

320
332

33.9

35Z
- 365

97.8
39.1

- 34.6

35.9

37'
385
399

1-0300
1 0310

399 40.1

41 4

40Z

4IQ
406
41.9

407

42 0

40.8

42 1 26

Observed

Reading

0.9990

I 0000

1.001.0
1.0020
1.0030
I 0040

I 0050

1.0060

1.0070

I 0080

1.0090

I 0100

1.0110
1.0120

1.0130

I 0140

1.0150
1.0160-
I 0170

1.0180

1.0190

I 0200

1.0210
I 0220

I 0230
I 0240

I 0250

1.0260

1 0270
I 0280
1 0290

05

1.8

3.1
44

5.7

7.1

84

97

110

123

13.6

149

16m

175

18$

20.1

21 4

22.9

24'

255

25.8

28.1
294

307

320

333

34.6

359
3jz
38.6

0.6

I;9

3Z

5.8

71

85

9.8

137

15.0

169

177

19.0

2GA

217

23.0
. 242

25.6

26.9

282
295

308
321

33A

347

36Z
375
38.8

0.7

2.0

33

4.6

5.9

ja

8.7

10.0

EID

12.6

13.9

ISZ

165

178

19.1

205

21 8

23.1

24.4

257

27.0

286
296

309

3M

337

35.0

36Q

37.6
389

0,8
2.1
3d

d8

6.E

14.0

153

16.6

I7.9
19 3

20.6
~JQ

233

246

25.9

2J2

285
298

312
32~

33.8

3S.E

36A
Dl.i

39.0

36

49

62

75

8.9

102

115

128

141

15A

16.7

18.0

195

20.8
22.1

23.4

247

260

279

286
300

31&
32.6

1.1

24

3.7

50

69

76

9.1

IOA

11.7

130

I46

15.6

17.0

I82

196

209
22'

235
248

261

274

28.9
- 3DZ

315
32 8

341

35A

367

381
394

12

25

3.8

5.1

6A

77

92,

105

11.8

131

14.4

15.7

17.1

ISA

19.7

21.0

223

23.6

24.9

264

277

290
309

31.6
32.9

340

356

369
382
39>

1.4

25
dQ

53

66

79

93

10.6

11.9

132

145

16.0

179

18.6

199

212,

238
250

265

278

29.1
3OA

3I 7
33m

345

358

37.1
384
39 7

27

5A

6.7

81

9A

107

120

13A

148

161

17.4

18. 7

20.0

219

22 I

24.0

252

26.6

1.6

2.8

55

70

89

96

109

122,

13.6

149

E6Z

175

188

201

21 6

229

24'

255

268

28Q

295
308

32 I
33 4

34.7

360

3I5
388
40.1



SALINITY TABK,E I  Temperatures 23.5 - 28 'C!

S~~iQ la p8zfE pet' thomalt8  ypt!
Mlc ls ~gyes f~ ~ ~ Q} Igj F Q~~~.

TetQ~~~ 0 f Watch h, Quad~

255 26 0245 25.0 265 27.0
0 998D
0 9990

0.6

1.9

01

IA0.7 08 1.0

99

107

120

IZA

14.7

97

11.0

12A

137

15.0

165

17.8

19.1

20.4

218

16.1

17A

18.7

20.0

214

23.1

24A

257

27'

285

227

240

259

26.8

281

298

311
32$

338

35.1

29A

307
320

33A

347

36A

37.7

39.1
405
41$

360

373

388
40.1

41A

1.0300

1 0310
41 6 41.8 419

Obs rved

ReacHng

1 060

1.0010

1 0020
1.0030

1.0040

1 K50

1 0060

1.0O7Ct
1 0080

1 0090

1 0100

1.0i lG

1.0120

1 0130

1 0140

1 0150

1 0160

1 0170

1 0180

1 0190

1 0200

1.0210
1 0220

1.0230

1.0240

1.0250

1.0260

1.0270

1.0280
1.0290

18

29

4A

5$

7.1

84

9.7

1 1.0

124

13.7

15.0

160

17.7

19.1.

20A

21.7

230

249

25.6

27.0

289

296
30.9
322

33.7

35.0
36Q

37.6

38.9
402.

19

3.1

4.6
5.9

72,

85

9.8

119

12.6

13.9

152

165
17.9

192

205

21.8

233

24.6

25.9

270

285

29.8
310

325

33.8

35.1

364

37.8

39.1
405

2.0

32

4.8

6.1

7A

8.7

101

114

127

14.0

153

16.7

18.0

193

20.6

22.0

23A

24.7

260

272

286

30.0
313

32.6

33.9

35Z
36.7

38.0

393
40.6

21

3A

4.9

62

75

89
102,

115

12.8

14.1

156

16.9

182

?95

20.9

222

235

24.8

26.1

27.6

28.9

302
315

32.8
342

35$

36.8

38.1
39.4

40.8

2.4

3.6

5.0

63

7.7

91

10.4

11.7

f.3.0
3.4 4

15.7

17.0

183

197

21.0

229

23 {j

25.1

26.4

27.7

29.0

303
317
330
34'

356

36'
38A

397
41.0

3.8

51

66

79

92

105

11.9

132

145

15.8

179

18.6

19.9

212

23.9

252

265

278

292

306
31.9

332

345

358

372

385

398

412

27

40

5A

6.7

8.0

29

42

55

68

83

9.6

109

122

136

149

162

17$

190

203

21.6

229

243

25.6

269

282

29.6

309
32 r

335

350

363
37.6

389
402,

41.6

3.1

4A

57

71

84

3'7

45

5.9

72

85

10.0

f13

12.6

13$

153

166

17$
193.

206

220

239

24.7

26.0

279

28.6

30.0

313
3? 6

33.9
35A

36.7

38.0

399
407





DISSOLVED OXYGEN

Discussion

Dissolved oxygen  DO! is one of the most important indicators of the quality of water for aquatic
life. It is essential for all plants and animals inhabiting the Bay. When oxygen levels in the
water &11 below about 3-5 parts per million  ppm!, fish and many other aquatic organisms cannot
survive. Oxygen is a particularly sensitive constituent because chemicals present in the water,
biological processes, and temperature exert a major inhuence on its availability during the year.

A DO test  using kit or meter! measures how much oxygen is dissolved in the water, but it does
not tell your how much dissolved oxygen the water is capable of holding at the temperature at
which it was tested. When water holds all the DO it can hold at a given temperature, it is said to
be 100 percent saturated with oxygen. The warmer the water is, the less DO it can hold, and the
colder the water, the more DO it can hold. Table 2 shows this relationship at various
temperatures.

Oxygen is transferred 6om the atmosphere into the surface waters by the aerating action of the
wind. It is also added at or near the surfhce as a byproduct of plant photosynthesis. As a result,
floating and rooted aquatic plants increase DO levels. Since the existence of plants also depends
on the availability of light, the oxygen-producing processes occur only near the surface or in
shallow waters. Oxygen levels may be reduced because the water is too warm  e.g., near a
power plant! or because there are too many bacteria or aquatic organisms in the area. When
algae growth is excessive, as in a "bloom," the upper levels of algae can shade the light to lower
levels, causing 6sh kills, death of other organisms, and bad smells. Also, at night all
photosynthesis stops and the algae respire  Le., breathe!. This uses up available oxygen supplies
and the algae can suffocate, die, and decay.

While the overaH oxygen content in the water is important in assessing the health of a water
body, it is also useful to look at DO in terms of "percent saturation." Percent saturation is the
ratio of oxygen concentration that is in the water compared to the oxygen concentration that
could be in the water, at a given temperature and salinity. One might expect that the highest
obtainable percent saturation value to be 100 percent; however, "supersaturation"  ie., values
greater than 100 percent! can occur under certain conditions. Very high concentrations of oxygen
are possible in areas with a great deal of aquatic vegetation  i.e., oxygen production through
photosynthesis!, or in areas with strong wind and wave action  i.e., addition of oxygen through
"entrainment" of atmospheric oxygen into the water!.



Table 2: Solubility of Dissolved Oxygen in Fresh Water  at ll}0 lo Saturation!

*100'/o saturation

As shown above in Table 2, the amount of dissolved oxygen in the water varies greatly. It
depends not only upon temperature, but on conditions such as photosynthesis, wind, light, algae
blooms�etc. Very low readings  under 4 ppm! should be rechecked. Very high readings above
those in Table 2 at a given temperature may indicate supersaturated levels of dissolved oxygen.
These should be rechecked too. If confirmed by a second reading, such supersaturated levels may
be indicated by high wind or very sunny conditions, combined with large amounts of live plant
material,
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DISSOLVED OXYGEN EQUIPMENT

Chemical PQ1oms

Pillow Cutter

100 zeal Gta.d.ttated

PM' Beaker

Graduated Buret

31



uired K ui ment:

2 graduated burettes
2 glass rods
2 glass marbles
2 BOD bottles  glass! and stoppers
1 100 ml graduated cylinder
I box manganese sulfate pillows
1 box iodide-azide pillows
1 pair scissors or clippers
I bottle starch solution

I bag of sulfonic acid pillows
I bottle sodium thiosulfate

I plastic beaker

Dissolved 0 en Procedure:

Examine sample to make sure no bubbles are trapped inside. Once a satisfactory sample has
been collected, proceed to steps 3, 4, and 5.

2.

NOTE: Be careful not to introduce air into the sample while adding the reagents in
steps 3 and 4 below. Simply drop the reagents into the test sample, cap carefully, and
mix gently.

Cut open the manganese sulfate powder  piBow ¹1! and add to sample.3.

Cut open the alkaline iodide-azide powder  piHow ¹2! and add to sample.

Carefully add a small marble to the bottle before replacing the stopper. Replace stopper, twist
I/O turn to get a good seal, and place finger on top to hold it on bottle. Invert bottle gently
several times to mix reagents with water. A precipitate will form. Place sample aside and
allow precipitate to settle to bottom balf of bottle. Gently invert bottle to mix and allow to
settle again.

NOTE: Addition of the marble in step 5 has two bene5ts: First, "topping os the level
of the liquid in the bottle eliminates the air bubble that sometimes forms between the
liquid and the stopper. Second, the marble helps to mix in the powered reagents when
the bottle is shaken. The marble should be clean and should be added gently to prevent
the possibility of introducing air into the bottle.

32

Release clamp, empty the tubing of bubbles, and insert f1ow tube &om sample bucket into
bottle, aH the way to the bottom of bottle. Keep track of the amount of time it takes to 611 the
bottle to the point of overflow  counting as it fills will be fine!, and allow enough time for the
bottle to have filled three times. Remove the flow tube &om the BOD slowly before stopping
the flow of water.  This ensures the BOD is full to the brim.! Replace glass stopper if
carrying sample away &om water's edge to do the procedure.



ASer Snishing step 5, go on to your other tests while the sampling is settling. Now that step
5 is complete, contact between the water sample and the atmosphere will not affect the test
result. Once the sample has been "5xed" in this manner, it is not necessary to perform the
actual test procedure immediately. Thus, several samples can be coaected and "ixed" in
the Seld, and then carried back to a testing station or laboratory ~here the titration
procedure is to be performed.  Make certain samples are kept cool if titrating later.!

COMPI KTK STEPS 6-13 BKLO%' WITHIN 1 HOUR

6. Cut open the sulfamic acid  piaow ¹ 3! and add to mxyle. Replace stopper and invert gently
several times to mix until precipitate and chemical beads have dissolved. A clear yellow to
brown-orange color will develop, depending on the oxygen content of the sample.

P Oll& f6 ~t Ml ' 1 ~MI d . TRU I'd d
pour the sample carefuQy down the inside wall to avoid mixing bubbles into the sample.
Thea pour the sample &om the cylinder into the test beaker, again, carefully pouring down
the inside of the beaker.

8. FiH burette to above the zero mark with sodium Quosulfate titrant, and clear bubbles out of
burette.  Make sure liquid fills burette &om tip to the zero mark.! Refill to zero mark.

9. Add sodium thiosulfate titrant to sample slowly, stirring as titrant is added. Stop titrating
when yellow-brown solution in beaker begins to hghten to a light hay color.  White paper
under beaker is used to watch color change.!

10. Add 8 drops of starch solution to beaker. Sample will turn a dark blue color.

11. Now continue the titration process with the sodium thiosulfate remaining in the burette until
sample beaker becomes clear. Do not add any more titrant than is necessary to produce the
color change. Be sure to stir sample after each drop is added.

12. Using the scale on the side of the burette, count the total number of ml used in the titration.
Enter this number in the space provided on your data sheet.

13. Knse out the beaker, refill burette to zero mark, and repeat steps 7 through 12 on a second
sample.

14. Record results of the second titration in the space provided on data sheets.

15. Add the results of both titrations  ml = ng/L! and enter the value on the data sheet.
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NOTE: These duplicate titrations are run to guard against errors in analyses. If the 90
result in the second titration is 0.3 ml �.6 mg/L! different than the first-titration, you
should do a third titration. Record all three results.  Note: If 100ml of the sample do not
remain for the third titration, use 50 ml and double the result.!

Once the DO testing has been completed, make sure BOB bottles are rinsed out
thoroughly.

Also make sure glass marbles are cleaned and stored so they do not get lost.
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pKCAL COLIFORM

Discussion

Fecal coliform bacteria are used as an indicator of human sewage pollution. While fecal
coliforms are found in the feces of all warm-blooded animals, their presence is taken to mean
tha th, re ~erous bacteria are present. Their presence in high numbers can indicate
pollution &om improperly treated sewage efFluent, waste discharges &om boats, improper y
functioning or failed septic systems, untreated urban storm water, runoK Rom agricultural
operations, feces from wildlife, or other sources. New Hampshire water quality standards for
tidal waters use another kind of bacteria  i.e., enterococci! to determine if waters are safe or

Stat standards for tidal she115sh waters, however, do specify acceptable eve o
fecal coliforms. While direct application of shell6sh water standards to GBCW data wouldo d not
be riat these st'mdards can be used to give a general sense of contamination in theappropriate, ese
estuary. Fecal coliform tests are performed using the membrane 61tration  plate count! me o .

~~ COLLZCZum a<G

%ad-pk!

CONG roNGS

1 ~~~t  n~ Vi~~!: ~~~ ma Cold ~
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Re uired K ui ment:

Fecal Coliform Procedure:

Preparation  in the lab!:

I.abel sampling bags and the bottom of the Petri dishes  the smaHer inner diameter plate!
with a permanent marking pen. IdentiTy the sample site, date and tide on lab tape.

Record the label information on the coliform record sheet.

3. Freeze two cool packs.

Check the incubator temperature4.

Make sure that all of filtration equipment and a sufficient supply of Petri dishes are ste~
in an autoclave or other slxeam sterilizer device. The UV bulb should be cleaned with ethanol
at least every month. First, place the support stand in the bottom of the sterilizer and make
sure that there is two inches of water. Wrap aH the items to be sterilized in aluminum foil,
stick a piece of autoclave tape on it, and place into the bucket. Place the bucket in the
sterilizer with the exhuist channel on the right hand side. Make sure there is a thin layer of
petroleum jelly along the beveled edge of the lid. This wiH ensure a tight seal on the
sterilizer. The petroleum jelly should be applied every three to four times the sterilizer is
used. Place the lid on the sterilizer by feeding the steam exhaust tube into the exhaust
channel of the bucket. Twist the lid so that the engraved marks on the lid and the sterilizer
meet. Tighten the lock nuts, two at a time  opposite from each other!, to make a tight seaL
Put the exhaust valve in open or vertical position. Turn the power switch on.

Once sb.earn begins to escape from the exhaust valve  after about 20 minutes!, it is necessary
to wait five minutes to aHow the "cold zones" to be flushed out of the sterilizer. Close the
exhaust valve by putting it ia the horizonta1 position. Wheii the pressure gauge reads 17 PSI,
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Petri dishes, sterile
Sampling bags
Marking pen
Coliform record sheet

Cool packs/ cooler
Sampling tongs
Spray disinfectant
Water bath incubator

Distilled water

Filtration flask

Base with stopper
Aluminum foil

Labeling tape
Alcohol

~ Phosphate buQer
~ Absorbent filter pads
~ Membrane filters

~ Ampules of growth medium
~ Sterile pipettes �Gml and 1 ml!
~ Automatic pipetter
~ Oil lamp/candle
~ Tissues

~ UV sterilizer

~ Filter funnel

Filter forceps
~ Autoclave tape
~ Vacuum pump



it is sterilizing. It must sterilize for at least 35 minutes at this point to completely sterilize the
items. After the time is up, just turn the sterilizer off and let the pressure release by carefully
liRing the exhaust valve. Use hotpad to release valve.

Coaecting the sample  at the sample site!:

Attach the alligator clips of the tongs to the metal tabs of the sterile sampling bag. Curl tab
over and pinch clips to secure bag to the tongs. Note: The use of gloves here is optional.
Finally, tug bottom of bag to make certain the bag is securely held.

Remove top of bag perforation strip. Be sure the bag is secure on the clips. IMPORTANT:
Do not touch the bag opening with 6ngers, or gloves as this will contaminate the
sample. Also DO NOT touch the mouth or inside of the bag!

3.

Plunge the bag into the water to a depth of about 12 inches. Use your other hand to support
the bottom of the bag, to ease the weight off the tabs.

4.

Open the bag now by releasing the handles apart, and fill the bag. Close the bag when
returning to the surface.

Immediately remove the filled bag &om the water and pinch the bottom, of the bag to ensure
an m. space over the surlhce of the water.  You want the bag to be about 2/3 fulL!

6.

Now spin the bag over itself several times, so that water will not leak out. Finally, remove the
clips and twist the metal tabs together in the shape a bracelet. This helps prevent the sharp
ends &om puncturing other samples.

Re&igerate the samples in a cooler with a cold pack. Bring samples to Kingman Farm before
6:00 p.m. on the day of sampling. If you need the sample picked up, please call Ann at
Kingman Farm �49-1565!, or at home �49-3880!.

Ideally, samples should be processed within one hour. If this is not possible the sables may
be re&igerated below 10 degrees C and stored for up to six hours.

10. To review this procedure you may borrow the Process Fecal Coliform video.

Processing the sample  in the lab!:

Check the incubator temperature. It should be 44.5  + 0.2! degrees C.

Disinfect the working surface with Lysol spray disinfectant or alcohol. Wash your hands.
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Make sure the bag is labeled properly with a medium tip permanent marker: Sample Site
Number, Site Name, Date, Day, Time of Sample, Tidal Stage, and Sampler's Name.



UV-sterilize a11 filtration equipment for at least ten minutes. The filtration apparatus should
be placed in the UV-sterilizer with the inside of the funnel &.cing towards the bulb. Place the
filter funnel base into the flask.

To begin processing the sample, remove the cover of the Petri dish and pack up side down on
the lab surface. It is important to make sure that you do not touch the mside of the Petri
dish at any time. Phce a sterile absorbent pad aseptically into the bottom of the Petri dish,
by using the sterile pad dispenser. Twist the cap off the plastic ampule. Then squeeze the
nutrient medium onto the absorbent pad. NOTE: It is not necessary to get every drop of the
meClluIIL

Sterilize a pair of forceps by dipping them open into a container of alcohol and then flaming
them. Using a pair of sterile forceps, place a membrane filter on the steel support of the
fiitration assembly. Keep the filter flat, grid side up, and discard the blue protective paper.
Place the funnel over the filter. Rinse a little buffer solution into the funnel and allow it to
drip into the ghss base. Check for leaks. If there is a leak, remove the funnel and reattach.
For the first run  as a blank!, simply filter a bottle of bufFer solution to test the setup for
possible contamination.

Shake the bag containing the sample 20-30 times to thoroughly mix. Open the sample bag
and pipette the desired dilution amount into a fresh bottle of buffer solution, Slowly pour the
diluted sample into the filter funneL

Filter the sample using a vacuum pump or hand pump. When the water is completely filtered,
rinse the inside of the funnel with a new bottle of phosphate buffer solution. This ensures tbat
all of the coliform washes onto the filter.

Use alcohol to sterilize forceps before lifting membrane from filter. After li&ing the funneL
remove the membrane filter &om the support with sterile forceps. P1ace the fiilter to the
absorbent pad in the Petri dish grid side up. NOTE: The filter should be placed on the pad
using a "rolling action", touching one end first and proceeding to the other side. Be careful to
avoid trapping air bubbles under the membrane. Remember to replace the Petri dish cover
After replacing the cover to the Petri dish, tap the bottom of the dish to get the nutrient
medium to go iiito the membrane.

8.

Between site samples, UV-sterilize the funnel, filter, and forceps for three minutes.9.

10. To process the next sample, rinse the bottom of the funnel with sterile phosphate buffer.
Clean the steel support and funnel with alcohol. Wipe excess water &om the steel support
with a tissue. Wash your hands between each sample.

Run a blank Rtration of buffer in the middle of the testing. This wiH allow for the data
before the middle test to be valid in case the end control came up positive. Also, to ensure
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11. Filter a mmyle of buffer at the end of a series of samples as a negative contloL Other controls
might be duplicating a sample or performing split samples with another filtering location.



quality, a second filtration must be performed for 10% of the samples  evenly distributed! in
order to ensure that results can be replicated.

13. Once a series of samples has been filtered and the Petri dishes bagged, slide the bags into the
Petri dish rack Make sure that the Petri dishes are placed upside down. This is so that the
condensation that forms does not ruin the sample. Submerse the rack in a water incubator set
exactly at 44.5 degrees C and let the samples incubate for 24 hours.

14. After 24 hours  +/- two hours!, remove the dishes and count the number of colonies with a
blue, metallic sheen which have grown on the filter paper. Use a dissecting microscope set at
10X if available. This count gives an approximation of the number of fecal coliform bacteria
in 100 mL of water.

15. For each sample, record the number of colonies per 100 ml sample on the data sheet. To do
this use this formula:

 ¹ of colonies! x �00ml!
= colonies/100ml

¹ of ml used in sample

16. When you are finished counting the colonies, sterilize the Petri dishes for 35 minutes.
Dispose of filters or refrigerate for later viewing.

17. After sterilizing the Petri dishes, dispose of the pad and filter properly, wash in plain hot
water.

Troubleshooting the process  some helpful hints!:

If there is a ring around the filter, you probably did not have the filtration assembly closed
properly.

If colonies do not look rounded, the water was not completely filtered.

There might be some other colonies present on the filter besides the blue colonies with the
metallic sheen.  These other colonies are most likely to be yellow.! That's OK � they are
bacteria other than fecal coliform bacteria. However, do not include them in your count on
the data sheet.

3.

The accepted range for colonies to be counted on a membrane filter is 20-80 colonies. If you
have more than 200 colonies, use a smaller dilution or write TNTC  i.e., Too Numerous To
Count! on the data sheet.

4.

38

12. Enclose the Petri dishes in a tightly closed and labeled Whirlpak bag. You may place up to
four dishes in a bag  stacked two on top of each other, two deep!.



Table 3: Suggested Sample Volumes for Membrane Filter Fecal CoHform 'Test  taken from
"Standard Methods" !
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GREAT BAY COAST W'ATCH TIP SHEET

WATER TEMP:

Make sure thermometer is in water for at least three minutes. Read it while it is stin in the water.
Read the thermometer while it is straight up and down.

MSSOLVKD OXYGEN:

Make sure the tube is touching bottom of the BOD bottle when decanting water &om the bucket?
Did you count the seconds it takes to fill the bottle and then let it overflow' twice more?
Did you remove the tube slowly while still Bowing?
Is the bottle fu!1 aSer removing the tube?
Add pillow 4'I, fol!owed by pillow 02 - then stopper the bottle. Was the bottle agitated properly?
Are there air bubbles trapped inside?  Start over if there are.!

pa:
Is calibration correct?

Are the bottles in order?

Have you remembered to bring a container of &esh water?
Are the buffer bottles filled?

Did you remove black cap &om the meter to measure the pH?
Did you throw out the rinse bu8er after sampling is completed, and then clean and dry bottles?
A8er testing is done, did you fo!low directions for refiQing the "test buffer" bottle?

SALIMTY

Did you fill below the lip on the hydrometer jar?
Did you put tbmnometer and hydrometer into the cylinder at the sane time?
Did you wait three minutes to read the thermometer?
Did you remove the thamometer before trying to read the hydrometer?
Did you read &om the bottom of the meniscus in reading the hydrometer?
Did you use chart on the field data sheet to mark the water line?
Did you use the temp chart and salinity conversion charts correctly?

BACK TO D.O. TEST:

Did you add the third pillow and make sure grains are dissolved?
Did you pour down the side of the cylinder rather than dumping water in?
Did you fill burette to zero?
Did you clear the bubbles?
Did you add titrant carefully and stir?
Did you add eight drops of stmch?
Is the color completely clear?
Did you do the test twice?

BED YOU CLEAN AND DRY THE EQUIPMKNT?

DH! YOU PUT ALL EQUIPMENT MAY PROPERLY!
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13'" Sampling Season for Great Bay Coast Watc

Contacts:

2002:

Gathering GBCW Secchi/Valentine's

5 00-7'00 PM

5:00-7:00 PM

5:00-7:00 PM

GBCW Monthly Meeting
Quality Control Quality Assurance
Sign up for a1.5 hr. session
Sampling �" sampling of 13 season!

5 00-7 00 PM

12:00 � 5:00 PM

29 M

INay
8

28 T

All Day

GBCW Monthly Meeting
Sampling

5'00-7'00 PM

All Day

Kingman Farm
l-�03!-749-1565
Fax 1-�03! -743-3997
Ann S. Reid
1-�03! -749-3880  H!
Sharon Meeker
1-�03!-659-5441  H!

Dates to Remember
February
11 M 1-4 30PM

March
6 W 7:00-8:30 PM

12 T

20 W

27 W

April
3 W

17& 18

Address
GBCW

Coop. Ext./ Sea grant
Kingman Farm / UNH
Durham, NH 03824
e-mail

gbcw@ceunh.unh.edu
web site

~~v.gbcw.unh.edu

GBCW Annual Meeting
@NB Fish and Game
Speaker. Rob Roseen
Topic:
Groundwater Discharge and Nutrient Loading to
the Great Bay Estuary

Phytoplankton Training
Training New volunteers
Training New volunteers



June

5 W 5:00-7:GO PM

25 T All Day
GBCW Monthly Meeting
Sampling

July
17 or 18th 5:00-8:GOPM

22-26 Week

25 Th All Day
August
7or8 12:00 - 5:00 PM

26 M

September
4 W 5'00-7 00 PM

21 S Low Tide

23 M All Day
October
2 W 5:00-7:OG PM

Is F All Day

22 T All Day
November
6 w All Day
13 or 14 6:00 � 9:00 PM

December
5&6Th&F

12 Th 10.00 � 3:00 PM

BBQ�
and !omt meeting of
Great Bay Stewards�
Great Bay Coast Watch and the
Great Bay %'ildlife Refuge
National Marine Educators
Association {NMEA! 2002
Conference in Connecticut

Sampling

"QAQC"
Quality Assurance Quality Control
Sign up for a 1.5 hr. session
Sampling

GBCW Monthly Meeting
Coastal Cleanup
Sampling

GBCW Monthly Meeting
30 Anniversary
Clean Water Act
Special water quality
Sampling projects
Sampling

Sampling
Chili and Chowdah

Kit Clean-Up and Inventory
Docent Holiday Lunch







06-No%

7:28LOW 5:22

13:44 13:28 12:23HIGH 13:02 12:27 11.35

3:00 10:28 10:11 9:08 9:53 9:19 8:22

3:00 16:44 14:35

3:00 10:28 10:11 9:0$ 9:53 9:19 8:229:3811:02

3:00 16:44 14 35

3:00 10:2$ 9:3811 02 8:2210:11 9 0$ 9 53 9:19

3:00 16:44 14:35HIGH

Site 15 1:00 8:2$ 8:ll 7:0$ 7:38 9:02 7:53 7:19 6:22

1:00 14:44 12:35

9:28 10:522:50 10:1$ 10:01 8:58 9:43 9:09 8:12

3:10 16:54 14 45HIGH

2:50 10:18 8:129:43 9:0910:01 8:5$ 9:28 10:52LOW

3:10 16:54 14 45

1:16 8:44 8:09 7:35 6:388:27 7:24 7 54 9:1$IDW

1 16 15 00 12:51HIGH

1'16 $.44 6:3$$27 7 24 7 54 9:18 8 09 735

1:16 15:00 12:51

$09 7:35 6:3$1 16 8 44 8 27 7 24 7:54 9:18

12:511-16 15 00HIGH

8:09 7:35 6:3$1:16 8 44 8:27 7:24 7 54 9:1$LDW

12:511'16 15 IN

12:511:16 15:00

Revised 02/OS/2002

Site 12

Newmarket STP

Site 13

Marina Falls Landing

Site 14

Fowler's Dock

Patten Yacht Yard, Inc.

Site 16

Exeter Docks

Site 17

Dover Foot Bridge

Site 18

Maplewood Ave

Site 19

Bartlett St.

Site 20

Junkins Ave.

Site 21

Pleasant St.

Site 22

Little Harbor School

Aljustmeut 29-Ayr 28-May 25-JIIn

7:11 6 08

16:28 15:23

16:28 15:23

16:28 15:23

14:28 13:23

16:38 15:33

16 38 15 33

14:44 13 39

14'44 13:39

14:44 13:39

14:44 13:39

14:44 13:39

25-Jal 26-AIg
6.38 8:02

12:52 14:12

9:3811:02

15:52 17 12

15:52 17:12

15:52 17:12

13:52 15:12

16:02 17:22

16:02 17:22

14:08 15:28

14:08 15:28

14:08 15:28

14:08 15:28

14:08 15:28

23-Sep 22-Oct

6:53 6:19

16:02 15:27

16:02 15:27

16:02 15:27

14:02 13:27

16:12 15:37

16:12 15:37

14:18 13:43

14:18 13:43

14:18 13:43

14:18 13:43

14:1813 43
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APPED'DIX IV State of the Estuaries



STATE OF THE ESTUARIES

stuaries are a vital compo-
nent of the natural, aesthet-
ic, and economic character

of coastal New Hampshire
The cultural and natural history of
the region has long been shaped
by the abundant resources of New
Hampshire's estuaries. Archaeo-
logical evidence shows that long
before European colonization,
people were drawn to New
Hampshire's estuaries for the
bountiful fish, shellfish, and ~e;
to grow crops on the rich soils
along the rivers; and to navigate
the watemmys.

The first European settlements in
New Hampshire were located at the
waters' edge to take advantage of
the extraordinary fisheries of the
rich estuaries and the nearby Gulf
of Maine. Cod, lobster, alewives,
sturgeon, menhaden, clams, and
oysters sustained the first Europeans
and formed the foundation of the early colonial economy. Coastal New
Hampshire's link to the estuaries was further strengthened when the forests of
the Great Bay watershed were harvested to supply the growing needs of colo-
nial shipbuilding as new boatyards sprang up along the tidewaters. Soon after,
enterprising industrialists looked to the tidal rivers and creeks of coastal New

Hampshire for waterpower to drive mills~ factories. Industry prospered
with the combination of abundant waterpower, plentiful natural resources,
and access to v-orldwide markets afforded by tidewater locations.

Crommet Cree::,
Great Bty

Todav New Hampshire's estuaries still economic, aesthetic,
and environmental character of our state. However, the very attractions of the
coastal location and resources pose a threat due to the affects of population
growth and development on the environmental condition of the estuaries that
supports the region's prosperity and appeal.

NHEP MANAGEMENT PLAN



Little Harbor New Hampshire's estuaries face threats that imperil Seacoast traditions of fish-
ing, shellfishing, and other water-dependent activities. Polluted stormwater
runoff, overburdened septic systems, and wastewater treatment facility and
industrial discharges, all threaten the environmental quahity of our estuaries.
These threats represent dangers to regional water quality, as well as to the
host of living things that depend on New Hampshire's estuaries for their
well-being, and make the estuaries so resource-rich.

The activities of area residents and visitors have profound Unpacts on the
estuarine system. Boats put oil and other pollutants in the water, disturb
plant and animal life, and erode banks. Shoreline development removes
protective plant cover, disturbs soils, increases runoff, and disrupts wildlife
habitat and corridors and scenic views. Population growth and development
throughout the region add to stormwater problems and burden wastewater
treatment systems.

New Hampshire's estuaries provide a coveted coastal atmosphere and setting
for life along the coast, as they have throughout history. I.ocated within an
hour of Boston, Manchester, and Portland, this unique and beautiful land-
and seascape attracts residents, businesses, and tourists, ~g the New
Hampshire Seacoast one of the fastest-growing areas in New England � and
compounding the pressures of development on the estuaries. We must use
these resources responsibly, to safeguard this legacy for future generations.

2-2 NHEP MANACEMENT PLAN



WHAT IS AN ESTUARY?

An estuary is a semi-enclosed embayment where freshv'aters from rivers
and sneams mix with saltwater from the ocean. Estuaries are extraordinarily
productive and diverse environments because of a unique set of conditions
that ~ reate unusually nutrient-rich, protected waters. Many biologists consid-
er estuaries among the most productive environments on earth.



NEW HAMPSHIRE'S
ESTUARIES

With its Old Man of the Mountains

icon, New Hampshire is more often
associated with the White Mountains

than with marine or estuarine habi-

tat, However, New Hampshire has
over 230 miles of sensitive tidal

shoreline in addition to 18 miles

of open-ocean coastline on the
Gulf of Maine.

New' Hampshire's estuaries are
a varied collection of bays, tidal
rivers, and salt marsh systems.
The Great Bay and Hampton-
Seabrook estuaries are the

largest distinct estuaries in New
Hampshire. Great Bay, Little Bay,
the Squamscott River, and the
tidal portions of the Lamprey,
Oyster, Bellamy, Cocheco, and
Salmon Falls Rivers, the Piscataqua
River, Little Harbor, Rye Harbor,
Hampton-Seabrook Harbor, and

many smaller tidal tributaries are
all part of New Hampshire's
diverse estuarine systems.

Project Area

These watershed areas encompass
the New Hampshire Estuaries
Project study area which indudes
43 municipalities, and are the focus

of the actions induded in the hfanagement Plan  See map of the New
Hampshire estuanes watersheds on the inside cover of this Plan.!

Tidal Tribufanes:
5almon Falls/Piscatagua
River, Cocheco River,
Bellamy River, Oyster
River, Lamprey River,
Sguamscott River,
Winni cut River,

Creat Bay

The Great Bay Estuary covers 17 square miles with nearly 150 miles of tidal
shoreline. Great Bay is unusual because of its inland location, more than
five miles up the Piscataqua River from the ocean. Due to its inland location,
Great Bay's tidal exchange with the ocean is slow, requiring up to 18 days
or 36 tide cycles for water entering the head of the estuary to move to the
ocean. With much of Great Bay's shorelines still largely undeveloped, it has

NHEP MANAGEMENT PLAN

The entire NHEP area of 43 towns is divided into Zone A and Zone B, The

19 communities of Zone A indude all municipalities with tidal shoreline, plus
Rochester and Somersworth. Many NHEP Action Plans focus on Zone A cities
and towns since they have both the greatest itnpact and the greatest stake in
the environmental health of rhe estuaries.



been called "the unknown treasure

of the New Hampshire Seacoast."

Recreational shellfishers harvest

oysters and dams; fishing enthusi-
asts pursue striped bass, bluefish,
herring, or smelt; lobstering is a
commercial and recreational activi-

ty, and eels are trapped for bait and
for export. Birders from all over the
country and the world come to

view migratory birds against this
picturesque backdrop. Great Bay is
the state's principal waterfowl over-
~intering site, and a focus area for
the North American Waterfowl

Management Plan. The Great Bay
National Wildlife Refuge was estab-
lished on just over l,000 acres of
the former Pease Air Force Base.

Great Bay's relatively undisturbed
natural setting a%acts scientists,
researchers, and teachers interested

in estuarine and marine processes,
or salt marsh, mudflat, eelgrass, and
other habitats. The University of
New Hampshire, a land-grant, sea-
~t. and space-grant university, is located in Durham within the Oyster
River watershed of the Great Bay estuarine system. The University of New
Hampshire and New Hampshire's Seacoast have become a nationally and
internationally recognized center for research, teaching, and development
of practical applications of marine and estuarine science and technology.

Reco~~' ed as an estuarine system of national si~uficance, Great Bay is the
site of the Great Bay National Estuarine Research Reserve and the University
of New Hampshire's Jackson Estuarine Laboratory, The National Oceanic and
Atmospheric Administration recently joined with the University of New
Hampshire to establish the Cooperative Institute for Coastal and Estuarine
Environmental Technology at UNH. The new Joint Hydrographic Center
and the Center for Coastal and Ocean Mapping at ~TH have drawn the
top researchers in this emerging field.

Hampton-Seabrook Harbor

Hampton-Seabrook Harbor encompasses 475 acres of water at high tide.
Characterized by extensive salt marshes and separated from the ocean by
a series of barrier beaches, this estuary represents a more typical estuanne
system. This estuary's 5,000 acres of contiguous salt marsh make it by far the
largest salt marsh in the state. Hampton-Seabrook Harbor provides the back-
drop for Hampton Beach, one of the busiest tourist attractions and vacation
spots in the state. It is also the site of the North Atlantic Energy Service
Corporation's Seabrook Station, a nuclear-powered electric generation facility,
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Although suaounded by the busy
seacoast communities of Seabrook,
Hampton, Hampton Falls, and North
Hampton, the Hainpton-Seabrook
Estuary hosts the best damming in
the state. Several thousand New

Hampshire residents purchase shell-
fish licenses each year, most to dig
the softshell or steamer clams of the
Hampton-Seabrook Estuary.

Estuarine Watersheds

New Hampshire's estuaries are
linked to the surrounding upland
areas by the freshwater that drains
through the Great Bay and coastal
watersheds. On its course to the

ocean, water collects a variety of
materials of both natural and human

origin, with profound impacts on
the estuaries.

The 43 cities and towns in the 980
square-mile Great Bay and coastal
watersheds are linked by water.
From rainwater to groundwater,

puddles to tidal rivers, across municipal and political boundaries, water
moves unerringly through these watersheds along its course to the ocean.
Each watershed resident is responsible for safeguarding our mutual interest
in the water and natural character of the area, and for lea~g a positive
environmental legacy of improving the environmental condition of New
Hampshire's estuaries.

New Hampshire has benefitted from its close association with the estuaries,
but the estuaries themselves have paid a dear price for this association,
Rivers that once supported substantial runs of anadromous fish  species that
live in saltwater but spawn in freshwater!, such as Atlantic salmon, American
shad, and alewives and other river herring, now host minimal returns or
none at all. Over-harvest and poor estuarine water quality have contributed
to declines of seasonal fish populations that depend on estuaries as spawn-
ing and nursery grounds.

For many years. our estuaries were used as convenient dumping grounds
for sewage and industrial wastes. The industrial history of the Great Bay and
coastal wateisheds are chronicled in the toxic materials trapped in sediments
throughout the estuaries. Dams that once ran mills and factories now restrict
freshwater flow and collect sediments. Much of New' Hampshire's valuable salt
marsh habitat has been lost or degraded to some degree by filling and con-
striction of tidal flows for roads and development, and by historic ditching
and draining for harvesting salt marsh hay and to control mosquitoes. Today
we are responsible for dealing with both historic and present-day sources of
estuarine contamination.
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A REPORT CARD ON NEW HAMPSHIRE'S ESTUARIES

The good news is that our estuaries remain among New Hampshire's crown
jewels. The estuaries are a natural and cultural resource treasure. After a long
history of sewage and industrial pollution, water quality has improved signifi-
candy over the last two decades. The estuaries contain valuable and produc-
tive habitats that support diverse species, some rare or endangered.

The bad news is that work remains to be done. Cleaning up the water of the
estuaries is critical to the health of resources such as shellfish, and for people
to use and enjoy estuarine resources.

The priority water quality problems include:

5 Bacterial contamination from runoff froin impervious areas,
waste water treatment facilities  WWT7s! overloading and
malfunctions, illegal direct discharges and cross-connections,
and faulty septic systems;

0 Nutrient contamination from ~s and non-point sources
such as tributaries, surface runoff, septic systems, etc,;

8 Toxic contaminants from historic industrial sites, oil spills,
industrial and municipal wastewater, and stormwater runofF;

~ Sediments from upland watersheds or rivers from runoff.

The priority living resource problems include:

~ Oyster population declines

8 Clam density declines

R Loss or fragmentation of wilcoife habitat

N Demaded salt marshes

The management approaches for addressing
these problems include-.

~ Stormwatei management

R Elimination or reduction of pollution from ~s,
cross-connections, and illegal discharges

8 Outreach to local and regional planners

S Shellfish resource and sanitation management

0 Land conservation

~ Shoreland protection

~ Limiting sprawl development
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Habitat Protection

Improving water quality, and improving and restoring habitats and resource
management wiII help address most of these problems. Growth and develop-
ment present the greatest environmental challenges to the estuaries, In addi-
tion to solving ~g problems, planning and preventive actions in the
estuarine watersheds are needed to protect the estuaries from the increasing
pressures of growth and development.

Water Qua/ity

Water quality, an important indicator of environmental health, has a profound
influence on the condition of nearly all estuarine habitats, plants, and animals.
Water transports and redistributes harmful bacteria, excess nutrients, and toxic
materials. Stormwater runoff contributes to deeded water quality and threat-
ens many natural resources throughout the coastal watersheds.

Stormwater contaminates New Hampshire's estuarine waters with pathogenic
bacteria and viruses, nutrients, sediment, trace metals and other toxins from
roadways, parking lots, roofs, and residential and agricultural areas. Runoff from
impervious surfaces cames bacteria and sediments, and is a significant source of
trace metal and toxic organic contaminants. Storm runoff froin disturbed areas
carries sediments and associated nutrients. Runoff resulting from rainfall and
snowmelt events in urban and urbanizing areas is the most common source of
bacterial contamination m New Hampshire estuaries. This is due to a combina-
tion of inflow and infiltration to sewer pipes, overloaded wastewater treatment
plants and combined sewer overflows  CSOs!, and non-point source runoff.
Bacterial contamination is the chief cause of shellfish bed closures.

Non-point source pollution  NPS! is water pollution that comes from diffuse
sources and is carried to surface water by rainfaU, snowinelt, or groundwater
movement. NH DES estimates that over 90% of impairments to lakes, ponds,

Average levels, 1988-98.
Levels greater than
14lviPN/7 00ml lead
to she!Ssh harvesting
closures.
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COASTAL AIR QUALITY

without detnment to the economy. TheNew Hainpshire's estuaries are also
tions at the state or federal level aimed

subject to contamination from the
greenhouse ~es.

air. Atmospheric deposition from
both outside and within the state' s

borders is now recognized as an important source of pollutants to surface
waters across the state. Lead, mercury, and nitrogen compounds are deposited
directly into surface waters or onto upland watershed areas and delivered to
the estuaries in storrnwater runoff.

rivers, and streams statewide are

due to non-point sources. Water
quality inonitoring studies show that
non-point sources are a significant
problem in New Hampshire coastal
waters and tributaries, especially for
bacterial contamination. Stormwater

runoff can collect, transport, and
deposit fecal bacteria, excess nutri-
ents, oils and greases, toxic contami-
nants from pesticide and herbicide
applications, toxic metals, and sedi-
ments eroded from shorelines and

construcnon sites. Stormwater

runoff, which can indude storm

sewer cross-connections, is consid-

ered the number one water quality
problem facing the Seacoast region,
and is a factor in keeping some
shellfish beds closed.

Point source pollution, typified by
both permitted and illegal direct dis-
charges, is a continuing challenge to
the environmental character of the

coastal watersheds. Wastewater

treatment facilities, industrial dis-

charges, and power plants are the
most common point sources. While
these discharges are closely moni-
tored and regulated through state
and federal permitting processes,
the demands of regional economic
and residential ~wth challenge
wastewater treatment plant capaci-
ties, spur demand for electric power,
and accelerate the production of
industrial waste products. Point
source pollution, often characterized
by continual low level contaminant
loading, tends to increase propor-
tionally with regional growth.

An ozone monitoring station at Rye Harbor no longer records lev-
els of ozone that exceed the standards set by the US EPA. Earlier
in the 1990s, ozone levels regularly violated EPA's one-hour ozone
standard, indicating that the New Hampshire Seacoast, induding
Great Bay Estuary, had high tropospheric ozone levels. AU of
Rockingham County was within the ozone non-attainment region,
therefore the estuary was in ozone non-attainment. New
Hampshire no longer has any areas in violation of this standard.

However, EPA recently created a more stringent ozone standard.
based on an eight-hour average. Once EPA designates areas of
attainment and non-attainment New Hampshire may have some
areas that do not meet the eight-hour ozone standard. Air pollu-
tion presents health hazards to people and to wildlife, and pol-
lutes surface water as atmospheric deposition. Still, citizens
attending NHEP public meetings ranked air quality low in priori-
ty, probably because most Seacoast air pollution is beyond the
reach of local control.

New Hampshire and other East Coast states affected by ozone
pollution carried by air currents from other regions have joined
together to form the Ozone Transport Assessment Group  OTAG!
to study the problem and seek appropriate actions. Nitrogen
oxides  NOx! and volatile organic compounds  VOCs! react
together in sunlight to produce low level, or tropospheric, ozone.
OTAG studies indicate that NOx is the limiting factor in the photo-
reaction of NOx and VOC. Of all the NOx generated in New
Hampshire, 639o is from mobile sources  motor vehicles! while
240/o is from point sources and 13iio is from area sources. OTAG
data also indicate that the majority of New Hampshire's ozone
results from NOx emimions that occur to the south and west, or
"upwind." The NH DES has petitioned EPA to mitigate the upwind
emissions of NOx by requiring upwind sources to reduce their
Nox emissions, in an attempt to reduce New Hampshire's ambient
tropospheric ozone concentrations.

The Ozone Transport Assessment Group  OTAG! has completed
their policy recommendations and submitted them to EPA for
their action. Based on OTAG's data, EPA has proposed new
NOx emissions figures that are directed at sources upwind of
New Hampshire.

NH DES has also convened a Global Climate Change Workgroup
representing a wide range of interests from virtually every sector
throughout the state. Their charge is to suggest measures to NH
DES to reduce emissions of greenhouse gases cost effectively and

re are currently no regula-
specifically at controlling
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Fecal Coliform in Coastal Waters

Fresh Water

Geometric mean fecal col-
iforms  colonies/700 ml! in
water collected during dry
weather and storm events'

for three consecutive years
in tributaries to the Great
Bay Estuary: 1993-96,

Fecal coliforms/100 ml

~ Wet Weather

Dry Weather

Tidal Water

Fecal coliforms/100 ml

~ Wet Weather

Dry Weather

879

II 48
9

Lamorey River Oyster River

33 ~10
Bellamy Rivermeter River Cocheco River Salmon Falls River

Bacteria

Although coliform counts in tidal rivers have been reduced dramatically since
1960, water quality sampling throughout the Great Bay Estuary tracks a pat-
tern of elevated counts coming from urban runoff and wastewater treatment
plants. Despite si~ficant improvements in recent decades, wastewater treat-
rnent facilities  WUv TF! in the Seacoast do not meet their required treatment
standards 100% of the time, Factors affecting ~ performance include
equipment problems, operational changes, operator errors, storm events, and
changes in waste stream, The most severe incidences of bacterial contamina-
tion from OPWTFs follow rain events that cause svstems to overflow.

Bacterial concentrations in New Hampshire estuaries are highest during
or immediately after rainfall, indicating that much of the bacterial pollution
comes from contaminated stormwater runoff. Storm-associated bacterial pol-
lution has been found in all the primary rivers in the Great Bay watershed,
with the highest levels found in the Cocheco River.

NHEP MANACEMENT PLAN2-1

Fecal coliform bacteria in water is a warning of sewage contamination and
may indicate the presence of disease-causing organisms. Found throughout
New Hampshire's estuaries, fecal bacteria come from a variety of sources:
faulty septic systems. Overboard-marine toilet discharges, wastewater treat-
ment facility overflows, and sanitary sewer-stormwater system cross connec-
tions. Cross connections occur when sanitary sewers leak � or are illegally
connected � into stormwater systems, causing discharge of sewage-contami-
nated stormwater directly into surface waters. Waterfowl, pet, and livestock
waste can also contribute to bacterial contamination. Because of the public
health risks associated v ith these bacteria, fecal coliform levels are routinely
monitored throughout coastal New Hampshire in both wet and dry weather.
Shellfish beds are closed to harvesting when fecal coliform levels in water
exceed 14 per 100 ml.



High background concentrations of bacteria in the Cocheco River under dry-
weather conditions suggest ongoing sewage pollution. Cross-connections that
add untreated waste to stormwater systems through cracked pipes and illeM
connections are the most likely sources of dry-weather bacterial pollution,
Stormwater systems then deliver contaminated water directly to the Cocheco
River and streams Flowing into Great Bay.

Nutrients

Estuarine systems are especially sensitive to excess nitrogen. Nitrogen is a nat-
urally occurring nutrient essential for plants and algae. But too much nitrogen
can promote unrestrained growth of nuisance algae. As these algae blooms
die and decompose, they rob the water of oxygen, harming or killing estuar-
ine and marine life.

Nutrient loading is the continual addition of nutrients from natural and human
sources. The nutrient load to Great Bay from its tributary rivers comes from
both point and non-point sources, and from atmospheric deposition. Nutrient
loading occurs in all New Hampshire estuaries and their tributaries. Evidence
suggests that nutrient concentrations within the main area of Great Bay have
not changed significantly over the past twenty years. No widespread eutro-
phication effects have been observed. However, local isolated incidents
of reduced oxygen levels and intense phytoplankton blooms have been
observed in some freshwater tnbutaries of the Great Bay Estuary. Documented
effects of phytoplankton blooms in other areas are rare. Thus, eutrophication
and related impacts do not appear to be an imminent widespread problem.

No data is available on nutrient loading in Hampton-Seabrook, Rye, and Little
harbors. But given the 800/0 tidal exchange twice a day, excess nutrients are
not believed to be a problem.

However, sources of nutrient contaminants such as wastewater treatment facili-
ty effluent, lawn fertilizer residue, septic systems, and runofF from impervious
surfaces, will increase with human population growth and development pres-
sures. For this reason, it is imponant to continue to monitor nutrient levels in
New Hampshire's estuaries as a safeguard against gross nutrient contamination.

Dissolved inorganic Nitrogen Monthly mean dissolved
inorganic nitrogen at
Adams Point in Creat Bay
for the years 1973-81
and 1988-96.14

hlatrient concentrations
within the main area of
Creat Bay have not
changed significantly
over the past 20 years.

10

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec
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Spatial distribution of
PCB concentrations show-

ing hot spotsin Hampton
Harbor and near the
Portsmouth Naval

Shipyard.

Toxic Materials

Heavy metal and toxic organic
compounds are found throughout
New Hampshire's estuaries. The
Portsmouth Naval Shipyard, the for-
mer Pease Air Force Base, and a

few other locations exhibit particu-
larly elevated concentrations of
some toxic contaminants. The most

common toxic cont uninants are

chromium, lead, mercury, copper,
zinc, and PCBs, A warning has been
issued against consuming lobster
tornalley due to PCB levels. DDT
and other organic pollutants are
present at elevated levels at some

sites, but not at concentrations of

concern to humans and other living
things in most, cases. Concentrations
may warrant limited, localized con-
cem, but remediation is complicat-
ed, with issues of stimng up and
redistributing contatninants, dispos-
ing of dredgespoil, etc.

From colonial tiines mills, tanneries,
and factories were built on the

banks of our coastal rivers for their

waterpower, shipping access, and
easy waste disposal. A legacy of
toxic contamination remains stored

in the fine-grained sediments dis-
persed throughout the estuaries.
Currently smaU doses of toxins enter
the estuaries from permitted and
monitored discharges, pesticides,

attnospheric deposition, and occasional oil spills. Other suspected sources
include municipal discharges, stormwater runoff, and groundwater contami-
nated with leachate from hazardous waste disposal sites.

Land Use and Regional Crowth

Many of the threats to the environmental character of our estuaries are the
direct result of human activities, including development of land for residential,
coinmercial, industrial, and other uses. Continued popujation growth and
development in the coastal region will add more impervious surfaces � paved
areas, buildings, etc. � and add to the potential for increased stormwater-relat-
ed, non-point source pollution. Negative iinpacts on both water quality and
living resources can be managed through careful planning of development.
New Hampshire communities � especially those with urbanized areas near
surface waters � need technologies that effectively treat runoff.
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potentially Oevelopable Land in the 19 Coastal New Hampshire Municipalities, 1998

76%%uo

iA' *

14%%uo

':-'aR; :~V;.

71%%uo

59%%uo

71%%uo
66%%uo63%%uo

58%%uo
H4:::

,.; .i':.'

55%

26%%uo

55'3r
52%%u,. o.

41%%uo

21%%uo

m
o c
Q

C!

C
0 0

qp Vl
IVl QP

V

4J

Z

u!
0 C
Q. u
E c

0

E

os
C

U

C 0
CA

5 5 z
S 0
Z

E

E
0

U

Vl

0
co:

0
E
4
O

The greatest threats to water quality, habitat, and quality of life from land use
and development are:

See p, 5-2 for a map of
potentially developable
land described above.

Impervious surfaces created in the built environment add to the volume and

velocity of stormwater, sending more pollutants and sediments through drains
and tributaries or directly into the estuaries.

Shoreland development can destroy the natural buffering of vegetated and
wooded soils against erosion and runoff, destroys wildlife habitat and travel
corridors, and alters scenic vistas from both shore and water.

Sprawl development fragments wildlife habitat and corridors and reduces
open space.

In the 19 iXew Hampshire towns with tidal shoreline  iiiEP Zone A!,
approximately 30% of the land is currently developed. Studies indicate an
additional remaining 15% is undevelopable due to permanent conservation
and wetlands restrictions. Up to 55% of the total land area within these
towns could potentially be developed, i.e., land with no legal restrictions or
physical constraints that would prevent development.. Future development
wiB ma~ runoff-associated problems and create new natural resource
managemenr. issues by increasing impervious surfaces and destroying or
degrading riparian and wetland habitats.

Shorelands are under particularly intense residential development pressure
because many people desire to live by water in a coastal area. Shoreland
development can impair a riparian area's abihty to protect water quality and
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provide habitat to several important wildlife species. Recent analyses indicate
35% of New Hampshire's tidal shoreland � defined as a strip of land extend-
ing 300 feet from the water's edge � is already developed. Just l6% of tidal
shoreland is permanently protected, with an additional 21% likely to remain
undeveloped because of natural resource constraints. But approximately 2'/o
of the state's tidal shorelands reinain open and developable. Both shoreland
preservation and conscientious development of shorelands require careful
planning and attention.

Natural Resources

The rich diversity of habitats found in New Hampshire's estuaries support
a. great variety of plants, animals, and fish, including rare and endangered
species. Bcrtanists have identified 67 rare plant species within the Great Bay
and coastal watersheds, a dozen associated with estuarine envirorunents.

These estuarine habitats include salt marshes, eelgrass beds, algal beds, rocl~
intertidal areas, barrier beaches, dunes, mud and sandflats, clam and oyster
beds, and subtidal bottom habitats with substrate ranging from mud to cobble
and boulders. The NH Coastal Program and the UPPED Complex Systeins
Research Center are developing geographic information system  GIS! data
to map the location and extent of these various habitat areas.

Protecting and buffering the variety of habitats found throughout the Great
Bay and coastal watersheds safeguards the area's unique natural character,
and supports the survival oF the species that use and depend on these
habitats. Preserving and protecting these important habitats demands
careful planning as development pressures grow and human uses within
the watershed increase.

Land Use Regulations for 19 Estuarine Communities in Coastal New Hampshire

Regulation Number of Towns
with Regulations

96 Towns with
Regulations
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Master Plan

Erosion Control

Stormwater Control

Wetland Protection

Septic Control
Cravel Extraction

Open Space
Floodplain Ordinances
Aquifer Protection
Shoreiand Protection

Chemicals/Toxrcs

Crowth Management
Water Resource Management Protection Plan
Marinas

Impact Studies

8iosolids

Review Committees

19

18

17

17

15

14

13

13

12

12 8
8

5

4 3
2 2

10096

9596

8996

8996

7996

7496

6896

6896

6396

6396

4296

4296

2696

2196

1696

1196

1196



See Chapter 9 for more
detailed recommendati or is

from the Base Programs
Analysis,

THE NHEP BASE PROGRAM ANALYSIS
AND TECHNICAL CHARACTERIZATION

The National Estuaries Program requires a Base Program Analysis  BPA! of
existing local and state regulatory and management programs for protecting
estuarine resources. Gathering this background information was an essential
step for the NHEP in designing a realistic and workable Management Plan.
The NHEP Base Program Analysis, Regulation and Management of New
Hampshire's Estuaries, evaluated the effectiveness of the existing framework,
and provided valuable insight for identifying priority issues and management
road-blocks.

The Water Quality; Land Use, Development, and Habitat Protection; Shellfish
Resources; and Habitat Restoration chapters of the NHEP Management Plan
and the Action Plans each have a technical or scientific component takeri
from A Technical Characterization of Estuarine and Coastal New Hampshire,
and a regulatory and management section derived from the BPA. The
Technical Characterization is a detailed review and analysis of current scien-
tific research and knowledge of New Hampshire's estuaries, and is the
source for most of the scientific and technical information contained in this
Management Plan. Both the Base Program Analysis and the Technical
Characterization are available from the NHEP.

The BPA found a reasonably strong regulatory framework for natural
resource protection of the estuaries. Programs for shoreland and wetland
protection are sound, as are the point source permit program and septic
regulations. While regulations for living resource conservation are adequate,
follow through is limited in some cases.

Most other regulatory programs rely on voluntary efforts and Best
Management Practices  BMPs! to protect water quality. The effectiveness of
this approach depends on BMPs keeping up with constant progress in treat-
ment technologies and scientific understanding. Non-point source and
stormwater control BMPs are currently being reviewed and updated.

. The BPA identified several additional regulatory and management shortcom-
ings. State stormwater and erosion control regulations apply only when areas
of 100,000 square feet or more are disturbed �0,000 square feet in protected
shoreland!, Shoreland regulations are complicated. Wetlands mitigation prac-
tices lack clarity. Protection for vernal pools and wetland drainages is limited.
NH Department of Transportation pohcy on site disturbances and stormwater
runoff is unclear. A limited number of communities have used local regula-
tions to address some of the state-level gaps, such as shoreland protection
and stormwater and erosion controls.

Regulatory enforcement and site-specific monitoring are also important estu-
arine management issues, For example, current septic system maintenance
and performance requirements are often unenforceable due to the large
numbers of systems in each community. Enforcement of local regulations
and adequate on-site monitoring can be an administrative burden for volun-
teer, part-time municipal officials.
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1998 Shellfish Water Classifications

g Closed~ Closed +Open~ Open

She/lfish Resources

Shellfis in New Hampshire are limited to recreational harvest only, because
the state does not have a US Food R Drug Administration approved program
for commercial harvesting. Shellfish harvest is a popular recreational pursuit in
New Hampshire. However, oyster resources in the Great Bay Estuary have
dedined in recent years. From 1991 to 1996 oyster density reductions in three
beds of recreational importance ranged from 42'Yo to 69/0. Other oyster beds
have lost significant bed acreage, especially in the Oyster and Bellamy rivers.
Oyster harvests reflect these dedines: a 1991 study estimated a total harvest of
5,000 bushels of oysters by 1,000 license holders, but by 1997 the estimated
harvest had declined to 2,700 bushels by 661 harvesters. Predation, limited
availability of suitable larvae-attachment substrate, disease, harvest pressure,
and a variety of management issues are likely factors in these declines.

Sofhhen clam resources in the Hampton-Seabrook Estuary are well docurnent-
ed. Adult populations on three particuhr flats of the estuary peaked in abun-
dance in the early-to-mid 1980s, then declined sharply through the late 1980s.
This decline was most likely due to intense recreational and illegal harvest
pressure,

After the flats were closed to harvesting in the late 1980s, adult clam densities
began to recover. Conditional reopening of the flats to harvest in 1994 appears
not to have significantly affected the resource. From 1990 to 1995 adult clam
densities quadrupled on the Middle Ground flat, while Common Island densi-
ties remained essentially unchanged. Clam densities in the Hampton River
decreased by 500/o. One suspected cause of this decrease is a lethal form of
leukemia in clams. Little information is available on the softshell clam resources
of the Great Bay Estuary and the Little Harbor-Back Channel area.
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Tagged Striped Bass Catches Stnped bass caught in
New Hampshire with U,S,

Fish and Wildlife Service
tags: 1988-96.

40
Total Fish Caught

Released

~ Kept

35

eI I

25

20

15

10

19901988 1989 1991 1992 1993 1994 1995 1996

Finfish

A region-wide moratorium and subsequent harvest restrictions on striped bass
in the 1980s and 1990s have resulted in dramatic gains in the seasonal occur-
rence of stripers in New Hampshire waters. Catches of both legal and under-
sized striped bass tagged by the U.S. Fish and W'ildlife Service have increased
steadily since 1988. Biologists and anglers generally confirm that fish of all
sizes have increased in abundance.

Recreational anglers have not enjoyed this same abundance with winter floun-
der. Catch per unit effort declined steadily from 1988 to 1993, rose briefly in
1994 and 1995, and then decreased again in 1996. Although juvenile fish
appear abundant in the estuaries, adult populations have declined due to
commercial harvest pressure in the Gulf of Maine, Commercial landings of
winter flounder show a similar, steady decline.

Rainbow smelt catches have varied greatly at several locations in the Great
Bay Estuary � peaking in the late 1980s, declining sharply in the early 1990s,
and increasing in the mid 1990s. From 1975 to 1996 spring returns of river
herring  alewife and blueback! declined in the Exeter, Lamprey, and Taylor
rivers, but increased in the Oyster and Cocheco rivers.

Catch per tnp of striped
bass and winter flounder.

Based on survey information.

Finfish Catches
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Waterfowl and Shorebirds

The Seacoa.st is the principal w»n-
tering location for waterfowl in
Ne~ Hampshire, with:5% of rhe
state's overwintering waterfowl
found on Great Bay. State, federal,
and locally controlled reserves and
sanctuaries in the Great Bay area
provide over 6,300 acres of wet-

lands salt marsh and upland habi-
tat. As a result. Great Bay is an
important destination for birders

interested in a:ariety of waterlowl
and shorebirds. Great Bay is aLso a
focus area for t',ae North American

Waterfowl Management Plan. The
Great Bay National Estuarine

Research Reserve lists over 1!0

species by season and abundance on its checklist of the birds of Great
Bay. A recent mid-winter survey recorded mallards, black ducks, greater
and lesser scaup, goldeneye, bufflehead. red-breasted mergansers. and
Canada geese as the predominant waterfowl,

Khimbre!

Salt Marsh

The 5,000-acre salt marsh of the Hampton-Seabrook Estuary is the largest
contiguous salt marsh in the state. Tidal marshes of the Great Bay Estua~~
total 2,230 acres, with the most extensive salt marshes found along the
lower Piscataqua River, the Squamscott River, and Great Bay itself. The
fringing marshes of the Great Bay Estuary wind along tidal shorelines
berween the low tide line and adjacent upland areas, wherever the soils,
elevations, and tidal action are favorable.

The Hamptan-
$eabrook Estuary
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Nearly all salt rnarshes in Niew Hampshire were subjected to ditching and
drairurig at one tiine or another into the first half of this century, in attempts
to consol mosquitoes or increase harvest of salt marsh hay. Present salt marsh
acreag= in the state is half of what it once was, with most of the lost acreage
filled for residential and industrial development and road or rail construction.
Total salt marsh acreage has remained the same over the past decade.
Howei'er, past development of salt marshes and road and railroad crossings
have restricted water circulation and tidal flow within the remaining rnarshes.
Thes= "hanges in the natural tidal flow have degraded salt marsh function,
with impacts including growth of invasive species such as purple loosestrife
and,r i>ragmites australis or common reed.

Recent..y a number of salt marshes in New Hampshire have been successfully
restored by re-establishing tidal flow and freshwater exchange. Most of these
projects have re-established tidal flow and exchange to marshes where tides
were restricted by undersized or damaged culverts, water control structures,
and/or berms of debris or dredge spoil. Recovery of marsh functions and
habit. at has been rapid and successful. By 1999 the collaborative efforts of
man> clifferent agencies and landowners had restored or enhanced over
430 acres of salt marsh in New Hampshire.

Eelgraiss

Eelgnass beds or meadows form
subtidaI and intertidal sea~ss habi-

tats ~ hlch cover the greatest area of
all habitat types in the Great Bay
Estuary, Eel~ss habitats are impor-
tant as breeding and nursery
grour.ds for finfish, shellfish, and
other irivertebrates, and as feeding
grour,d;> for inany fish, invertebrates,
and Lirds. Eelgrass stabilizes bottom
sedirr.ents, and may also fiker nutri-
ents, suspended sediments, and con-
taminar..ts from estuarine waters.

Eeigras.

Eel~mass restoration efforts have been conducted at several sites in the Great
Bay Estuary, including Little Bay where beds kited by tne ~asting disease
have not recovered in over 10 years. Eelgrass restoration projects have also
been ur,dertaken in Rye Harbor and the Piscataqua River adjacent to the State
Port Facility expansion.

NHEP IvlANACEMENT PLAN

Eelgr.ass> wasting disease  caused by
the myrxornycete laburinthula sp.!
was first recognized in Great Bay in the 1940s. In the late 1980s wasting
disea..e caused dramatic eelgrass declines in the Great Bay Estuary. arousing
great concern into the early 1990s. However, historical eelgrass beds have
made an impressive recovery of acreage and densities, and new beds have
been observed in areas previously devoid of eel~ass. %'hile overall the
resource is improving, recovery of lost eelgrass areas has been significantly
slower In Little Bay,



Recreational and Cornrnercial Uses

Recreational Tourism and Boating

Tourism and recreation are important to the Seacoast economy. Tourism is
the region's second-largest industry, with over 150/o of jobs tourism-related.
Iinportant recreational activities include boating, fishing and shellfishing,
sailing, day cruises, and tours. Boating has grown in popularity since the
1980s, with over 8,500 boats registered for tidal waters in 1992, Annual
mooring permit sales grew dramatically in the 1980s and into early 1990s,
but have leveled off' since the NH Port Authority implemented a harbor
management plan. Canoeing, rowing, kayaking, and windsurfing are also
popular activities in the estuaries.

Mooring PermitsAnnual mooring permit
so/es by the IVew
Hampshire Port Authonty:
1 976-1996
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Commercial Fishing

The American lobster is the most important coinmercially harvested species in
New Hampshire, yielding about $'16 million annually. Lobsters migrate into
the estuaries during late spring, with some moving well into Great Bay during
the summer. Despite fishing pressure in estuarine and ocean areas from 300
lobster fishers, landings iemained relatively stable during the 1990s, averaging
almost 1.6 million pounds annually from 1992 to 1997. In 1996 a summer oil
spill and an October salinity drop caused by a particularly heavy rainfall event
 greater than 12 inches of rain in two days in some areas! had negative
impacts on lobsters, particularly those in traps at the time of the events.
Mortality estimates are not available, but slightly lower 1997 lobster catches
may be partly due to these events.

Landings of cod and winter flounder, also important to New Hampshire's
commercial fishing fleet, consistently declined from 1992 to 1997, Spiny
dogfish, shrimp, sea urchin, and other species have gained importance to
the state's fishing industry. Recent catch records suggest that these species
may also be succumbing to increased fishing pressure.
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Recreational Fishing

Recreational fishermen pursue a
variety of species, induding striped
bass, bluefish, salmon, mackerel,

tomcod, flounder, shad, and smelt.

In addition to boat access, numer-

ous shore and bridge locations are
used for fishing. Several charter boat
companies in the Great Bay and
Hampton-Seabrook estuaries take
fishermen to inshore and offshore

locations. Almost 150 recreational

lobstermen set traps throughout the
Great Bay and Hampton-Seabrook
estuaries. A 1990 NH Fish & Game

study estimated 88,000 saltwater
anglers spent over $52 million dol-
lars on fishing-related expenses.

Recreational Shellfishing

Recreational shellfishing is an important part of the history and tradition of
coastal New Hampshire, with its almost 250 miles of tidal shoreline. Softshell
 steamer! clams and oysters are the principal quarries of recreational har-
vesters, but other shellfish species are aiso sought. Oysters are primarily har-
vested from the Great Bay Estuary, while softshell clams are p~y dug
from the Hampton-Seabrook Estuary. In 1994 almost 3,000 clamming licens-
es were sold to New Hampshire residents, while oyster harvesters numbered
nearly 1,000. A UNH study in 1992 estimated that recreational clamming in
the Hampton-Seabrook Estuary contributed nearly $3 million to the state
and local economv.

5tri ped boss fishermoi ~

However. over half the shellfish-growing waters in New Hampshire's estuar-
ies remain closed to harvesting. Shellfish beds are closed due to bacterial
contamination, and due to insufficient monitoring to declare areas open and
shellfish safe for huron consumption. The impacts of wastewater treatment
plant overflows, stormwater/sewer cross connections, and stormwater run-
off require closure of beds after even small amounts oF rain. This demon-
strates the links between human activity in the watershed, water quality,
and shellfish sanitation.

The NHEP is using shellfish in a number of ways to achieve its water quality
goals. First, shellfish are used to directly measure water quality improvements.
As estuarine water quality improves, more shellfish beds reopen. Second,
shellfish are recognized as a tangible, understandable, and reliable indicator of
overa11 environmental health. Thriving populations of shellfish typically indi-
cate that other estuarine species are also healthy, and help to improve water
quality by filtering estuarine water. Finally, the NHEP seeks to reopen as many
of the state's closed beds as possible for citizens who enjoy harvesting this
public resource.
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