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GREAT BAY ESTUAPJNE SYSTEM AND SITE LOCATIONS



INTRODUCTION

For years, some of us have known the Great Bay Estuary as a place of great beauty
and abundant resources. Researchers from 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 aad biology classes, and most recently
it is an essential part of the Math and Marine Science  M 4, 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 fall
bird migrations Now, people are building horaes at a rapid rate along the estuary's
rivers and bays, increasing pressures on the already strained sewage treatment
facilities ia the communities around the estuary. For the past three years 80'/o of
Great Bay's clam and oyster beds have been o6'-limits due to poHution. In fact,
Great Bay Estuary has the third highest percentage of area closed to sheH6shing in
New England, a rather dubious distinction.

Still, the estuary is one of the region's most pristiae, aad the Great Bay proper
recently achieved status as a National Estuarine Research Reserve. The Reserve
includes 4,47l acres of tidal waters and mudflats and approximately 48 miles of
shoreline. The water area includes aH of Great Bay, the smaH channel &om the
Wianicut River aad large ones from 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 Adams Point. Also within the boundary are 800 acres of
upland which includes a wide range of environments including salt marshes, tidal
creeks, islands, woodlands and open 6elds, I

The U.S. Department of Agriculture has designated portions of the Great Bay
Estuary watershed �63,200 acres! as a priority watershed area in the Noapoint
Source Management Plan  ia accordance with section 3 I9 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 units.>

The Great Bay Watch, a pHot citizen water moaitoriag program sponsored by Sea
Grant Extension through a grant 6om the Natioaal Chronic Atmospheric
Administration  NOAA! has been formed. Its dual mission is to extend and
augment monitoring eKorts already underway ia the estuary by the University of
New Hampshire's Jackson Estuarine Laboratory staff, and to involve iaterested
people in aa action-oriented educational program. The data that the group collects
will be made available to researchers, town and regional planners, state and local
goverament agencies, and other interested parties.



MlsCELLANEOUS  ADMINISTRATIVE EQUIPMENT!

CLIPBOARD  with No. 2 Pencil attached!

G.B.W. OFFICIAL BADGE

G.B.W. MAMJAL

CLEAN CLOTH  for drying equiptnent with!



SAMPLING PROCEDURE SUMMARY

Procedure at the water's ed e:
l. Bring 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 aAer 3-5 minutes.

Do secchi depth reading. Record.

Take water depth measurement. Record.

Take water sample with bucket.

bnmediately immerse armored thermometer to measure water temperature.
 Read a&er 3-5 mmutes � 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.

9. Take sample of water in sterile bag for coliform test and place in cooler.
Procedure lu laborato:  These may be done at water's edge or site lab.!

10. Determine pH;  remember to discard tap water, sample water, and old buffer.!
11. Fill Hydrometer jar, immerse both the armored thermometer and the hydrometer

in the jar. Read the thermometer aAer 3-5 minutes. Record. Then read the
hydrometer. Record,

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

13, Complete the dissolved oxygen  protocol! titration  steps 5-12!.
14. WASH EVERYTHING THAT WAS IN CONTACT WITH

CHEMICALS OR SALT WATER AFTER EVERY TEST. DRY
EVERYTHING THOROUGHLY, INCLUDING THE INSIDE OF THE
BUCKET. This will help maintain the life of the equipment.

15, Complete data sheet: Weather, Water, Activity, and VERY BvPORTANT-
Observation Narrative. Write in time spent and have data sheet signed by
a member of the site team who has successMly completed a QA/QC session.

16. Bring water sample for coliform testing  before 5 p.m.! to Kingman Farm
 House! 749-1565.
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t
TEMPERATURE

Discussion

Although temperature is one of the easiest measurements to perform, it is probably
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 Bay and its tributaries
are so shallow, their capacity to store heat over time is relatively small. As a result,
water temperature fluctuates considerably.

The temperatures of surface and subsurface water usually differ. With increase in
depth the water generally becomes colder. This results m thermal stratification of
deeper water and can lead to density differences, Vertical temIerature pro6Les are
fairly predictable. During the spring and summer months, the surface waters are
warmer than the deeper waters, due to the warmth of the sun. In the faH, the
warming radiation of the sun begins to diminish. As the sulface water cools, it
increases in density, becoming heavier. Once the surface water becomes coMer and
denser than the waters toward the bottom, it begins to sink and vertical mixing
occurs. Wind and tide may speed up the process. This mixing action can bring
nutrients up from the bottom into higher water where more plants and organisms
may use it to advantage, During the winter, the water temperature becomes
relatively constant &om surface to bottom until March, when the process of surface
warming begins again.

Temperature is reported in degrees Celsius, You can make conversions either way
using the following formulas:

Fahrenheit to Centigrade: subtract 32 degrees from F. temperature, divide by 9;
multiply by 5.

Centigrade to Fahrenheit; divide Centigrade temperature by 5; multiply by 9; add
32.



Tem erature Procedure:

WATER THERMOMETER

 ARMORED!

1, Check thermometers for continuous Quid - no breaks
2. - Hang the air thermometer in a nearby bush, out o f the sun
3. Rinse sampling bucket twice by fiHiag it halfway and disposing of contents in

an area away from the samphng spot. Let water flow through the tube and
then clamp tube shut,

4. Take water sample with bucket, hang armored therxnometer in bucket and
record reading aker 3-5 minutes.

5, Record air temperature m &ng sure to use Celsius scale.



WATER CLARITY  TRANSPARENCY! - SKCCHI DISK

Discussion

Transparency affects Gsh and other aquatic life by:

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

2. clogging of 6sh gills by suspended particles.

3 obscuring vision of 6sh and sheH5sh as they hunt food.

Water color indicates content, to a degree, and it is useful to record the color, also,

SECCHI DISK TRANSPARENCY

Sunlight P ene tra ti on

r r r r r-r-r-r-r r
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plankton cejis
de tr i tL1s

rrrr

r

~ r r
r r

~ r

SCATTER!NS

p1 nkton p/gments
dis~o1vecf color

ABSOA.PTI ON-. ~ :.:- ~-

pigh~&e ei Clerit9

Transparency of water is a quick and easy measurement that integrates many
important features of an aquatic system. Algae, microscopic animals, eroded soil,
and resuspended bottom sediment contained in the water column interfere with light
penetration and lessen the transparency of the water. In late spring and early fall,
transparency is usuaHy 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-off Since the sunlight is the basic energy source for aH life, the
degree of water transparency of the water has an important effect.



Secchi disk Procedure:

Note: Take these reading at the same spot eac
Do these tests after sunrise'f

Water Transparency

l Lower the Secchi disk into the water  in the shade of your body as you stand
with your back to the sun!, until it just goes out of sight. Note depth to the closest 5
centimeters then raise seccbi disk until it just reappears and note the depth to the
closest 5 centimeters. Record the average of the two depths. If the disk is resting on
the bottom aud is still visible, please record "BSV"  Bottom Still Visible!.

Water Depth

2. Lower the Secchi disk into the water  in the shade of you body as you stand with
your back to the sun!, until you feel or see the Secchi disk on the bottom Record

t the water depth to the closest 5 centimeters

17



HOW TO READ THE SECCHI DISK

1MPORT ANT:

Please start cauntingsiram the surisce"
ot the secchi disk. Fram the surisce
up ta the SLUE line is i0 em.

When you have counted 10 BLUE lines
you have reached th» t F4ETER line
 this is represented by 2 BLACK lines!

This is the first RED Iin
from the surface of DISK

The first BI.LiE line y-ou see
from the surface of DISK

 RED hnes = 5 cm each!.

Each RED line represents 5 cm each.

2 meters  shows 2 BLACK lines!

meter  shows 2 BLACK Uncs!



pH PROTOCOL

Discussion

pH is the measure of alkalinity/acidity. The pH scale runs Som zero to fourteen,
acidic to basic, with 7.0 being neutral. The scale is logarithmic, which means that
increases are in powers of l0. At a pH of 4 there are 10 times as many hydrogen
ions as there are at a pH of 5, 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 from 7.0 to 8.6, but
can vary even more widely at times of extreme influx of fresh water or a high degree
of biologic activity. Water dissolves the mineral substances it contacts, picks up
aerosols and dust from the air, receives wastes, and supports photosynthetic
organisms, all of which affect pH. Water has a burring 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,

Hold/

GAL

QrdOff BUFFER pH7
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NOTE: BE SURE TO IMMERSE THE PROBE IN TAP WATER TO THE
BLACK LINE FOR AN HOUR. BEFORE SAMPLING BE SURE TO SEE
IF pH METER IS FUNCTIONING.

- Caution! Only immerse pH meter to black line and keep meter in dry area of the
kit,

II. Calibration and Measurement of pH:  pH is temperature dependent.
Calibration liquid must be near your sample temperature or vise-versa.! If your
meter doesn't cahbrate, check the batteries, Change them if necessary and attempt
calibration again. If it still doesn't calibrate correctly, the solution could be weak, or
something else could be wrong, Don't take the reading � bring the meter to the
oKce. �49- I 565!

Calibration and Measurement Procedure for H:

STEP 1. Fill two small brown bottles labeled "rinse tap" and "test tap" and with
tap water,

STEP 2. Check 2 small bottles of pH 7 buffer � bottle marked "rinse buffer"
should contain the older, used buQer and bottle marked "test" should
contain the 6.esher, newer bgKer

STEP 3. Remove protector cap from pH probe.

STEP 4. Turn on meter  Press on/ofF button!.

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

Rinse probe in small bottle of bu8er solution marked "rinse pH 7", then
immerse in "test pH 7," Press the "cal" button to enter calibration
mode  you will see CA in window!. Stir gently and wait for the
displayed value to stabilize, Press "bold/con"  you will see CO in
window! to complete calibration.

STEP 6-

20

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



STEP 7. Rinse the probe in tap water, first the "rinse tap" then the "test tap."
Don't record any numbers.

STEP 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.!

STEP 9. Read pH in the display window.

STEP 10. Press on/oF button to shut oF pH meter.

Note: At the end of the salnpling day, throw out the rinse buffer, wash and dry the
bottle, and wash the cap. Take the used test buffer and pour it in rinse buffer bottle
Wash "test burr" bottle and fill with new test biter solution &om extra buFer
solution bottle before next sampling day.

Caution: To avoid cross contamination between samples, never immerse the
electrode above color band!

pH scale showing the pH of some common substances
14,0

13,0

12.0

11,0

10.0

9,0

8.0

7,0

6.0

5.0

4.0

3.0

2.0

1,0

0.0

Household lye

Bleach

Water softening

Egg whites
Salt water aquarium

Swimtrting pOOl water
Fresh water aquarium

Brewing beer
Pure rain

Food proceanng
Beer

Pidde processing

Battery arid
Very acid
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III. Cleanup: Rinse probe again in two tap bottles, shake oF excess water, and
replace cap. Rinse sample bottles and tap water bottles in &esh water and dry. Old
buffer can be disposed of by pouring down any drain or into waste jug.' Store
meter in toolbox near bottles and in a dry section.



SALINITY - HYDROMETER, THERMOMETER

Discussipa

Salinity is total amount of dissolved solids in the water and is made up of all known
elements. The salinity of the open ocean is approximately 35 parts per thousand
 o/oo!, but in the Gulf of Maine, salinity is slightly lower at about 32 or 33 o/oo due
to river influx aad run-os la the Great Bay Estuary, seven rivers bring fresh water
iato embayment, and during the spring run-o6; levels of salinity have beea recorded
as low as 0 o/oo. Salinity may also range as high as 30 o/oo. Tolerance of wide-
ranging and sometimes rapidly changing saliaity determines, more than any other
single factor, which species of plants and animals can survive ia an estuary.
Although salinity levels are higher at the mouth of the Piscataqua River, aad
generally become progressively lower as we move into the Great Bay proper, winds
and tides cause Little Bay and Great Bay to be well-mixed. Mixiag also occurs top
to bottom, blending the warmer, fresher water which teads to float on top with the
cooler, more dease salt water brought ia by the tides.

Temperature in the Great Bay estuary has a marked pattern of seasonal variatioa
from a winter low of -1.9 degrees Celsius to 28-30 degrees C. ia the summer. Great
Bay itself is quite shallow, averaging about 8 feet, which allows for rapid warming
aad cooling as the seasons change. Prom 1973 to 1982, time series analyses of
hydrographic trends ia the estuary by Professor Ted Loder, Uha, aad others
showed that water temperature decreased 0.17 degrees C, per year while salinity
rose  at Dover Point! 0.34 o/oo per year. These trends to colder, saltier water may
indicate either local river-flow changes or regional treads a8ecting the Gulf of
Maine.4

There are several ways of determining salinity, most of them requiring the use of
expensive equipment. However, we will use a hydrometer, an insltnunent which
measures the density of a Quid, making use of Archimedes' Principle, which states
that "a Qoating body will displace a volume of water, the mass of which is equal to
its own mass." The mass of a hydrometer is 6xed so that it floats ia pure, distilled
water at 1.00 grams per cubic centimeter. Salinity is also related to temperature,
which we will measure. Thea we will use conversion tables to relate the two
measurements and extrapolate our salmity reading in parts per thousand  o/oo!,

22



E~i: dlh hyd *, ydtl M yl' d

~ORZD

T~ZO~R HYDROMETER
JAR
�00 ml Cylinder!

STEP 1. M the 500 ml cylinder 3/4 full below
spout with water taken Rom the bucket

STEP 2. Hang the armored thermometer in the jar.

STEP S. ~ICh l d hyd * d
a twisting motion  this removes any air bubbles!,
carefuHy � don't just drop it because it might hit the
bottom too hard and break.
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STEP 4. Level the cylinder so hydrometer is level and not touching the sides  try to
keep it out of the wind!.

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

Remove the thermometer,

STEP 6. Read the density, taking care to
read at the bottom of the curve formed when
the water adheres and rises slightly where it
touches the sides of the hydrometer,
 a rnagnibjing glass may be helpful! This
curve is called the meniscus. On your data
sheet, show where the meniscus is by marking
the "REAMING THE HYDROMETER"
diagram. Record your density reading on your
data sheet.

t4004 L ONNT 24 547¹oa ~ AJOO
to52ZK. ZIN 0254 4 No¹a 147 a 400 oZN/0 Ooaoooor.

STEP 7. To determine the salinity use the 6ve
pages of Table I, Salinity is in parts per
thousand.  ppt! Locate the density in the left
hand column and the correct temperature in the
jar across the top of the pa.ge � of 5 pages!.
Then, read down to the appropriate salinity.
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STEP 8. Record the number of your hydrometer on the date sheet. It's found
near the neck on white paper inside the stern.







Table 1. Salinity in parts per thousand  ppt!
NOTE: This table is designed for use with 60'/60'F hydrometer.

rature of Water in Graduated C linder  "C!Observed Tern

2G.G '20.5 21.0 21.5Reading 18.5 19.0 22.0 22.5

0.1 0.2

19.5 23.0

0.00.9990 0.3

1.0050 7.1 7.1
1.0060 8.4 8.5

1.0070 9.7 9.8

1.0080 11.0 11.1
1.0090 12.3 12.4

74 75

88 89

10,1 10 2

11.4 11.5

12.7 12.8

7.9 8.1

9.3 9.4
10.6 10.7

11.9 12.0

13.2 13,4

1.0100 13.6
1.0110 14.9

1.0120 16.2

1.0130 17.5

1.0140 18.8

14.1 14,3

15.4 15.6

16.7 17.0

18.0 18,3

19.5 19,6

14.5 14.8

16.0 16.1
17.3 17.4

18.6 18.7

19.9 20.0

1.0150 20.1 20 A

1.0160 21.4 21.7

1.0170 22.9 23.0

1.0180 24.2 24.3
1.0190 25.5 25.6

20.6 20.8 20.9
22.0 22.1 22.2
23.3 23 A 23.5
24.6 24.7 24.8
25.9 26.0 26.1

21.2 21.3

22.5 22.7

23.8 24.0

2S.2 25.3

26.5 26.6

1.0200 26.8 26.9
1.0210 28.1 28.2
1.0220 29.4 29.5
1.0230 30.7 30.8
1.0240 32.0 32.1

27.8 27.9

29.1 29.2
30.4 30.7

31.7 32.0

33.2 33.3

27.2 27.3 27 4
28.5 28.6 28.9
29.8 30.0 . 30.2
31.2 31.3 31.5
32.5 32.6 32.8

1.0250 33.3 33.4

1.0260 34.6 34.7

1.0270 35.9 36.2

1.0280 37.2 37.5
1.0290 38.6 38.8

34.5 34.6
35.8 35.9

37.1 37.2

38.4 38.5

39.7 39.9

33.9 34.1
35.2 35.4

36.5 36.7

37.8 38.1

39.1 39.4

1.0300 39.9

. 1.0310 41.2

40.1

41.4

40.2

41.5

40.3

41,8

41.441.0

42.3

41.2

42.5

40.6 40.7

41.9 42.0

40.8

421

1.0000
1.0010
1.0020
1.0030

05

1.8

3.1

5.7

06

1.9
3.2

4.5

5.8

13.7

15.0

16.3

17.7

19.0

0.7

2.0

3.3

4.6

5.9

7.2

8.7

10.0

11.3

12.6

13.9

152

16.5

17.8

19.1

20.5

21.8

23.1

24.4

25.7

27.0

28.3
29.6

30.9

32.2

33.7

35.0

36.3
37.6
38.9

0.8

2.1

34

4.8

6.1

14.0

153

16,6

17.9

19.3

33.8

35.1

36.4

3/,I

39.0

1.0

2.3

3.6

4.9

6.2

1.1

2.4

3.7

5.0
6.3

7.6

9.1

104

1 1.7

13.0

1.2

2.5

3.8

5.1
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DISSOLVED OXYGEN

Discussion

Dissolved oxygen  DQ! is one of the most important indicators of the quality of
water for aquatic life, It is essential for aH plants and animals inhabiting the Bay,
When oxygen levels in the water fall below about 3-5 parts per million  ppm!, 6sh
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 influence on its availability during the year

A DO test  using kit or meter! tells how much oxygen is dissolved in the water, But
it does not teH your how much dissolved oxygen the water is capable of holding at
the temperature at which it was tested. When water holds aH 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. The accompanying Table 2 shows this relationship at various temperatures.

Oxygen is transferred from the atmosphere into the surface waters by the aerating
action of the wind. It is also added at or near the surface as a by-product of plant
photosynthesis. As a result, floating and rooted aquatic plants increase DO levels.
Smce 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 kiHs, death of'other organisms and bad smells. Also, at
night all photosynthesis stops and the algae respire  breathe! and use up available
oxygen supplies, then suQocate, die, and decay.
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TABLE 2

Solubili of Dissovled 0 en in Fresh Water

*100'/o saturation

As is expressed above and in Table 2, amount of dissolved oxygen in the water can
vary greatly, depending upon temperature, photosynthesis, wind, light, algae
blooms, etc. Very low readings  under 4 ppm! should be rechecked. Super s ~ted
conditions of levels above the magnum listed in Table 2 for a given temperature
can occur but shou1d be rechecked. Conditions of high wind or very sunny
conditions, combined with large amounts of live plant material, can create super-
saturated conditions and should be looked for if this condition is con6rmed by a
second reading.
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DISSOLVED OXYGEN SUPPLIES

Chemical FiQows

Dropper Bottle

Flastic Beaker

FiHow Cutter

BOD Bottle

Graduated Buret 100 ml Graduated

Cylinder



Dissolved Oxygen Titration

2 graduated burets
2 glass rods
2 glass marbles
2 BOD bottles  glass! and stoppers
1 100 ml graduated cylinder
1 box manganese sulfate pillows
1 box iodide-azide pillows
1 pair scissors or clippers
1 bottle starch solution
1 bag of sulfamic acid pillows
1 bottle sodiuxn thiosulfate
1 plastic beaker

Dissolved x e Pro edure:

STEP l. Release clamp, empty the tubing of bubbles, and insert flow tube trom
sample bucket into bottle, all the way to the bottom of bottle. Keep track of the
amount of time it takes to fill the bottle to the point of overflow,  counting as it fills
wiH be fine!, and allow enough time for the bottle to have filled three times. This
wiU allow all air to escape from BOD bottle and give an accurate sample. Replace
glass stopper  if carrlmg sample away from water's edge to do the procedure!.

STEP 2. Examine sample to make sure no bubbles are trapped inside. Once a
satisfactory sample has been collected, proceed to steps 3 and 4.

NOTE: Be careful not to introduce air into the sample while adding the
reagents in steps 4 and 5. Simply drop the reagents into the test sample, cap
carefully, «nd mix gently.

STEP 3. Cut open the manganese sulfate powder  piHow ¹ 1! and add to sample,

STEP 4. Cut open the alkaline iodide-azide powder  piHow ¹ 2! and add to
saxnple. Add a small marble the bottle before replacing the stopper. Replace
stopper, twist 1/4 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 aHow precipitate to settle to bottom half of bottle.
Gently invert bottle to mix and allow to settle again.
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NOTE: After finishing STEP 4, go on to your other tests while the sample is
settling.

Addition of the inarble in STEP 4 has two benifits: first, "topping off" 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
added gently to prevent the possibility of introducing air into the bottle.

Following completion of STEP 4, contact between the water sample and the
atmosphere will not affect the test result. Once the sample has been "fixed" in
this manner, it is not necessary to perform the actual test procedure
immediately. Thus, several samples can be collected and "fixed" in the field,
and then carried back to a testing station or laboratory where the titration
procedure is to be performed.  make certain samples are kept cool if titrating
later!

COMPLETE STEPS 5-12 WITHIN 1 HOUR

STEP 5. Cut open the sulfamic acid  pillow 0 3! and add to sample, 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.

ETEP6. 0 100% Ill pl ddlyh I ~IM I' d . Tll
the cyhnder and pour the sample carefully down the inside wall to avoid mixing
bubbles into the sample. Then pour the sample from the cylinder into the test
beaker, again, carefully pouring down the inside of the beaker,

STEP 7. Fill buret to above the zero mark with sodium thiosulfate titrant, and clear
bubbles out of buret.  Make sure liquid 6lls buret from tip to the zero mark! Refill
to zero mark.

STEP 8. Add sodium thiosulfate titrant to sample slowly, stirring as titrant is
added. Stop titrating when yellow-brown solution in beaker begins to lighten to a
light hay color.  White paper under beaker is used to watch color change.!

STEP 9. Add 8 drops of starch solution to beaker. Sample will turn a dark-blue
color..
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STEP 10. Now continue the titration process with the sodium thiosulfate remaining
in the buret until sample beaker becomes clear. Do not add any more titrant than is
necessary to produce the color change. Be sure to stir sample aSer each drop is
added.

STEP 11. Using the scale on the side of the buret, count the total number of ml,
used in the titration. Enter this number in the space provided on your data sheet.

STEP 12. Rinse out the beaker, re611 buret to zero mark, and repeat steps 7
through 12 on a second sample.

STEP 13. Record results of the second titration in the space provided on data
sheets.

STEP 14. Add the results of both titrations = mgL  ppm!

NOTE: These duplicate tests are run to guard against errors in analyses. If
the DO results in the second test is 0.3 ml �.6 rng/L! different than the first
test, you should do a third test. Record all three results.

Make sure BOD bottles are rinsed out at the end of testing.

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

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 that other, more dangerous bacteria are present. Their presence in
high numbers can indicate pollution 5orn improperly treated sewage effluent, waste
discharges Rom boats, improperly functioning or failed septic systems, untreated
urban storm water, runoff Rom agricultural operations, feces from wildlife, or other
sources. New Hampshire water quality standards for tidal waters utilize another
kind of bacteria  enterococci! to determine if waters are safe for sv,Imnung. State
standards for tidal shellfish waters, however, do specify acceptable levels of fecal
coliforms. While direct application of shellfis water standards to GBW data would
not be appropriate, these standards can be used to give a general sense of
contamination in the estuary. Fecal coliform tests are performed using the membrane
filtration  plate count! method.

BLACK PEEQWWENT MARKER STERILE COLLECTING BAG
 Whirl-Pak!

LLE~G TONGS

Additional equipment  not pictured!: Cooler and Cold pack
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A. EQUPIMKNT LIST:

Label sampling bags and the bottom of the Petri dishes  the smaller inner
diameter plate! with a permanent marking pen. Identify the sample site,
date and tide on lab tape.

Record the label information on the coliform record sheet.

Freeze two cool packs.

Check the incubator temperature

Make sure that all of filtration equipment and a suf5cient supply of petri
dishes are sterilized in an autoclave or other stream 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 2 inches of water. Wrap all the items to be sterilized in aluminium foil,
stick a piece of autoclave tape on it, and place into the bucket. Place the
bucket in the sterilizer with the exhaust channel on the right hand side.
Make sure there is a thin layer of petroleum jelly along the beveled edge of
the hd. This will ensure a tight seal on the sterilizer. The petroleum jeHy
should be applied every 3 to 4 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

4.

5.
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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 Aask

Base with stopper
Aluminum foil

Labeling tape
Alcohol

Fecal Coliform Processing Procedure:

8. PREPARATION:  in the lab!

Phosphate buRer
Absorbant filter pads
Membrane 61ters

Ampules of growth medium
Sterile pipets �0 ml and 1 ml!
Automatic pipeter
Oil lamp/candle
Tissues

U.V. sterilizer
Filter funnel

Filter forceps
Autoclave tape
Vacuum pump



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 verticle
postion. Turn the power switch on.

Once stream begins to escape from the exhaust valve  about 20
minutes!, it is necessary to wait five minutes to allow the "cold zones" to
be flushed out of the sterilizer. Close the exhaust valve by putting it in the
horizontal postion. When the pressure gauge reads 17 PSI, 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 Mting the exhaust valve. Use hotpad to release valve.

C. COLLECTING GRAB! THE SAMPLE:  at the samplesite!
1.

2.

3.

6.

7.

Make sure the bag is labelled properly with a medium tip perment marker.
sample site number, site name, date, day, time of sample taken, tida1 stage
and sampler's name,

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 optiona1. 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.
 Do not touch the bag opening with fingers, or gloves as this will
contaminate the sample,! DO NOT TOUCH THE MOUTH, OR INSIDE
OF THE BAG~

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

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 air space over the surface of the water.  You want the
bag to be about 2/3 the way fuB.!

Now spin the bag over itself several times, so that water won't leak out.
Finally, remove the clips and twist the metal tabs together like a braclet
since sharp ends could puncture other samples,



8.

9,

10. To review this procedure you may borrow the Processin Fecal Colifrom
video.

D. PROCESSING THE SAMPLE:  in the lab!

l.

2.

3.
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5.

6.

Refrigerate the samples in a cooler with a cold pack. Bring samples to your
assigned location, Kingman Farm. If you need the sample picked up,
please call Ann at Kingman Farm �49-1565!, or home �49-3880!.
Ideally, samples should be processed within one hour. If this is not possible
the samples may be refrigerated below 10 degrees C and may be held up to
six hours.

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.

UV-sterilize an filtration equipment for at least 10 minutes. The filtration
apparatus should be placed in the UV-sterihzer with the inside of the funnel
facing 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 snake sure that yon do
not touch the inside of the petri dish at any tixne. Place a sterile
absorbent pad aseptically into the bottom of the petri dish, by using the
sterile pad dispenser. Twist the cap ofF of the plastic ampule. Then squeeze
the nutrient medium onto the absorbent pad. Note: It is not necessary to get
every drop of the medium.

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 filtration assembly. Keep the filter Qat, 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 glass base. Check for leaks. If there is a leak, remove the funnel and
reattach. For the first run  as a blank!, simply Ster 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 pipet the desired dilution amount into a fresh bottle of
bufFer solution. Slowly pour the diluted sample into the Ster 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 is to ensure that all of the coliform is
washed onto the filter.

Use alcohol to sterilize forceps before lifting membrane from filter.
After lifting the funnel, remove the membrane filter from the support with
sterile forceps. Place the filter 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 proceding 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 into
the membrane.

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

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 from the steel support with a tissue. Wash your hands
between each sample,

11. Filter a sample of buffer at the end of a series of samples as a negitive
control. Other controls might be duplicating a sample or performing split
samples with another filtering location. Run blacks filtration of buffer in the
middle of the testing, after every 10 filtrations. This will allow for the data
before the middle test to be valid in case the end control came up postive,

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

13. Once a series of samples has been 6ltered and the Petri dishes bagged,
slide the bags into the Petri dish rack. Make sure that the petri dishes are
placed upside down. TMs is so that the condensation that forms does not
ruin the sample. Submerse the rack in a water incubator set exactly at
44.5 C for 24 hours.

14. After 24 hours  +/- two hours!, remove the dishes and count the number of
blue colonies with a metallic sheen which have grown on the 6lter paper.
Use the 10x power on a dissecting microscope if available. This gives an
approximation of the number of fecal coliform bacteria in 100 mL of water.
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15. Record the number of colonies per 100 mL sample on the data sheet for
each sample. To do this use this formula:

¹ of colonies X 100mL
= colones/100mL

¹ of mL used in sample

16. When you are done counting the colonies, sterilize the plates for 35
minutes to kill the bacteria. Dispose of filters or re&igerate for later
viewing.

17. After sterilizing the plates, simply dispose of the pad and filter properly and
wash in plain hot water Note: You will have to resterilize the dishes before
using them again,

K. TROUBLESHOOTING:  some helpful hints!

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

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

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

4. 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  Too Numerous To Count!,

Table 3: Suggested Sample Volumes for Membraae Filter Fecal Colifrom Test  Takea
from
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GREAT BAY M'ATCH TIP SHEET

WATER TEMP:
Make sure thermometer is in the water for 3 minutes and read while still in the
water.

Read the thermometer while it is straight up and down  option: flat!

STARTED THE D.O. TEST?
is the tube touching the 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?
Is the bottle full aAer removing the tube?
add pillow 01, followed by P2. THEN, stopper the bottle.
was the bottle agitated properly?
are there air bubbles trapped inside?  start over if there are!.

yH
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 AFTER A DAY'S SAMPLING and clean and
dry bottles?
did you follow directions for new "test "buffer pH 7?

SALIMTY:
fiH below the lip on the cylinder?
put thermometer and hydrometer into the cylinder at the same time?
wait three minutes to read the thermometer?
remove the thermometer before trying to read the hydrometer?
read &om the bottom of the meniscus in reading the hydrometer?
use chart on record sheet and mark the water line?
use the temp chart and salinity conversion charts correctly?

BACK TO D.O. TEST � Did you...?
add the third pillow � make sure grains are dissolved?
pour down the side of the cylinder rather than dumping water?
fill burette to zero?
clear bubbles?
add titrant carefully and stir?
8 drops of starch?
color completely clear?
do the test twice?
Clean equipment and dry.
Put equipment away properly.
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Kingman Farm: 749-1565
Ann  horne!: 749-3880
Sharon  home!: 659-5441

Dates to Remember for 7tItt Sexton f'86!
Great Ray N'atch

7pm-9pmFeb 14

21

Wed

Wed

Mar

M-F

Wed
Thurs

calibration

Q,A.Q.C.

Sampling

1to5
10
18

Apr
2pm-Sprn

7pm-9pm

Sampling
Monthly Meeting
Sampling

Mon
Wed

Mon

3

5
17

Jun
7pm-Qpm

Jul
7pm-Qpm

1to5
3to7

Th-Mon

Sat-Wed

Wed

Wed
Thurs

14
21

29

2pm-Spm

7 pm-QpmMonthly Meeting
Sampling
Sampling

4
16

30

Wed

Mon

Mon

Monthly Meeting
Sampling
Sampling

2
15

29

Wed

Tues

Tues

Wed
Wed

6

20
6.30pm-8:30pm

6 9
13

20
27

27

May 1
6

20
31-Jun 1

1

10

15
30

Wed
Sat

Wed

Wed

Wed

Wed

Wed

Mon
Mon

Fri-Sat

Mon

Wed
Mon
Tues

Annual Meeting
Snow Date for Annual Meeting

Monthly Meeting 7pm-Qprn
training high school students 9am-2pm
refresher for Faithful Watchers 6:30pm-8:30pm
training NEW watchers 6:30pm-8:30prn
training NEW watchers 6:30pm-8:30prn
NMEA B.O.D. meeting at NSTA in St,Louis, MO

Monthly Meeting

Sampling
Sampling
Bridging the Gulf; A Watershed of Watelsheds

environmental monitoring conference; Portland, ME

Sampling
Monthly Meeting
Sampling
Sampling

NMEA conference  UNH!
National Citizen Water Quality
Monitoring Conference: Michigan
Sampling
Picnic/Q.A.Q.C.

Sampling

Sampling
Monthly Meeting
Chili & Chowdah Fest

Ann's Birthday Party
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APPENDIX IV
p1gUiz q LOCATlpN OF GREAT SAY1N NEW ENGLAND
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C. Environment of the Great Bay Estuary

1, GENEP2Q. DESCRIPTION

An estuary is de6ned as a coastal area where 6'eshwater inflow mixes with seawater
 Ketchum 1951!'. As a result, the primary parameter structuring the estuarine
environment is salinity variation. Within northern temperate estuaries  e.g. the Great
Bay estuary! substantial salinity variations occur on diurnal  tidal!, montMy  lunar!
and annual  seasonal! scales. Additionally, there may be episodic low salinity
extremes produced by rainfall or spring snow/ice melt. The characteristics of the
drainage basin surrounding an estuary further distinguish the variability of salinity
regimes by affecting runoff amounts and patterns. Organisms that occur within es-
tuaries must be able to tolerate or avoid salinity extremes.

Estuaries may be formed as a result of several geological processes. The most
common estuarine type is the drowned river valley formed by rising sea level
inundating an existing river drainage. Locally, sea level has been rising since the end
of the last glaciation resulting in the formation of numerous Gulf of Maine estuaries,
including Great Bay  Texas Instruments, Inc, 1974!. The Great Bay estuary, ex-
tending 25 km �5 mi!  Brown and Arellano 1979! from the coast at New Castle,
NH. to the upper Great Bay, represents a major geographic feature of the
southeastern New Hampshire coastal zone  I igure 1!. Historically, the economic
development of many parts of coastal New Hampshire have been Intimately tied to
the ability of commerce to utilize Great Bay as an inexpensive route to the ocean.
Additionally, substantial harvests of 6n6sh and shell6sh have come directly &om
the Bay. In spite of the major historical economic uses of Great Bay itself and the
surrounding drainage basins, the estuary remains a relatively pristine and healthy
environment. In view of the substantial human impact  e.g, pollution and wetland
loss! on many estuaries in the middle Atlantic region of the coastal US, Great Bay
offers an important examp1e of an essentially unperturbed, natural estuarine
ecosystem. Relatively little salt marsh surrounding Great Bay has been lost to
development, Although there are historic references to the impact of water-born
particulate pollutants  e.g. sawdust! negatively impacting Great Bay mudaat
communities  Jackson 1944!, these practices have long since ended.



The Great Bay estuary derives its freshwater inflow &om seven major rivers  Table
2!. Three of these flow directly into Great Bay, i.e. the Lamprey, Squamscott and
Winnicut Rivers. The remainder flow into the estuary between Furber Strait and «
open coast, i.e. the Salmon Falls, Cocheco, Bellamy, and Oyster Rivers. Even so,
the flows from the latter four rivers directly affects Great Bay through tidal «shmg-
Overall, the seven rivers drain an area p f 2410 ion  930 rni'!, two-thirds of which is
located within New Hampshire, the remainder being in southern Maine  Reichard
and Celikkol 1978!. Estuarine tidal waters cover approximately 45 km' �7 mi'!
with a 161 km �00 mi! shoreline. Because of the dynamic nature of an estuary,
pollution at any point within the drainage basin or throughout the estuary itself will
ultimately impact the entire system. Thus, it is important to acknowledge the need to
manage an estuary as a total system rather than an individual embayment.

Table 2 Drainage Areas of Rivers Entering the Great Bay Estuary
 Modified &om Brown and AreHano 1979!

The Great Bay estuary  Figure 2! extends &om the mouth of the Piscataqua River
between Kittery, Maine, and New Castle, New Hampshire, inland to the junction of
Little Bay and the Piscataqua. Little Bay extends &om Dover Point turning sharply
at Ce5;g and Fox Points near the mouth of the Oyster River Little Bay ends at
Furber Strait near Ad;me Point. Great Bay begins immediately inland or "upstream"
of Furber Strait. Thus, while the GBNERR only includes Great Bay proper, an
increased understanding of the interconnection and dependency of Great Bay to the
other segments of the estulmne system is crucial to m ~gement of the Reserve.

Great Bay  Figure 2!, starting at Furber Strait, is a large, shallow, estLmne
embayment having a tidal volume of 393 x l06 m  EBASCO Services, Inc. 1968!.
The Bay has an average depth of 2.7 m  8.85 ft!, however, deeper channels extend
to 17.7 m �8 ft!. Channels»m «Lamprey Squamscott and Winnicut Rivers
intersect near the center of the Bay to form the main channel which connects to
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Little Bay at Furber Strait. Strong tidal currents occur at Purber Strait since the
tidally flushed water &orn Great Bay must pass through a restricted outlet. A similar
tidal flow restriction occurs at Dover Point where Little Bay meets the Piscataqua
River, At this site the channel is 430 m �.27 mi! wide with a maximum depth of
10.5 m �4 ft!. The Great Bay estuary has a low tide volume of 166 x 106 m' aad a
high tide volume of 230 x 106 m'  Brown and Arellano 1979!.

The water surface of Great Bay covers 2307 x 104 m2  8.9 mi ! at mean high water
and 1093 x 104 rn' �,2 mi'! at mean low water  Turgeon 1976!, Approximately
50'%%d of the aerial surface of Great Bay is exposed as mudhat at low tide.
Additionally, extensive intertidal salt marsh borders much of the mouth of the
Squamscott River, Crornmett and Lubberlaad Creeks, Several small islands  i.e.
Nannie, Swan, Vols, and the Footman Islands! occur within the Bay.

2. METEOROLOGY

The average aanual air temperature in the Great Bay area is 7.8' C �6' F!. Monthly
average air temperatures vary &om 20' to 22,8' C �8' to 73' F! ia July aad August
to -7.8' to -2.8' C �8' to 27' F! in January and February  NH Water Supply and
Pollution Control Commission 1975!.

Average annual precipitation in the Durham area duriag 1941 to 1970 was 41.55 in.
�.06 m!  Normandeau Assoc., Inc. 1975!. Only miaor diFerences in precipitation
 i.e. approximately 1 in., 0.025 m! occur between months. February is the driest and
November the wettest month  Texas Instruments, Iac. 1974!, The driest year on
record was 1941 with 23.95 in �.61 m! precipitatioa and the wettest year was
1954, 60.18 in, �.53 m!  Texas Instruments, Inc, 1974!. Snowfall in Durban
averages 56 in �.42 m!  NH Water Supply aad Pollution Control Commission
1975!

Winds are predominantly &om the west and northwest. However, in July
southeasterly winds prevail  Texas Instruments, Inc. 1974!,

3. GEOLOGY

The region surrounding the Great Bay is included in the Seaboard Lowland section
of the New England Province  Feaaeman 1938, Novotay 1969!. Elevations in the
area are generally under 200 ft. Most hills are either bedrock covered with glacial
till or drumlins.
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The most recent glaciation of the area ended during the Wisconsm stage « the
Pleistocene epoch �0,000 to 20,000 yr B.P.!  Texas Instrument, lnc 1974!- TlM
glaciation proceeded through the area in a southeasterly direction, resultmg in
orientation of the many druxnlins in the area. Substantial amounts of glacial till were
deposited as the glacier receded.

Bedrock surrounding Great and Little Bays is primarily metamorphic, consisting of
dark-gray slate of the Kittery formation visible as outcrops along the northern and
western shores and in the Pierce Point area of Greenland. The Eliot formation, also
dark-gray slate, can be seen along the shores of Stratham and Newington- A foM in
the Eliot formation, the Great Bay syncline, passes through Newington to Tho mas
Point, under Great Bay, then into Stratham near Bracketts Point. Immediately to the
north and west of Great and Little Bays, a granitic intrusion of Exeter diorite
comprising the Exeter plutonic  i.e. part of the Hillsboro plutonic series! is present
 Novotny 1969!, Large outcrops of the slate described above serve as an important
source of stable substratum for rnacroalgal attachment and contribute to the shingle
beach common around Great Bay.

Crustal depression in New Hampshire from glacial weight was on the order of 12.2
m �0 ft!. After glacial melt, crustal rebound occurred and is complete today. The
Seacoast Region of New Hampshire rebounded approximately 61 m �00 ft! after
the loss of the glacial overcover. However, the uplift was not uniform throughout the
region and Great and Little Bays represent a sag in the surface  Novotny 1969!. The
low-lying area was filled by rismg sea level from glacial melting. Thus, the Great
Bay est+wry is representative of a drowned river valley.

Present sea level was reached approximately 3,000 to 5,000 years B.P. During the
period 6,300 to 3,400 yr B.P. sea level rise in the Northeast was on the order of
0.80 m �1.5 in! per 100 yr, For the past 3,000 years this rate has slowed to 0.035 rn
{1,4 in,! per 100 yr. Projections of further sea level rise by the year 2100 range from
0.55 to 3.44 m �.8 to 11.3 ft!  NH CXEce of State Planning 1987!

A major feature of North temperate estuaries is the presence of extensive intertidal
mudQats. Approximately one-half of Great Bay is exposed at low tide; most of the
intertidal area is mudflat The fine sediment brought into the estuary prim;Irily by
river runoff and shore erosion is deposited in the relatively calm estuarine
environment resulting in extensive intextidal flats. Tidal currents are of greatest
inhuence within the channels and ~Imize subtidal sediment deposition. A marked
seasonal variation o f sediment deposition resuspension occurs tbroughout the Great



Bay  Anderson 1983!. During winter, ice cover of the intertidal zone miniimizes
sediment resuspension. However, spring ice out and subsequent wind mediated
erosion result in substantial movements of resuspended sediment  Anderson 1983!.
Bioturbation aad sediment-binding by algal mats rather than physical processes
predominate during summer months. As temperatures decrease during the fall
biological processes become less important and storm mediated resuspension again
causes intertidal flat erosion  Andersoa 1983!.

Soil associations surrounding Great Bay include Merrimac-Buxtoa along the south
and east shores of Newington and Greenlaad, Hollis-Warwick-Buxton in Greenland
aad Stratham, aad Hollis-Charlton-Buxton-Merrimac-Scantic from Stratham through
New6elds and Newington to Durham  Texas Instruments, Inc. 1974!. The
Merrimac-Buxton association consists of soils that are nearly level or gently sloping
aad are well-drained on glacial till or moderately well-drained on silts aad clays.
The Hollis-Warwick-Buxton soil association consist of well-drained soils oa
shallow glacial till or silts and clays. Hollis-Charlton-Buxton-Merrimac-Scantic soils
are shallow to deep, excessively drained to well-drained soils in upland areas as
well as moderately well-drained to poorly drained soils of marine silt and clay
deposits  Texas Instruments, Iac. 1974! .

4. HYDROLOGY

The major sources of 6eshwater inflow are the seven rivers entering the Great Bay
estuary  described above!. River flow varies seasonally with the greatest voluraes
occurring as a result of spring ruaofK However, throughout most of the year, the
tidal component in the estuary dominates over freshwater influence. Thus,
freshwater input represents only 2% or less of tidal prism volume  Reichard and
Celikkol 1978, Brown aad Arellaao 1979! although the perceatage varies
seasonally.

Stream flow entering the Great Bay estuary is gauged at the Oyster, Lamprey, and
Salmon FaUs Rivers  Normandeau Assoc., Inc. 1975!. Historical river flow data are
presented in Table 3. Approximately 50%  i.e. 0,508 m, 20 in! of the average annual
precipitation ia the Great Bay estuary drainage basin enters the estuary as stream
flow  NH Water Supply aad Pollution Control Commission 1975!.



Great Bay is a mesotidal estuary with the average tidal range varying from 2.5 m
 8 2 <! at the mouth of the estuary to 2.0 m �.6 ft! at Dover Point, increasing
slightly to 2.1 m �.9 ft! at the mouth of the Squatnscott River  Reichard and
Cebkk» 1978}. DifFerences in tidal phase and amplitude are minor between Dover
Point and the Squamscott River  Reichard and Celikkol 1978!. Tidal currents are
greatest at Dover Point and in the Piscataqua River �.5 to 2.0 m/s! and decrease in
LiNe Bay �.75 m/s!. Because of the channel restriction at Furber Strait, the
currents here are greater than in Little and Great Bays. Thus, speeds of 1.0 m/s or
greater occur at Adams Point but decrease to 0.5 m/s in Great Bay  Reichard and
Cehkkol 1978!. Due to the Coriolis efFect on water movement, flood tide currents
are concentrated on the north and west shores of Great and Little Bays while ebb
tide currents are on the eastern shore. Strong tidal currents act to limit vertical
stratification throughout the estuary during most of the year. Partial stratification
may occur during periods of intense freshwater runofF, particularly at the upper tidal
reaches of rivers entering the Bay.

The flushing time for water entering the head of the estuary is 58 tidal cycles �6,0
days! during low river flow and 48.5 �5.1 days! during high river How  Brown and
Arellano 1979!. Turgeon �976! estimated a flow time of four days for a particle to
traverse 4 km �.5 mi! in the mid-estuary,

Water temperature and salinity vary seasonaHy and diurnally  with the tidal cycle!.
Within Great Bay salinity may vary from essentially 0 '/" during extreme spring
ruaofF to 30 /-. Similarly, temperature has a marked pattern of seasonal variation
&om a winter low of -1.9' C  freezing point of salt water! to 28'-30' C in the
summer. The relative shallowness of Great Bay allows for rapid warming in the
spring-summer and cooling in the aehunn-winter. Time series analyses of
hydrographic trends in the Great Bay estuary during 1973 to 1982 showed
significant changes in water temperature and sahnity  Loder et al. 1983a!. Over the
period studied, water temperature in Great Bay decreased 0,17' C per year while
salinity rose  at Dover Point! 0.34 '/" per year  Loder et al. 1983a!. Both trends,
i.e, to co1der more saline water, may be indicative of either local river-flow changes
or regional trends afFectiag the Gulf of Maine  Loder et al. 1983a!.
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A long-term database of dissolved nutrient concentrations throughout the Great Bay
estuary has been collected by the Jackson Estuarine Laboratory and the University
of New Hampshire  Norall and Mathieson 1976, Loder and Glibert 1977, Daly et al,
1979, Daly and Mathieson 1979, Loder et al 1979, 1983a, 1983b, Norall et al.
1982!, Dissolved nitrate, nitrite, ammonia, phosphate  total and reactive!, oxygen
and silicate show substantial seasonal variation within Great Bay. No significant
long-term trends were apparent from time series analyses of dissolved oxygen,
ammonia, phosphate, nitrate, nitrite, or silicate  Loder et al, 1983a!. Thus, while
sewage inQow to the Great Bay estuary increased during 1973 to 1982  Table 4!, no
increased nutrient loading was apparent   Loder et al. 1983a! which was attributed
to the flushing potential of the estuary.

Table 3. GAUGKD STREAM FLOW DATA
 Modified from Normandeau Associates, inc, 1979!



Tab1e 4. WASTEWATER VOI.UMKS ENTERING THE GREAT BAY
ESTUARY

 Modi6ed &om Lodger et al. 1983a!

Design 1973 1982 Recrevlng Water Start-Up
Year

Community Served' Treatment

Level

New Ham shire

3.92 1,62 1.93 Cocheco River 1955Dover

ster River

ster River

1965-19801.161.35

19810.83Secon

Secon

2.50

0. 15 0.10 0.11 Lam r River 1971

2.50 1.36 1.12 S uamscott River 1965Secon

Secon 0.32 Cocheco River 19780.35

0.85 0,31 0.30 Lam r River 1971Pri

0.08 Piscat ua River 1980Second

Second

0.30

1953

Portmouth 'erce Is.

Portsrnouth Seacrest! P '

1964

1964

1967Secon

Secon 1967

0,20

0.60 0,48 0.80 Salmon Falls RiverSecon 1975

0.19 Salmon Falls River0,45 1965

1.22 0.61 0.65 PortsmouthHarbor 1970

17.6 10.0 16.8 Cumulative

Great Sa

Total

'Commumties labeled with ¹ indicate that eEuent is discarged upstream of the dam defining head-
of-tide.
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Kxeter

Farmin on

Newamket

N ' on

Pease AFB

Rollinsford¹

Somersworth¹

SmallVolume others¹

Maine

Berwick¹

South Berwick

1.20 0,077 0.72 Piscat ua River

1.50 2,09 5.6 Portsmount Harbor

0.45 0.21 0.30 Pisca ua River

0.15 0,08 0.04 Salmon Falls River

2.40 1.02 1.47 Salmon Falls River







extreme turbidity, the lower distribution of seaweeds is quite limited in Great Bay
versus the open coast  Mathieson and Penniman 1986!,

As water temperatures warm during the summer, growth of Gracilaria may reach
10'ro per day in Great Bay  Penniman et al. 1986!, Growth of Gracilaria is primarily
limited by water temperature and irradiance, while dissolved nutrients  i.e. nitrogen
and phosphorus! do not appear to limit production  Penniman 1983, Penniman and
Mathieson 1987!. No quantitative studies have been conducted to determine
standing crops of subtidal seaweeds throughout Great Bay.

A variety of seaweed species occur within Great Bay that are absent on the open
Atlantic coast north of Cape Cod  Penniman et al. 1985!. These species, which have
a disjunct distributional pattern, may represent relict populations that were more
wide1y distributed during a previous time when coastal water temperatures were
warmer  i.e. during a "hypsithermal period" 5000 yr B.P.!  Bousfield and Thomas
1975!. These seaweeds grow and reproduce during the warm summer and are able
to tolerate colder winter temperatures. Examples of species that exhibit such
disjunct distributional patterns include Gracilaria tikvahiae, Bryopsis plumosa,
Daya barllouviana, Choedria ienuissima, Loment'aria clavellosa, Lomentaria
orcadensis and Polysiphonia subtilissima  Pennirxma et al, 1985, Mathieson and
Hehre 1986!. Several of these taxa also occur in the Great Salt Bay at the head of
the Damariscotta River in Maine, an area somewhat similar to Great Bay. The
disjunct distributional pattern described for the seaweeds is also found for several
maine-estuarine invertebrates  Bousfield and Thomas 1975, Turgeon 1976!.
Specifically, the American oyster, Crassostrea virginica, only occurs naturaHy
along the U.S. coast north of Cape Cod in Great Bay and the Damariscotta River. It
shou1d be noted that these disjunct plant and animal populations have probably been
reproductively isolated 6orn the widespread southern populations since the period
of warmer coastal water temperatures. A second explanation for these distributions
is that some of the disjunct populations may be organisms carried with American
oysters possibly introduced into Great Bay during the early 1900's  Turgeon 1976!.
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Microalgae

Phytoplankton are a major component of primary production within estuaries. Little
data are availab1e concerning phytoplankton species composition, abundances, or
production within Great Bay. During 1970 to 1978 as part of a baseline study to
determine the potential environmental impact of an electric power generating station
located on the Piscataqua River in Newington, several measurements of
phytoplankton populations were taken  Normandeau Assoc., Inc. 1971-1980!. As
part of this study, phytop1ankton species composition  retained on 0.076 mm net or
as whole water samples!, chlorophyll a concentrations and primary production as
14C uptake were measured at five stations throughout the Great Bay estuary
 reduced to one in 1978!.

Phytoplankton species composition within the estuary  Appendix A, Table 2! is
dominated by diatoms  e.g. 96% of total abundance during 1978, Normandeau
Assoc., Inc. 1979a, 1979b!. Specific dominant net phytoplankton taxa are
Chaetoceros species, Skeletonema costatum and Ceram um species, the former two
groups are diatoms, while the latter is a dinoQagellate. Whole water phytoplankton
samples were domina@< by Skeletonema costatum. High numbers of pennate
diatoms also occurred in the water column  e.g. Nav~cula- spp. and FragQaria spp.!
an indication of resuspension of benthic forms. The diatom, Detonula confervacea,
was a major component of the winterspring inner estLmne phytoplankton
community during 1971 to 1973  Donovan 1974!. D. confervacea dominated over
Thalassiosira spp. in areas of lower salinity. Detonula was infrequent during 1971 to
1973 at more coastal stations in the estuary  Donovan 1974!.

In the Piscataqua River shiks in species composition occurred with tidal phase
Blooms of estuarine taxa dominated during ebb tide stages, conversely neritic
species were predomin'mt during Rood tides  Normandeau Assoc, Inc. 1980!. Cell
numbers during blooms were generajly 104 to 106 cells/liter. During 1976 to 1978,
two periods of phytoplankton blooms were evident during later spring and late
summer/5d1  Normandeau Associates, Inc. 1979a, 1979b!. Late spring and autumn
blooms were dominated by Chaetoceros spp. while Skeleton,ema costatum peaked in
late summer  Normandeau Assoc-, Inc. 1976!.



Throughout the estuary phytoplankton primary production was
to July, declining through the August and September with
October  Normandeau Associates, Inc. 1978a, 1978b
phytoplankton production was greatest in Great Bay �4 mg
versus more coastal stations  Normandeau Assoc,, Inc. 1978a,
a values were similarly distributed � mg/rn' surface ebb tide
 Normandeau Assoc., Inc. 1978a, 1978b!. Within the mid/uppe
a concentrations varied during 1973 to 1981 5'orn 1 to 14 mg/
5 mg/m'  Loder et al.1983a!, These values are comparable
Maine estuaries  i.e. Sheepscot and Damariscotta River Estuan
al. 1983a!.

Another important microalgal component of the estuarine fl
other microscopic algae occurring on mudflats. These microal
substantial portion of total estuarine primary production. H
temperate Atlantic estuaries very little quantitative informatio
magnitude of epibenthic microalgal production.

Salt Marsh

North of Cape Cod, Massachusetts, salt marshes are progressr
total estuarine primary production than further south on the
Gulf coast estuaries. However, the Wells National Eshumne
somewhat atypical of Gulf of Maine estuaries in having a rela
of salt marsh habitat. In contrast, as described above, Great
intertidal mudQats with substantial areas of intertidal macroalga
km'  837.5 acres! of salt marsh surround Great and Little Bays
River  NH Fish and Game Department 1982!. Within th
GBNERR extensive salt marshes are present along the Squ un
�00.8 acres!, and Lubberland and Crommett Creeks. In Gr
occurs more commonly as a thin Ringe along the uppermost
Mathieson 1983!.

Salt marshes in Great Bay are dominated by the Spartina s
 smooth cord grass! and S, patens  salt meadow hay!. Both
grasses, annually producing large amounts of organic matter
from the marshes into the detrital food web or that is deposit
and contributes to the underlying marsh peat  Nixon 1982, Teal



um standmg biomass of Spartina alterntflora occurs during July to August in
Great »y. Maximum mean above-ground S. alterniflora biomass within Great and
Little Bays was approximately 400 g dry wt/m during 1980 to 1982  NH Fish and
Game Department 1981, 1982! These data are equivalent to measurements of
production in other New England salt marshes  i.e. Maine, McGovern 1978; Rhode
Island, Oviatt et al. 1977!. Below ground standing crop  i.e. roots and rhizomes!,
which is quite variable geographically  Nixon 1982!, has not been assessed. S.
alterniflora flowers during July to September  Chock 1975, NH Fish and Garne
Department 1981, 1982!.

Since most marshes surrounding Great Bay are relatively narrow in aerial width and
because of the large tidal amplitude in the region, most of the marsh grass standing
crop is probably exported &orn the marshes to the estuary  Nixon 1982!.
Furthermore, annual ice scouring of the intertidal marsh surface removes most
remaining Spartina culms which are then exported during spring tidal cycles
associated with ice melt. Ice cover and scour of the intertidal salt marsh also

removes portions of the surface peat, which may be rafted into the lower intertidal
or subtidal areas that are too deep for survival of Spartina  Hardwick Witman
1985!. Hardwick-Witman �986! determined that 11'/o of the surface area of an
intertidal mudflat bordering Cromxnett Creek  Adams Point! was pieces of ice-rafted
salt marsh peat. Ehrring spring ice-out overall movement of the peat islands was
from the high to low intertidal  Hardwick-Witman 1986!. Therefore, ice-rafted
marsh segments may be deposited within the intertidal zone and are potentially a
major means of propagation of salt marsh within the Great Bay  HardwickWitman
1985, 1986!. Furthermore, several domnmnt intertidal species  e.g. Fucus
vesiculosus and Geukensia demissa! are carried within ice-raffled marsh peat
 Bardwick-Witman 1985!.

A variety of other plant species are found in Great Bay salt marsges  Appmd.
Table 3!. Unlike the extensive Spartina grass rnonocultures typical o f more southern
salt marshes, Great Bay marshes have a greater diversity o f species and th~ ~~
more as a mosaic of plant distributions- Furthermore, several species found within
Great Bay salt marshes are classified as rare or endangered species  App d.
Table 4!.
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Soil types of coastal New Hampshire salt marshes were described by Breeding et al,
�974!, Marshes bordering streams such as the Squamscott River and Crommett and
Lubberland Creeks are generally sulfihemists. The &inging marshes, common
around the Bay, also have sulfiihemist soils of varying thicknesses and overlaying a
variety of substrata  i.e. mud, sand, bedrock!, The sulfihemist soil type has slow
internal drainage, a very high water table and contains high amounts of organic
matter and sulfidic minerals.

Eelgrass

Eelgrass, Zostera marina, is aa important component of the estuarine environment,
Production &om eelgrass enters the estuarine nearshore detrital food web, ee1grass
leaves serve to slow water flow aad enhance sediment deposition, and root systems
further stabilize sediments. Eelgrass beds provide structural diversity within the
estuary as substrata for algal and invertebrate attachment, as well as protection for
larval fish and invertebrates &om predators. Eelgrass is distributed throughout the
Great Bay estuary  NH Fish and Game 1981, 1982!.

Several extensive Zostera beds occur within Great Bay  NH Fish aad Game
Department 1981, 1982, Short et al. 1986!. However, unit aerial biomass is greater
at more coastal sites  NH Fish and Game Department 1981, 1982!. Additionally,
during 1980 to 1982 and continuing to the present, a decrease in the abundance of
eelgrass within Great Bay has been noted  NH Fish and Game Department 1981,
1982, Short et aL 1986!, Maximum biomass occurs during July and a minimum in
March  e,g, 30 g dry wt/m in March versus 100 g dry wet/m in July at Weeks
Point in Great Bay, NH Fish and Game Depart nent 1982!, Lengths of individual
plants of Zostera marina are shorter within Great Bay versus stations on Little Bay
and the Piscataqua River  NH Fish and Game Department 1982!. Riggs and Fralick
�975! observed a temporal progression of flowering in Zosrera populations with
populations nearest the coast flowering three months earlier than those farthest into
Great Bay,

Surveys by the New Hampshire Fish and Garne Departraent noted a decline of 4406
in maximum {July! standing crop of Zosrera &om 1981 to 1982  NH Fish aad Game
Department 1982!. A "wasting disease" ja eelgrass populations throughout the
Great Bay estuary has been reported  Short et al. 1986, 1987!. A more widespread
loss of eelgrass occurred during the 1920-1930's along both shores of the north
Atlantic  Milne and Milne 1951!,
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The boundaries of the GBNERR include several upland areas  e,g. Adams Point,
areas bordering Crommett Creek and the Pease Air Force Base shoreline!. No
speci6c studies have documented the upland vegetation within the Reserve
boundaries. However, a Qora of Sword County, NH, was compiled by Hodgdon
�932!,

The region is characterized as a transition zone between the deciduous forest to the
south and the coniferous forest to the north  Texas Instruments, Inc. 1974!.
Common tree species within the area include white pine  Pinus srrobus!, red oak
 Quercus rubra!, red pine  Sinus restnosa!,'hemlock  Tsuga canadensis!, red
maple  Reer rubrum!, gray birch  Betula populifolra! and quaking aspen  Populus
tremuloides!  Texas Instruments, lnc. 1974!. A more complete listing of the
common upland vascular plants found within StraKord County, NH, is presented in
Appendix A, Table 5. Furthermore, several threatened or endangered plant species
occur within the boundaries of the Reserve  Appendix A, Table 4!.

6. FAUNA

intertidal and Snbtidal invertebrate Fauna:

Substratum type  i.e mud/sand versus rock! is an important determinant of species
composition within Great Bay. Rock and shingle substrata are populated by
epibenthic organisms, while mud and sand have both epibenthic and infaunal
components.

Typical muddy intertidal domiIaants throughout most of the Great Bay estuary
 based on retention by a 1 mm screen! are Macoma balthica, Mya arenaria,
¹phtys caeca and kreis virens, with Clymenella torquata, Gemma gemma and
Scoloplos spp. being occasionally abundant  Normandeau Assoc., Inc. 1973!.
Typical rocky shore domn~ts are littorina littorea, Mytilus educes and
Semibalanus balanoides, Within Great Bay, however, Semibalanus, Ma@orna,
Myrilus, and Lirrorina liftorea occur in low numbers and Crassostrea virginia,
Geuke~gia demissa and Muli~ia lateralts replace the more coastal species



Population structure of the intertidal fauna within Great Bay is distin
coastal sites  Normaadeau Assoc., Inc, 1976!. The sraall bivalve, Gem
the most abundant intertidal infaunal organism in Great Bay  e.g. 80
and Hydrobia minuta is the most abundant gastropod.

Recent studies �980-1982! by the NH Fish aad Game Departmen
subtidal soA sediment communities in Great Bay contained  based on
0.5 mm screen! primarily the polychaetes Streblospio benedicri and
filiformis and the amphipods Ampelisca abdit&vadorum  NH Fish
Departmeat 1982!. Streblo spio and Heteromastus densities were gr
the summer, Ampelisca is at a minimum at that titne. Maximum
Hereromastus within Great Bay was 23.2/0.0078 m'  NH Fish
Departraeat 1982!. SoA-shell clams, Mya arenaria, are found througho
with maximum densities of 6.4/0,0078 m  NH Fish and Game Departm

Large oyster beds  Crassostrea virginica! occur within the Great Bay
highest densities of oysters  i,e 203/m'! are in the southwest part
where sizes ranged &om 80,0 to 99.9 mm  NH Fish and Game Departm
Oyster abundances in Great Bay decreased Rom 1980-1981 to 198
Fish and Game Department 1982!,

During 1980-1981, ninety-oae species of intertidal and oae hun
subtidal iafauaa were collected throughout the Great Bay estuary b
and Game Department �981!. In a subsequent investigation, a
sixty-sevea intertidal and eighty-two subtidal species were found
Game Department 1982!  Appendix A, Tables 6 and 7!. Both studi
upon organisms retained by a 0.5 mm screen. During 1980-1981
collected moathly, while during 198!-1982 only bimonthly sampliag w
The decreased frequency of sampling may explain the lower spec
observed in the 1981-1982 investigation. The 1981-1982 collect
polychaetes �5 !o!, crustacea �6 ro!, bivalves �5 ro!, aad gastropods

Hardwick-Witrnaa and Mathieson �983! compared the epibe
compositioa of the intertidal zone over a gradient extending Rom th
Piscataqua River into Great Bay. Within Great Bay the dorainaa
intertidal invertebrates were Lanassa obsoleta, Geukensia demiss
virginica, Balanus eberneus, Lirrorina littorea, L. saratilis and
Domitmnt macroalgal species included Ascophyllum nodosum, Fucus
Hildenbrandia rubra and a 5lameatous algal mat. Sparii«



predominated in the high intertidal. The species were divided into tlrree distinct
elevational zones: an upper gpartina-Fucus-L. soxatilis zone, a mid AscophyII"
Geukensia-L. Iirroyea zone and a lower Ilyanassa-Crassosrrea zone
 Hardwick-Witman and Mathieson 1983!.

As described above for several seaweed species, the warm srnnmer waters ~t
Great Bay allo w the persistence of several invertebrate species more common
~er so«along the open Atlantic coast  Bousfield and Thomas 1975!. Gable and
«»er �97 I, 1978! described the ecology of the salt marsh amphipod Gammayus
palus~ris. Great Bay is the northern limit of the species' distribution  Gable and
broker 1977!. Turgeon �976! commented on the occurrence of disjunct populations
of several primarily warm-water invertebrate species within the Great Bay, e.g.
Balanus improvisus, Crassostrea virginica, Urosalpinx cinerea, Tellina agilis,
Molgula manhaitensis, Cliona sp. and Polydora sp. These disjunct taxa may
represent relict populations &om a period 10,000 to 6,000 yr B.P. when coastal
water temperatures were warmer  sensu Bousfield and Thomas 1975! or they may
only be present due to human introduction of oysters and associated fauna and Qora
 Jackson 1944!.

Within the estuary there is commercial fishing for lobsters  Homayus ameyicanus!
and rock crabs  cancer iyroyatus!, as well as recreational fishing for oysters
 Crassostrea viyginica!, Historically there was a Gshery for soft-shell and razor
clams  Jackson 1944! but harvesting is now limited by reduced clam densities and
closures of beds due to bacterial pollution.

A study on the colonizatiorr of artificial substrata placed in the Great Bay estuary
was conducted by Normandeau Assoc., inc. �972-1978!. During 1972 fouling
panels at Adams Point were colonized by colonial diatorns, especially Melosira
moniliformis, a spionid polychaete, Polydora ligni, amphipods especially
Coyophium sp., AmphIthoe sp., Jassa falcata, Coremapus lysi cultus
Hemiaegina minuta, as well as the coelenterate Tubularia crocea  Appendo,
Table 8!, Marked seasonal succession was observed  Norrnandeau Assoc
1978a. 197b!. Balanus sp. and Mytilus edulis were rare at Adams Point but
abundant on fouling panels in the outer estuary  Normandeau Assoc 1nc 1973!
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Zooplankton

Zooplankton numbers varied 6-orn 1000 to 10,000/m' during 1975 in Grea
 Normaadeau Assoc,, Inc. 1976!, Abundance increased throughout the s
peaking in early summer and declining sharply in later summer. A total
zooplankton taxa were detected within Great Bay  Appendix A, Table 9!-
than at more outer estuarine sites  Normandeau Assoc., Inc. 1976!. Througho
estuary, holoplankton  those forms which spend their entire lives in the zooplankt
community! accounted for 73% of the zooplankton. Dominants were co
nauplii �9%!, Pseudocalanus minutus �4%!, Oithona similis  8%!, tin
pr'otozoans �%! and Temora longicornis �%!. Meroplankton  forms which
the zooplankton for only a portion of their life histories, e.g. to reprod
comprised 22% of the zooplankton, including polychaete larvae �1%!, gastr
larvae �%!, cirriped larvae �%! and bivalve larvae �%!. Tychoplankt
 organisms which are only temporarily suspended into the zooplankt
community!, primarily harpacticoid copepods, represented 5% of zooplankt
 Normandeau Assoc., Iac. 1976!.

Turgeon �976! monitored rneroplanktonic abundances in the Great Bay e
during 1970 through 1973. The numbers of bivalve larvae generaHy decrease
the mouth of the estuary mto Great Bay  Turgeon 1976!. Bivalve larval num
were greatest in July and September. Early stage bivalve larvae occurred
near-surface, while later stages were in deeper waters.

Barnacle aauplii  Semi balanus belanoides! are one of the 6rst meroplankton
to appear seasonally, during February  Turgeon 1976!, coinciding with the
phytoplankton bloom. Trocophores and early stage spionid polychaete larvae
in April through May having highest densities within the inner estuary  T
1976!. MoHusk larvae are most abundant during June through July with a
peak abundance in September. Prosobranch veliger numbers peak during Jun
July and are most abundant within the inner estuary. Concentrations of
veligers/100 liters are reached in Great Bay waters, probably prixaarily Ily
obsoleta  Turgeon 1976!. These patterns were consistent during 1970-
 Turgeon 1976! although absolute numbers varied year-to-year,



Turgeon �976! identified two distinct meroplanktonic communities. One j
predominated in the outer estuary and a second in Great Bay although there was
overlap in the middle estuary Larval populations were most dense and species
composition most varied during February to July and again during September
through November.

Lan@ abundances of sofI:-sheH clam, Mya arenaria, were seasonally bimodal
 Turgeon 1976!. Oyster larvae, as well as larvae of severa1 other bivalves, migrate
vertically depending upon the tidal stage. Movement up in the water column at flood
tide and downward with ebbing tide allows retention within the inner estuary
 Turgeon 1976! Larvae of warm water species, such as Crassostrea virginica,
Geukensi a demi ssa, Molgula manhattensis and Balanus r'mprovisus, were detected
infrequently by Turgeon during 1970 to 1973  Turgeon 1976!.

Ichthyofauna

The NH Fish and Game Department �981!, using a variety of samphng techniques
to coHect 6n6sh throughout the Great Bay estuary during 1980-1981, identified a
total of 6fty-two species  Appendix A, Table 10!. During 1981-1982 using only
beach seines and otter trawls, the NH Fish and Game Department �982! collected
thirty-two fin6sh species, Atlantic silverside  Menidia menidia! was the most
abundant species, particularly during autumn. Other abundant 6nfish in the Great
Bay estuary included  in order of abundance!:

Fundulus heteroclitus Common Kill6sh,
murnmichog

Ape ltes quadracus Four-spined
stickleback

Gasterosreus acelearus

Pungiti us pu ngi tius

Osmerus mordax

79

pseudopleuronectes amencanus

Microgadus tomcod

I.iopsetta pu tnamt'

Alosa pseudoharengus

Myoxocephalus aenaeus

Three-spmed
stickleback

Nine-spined
stickleback

Smelt

%'inter flounder

Atlantic Tomcod

Smooth Flounder

Alewife

Grubby



A sinular overall hst of finfish species for the Great Bay estuary was tabulated
during 1970-1978 by Normandeau Associates, Inc, |'1971-1979!

Resident finfish species occurring throughout the estuary include silversides,
sticklebacks, common killifish, winter flounder and grubby. Anadromous species
include smelt and alewife. Adult and juvenile smelt occur year-round throughout the
estuary, while adult alewife occur in May to June and juveniles from May through
November  NH Fish and Game Department 1981, 1982!.

Commercial fisheries in the Great Bay estuary include herring, American eel and
smelt. Striped bass, smelt, Coho salmon, and winter flounder are the most important
recreational fisheries, Coho salmon were first stocked in the Great Bay estuary
during 1969 by the NH Fish and Game Department  NH Fish and Game Department
1981!.

During 1973-1979 a variety of fish larvae  Appendix A, Table 11! were coUected
throughout the Great Bay estuary in conjunction with the environmental itnpact
assessment of the Newington Generating Station  Normandeau Assoc., Inc. 1980!.
Larvae of American sand lance  Ammodytes americanus! were the most common
during 1975-1979, followed by radiated shanny  Ulvaria subbifurcata!, smooth
flounder  J.iopserta purnam! and smelt  Osmerus mordax!  Normandeau Assoc,,
Inc. 1980! .

Avifauna

A diverse avifauna occurs throughout southeastern New Hampshire  Appendix A,
Table 12!. Surveys by the NH Fish and Game Department recorded forty-three
species using the estuary's waters and intertidal areas during 1982  Appendix A,
Table 13!. Mean monthly abundances varied from 322 in June to 3,319 durnig
March  NH Fish and Game Department 1982!. The highest numbers of species
ouvrred during April and September coincident with spring and fall migrations,
respectively. gce cover during the winter severely restricts the areas in Great Bay
utilized by birds.! Common species include:

Larus argentatus Herring gull
Anas rubri pcs American Black duck
Phalacrocorar auritus Double-crested cormorant

Ardea herodias Great blue heron

Corvus brachyrhynchos Ainei' an crow



Abundant overwintering migrants include:

Branta canadensi s Canada goose

Aythya marila

Bucephala albeola

Bucephala clangula

Anas rubripes

Anas platyrhyn chos

Mergus serraror

Greater scaup

Bufflehead

Common goldeneye

American black duck

Mallard

Red-breasted merganser

Functionally, the avian groups observed within Great Bay may be divided into Ave
categories: seabirds, waterfowl, wading birds, terrestrial and shore birds.  Appendix
A, Table 13!  NH Fish and Game Department 1981, 1982!,

Seabirds  i.e. cormorants and gulls! are common year-round within Great Bay,
Herring gulls  Lanes argentatus! had a maximum mean monthly abundance of 432
during September  NH Fish and Game Department 1982!. Great black-backed gulls
 Larus marinus! are also common within the estuary. The common tern  Sterna
hr'rundo! occurs in Great Bay during later spring and summer. Terns have nested in
the past on Nannie Island in Great Bay  NH Fish and Game Department 1981!,
Double-crested cormorants  J'halacrocorar arcritus! are common in Great Bay
during April to November.

Waterfowl are most abundant in the estuary during the fall and winter months, Black
ducks  Anas rubripes! are in high abundance &om August  maximum abundance
895! through March. During winter large numbers  900! of Canada geese  Branra
canadensis! occur in Great Bay. A major source of food for overwintering geese
may be the abundant intertidal green seaweeds, e.g. Ulva lactuca and
Enteromorpha spp.  Pennijnarg personal observation!.

Greater scaup  Aythya marila! are present during late summer to spring. Other
relatively common waterfowl include buKehead  Bucephala albeola!, common
goldeneye  Bucephala ckmgula!, mallard  Anas platyrhynchos! and red-breasted
merganser  Mergus serrator! .



The great blue heron  Ardea herodias! is the most prominent wading bird, occurring
primarily &om April to October. Other wading species include snowy egrets
 Egrerra thula!, green-backed heron  Burondes striarus!, black crowned night heron
PVycticoraxnycticorar!, glossy ibis  Plegadis falcinellus!. greater and lesser
yellowlegs  Tringa rnelanoleuca and T. flavips! and least sandpiper  Calidris
minuri lla!.

Common terrestrial species utilizing these estuary are the American crow  Corvus
brachyrhynchos! and the belted king6sher IMegaceryle alcyon!. Adams Point also
has a large population of ruffed grouse  Bonasa umbellus!  Texas Instruments, Inc.
1974!.

Endangered and Threatened Bird Species

Several endangered and threatened bird species utilize Great Bay as habitat at
various times of the year. The estuary supports the largest winter population of bald
eagles and is one of the best documented wintering sites for bald eagles in New
England. Regularly used areas within the GBNERR boundary include the entire
shore of Pease Air Force Base, a section of shore in Durham, the Squamscott River,
and several islands within the estuary, Ospreys, common loons and pied-billed
grebes forage in the Bay during migration. Common terns have nested on Nannie
Island and the Footman Islands as well as on several islands in Little Bay in the
recent past, although none are nesting there at present. Migrating Northern Harriers
use the saltmarshes and agricultural land for foraging. Sedge Wrens and Henslow's
Sparrows ocasionally occur in short grass habitats around the Bay.

Marnrnah and Other Terrestrial Vertebrates

Harbor seals  I'boca virulina! are observed frequently throughout the Great Bay
estuary particularly at a rock ledge near the mouth of the Oyster River  Normandeau
Assoc., Inc. 1974b, Texas Instruments, Inc. 1974, NH Fish and Game Department
1982!.

Terrestrial mammals which utilize Great Bay include raccoons, whitetail deer, red
fox, woodchuck, muskrats, chipmunks, grey squirrels, cottontail rabbits, mink, otter
and beaver. Whitetail deer are very common in Durham and Adams Point with
several overwintering yards present in the area  Texas Instruments, Inc. 1974!- In
Appendix A, Table 14 enumerates the common terrestrial n~mals in the seacoast
region of New Hampshire. A checklist of New Hampshire amphibians and reptiles
is included in Appendix A. Table 15,
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7 THI~ATKNKD/ENDANGERED SPECIES

Plant and animal species listed as threatened or endangered have been discussed in
previous sections. A complete listing of these species is included as Appendix A,
Table 4.

It should be mentioned that the disjunct estuarine invertebrate and seaweed species
discussed in previous sections are limited to only several locations north of Cape
Cod, Massachusetts. In fact, Crassostrea virgintca  American oyster! and Dasya
baillouviana  a red seaweed! are species listed as part of the Maine Critical Areas
Program  Cowger 1975, Yadas 1977!.

D. Reserve Uses

The Great Bay National Estuarine Research Reserve has a rich New England
tradition and presently supports many scientific, recreational, and educational uses,
all dependent on the estuarine environment and its resources. The diversity of its
present and past uses contributes greatly to the uniqueness of the estuary and is an
iinportant factor in the development of this management plan,

1. TR4MTIONAL

In order to appreciate the impact of the strong cultural tradition on the Resene, it is
impcmtant to look back at the entire region's history. Observing the arbitrary
boundaries of the Reserve does not serve to convey the wealth of both the history
and lore of the area

A descriptive picture of the Reserve can best be painted using some of the words set
down over a hundred years ago, by the earliest inhabitants of the region. The
Atlantic coastline of New Hampshire is only "eighteen miles long as a seagull might
fly item but the bays and inlets extending far inland add another eighty miles of
saltwater shore. This inland system is arranged hke 5 spindling fingers;" the 5 rovers
mix fresh water &om interior New Hampshire with sea water forced up the
piscataqua on a seven-foot tide to form "that remarkably salty lake composed of
Broad Cove, Little Bay, and Great Bay."2 The system may be "rudely represented
as a man's left hand and wrist laid upon the table, back upwards and fingers wide
apart. The thumb would stand for the Salmon Falls River, the forefinger for Bellamy
River, the second anger for Oyster River, the third for Lamprey River and the fourth
for Exeter or Squamscot River; while the palm of the hand would represent Great
Bay, into which most of the stream pour their Waters, and the wrist of the
Piscataqua proper."
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The name of the Piscataqua River "is from the Indians. It is not a river beca
tides flow in and out to Great Bay .. the correct name is a drowned valley."

The Piscataqua region that 17th century explorers and settlers found was inc
rich in resources, Not only did the coastal waters and waters of Great Bay
great quantities of fin and shellfish, the shores were covered by pine forests
white pine far more awesome than the scrubby second growth found today.
white pine were invaluable as masts and spars for building the British Royal
ships. Consequently, the commercial value of the region led
merchant-dominated society in contrast to the Puritan communities to the s
Massachusetts.

The abundant resources of the region were utilized in a number of ways. Most
rivers had at least one ship building concern located along their banks. The
of Exeter and DurlLm sent many fine ships down their rivers to the Piscataq
out to sea, never to return to the towns as the rivers were too shallow and narr
permit the passage of heavily-laden ships,

Salt marsh farming utilized the nutritious marsh hay found along the banks o
Bay and its rivers for livestock, the rich river soil for crops and the proximity
water for transporting produce. Two of the Reserve's key land and water
 Squamscott River and Crommet Creek! were important salt marsh farming
Additionally, Crommet Creek was once known as Mill Creek, an indication
lumbering and timber milling that went on in the area. The importance of thes
commercial ventures is reflected in the name of a residence near Crommet
built on an old  appromnately 1690! house site, "Salty" refers to the salterns,
licks, which were a valuable commodity in the colonial farm and barter eco
As settlers moved inland up the tidal rivers, more milling concerns develope
the early 1800's Salem, Massachusetts merchants had founded textile corn
along the Lamprey River in Newmarket.

The vessel used for transportation of hay, timber, people, etc. was the gun
Heavy and broad-bottomed, this local craft was ideally suited to the
conditions of the rivers and Great Bay. Plying the river systems that se
natural roadways for commerce and communication, the gundalow was an
part of the river and coastal traf5c which tied the regions together for almo
hundred years. One of the last gundalow captains was Edward H, Adams
family resided for 120 years at Adam's Point, and in this century ran a guest
for summer visitors. From this early beginning, tourism became an im



economic factor m the region in the mid l 800's, and the natural resources that had
originaIly brought people to the area continue to attract visitors today.

2. EXISTING

As mentioned in previous sections, the water-dependent uses of the estuary
 including Little Bay! consist of limited commercial and recreational fishing,
clammingt'oystering, bird hunting and watching, and boating. Transportation and
storage of petroleum products is confined to the Piscataqua River, which is outside
of the GBNEXR's boundary. Commercial fishing in the estuary is limited. There is
some lobstering at Little Bay and there is some taking of rainbow smelt, river
herring and American eel on a commercial basis. The estuary is very popular for
recreational fishing and shellfishing. There -are several sportsmen's groups that
actively fish the estuary, as well as many individuals - &om the area and 6om
outaf-state who fish and/ or harvest the oysters, clams and mussels.

Although hmited public access to the shoreline, particularly in the upper estuary,
does restrict hunting somewhat, duck hunting is a significant seasonal activity. The
Bay is also a very popular area for birdwatching. More intensive boating activity in
the estuary is mainly outside of the Great Bay Research Reserve boundary - in the
lower portions of Little Bay, the Piscataqua River and Portsmouth Harbor. While
there is boating in the upper estuary, the extensive mud Bats in Great Bay and the
shallow channels in the rivers at low tide tend to discourage all but the most
experienced boaters. There is a small mat~ in Greenland and 6ve public boat
launches in the estuary  see regional setting section!.

With the exception of seasonal homes, such as those at Brackett and Weeks Points,
the character of the shoreline around Great Bay is predomin;mtly a mDture of
residential property, agricultural land and woodlands.

There are three main reasons for the pattern of development around the estuary:
local land use controls that place certain restrictions on shoreline development, the
ability and conviction of many landowners to retain large parcels of land, and the
recreational limitations of the Great Bay estuary at low tide  mud flats, narrow
channels! . The towns, via their land use controls, have classified shoreline uses for
residential, agricultural and conservation purposes only. Many of these parcels,
despite subdivision pressure, are still 50-l00 acres or more because many of the
landowners are deeply committed to preserving their own homestead and the open
character of the area.
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Projections for future use and development of the estuary indicate a moderate rate of
growth for the area  see Table 5!, From 1970 to 1980 the eight-town region grew
from 38,721 to 44,475, an increase of 15 percent during the decade. From
1980-1990, it is projected to grow another 24 percent to 55,020, and by the year
2000, an additional 22 percent growth in population is expected, bringing the
population to 67,036. The Department of Transportation expects a doubling of the
average daily trafBc across the General Sulivan Bridge by the year 2000. A
Recreational Boating Needs Assessment carried out for the State in 1981 projected
a need for approximately 100 additional moorings in the estuary by 1990. This
growth translates into more construction activity, more housing and more use of the
estuary for recreational purposes. While these changes do not necessarily represent
a serious threat to the health of the estuary, the impact on the system points directly
to the importance of establishing the GBNERR.

3. RESEARCH AND EDUCATION

The special qualities of the estuary have attracted many different organizations and
government agencies who have co~ducted several scienti6c and educational
activities. Detailed histories of both these areas are located in the research and
education sections respectively.

4. MILITARY

The location of Pease Air Force Base  PAFB! encompasses approximately 3,000
acres of Newington lands, 1,500 of Portsmouth, and several hundred acres in
Greenland. The site includes what was once farmland, forestry, and a 300 acre
airport which opened in the early 1930's to serve as a city airport for Portsmouth. In
early 1951, the Air Force began considering the construction of a large bomber base
in New Hampshire. After several years of controversy, and a cessation of work an
the project due to a cutback in federal funds, the base was completed in 1956. The
addition of many jobs to the local economy is often noted as one of the bene6ts of
PAFB Recent developments have occurred concerning closure and 6aal disposition
of Pease Air Force Base. On January 5,1989 the Secretary of Defense accepted tthe
Commission's recommendations and the Air Force has initiated implementation of
this decision. For purposes of this document references to Pease remain unchanged
as the property will remain in its present status for the next few years. Reserve staff
will continue to be available to state, federal and local of5cials for technical
information and support on the ecological significance of the Pease shoreline,
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auto92 ~ u
RDVTES CF KXPOSLHKI tnrret ten
TARDEI OROANSI Nct ret ~ raiser

OVERKXPOSIHKI Cease92 te tr ~ auras, Ityrottno los. Nay casse r tap!rote y
St!Mitt!on tlc ~ u 4orrcselos. havoc92 cthtrtl aorvMR $ystea repress!en,
Cthe I Iccth ~ CnrtAIC loflrc arel'Ilo'S ~ aey cause salt I'4ch Mnny hcM
htcrrchcc, fever rnt Irt'ttotl ~ I ~ I avctuo eteatoMI.

ISO!OIL COOLY!fhm ICCRAVATED KY EXPOSVRE! tre ~ Iclstlhr: Oyo, ~ Clh, afreey,
l!vcc', ~ r resrlratst'y tenflt toss; aoy caves ~ larter ~ I'er lh Rlosf
~ reMVI C !I' RVPstccicle ~ Pereetcm92hsn ts hei"Mt ~ nfl ~ Pet92mar

Arsis centoct I tth sets, Shih on4 cl ~ thlnr
o hct atttthc duct.

vela therruthly ~ ftrr htnfllht.
PROTEST!YE EOVIPIIKNT: fuae hoer. Ioa Snort rrrrlts. rvater a!overt 5 ~ 4 cost

Hech Ceatmsr ~ vCRLD KnOCVI4TKR . PO Sen Srt ~ Lcetlmsf ~ CO 445$Y

EYE A!O Salt ~ SCHTncrc laser!etcly flush tyrl rnr st!» 1th voter for l5
«lnuttm. Rcuei ~ C ~ I ttalnetes CLrthlhl. Coll rhyc!sion.

INOE5T!ON. Dc Hbr lhrvce uen!'t!nr. C!» ~ I - 2 ~ I ~ Ss ~ I ~ I ~ ~ t ~ r. Cell ~
~ hyslci ~ !ante! ~ I ~ Ly. Never Slue onythlhc ay aevth t ~ rn vnctncclov!
careen.

Ill%LIT!OHI Rcnot ~ I ~ Irish ~ !r. C!ve ~ ItlfLtl ~ I r ~ 92 ~ lr ~ I!en }f hcseacery.
Coll rtcyc!c I ~ ".

Of SPILL OR RELKASEt ~ c ~ I ~ aot ~ rial lhtt ~ atcatr ~ IIC ~ lsatle ~ vtt'h
vrtor. 'Ncutr ~ LIT ~ te ~ PH ttt trn I cnf 92 vita an acL ~ ovch ot
hy4r achier !I Iclf. Five! atvtr ~ t!Re4 vest ~ t ~ the fr ~ ln vita eaccss «stor

DISPOSE Of IN ICCORDINCK N!TH ALt, FEDERAL, $TATK, A!O LOCAL. RECvLATIDHS.

I,C.I.O. eRDPER SHIPPIHO NAHEI L! talus ttyarealft Nehehyrrate Hlmiure
HAEARD Cl.aff I ~ IDI Wtc ~ 4 OROvtc LT

I.N.O. PabtER SHI ~ P!IO NAK: Llthlva Nyrr ~ mire Ntnehytrete NLatvre
wtARD CLASSI ~ !Dc WtlEs CROvtc ll

I! TLV'S Thr ~ mt ~ 14 L!nlt Valets onr ~ ! ~ I ~ 4!ceL fcotcert Ihrlccc ftt !eaa
!eat, Mcr leon Conf tr caco ~ I Ocvernetscrl Inc vs'It!el NPS!us!cta. ! tab.

2! Alt CostM!honte, Porrrrl Rerlcttr, Vol. $4. Nt. It ThureMV, Jeavery
lt, LTK'e. ~ o. 2552"RTRS,

5! ln hcueu Infereet lan
4! T ~ Chnle ~ I Juetaeht
5! Ovtcl ~ e t ~ St!hr.
4 ! trtty, fro ~ I A. I nfvstr ! ~ I Nytlrho ~ ho T ~ clc ~ I ~ ly, Sr II '4 ~ Y lcec Kf!ties.

Veleme t. «r Vera! I Nl icy-lstorSClesco pvallcetlca. !ca 1.
Sae, N, lr lsc. Dcnacfcuc PreMrtl ~ I ef 1AM92'tr I ~ I Netet 1st ~ . 4th $4.
Wv Y ~ rcc Vcn Ntt fraus 4 ~ Itt!tol ~ C ~ . 1454.

41 NIO5H Rc ~ letty ~ I Teslc Etf ~ ~ tc ~ f Cfca!c ~ I 5ua!t ~ I en, !era 44,
Cl ctenctl; tl. $. Dttcrteuet ~ f IHclth onr Hvenn Scrclecc. sar	, 1'ICT.

SARI; Thlc Prefect crntrlttc ~ cnealcol ~ r chcslc ~ Ic Sea!oct t ~ thc rrrertlhr
r ~ 92viruses'tc ~ I ccctlth S15 ~ I T!t! ~ III ~ I tht Sveerfvnf Aae rsentc tAct
Rcovthorlstt!on Ac't ef I'IRI onr 44 CFR prrt Rrt.



RATERIAI SAP'ETY DATA SHEETCAT, HO, IOTAS ~ Ds: UACSCC42
HAClf aaosac . '!Ca ~ ~ I

IISDS DkfEI !III/I5
IIO. I ! loca

FOr ava!vta ~ C ~ . Ca*tactr
2 ~ Iv! ~ t ~ ry Af fa!ra Dast
Pa soa 'I I I kate, la See I I
!sot! 22!-IZZC

H AC H CONF ANY
PO DOX 907

ATCES, IA 505IO

Esertency I ~ ieenane ~
aechy Haunts!n I ~ II ~ n C'Ir'.
! sol! h25 ~ ST! ~

I . PRODLICT IDENTIFICATION

'VII. FIRST AID

II . IHC RED IEHTS

VIII. SPILL AND DISPOSAL PROCEDURES

Other Consonant
PCTA Ci CAS W.r W
TLV: Nat ~ aeliccct ~
HAZARD I Het ~ e ~ l!e ~ eC ~

SaRA; NOT l'ISTED
PKLI Not I ~ ellcshlo

IX .. TRAZESPORTATION DATA
III . PHYSICAL DATA D.o. T. PROPER SHI ~ I'tNS NAIKI Sulohanlc aa! ~

HAZARD cLass ~ ID! 'Iseaclt 4RDvsr 111

I.c.A.D. PROPER SHII'I'IHO NAHKI .Svlehastc kc! ~
WZaao ELASS: ~ Io: toeztef sosvfr !It

I.N.D. PRDPER EH92I'PINO HAHEI 5ulshasla kc! ~
HAZARD CLASS: 5 ID I ONZCII EROUPI II!

X, REFEREHCES

V. HEALTH HAZARD DATA

VI. PRECAUTIOHARY ZTEASURES

 CI HACH CO. !c'I5vHE Ivfotvkf to cokfatNEO INDE!N  RASED os DATA CCRIS!DERED Io DE ACC!NATE. HOHKYER. Ho «Aaaasfv  EXPRESSED Oo IHPLCED
RKCARD!rfo TVK Acctsacv clc TIKSE DATA CR THE OKSVLTS TO RE DDT*!NED FRCH THE VSE TIKREM.

pkcE I or 1Hoch Euraot, sp ZZC, 55CT ~ Ieasvr 1, SECS!tpr

90

~ ROZIVCT NAHEI Sv!fan!e Af! ~ Pavder Ptllovc
DAE Ia!.: 552t-la-a C~ICAL wHE: 5vtfoslc ac!e
FORHUL A I H2H5olk CHEN!CkL FAHILYI In ~ I'can!c Acts
HsDS NUHSKRI HIIIII!

Sutfcsic *cia
pCT I ctca CAS NO. I Ossa-Id-k sahar NOT !.ISTKD
TLV: Nat ~ atah!i92n ~ e PEL: Ie ~ I ~ atehll92htd
ICAZAID Cauv ~ a eye Ourha; eauaea fain Irr it ~ ti ~ a. acd ~ I ~ tely tacit

any ctss92ntnt ~ I th!l ~ !atop ~ a ~ t ~ n ~ c le I ~ ally tlat ~ I taa. ath ~ I
cess ~ n ~ n92I ! I'I a ~ 92 I92n ~ L4lr ~ 4 'to SpasenC ~ I ~ pets ~ I ~ A hoa ~ P4.

STATE! ctlla APPEeaaNCEI Nett ~ cryvt ~ ll!nc P ~ 4 ~ r ODOR I arena
solvotllTY INI wthv: 92:2 2 Oo C Ac}a: SaluhL ~
DBCRI Sll ~ Itly a ~ lust ~ ~ la., stthanol ROILING PO!HT;
INLTINC I' T.: 2oS C 4eecte 5PEC ORAVITYI 2.1S oH- ~ f tt coin ' 1.14
va~ PKKSSUeEI Hat ~ a ~ 1Ccchl ~ YAPOR DO!stTY I ~ lf ~ I!; NA
EYAPORATtchf TATEI hk NETAL coRROSIVITY - ALISIIN!acr ~ .2
 la/yr
scEELI ~ .aic infyr StkslltTYI 5tehl ~
STORAOE PRECAVTION5I st ~ rt tiahtly eleeed In ~ Iry ~ lese.

IV. PIRE I EXPLOSIDH HAZARD AND REACTIVITY DATA

Flaste Pc, I wt ~ eel!co ~ I ~ ICTHODI W
FLA!o!ASILITY LINtTC ~ LOHKRI Na UPPER, NA
SVSCEPTtstlttv TO SPONTANEDOS NEA!tw. None
SHocc 5EN5!TIvtTY: None *vTDIDNITIOH PT. I No
EKTIHGVISHINO HEDIII voter ~ r dry ches!eel
plRKIKxploSION wZAROS: 5 ~ octa vitl ectly vite shier�!ne, fvstnv eltr !a ac! ~,

~ otal altr ~ t92I, sct ~ I nltr lt ~ ~
WZAROOVS DECDI ~ PIDDVCTSI Itsy tait tact c fusee ~ I Vvl fur ~ ate ~ I aL'trav ~ a

~ elc seato! ~ ~ ald ~ I II I !P ~
OKIDIZERI No Hrsa Cneelr Health! 2 Plsssohllltyr I Recatlaltrr I
CONDITIONS TO AYOIDI Ctntact vite ehl ~ rlne er f valse nltrlc ee!d, setal

p ICP ~ 92 ~ 92 st't ~ 1 at'tp 1't ~ I I evldllarI hac ~ I! ~ vtr est hoc'I or f lese ! ~ cc ~ ' ~ ~
saictvro

THIS PRODUCT NAY SE: carr ~ viva tt eyes, trri tat lac to Salk snd rav ~ Iratary
tract,

ACUTE TONICITY I Dr ~ I rst LD5a ~ 5! 40 syf'c ~ ~ Ntdtrat ~ ly teutc
ROVTES OF E!IPOSINEI Insect!vs, lnhslctlan
TAROKT OTSANSI Nat dttorstned

CWSNIC TCOIICITYI Nat dotorslec4
ROVTES OF EXPOSURE! Nat Ntterslntd
TARCET OROANEI Nat dtttrstat4

CaaCER ZNPORwtt!ae! Ntc sslllcchl ~
ROUT	5 OF KXPOSDRKI Hat aesl lcahl ~
TARSET osc!AIC: Not ccsllcshlc

OVEXKKPOSIPEI Ceuaac tye Ovrsc. Nay sauce lrr lt ~ ties ~ C tht Ih!n.
rtcs!rotary 'Cr tat south, ov ~ shavrra, snd Sactr ~ lrrt ~ It teal tree't-

lEPICAL CMI!ytoks AOOZAYATEO sv EKPCSURE: Pre-on!atlas tye, eh!a ana
rec ~ II atop'y canal'!tone

* ~ t ~ cental't vita oyo ~ scan Osd cia'talus
Da slt orestes aust,
Hach tnnrauvhly after nandt lac
Keel Suey frat Atet. Saarca Snd Sate flee.
~ RDTECCIVK EOV!PIKNT I ceaevat ~ font ! tattler, leh sr ada SvSS!ev, raster

plo ~ a ll ~ ca ~ C

Nsci Casosny, HOKCD HEADOVAKTERS, po sta soc. Laveland, co OT52 ~

KVE AND SICIN CCNCTACTI I~cot ~ I ~ ly divan erfv and Icier v!tn eot ~ r I ~ r 15
~ lactea. Reatva canto ~ in ~ 'tad ~ !stall ~ . C ~ il ~ nyvi ~ I ~ I .

t!OTKSTIOHI Po NOT !educ ~ Veal tine. Olve I - 2 tlaceev af vet ~ r. Call ~
~ hyalclon teat!ately. Navel' ~ !vc onythin ~ Iy seoth t ~ ~ a vaconceleuc
~ IPItn ~

tit!ALATI!pir hasave ta eroch ~ lr,

IN Ca5K DF SPILL OR RELEASE I Csatr centastnate ~ Ivrf ~ c ~ I vlth veda Ovh or
~ adios ~ I ~ cfhono'! ~ N!c ~ nd od ~ voter I'I a'll ~ leery Va ~ tttsuc suet tc
soho svr ~ ps ~ f t larry lv nevtral Or tdd novtra1 teer vntll s !atua ~ ataac
hvahllna, 5eoos Ve tht slur ry chd «aah tfr ~ acvtf ~ I vcete Iovn the apo!A
«ith ~ aaoca vcttr. Ntcn tho Ctt ~ vit ~ ~ I ~ I aah aelvtt ~ n.

DISPOSE OF IN ACCDRDANCE Ie!TH ALL FZMRAL, STaTE. AHD 'LOCAL REGVLATtoNS,

1! TLV'92 ThrochtL4 Li ~ it V ~ lvvt snt sltlcSlcel Euaeaur ~ indlcfc fap tass-
I'RST, assr!con Canfertnca ~ I Oovtrasoat ~ I thductrt ~ 1 Ifyjl ~ nlcts. I'IOO

21 Alr Cate astnsntc. Fed ~ r ~ 1 Rep!vtcr. Vel. 54. W. 12. Thvf I4ay. January
IT. Icsl. ol. 2522-2vss.

Si lh-hava ~ infapstt lee
4! saa, N. IIV!as. Danv ~ foe ~ prtsort tea ~ I Intuatrlal Hater! ~ tv ~ hCh E4.

Ncv Yore! Ven No92trend Re!nhotd C ~ . I Isa.
5! Technical lvaentet
h! Ovtctd ~ tcctlnv.
2! Daacattn. R.E. ct ~ l. Cltntcal Taclesl ~ Ty ~ I Ctnaerc! ~ I Preeucte, Sth

Ec. Oattlsorer Tne stl1 lose end stlt!ne C ~ .. leak.
~ I !.Cat ~ I Danvcrauc 5vhstsncec Claet tf ttc ta knave I ~ ~ tho EEC Dif ective

�2/saa! ~ CL ~ Ia!f 92cat lan. paces ~ !nc Fcd 1 ~ 'aalliny ~ I Daevarevs
Suhet SnCee. assented Neveaeer I lvoa.



MATERIAL SAFETY DATA SHEETCAT. HO. 2FIO93
r D ~ !ter 54A I 4
HatH 44DER ~: lava 41

HSD Da'IE: a/25�5
CHIINE Htt. r lhlcl

Fo kt'I!It ~ nea. Can tiCt:
Derv! ~ tery If f ~ lra DC ~ t.
pv Sea 141 aaaa, la ST 414
ID44! 
!-etta

HACH COHPAHY
PO ROX 907

AHES, IA SOCIO

K rrreaey Te I ~ Orle I ~
S ~ Cay Ho at ~ I ~ cirro Ctr.
liat'I 525-5'll ~

I. PRODL!CT IDEHTIFICATIOH

VII FIRST AIDIHGR ED IEHTS

Preoylaaa Dlyc ~ 1
kr: tl TO 5 ~ Cat NO.: 51 55-5
TLVI 'No't eltehllshed
WZISD: Cava ~ c ~ !I ~ !Fr ltat lee

tkRat INT 5 ltTKD
PEL I Hot ~ Ital!!shia

VIII. SPILL AHD DISPOSAL PROCEDURES
SI4!va Svlfet ~

PDTr I TD 5 Cat ND.: JJSJ-at-l
TLV: Net ~ Itahllahcd
HatsRD: Nay crvl ~ lrrltat !era

Sas*: HDr LISTED
PKL: Nat eatehllehcd

See!vs Thleavlf ~ t ~
err CaS IIO.; JJJ2-'ls-!
TLV: Nc92 ~ Itchl! ~ Itcd
tlataDD: Hay eever !rrlt ~ tice

IX. TRAHSF'ORTATIOH DATASADac IRIT LI41tD
~ EL I Not ~ Ita ~ I! chad D,D,T. PROPER SHIPP!ND Narttc Not Cvrrtatly Rcrv!a'Irl

WEAIID CLA55: NA t bc Na steve r Na

Dthct' cosselt ~ tata, ~ o4 II
pCTI c! CAS N!.t Hk
TLvr Net ~ I ~ I!cell ~
WEIRD! Nst oral!cells

1.C A,D. Psbltt 5H!P'PINC! IICHEI Not Cvrrehtly trsvlrte ~
HIEIRD CLASS' Na ID! IH CaDDPI NaSARA: IIOT L15TKD

~ EL: Nvt err!I ~ aal ~
!,H.O. PROPER 5HIPP!ND Neat! hist Cvrr ~ atly Selvl ~ t ~ I

HAEARD C'LA55! Nk ID' Na DRDVFI .Ila
Dcallrcrollcc4 Nother

PCT: ta 144 CAS !HI.I 2152-1 ~ -5
TLV: VII aPPI!calli
IQEIIID; Herr ~

SARI: NDT l. 15TKD
PKL; Not arrl !coal ~ X. REFEREHCES

V. HEALTH HAZARD DATA

VI. 'PRE CAUTIOHARY HEASURES

arel ~ crhtact vltll oyn Illa oad ~ lett lar
3$. I ~ I DF ~ ~ CII ~ el9292 ~ I raPOI'.

 Ct teats Ct. 	15TIE !HPDRHarltrf cbara!NED IRRE!al ls DI5ED DN DATa CDHs!DERED ro st acct!RITK. ICJVKYED, agt NANIAIITY 15 EVFIIKESK'D Ds !NPL1ED
~ EDaRD!vt THE ACCIHICY OF TICSE DITI DR TIE RESULT5 'ID DE csra!ICED FRDH Hsl IIM TINEKDP,

raCK I IF !Hect Evrove, DI' 221, D5 ala Nrr vr I, Dtl Cllkl

PRODUCT Nkatr todlva 1lllaev!f ~ tc Staadard Selvtloa. Stellllae4, ~ .It54 H
Ckt ND.: Vk CFRHICAL lteat: el ~ t nal lail! ~
F DIHI VL a: 'W t ~ I r 1 ! I el I ~ SHEN!Cat Fatti LY: Hot ~ l ~ ! lclol ~
IHDS NIP!SERI 'ItHIIJ!

any ecol92sec t of till ~ ~ later'o eot ~ Irc!f!ea!ly II ~ t ~ 92  rl. ~ Iver
trveeaeat ~ ! le aet earcal ~ Iris ta erases92 ~ cert!hates hater ~ .

III. PHYSICAL DATA

I r I I I rSIITE: 1!evl ~ kpptkskvctt Clear, csl ~ riess ODOR; '5 oct
~ DLVStLITT !H: WTKR: Solve! ~ AC!Dr telvh! ~ OTHER! Not ~ a ter ~ Ives
Dsl!,INC PDIHTI 11'C IHLTIIN Pr.t fratsec 1 c 5rtc 4savlTY: 1,15
~ NI 'I, ~ VAPOR PRKStVSEI Wt ~ ltoralnrs VAPOR DENS!TV I ~ lr itt IN
KvAPORarloa DATKI ~ .11 IRTIL CDRRDS!v!TY - ILISIINLHr l. ~ ~ a Ia/yr
STEEL: ~ .444 laryr Stat!LT Tv! Stisl ~
SH!RACK PDECAVTIIDISI Stare I» ~ coal. ~ ry slsce wsy fera ~ a! ~ !rare.

IV. FIRE I EXPLOSIOH HAZARD AHD REACTIVITY DATA

Fl.a5N PT. I lt
'F HKT!d!Dr arse cvr
FLaNwtlLITY L lairs � LONER: ND UPPtR' .Nb
tVSIEPT!D! LI Tv TO SPOITIICDVS I%AT!NDr Nasa
VR!CS SKNS!TIVTTYI Icosa IVTO!DH!TIIDI P1.: ND
KXT!NDVIEHIHO IRDIII va'trr. dry chealcel, ~ Icvhal fora ~ r 92Or!ca ~ lee!do
Fist/EXPLDS!IDI HIEIADtr IHae
WEIRDDV5 DECDHP. PRDDVCTSI Wy aalt tie!a lvsec of aaraea vc!doc ra4 caslva

~ c14ec ! II 4 Ir ~DX!D!EEDI Ne hera Coarct Heslthc I flrwalllltyt ~ React!vlty; ~
COND!r!IMS TO IVD!D: Eaeoallv ~ leos't! ccatsct crlth re!did ~ r'I

TH PRODUCT HAY Dtr Irrltotlat to oyer, sale ehd re ralrstcry tratt.
~ EVrt Tbx!c!TY; wt deerrslaed

RDDTE5 Dr EXPOSIRE- Nat srtoraltaotl
TARDKT DRCkHSI 14et dcteralttad

CFRIDI!C TON!CITY! Nst Satrralaed
ROUTK5 DF E!IPDSWEI IHt Wtrrslead
TIRIKT WDINSI Vat doter ~ laos

ckaNSR !IFCRwr!IDII Hat arallcaslr
ROUTES Dr EXPDDVSSI Nst err!!eral ~
TARDET ORDINS: wt DPal!c9241s

OYERE!IPOSDREI IHY e ~ llr ~ lya, ~ Ala, ihtl rarrlratvry t~act Irrlt ~ ties
NED!cAI CDHDIT!cls! ADWIYITED DY EXPOSURE! N4lrc I'ca ~ I''I ~ II

eras Caerc y, NDRLD HEADDDasTERs, PD 4» Sse, Lave!sad, co 54551

ltl ~ h tiler'Ovlh!y ~ I I ~ r hIatll lee.
~ SDIKCTIVE EOD!ltCNrr a4cevat ~ vorlt 11 ~ t! ~ Il lah ~ ra4 lett!et, ~ lc ~ ctahl ~

later ~ !aves

Eyt ANtt Stllrl CDHTAC1r !aac ~ latallr llvlll Iyct vlth vote I92r 15 ~ !alt!el. C ~ 11
~ hyllalea. Noah Itin vlth 92err oad ~ lcety ~ I voter.

!NDKSTTDVI Circ larlr 92via'lit I ~ I ~ I vatrr. C ~ ll aayalc! ~ h laser! ~ t ~ ly.
!ceeaLkr!SII Desavo to fr ~ Ir ~ Ir

!N CASE OF tr!LL DI RELEASE r bllvt ~ vita vat ~ r. Peer ~ cva thc Sra!a v!th
~ sae ~ I vstrr.D1SPOtE Dr 1N kccDRDaNCE N!T!e AI.L FKOEaat. STATE, IND I.sckL REDULIT!DNS,

I! TLV' ~ Tltraahv� Li ~ !t V ~ !v ~ a rad 51 ~ I ~ 1!cal E ~ racer ~ 'Iad!cel I ~ r IFSS-
	4. Aver!eah Lancet' ~ cree ef Dovorarcrrtal !vdvatrl ~ I Hy ~ I ~ elite I'445.
Alr Caress!ovate, Pedicel Resllt ~, Val ~ 5I, No. 12 ~ Thvrc4ly. Uorlltacy

1151. rr, 255t-2T ~ 5,
51 1rl Irwa ~ lrrf ~ east l ~ a

1 ~ ella 1 ~ 921 Iedaseat
5! f!r ~ protrctlca Ovid ~ t ~ Hstlr ~ avc Hat ~ riel ~, I Its 5 ~,. Dvl*cy, Hal

Netleaal fir ~ ~ retact!ea aaraal ~ tile. ltll.
a! Sav, V. Ir elva. Dill ~ frere pro ~ ar elec ~ I laevctr I ~ I Itrt ~ r I ~ I ~ . atr Ed.

Hov Vary! Vah at ~ ctrees R ~ !aha� Ce. I'ISI.
JI 0 ~ Carl!a, R.E ~ et ~ I, Clln Ical T ~ elec!sly ~ f CHcatrtl ~ I rriwctt, 5th

Es. 4lt !sar ~ I Tha allllosr aad ella!ac C ~ ., I ~ Dc.
~ I NIDSH Reel ~ try ~ 4 Teria Ef ~ ~ cta of Chcalccl tvhttrecel. I'ls5 4 ~ .

Claclaast!t V, 5. Desartseht ef Healtr ass tcvacc 5 ~ elcee. acr 	. 11RJ.


