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SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

SUMMARY AND CO:iCWSIONS 

1. -The Commissioner of Sea and Shore Fisheries for the State of Maine, 

Mr. Ronal.d W. Green, ordered the closing of the remajnjng shellfish 

beds in Searsport and Stockton Springs, Maine, on June 28, 1966, 

because of the polluted condition of the water. The Federal Water 

Pollution Control Administration, in conjunction with the United 

States Public Health Serv:i.ce, conducted an investigation of the 

Penobscot River below Bangor" Maine, and the upper Penobscot Bay 

area to determine the sources of this pollution, the direction of 

travel of' this pollution, and the degree of economic injury involved. '_ 
, , 

2. Discharges from the f'ollowing communities and industries result in 

serious pollution in the Penobscot River and upper Penobscot Bay area: 

Bangor 

S. A. Maxfield Co., BaDgor 

Brewer 

Standard Packaging Corp., Brewer 

Hampden 

Winterport 

Frankfort 

Bucksport 
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St. Regis Paper Co., Bucksport 

Maine Blueberry Growers, Penobscot 

Castine 

Maine Maritime Academy, Castine 

Stockton Spriugs 

Searsport 

Northern cm.ical Industries, Inc., Searsport 

Bangor and Arroostook R.Ii. Co., Searsport 

Freighters and tankers serving Shell Oil Co., C. H. 
Sprague and Sons, Ine.; Jarka Corporation o~ Rev England; 
and U. S. Air Foree Petrol Depot, Searsport 

Belfast 

BeLfast Canning Co., Belfast 

"Maplewood Packing Co., Bel1'ast 

Penobscot Poul.try Co., Inc., Belfast 

Sherman and Compauy, Bel:f'ast 

Northport 

'lhese discharges caused the closure ot the sbellf'isb beds in Nortb-

port, Bel:t'sat, Searsport., Stoekton Springs, Penobscot, Castine, and 

may cause the closure o~ some ot the beds in Islesboro. There 1s 

presently a harvestable standing aop o-r 96,600 bushels of soft shell 

cl.ula; these are wortb :from $1,900,000 to $5,200,000. An est:lJDated 

barvestable standing crop of 46,200 bushels of clams worth :tram. 

$900,000 to $2,500,000 would be available next year. 

- 2 -



3. ~acteria equivalent to those in raw sewage of approximately 70,300 

persons are discharged at the present time in the study area. The 

communities of Bangor and Brewer contribute 65 per cent of the total, 

while the two poultry plants in Belfast discharge 11 per cent. The 

remaining 24 per cent is contributed by the following sources": S. A. 

Maxfield Co., Bangor; Standard Packaging Corp., Brewer; H~den; 

Winterport; Frankfort; Bucksport; St. Regis Paper Co., Bucksport; 

Maine Blueberry Growers, Penobscot; Castine; Maine Maritime Academy, 

Castine; Stockton Springs; Searsport; Northern Chemical Industries, 

Inc., Searsport; Bangor and Arroostook R. R. Co., Searsport; Freight­

ers and tankers serving Shell Oil Co., C. H. Sprague and Sons, Inc., 

Jarka Corporation of NE:"W' England, and U. S. Air Force Petrol Depot, 

Searsport; Belfast; Belfast Canning Co., Belfast; Sherman and Company, 

Belfast; Northport. Coliform bact"~ria exceeded the 70 MPN/1OO ml 

maximum value for harvesting shell.fish at every sampling location 

except two, and coliform bacter": £. a~lyses of the clam meat clearly 

indicate that the wate=s were pcl!.ut~d. A median of 70 MPNjlOO ml 

is used by the State of Maine as the maximum for taking of shellfish. 

Disease-causing Salmonella bact~~ia were identified in the waters 

polluted by discharges from both community and industrial plant 

sources. 

4. Sewage and industrial wastes presently discharged have an estimated 

population equivalent of 1,190,000, as measured by biochemical oxygen 

- 3 -



detMnd ;, of which tbe paper industries contr!bute more than 90 per 

cent of the total.. Data:f'ra:ll the s.tate of Ma1:De show that the 

dissolved ox;ygen is Z"!dn.c:ed by these discharges and 18 at times 

Z~. This reduetioll ofdis80lved ox;ygen destroys f'1.sh and fish 

food orgaD1sms aDd prevents""tbe passage of a.nac:iromous fish. such 

as salmon. U pollution were reduced;, the Pembseot River CC"'ol'.1d, 

support fish and aquatic l11'e; and with the construction of fish 

passageways;, tee river could also support runs o~ the anadromous 

f'ish. 

5. Discharges of suapend.ed solids create a severe water pollution 

problem in Bel.f'a.Dt Bay, Stockton Harbor, and Penobscot River. 

These m&te:'iaJ.s C$.use slud8e deposits which deplete the vater I s 

oxygen supply; prcduce offensive odors, especially when tidal f1.ats 

are exposed; ~educe or eliminate aquatic life whiCh serves as food 

for fishes; smother shellf'ish and/or pr~t their propagation. 

1'he sw;pended solids also make these once attractive waters appear 

turbid and d1.Dgy. The amount of suspended solids discharged is 

equivalent to the raw sewage of 633~OOO persons; of these about 

83 per cent come £rca. two pul.p and :paper mills. 

6. Discharges of sul..f1te waste liquor frcm pulp and paper mills, in 

addition to adding suspeDded solids, organic matter causing bio­

chemical oxygen demand, and materials that discolor the receiving 

- 4 -
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strea:n, do have 0. toxic effect on aquatic life. Standard Pack-

aging Corporation in Brewer and St. Regis Paper Company in 

Bucksport both re~ease wastes of this tJ~. 

7. Studies of the water currents, along with bacterio~ogi.cal and sulf'it.e 

waste liquor ana~ses, show that wastes discharged to the Penobscot 

River caused pollution of' Stockton Harbor, Long Cove, Searsport 

Harbor, Belf'ast Bay, Penobscot Bay, Castine ~bor and the shores 

of Islesboro Island. In addition, Be~fast wastes pollute Belfast 

Bay- and, under recurrent tida~ and wind conditions, contribute to 

the bacteria:!. densities of' Searsport Harbor, Long Cove, Stockton 

Harbor, Islesboro Island and waters s0'.lth of Belfast Bay. Wastes 

from Searsport are polluting t!J.e waters of Searsport Harbor~ Long 

Cove ;md Stockton Harbor. Wastes from Stockton Springs increase the 

bacte~:al densities of Stockton Harbor and Fort Point Cove, while 

Castine an~ ~hc r~ine Maritime Academy cause pollution of the waters 

in Castine. 

8. The waters of the stuQy area have been classified by the State of 

Maine. Part of Belfast Bay was classified as suitable only for 

transportation of Setiage and industrial wastes without a public 

nuisance. According to the existing State classification, the 

taking of shell1'ish will not be a legitimate water use in the future, 

except in a small part of Searsport in Stockton Harbor and on the 
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western side of J:s~esboro Isl.and below Marshall POint, since it 

will. be l.egal to exceed 70 MPN/lOO JIll in the waters overlying a 

ahelJ.1'iah bed. The Maine water quality standards shoul.d be upgraded 

to re1'1ect, .are tiral.T, l.ecit:b&te water a.a in ~ area. 

9. Water quallty requirements have been deve10ped by the Merrimack 

River Project far the pollutional discharges and for various sec-

tions of the upper Penobscot Bay area. These requirements are con­

tained in toe r.eeonnendations section. The recommended quality can 

be acbieved U" the sources of pollution listed abo're provide adequate 

~eatment. The water quality requireme!Its woul.d allow the vaters 

Penobscot J Castine J Islesboro, Bel.f'ast east of Goose R;L ver, and 

Belfast south of at1tud.e 440 24'1'1 to be used. for: 

She.l.lfiah Production 

Lobster Production 

CaamereiaJ. Fishing, 1ne~ud.1.ng anadromous f'1ah 

Aesthetics 

Industrial. - Process1%2S and Cooli.ng· 

Recreation - Whoa Body Contact 

Sport FiBbing 

Pl.ttU1ZZ'e Boating 

W1l.cU11'e 

Ifav1g&tion 
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The water quality requirements would allov the waters in Belfast 

west of Goose River and in Bell'ast north of latitude 440 24'N to be 

used for: 

Lobster Production 

Commercial Fishing 

Aesthetics 

Industrial Water Processing and Cooling 

Recreation - Whole Bo~v Contact 

Sport Fishing 

Pleasure Boa.ting 

Wildlife 

Navigation 

The water quality requirements would allow the waters in the 

Penobscot River from the Bangor dam to the southern tip of Verona 

Island to be used for: 

Commercial Fishing, including anadromous fish 

Aesthetics 

Industrial Water - Processing and Cooling 

Recreation - Limited Body Contact 

Sport Fishing 

Pleasure Boating 

Wildlife 

Nav:i.gation 

- 7 -
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10. Substantial economic illjury results f'rCllll the il:Iabillty to :market 

shellfish or Bhell:fish producte in interstate cOllllle1"ce because 

of pollution caused by sewage and industrial. wastes discharged 

to the Penobscot River and Upper Penobscot Bay area, and action 

of State autbm.-ities. Accordingly, the pollution of these 

DaUgab1e wa.ters is subject to abateiDent UDder :i;Jrocedures described 

in Section 10 of the Federal. Vater Pollution Control Act" as 

- 8 -
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RECOMMENDATIONS 

Receiving Waters 

It is reccmmended that: 

a. The tidal and marine waters in the communi ties of NortJ:l-

port, Searsport, Stockton Springs, Penobscot, Castine, 

Islesboro, Bel.:fast east of: Goose River, and Belf'ast 

south of latitude 44024'N meet Water Quality Require-

ments I shown in Table 1. 

b. The tidal and marine waters in Belf'ast uest of Goose 

River and in Be~ast north of latitude 440 24'N meet 

Water Q.uality Requirements II shown in Table 2. 

c. The Penobscot River i:rom the Bangor dam to the southern 

tip of Verona Island meet Water Q.uaUty Requirements III 

shown in Table 3. 
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TABLE 1 

Total. Col1:rorm Bacteria - MPH per 100 m1 

Weekly mec11an not more thaD 70 and no more tban 10 per cent 
o-r the values greater thaD 230. 

Dissolved C?x;men - ms/l 

Average over a 24 boar period shall not be less than 6.0. 
At no t1Jlle abal1 the dissolved oxygen be less thaD 5.0. 

T.I!ue Color - Units 

Not JIIDl'e than 30 at rmy tilDe. 

Turbid1.ty 

No turbidity o-r other tban natural origin that will eause 
substantial. visible contrast with the natural appearance of 
the water. 

Sul.f'1 te Waste Liquor em solids basis) - PJ!Il 

Not .... thaD 10 at arr:/ time. 

pH Units 

Within raDge 6.9 - 8.5 at all times. 

~. 

No obnoxious odors other than those of natural origin. 
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·TABLE 1 (Continued) 

Temperature _oC 

Daily average not more than 20. 
At no time shal1 temperature exceed 25. 

Oil or Grease 

Substantially :f'.ree of oil or grease. 

Floatiog Solids and Debris 

Substantially free of floating solids and debris from other 
than natural sources. 

Bottom Deposits 

Substantially free of pollutants that will: (1) unduly af'fect 
tbe composition of the bottom fauna; (2) unduly affect"the 
physical or chemical nature of' the bottom; (3) unduly inter­
fere with the spawning of fish or their eggs. 

Substances Potentially Toxic 

Not. in toxic concentrations or combinations. 

- 11 -
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.TABLE 2 

WATER QUALITY REQUIREMENTS-II 

Total Coliform Bacteria - MPN per 100 ml 

Weeldy arithmetic average oat more than 1,000. 

Dissolved Oxygen - mgtl 

AveraGe o'rer a 24 hour period shall not be less than 6.0. 
At no tme shal.l the dissolved oxygen be less than 5.0. 

True Cplor - Units 

Not more than 30 at any time. 

Turbidity 

No turbidity of other than natural. origin that Will cause 
substantial visible contrast with the natural appearance of 
the water. 

Sulf'i te Waste Liquor (10'% solids basis) - ppm. 

Not more than 10 at aQy time. 

pH - Units 

Within range 6.9 - 8.5 at all times. 

No obnoxious odors other than those o£ natural. origin. 

-12-



· -~ 
------------~-.-~-------- ---------------

TABLE 2 (Continued) 

~emperature - °c 

Daily average not more than 20. 
At no time shall t"'lDperature exceed 25. 

Oil or Gre-:sse 

Substantially free of oil or grease. 

Floating Solids and Debris 

Substantially free of floating solids and debris from other 
than natural sources. 

Bottom Deposits 

Substantially f'ree of pollutants that will: (1) unduly affect 
the compos~.tion of the bottom fauna; (2) unGuly affect the 
physical or chemical nature of the bottom; (3) unduly inter­
fere with the spawning of fish or their eggs. 

Substances Potentially Toxic 

Not in toxic concentrations or combinations. 
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Tota1 Coll1'cma Bacteria - MPlf per 100 ml. 

Weekly aritbmetic average not ~ than 5~OOO. 

Diusolved Oxtmen - mgJl 

Average over a 24 boar perl.od ahall. not be l.ess than 5.0. 
At no time shall the dissolved oxygen be l.ess than 4.0. 

~e Color - Units 

Not more than 3u at any t:1JDe. 

Turbidity 

No turbidity of other than natural origin that will cause 
substantial visible contrast with the natura1 appearance of 
the vater. 

Suli'ite Waste Liquor (10% solids basis) - ppm 

!lot more than 50 at any time. 

pH - UD1ts 

W1thin range 6.0 - 8.5 at all times. 

No obnoxious odors other than those of natural origin. 

- 14 -
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,TABLE 3 (Continued) 

Temperature _ °c 

Daily average not more than 25. 
At no time shall temperature exceed 30. 

Oil or Grease 

Substaotially free of oil or grease. 

Floating Solids and Debris 

Substantially free of floating solids and debris from other 
than natural sources. 

Bottom Deposits 

Substantially free of pollutants that will: (1) unduly affect 
the composition of the bottom fauna; (2) unduly affect the 
physical or chemical nature of the bottom; (3) unduly inter­
fere witb the spawning of fish or their eggs. 

Substances Potentially Toxic 

Not in toxic concentrations or combinations. 
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Mlmicipa1 waste 

The CCPllmnn1ties of' Northport, Belf'ast, Searsport, Stockton 

Spr1.ngs, FraIlkf'ort, Winterport, Hampden, Bangor, Brewer, Bucksport and 

Castine and the Maine Maritime Academy are to provide secondary treat­

meat of' aI.;L dry-weather wastes. Facillties are to be et'f'icie._,',l.y 

operated, are to bave a deep bay or river outf'all at the point of' discharge, 

where necessary, and are to disperse the ef'fl.ueat adequately. All wastes 

are to be disint"ected and at no til:le is there to be a density of coli-

form bacteria greater than 5,000 MPN per 1.00 m1 bef'ore di1.ution. In 

BrrJ' case, the requirements of' the receiving WB-cers are to be met. 

Separation of: sanitary wastes !'rom combined sewers or adequate treat-

ment, incl.Ud1ng disinfection of' storm-water overfJ.ows from combined 

sewers, is to be provided. No new combined sewers are to be constructed. 

Industrial Wastes 

It is recOllDellded that the industries that discharge their 

industrial. and domestic wastes provide secondary treatment or the equj.va­

l.ent for all their wastes. Fae.1J.ities are to be e:f'ficiently operated 

and b.ave a deep bay or river outt:all. at the point of" discharge, where 

needed, and are to disperse the wastes adequately. All wastes are to 

be di.sinfected, where necessary, and all domestic sewage is to be dis­

infected. At no time :is there to be a density of' coliform. bacteria 

- 16 -
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greater than 5000 MPN/lOO ml before dilution. In any case, ~be re-

quirements of the receiving waters are to be met. It is recamnended 

that the following industries provide additional treatment which will 

result in an effluent limit for the following pollutional constituents: 

Standard Packaging Corporation? Brewer. Maine 
and 

St. Regis Paper Company, Bucksport, Maine 

Sulfi te waste liquor - Tota~ for both plants shall not 
exceed 12~OOO pounds per day • 

Northern Chemical Industries, Incorporated, Searsport, 
~ 

Total coliform bacteria - Maximum value of 70 MPN/1OO ml 
at any time. 

Bangor and Arroostook Railroad Company. Searsport, Maine 

Total coliform bacteria - Maximum value of 70 MPH/lOO ml 
at any time. 

Freighters and Tankers serving Searsport, Maine 

All wastes shall be pumped to a land based sewage treatment 
plant or town sewer line if a non-overflowing holding tank 
is not used when anChored or docked in the Upper Penobscot 
Bay area. If' a land based sewage treatment plant is used, 
the density of total coliform bacteria shall not exceed 
70 MPN/lOO ml at any time. 

Maine Blueberry Growers, Penobscot, Maine 

Total coliform bacteria -~ value of 70 MPN/IOO ml 
at any time. 

BeUast Canning Company? Belfast? Maine 

No visible grease at any time. 

- 17 -
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Maplewood Pack1.ng Company, Belfast, Maine 

No visible feethers or grease at any time. 

Penob.s~ot Paul.try Company. Inc •• BeLfast. Maine 

No visible f'eathers r:1r grease at any time. 

Tilne Schedule. 

1. Pre) im1 nary plans f'or abatement of' all sources of pollution are to 

be completed by 8 months a1'ter the date of the Federal enforcement 

con:ference. 

2. All sources of pollution are to have :f'inal. plans and specifications 

approved by the Maine Water ImprOVement COJIIIdssion by 18 months 

8f'ter the date of the Federal enf'orcement conferen~e, and are to 

have arranged, voted, and authorized :f'1n&ncing by 21 months af't.er 

this date. 

3. Construction is to be started by all. sO".lrces of pollution by 24 

months after the date of the Federal enf'orcement con:f'erellce. 

4. All. remedial action necessary f'or the abatement of pollution is to 

be completed by 42 months e.f'ter the date of the Federal ec:f'orcement. 

conference. 

- 18 -
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INTRODUCTION 

On June 28, 1966, Mr. RonaJ.d W. Green, Commissioner of' Sea 

and Shore Fisheries for the State of' Maine signed an order wh:ich 

closed the remaining shellfish beds in Searsport and Stockton Springs, 

Maine due to pollution of' waters floring over those beds. The Public 

Notice is shown in the Appendix. 

Pollution by water-borne sewage and industrial wastes has 

caused almost .~ of' the shellfish beds in the upper part of' the 

Penobscot Bay area to be closed for the harvesting of shellfish. The 

only remaining open beds are located on Islesboro Island. This area 

is under observation by the Maine Department of Sea and Shore Fisheries 

to determine if the beds should be closed. 

As a result of the polluti.on of navigable waters wbich are 

used for harvesting shellfish, the Federal Water Pollution Control AQmin-

istration conducted an investigation to determine the sources of pollu-

tion, direction o"f travel of the pollutants, and degree of' economic in-

jury involved. 

The study area, located entirely within the State of Maine, 

is shown in Figure 1 (Fold-out at back o"f report), ane includes the 

Penobscot River below Bangor, Maine and the upper Penobscot Bay area. 

The Penobscot River is the major source of' fresh water that flows into 
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Pe~bacot Bay. This river has a watershed of over 7,700 square mil.es 

at Bao.gor. The effects of the tides reach to the dam in Bangor SOiDe 

24 miles from Penobscot Bay. 

Numeraw> personnel and agencies assi~ in the study. The 

Maine Department of Sea and Shore Fisheries provided data, participated 

in the investigation of the value of the she') fish resources f and 

.furnished laboratory assistance. The Maine Water Improvement Commission 

provided prerious reports, in:f'ormation on waste discharges, and other 

belpfUl. material. The United States Public HeeJ..th Service, through its 

Regional. Office and the Northeast Shellfish Sanitation Research ·Center, 

:f"wrnished personnel., data, aDd equipment G...."1d provided materia1 for the 

section o:f the report on the value of the shelL-t'1sh resources. Assist-

ance was !Usc provided by the Hudson-Champlai.n and Metropolitan Coastal. 

Project and the R. A. Taft Sa.n1tary Engineering Center, FWPCA. Mr. 

Frederick Young o:f Belfast, Maine prov:ided utili ties and :fUrnished a 

site for the mobile laboratory. Towns,. industries 8nd citizens o:f 

the upper Penobscot Bay area provided information usef'Ul. to the overall 

study. The cooperation of all is grate~ acknowledged. 
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SOURCES OF POLImION 

Both sewage and lDdus~al wastes conta1n a variety cd 

obnoxious cansti tuents which can clBmage water quality and restriet 

its use. Sewage contaj,ns astrolXllld.cal. zwmbers ot 1ntest1Ds.l bacteria 

'Which were released in man ~ s excretions. Certain iDdustrial. wastes, 

such as those from pou.l.try processiIlg plants, al.so contain these same 

crganisms. Some of these bacteria may be pathogens wb1.eh can infect man 

i with a variety of diseases either by direct ingestion-of pol1uted ~ter 

or indirectly, as when eating raw or partially cooked shell.1'1sh. 

Oxygen-demanding materialB tound in sewage aad industrial. 

wastes can limit or destroy fish, clams, fish :food. organisms, and other 

desixabl.e aquatic lite by removillg dis501ved oxygen from the water. 

Greasy substances can form objectionabl.e surface scu:ns; feathers make 

the waters and ba:cks 'UIlSightl.y; suspended solids make attractive waters 

turbid and dingy; settl.eabl.e solids can create sludge deposits; and mate­

tial.s causing water to be colored make it aestheticall..y unpl.easant and 

can also possibly limit or destroy shellf'i.sh and other aquatic llfe. 

The ~gen demand of sewage and industrial. wastes, as measured 

by the 5 day Biochemical Oxygen DemB.!ld (BOD) test, indicates their 

potential. for reducing the dissolved oxygen content of the waters. The 
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col:1f'ozm bacteria content of raw and treated sewage alld. :1!ldwrtrlal. ~te 

d1scbarged to a watercourse indicates the density of sewage-associated 

bacteria .. wbich may include disease-producing ozoganiSms. The oxygen­

demanding loads can be expressed a.s popul.a.tion equi.valents (PE) of 5 

day BOD, suspended. solic!s loads as suspended solids population equiva­

lents (SSPE) .. and the 'bacterial loads &S -oacterial population equivalents 

CEPE) of total. coliform bacteria. Each FE .. SSPE .. C1r BPE unit represents 

the average amount of oxygen demand.. suspended solids, or total colif'orm 

bacteria nozmal.ly contained in sewage contributed by one person in one 

day_ 

Primary treatment plants, which consist p.ssentia.1J.y of settl.iDg 

tanks &nd sludge digesters~ can ZOemoYe most scums and grease .. feathezs, 

wood fibers and other settleable soUds, about one-third of the BOD .. and 

approximately 50 per cellt of the bacteria. Secondary plants inc~ude 

secooclary biological treatment units, such as oxidation lagoons, trick­

ling filters, or activated sludge systems. Such plants can r~ 90 

to 95 per cent of the BOD, suspeDded SOlids, and colif'orm bacteria. 

Chlorination facilities for disinfection of properly treated sewage and 

industrial waste effluents can destzoy more than 99 per cent of the 

sewage bacteria. To accomplish these reductioIl3~ however, treatment 

facilities must be properly deSigned, have adequate operating :f'und.s, 

and be skillf'ully operated. 

Est:iJDa.tes have been made of the characteristics of the wastes 

discharged to the s~ area. These estimates are based priIr.a2'ily on 
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ini"ormation !'rom the Maine Water Improvement Commission, engineering 

reports for various towns, and personal. interviews with industrial 

off'iciaJ.s. The estimates are summarized in Table 4. 

BACTERIA 

Sewage is the principal source of' bacterial pollution in the 

upper Penobscot Bay area although poultry plants in Belfast contribute 

more than 11 per cent of' the 70,305 bacterial population equivalents 

discharged in the study area. 

Individual septic tanks are usually considered primary treat-

ment when the effluent is discharged to a watercourse. This is the only 

type of treatment that any of' the sewage entering the waters in the 

study area receive. Over 99 per cent of the sewage receives no treatment. 

Figure 2 shows the relative bacterial loads from sources in 

the study area. Bangor and Brewer account for Cl.bout 65 :per cent o~ the 

total bacterial loads. 

In addition to sewage beine discharged from land areas, there 

is sewage discharged directly to the Penobscot Bay from freighters and 

tankers that dock at Searsport. 

SUSPENDED SOLIDS 

The overall suspended solids discharged to the study area are 

equivalent to those in the raw sewage of about 633,000 persons. Over 

- 23 -
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go per cent of the suspended solids discharged emanate from industrial 

plants. One of the two largest sources of suspended solids is the St. 

Regis Paper Company at Bucksport .. There 330~OOO suspended ::olids popula­

tion equivalents, approximately 52 per cent of the total, originate. 

The other large source of suspended solids is the Standard Packaging 

Corporation in Brewer which discharges approximately 31 per cent of the 

total suspended solids. Figure 3 indicates the relative amount of 

suspended solids discharged to the study area from each source. 

BIOCHEMICAL OXYGEN DEMAND 

Sewage and industrial wastes presentLy discharged to the 

study area have an estimated biochemical oxygen demand (BOD) of 

1,191,000 population equivalents. Industrial discharges contribute 

approximately 95 pcr cent of the total. The wastes from Standard 

PackaGing Corporation contain a population equivalent of 710,000 as 

measured by BOD~ or 59.6 per cent of the 1,191,000. St.Regis Paper 

Company in Bucksport discharges wastes containing a BOD equivalent to 

raw Se1'lage from approximately 370,000 persons. This is 31 per cent of 

the total BOD load. Other individual sources ranged from 0.01 to 3.1 

per cent with Belfast Canning Company, Maplewood Packing Company, and 

Penobscot Poultry Company, Incorporated, all of Belfast~ Maine, together 

accounting for 3.6 per cent of the total. Figure 4 indicates the relative 

amount of biochemical oxygen demand loads dischar~ed to the 't'mters of 

the study area. 
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Sul.:f1 te waste llquor arises ftoGIa the pzocos. ~ 1I8DU1'actur1ag 

aul.t1te pulp. A ata.Ddard1zed method. eall.e4 the Pearl-Benson method. 

:1s used to est1.mBte sul.t'1te waste liquor ccmceatratioDB in ~ •• 

It is estimated that over 99 per cent of the INU'1te vute 

liquor, as measured b;y the Pearl-Benson test. f'0UDd in the upper 

Penobscot Bay area or1g:1Dated in the Psobscot R1.Ter. 'Dle ataDdard 

Packagiag Corporation in Brewer and the St. Reg:is Paper,~ in 

Bucksport both discharge sul.f'1te vaste liquors. Sources upstrem 

of' Bangor, Ma1ne also contribute to the total. 
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WATER CURRENT IN UPPER PENOBSCOT BAY 

'The upper portion of Penobscot Bay, bet\-Ieen 440 20'N and 

44°30'N, has a maximum width of some eight miles. Islesboro Island 

divides the south portion into two parts of which the eastern part 

is somewhat larger. See Figure 1.. Bathymetry, or bottom topography, 

is rather regular. Maximum depths of 2:70 :feet occur in the south ends 

of both the east and west parts of the bay while most of the upper 

Penobscot Bay has a depth of 30 to 60 feet. 

The Penobscot River, with an average sun:mer flow greater 

than 5,000 cfs, flows southward into the northeast portion of the bay. 

The Passagassawakeag River, with an average summer flow of about 5-10 

cfs, enters from the northwest through Belfast Bay. In a clockwise 

direction from Northport, the other named streams entering Penobscot 

Bay are Little River, Goose River, Mill Brook, and Cove Brook. Each 

usually has a summer flow into the bay area of less than 10 efs. 

The cax:imum spring tidal range of li.8 feet occurs at Fort 

Point. The range at BeJ.i'ast is 11.5 and at Castine ll.l feet. The tide 

is semi-diurnal; successive highs (and lOWS) may differ in height by as 

much as 1.5 feet. 

WATER TEMPERATURES AND CONDUCTIVITY 

The temperature sampling locations are shown in Figure 5. 
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:F1sarea 6 aDd 7 abov that t.euprature and conductivity generally 

t'oUow the _ pattern. 

At the tDie of the :f'1e1d S't1Jq, Penobseot tiver vater had 

t~atu:rea above l20c (Figure 7) and sea water had a teaperstare of 

aboat i'C. Vater a~ lZ'c was :tmmd to depths o~ 25 :teet at tbe 

U. s. 1 b1 gJwa;r bridge be10v Bacltaport, to 8 feet at Fort Point, and 

CD the a:rh.ce be10v Castine in the eastern part of the bay in July 

dur1.J:ts fiood tide. Water o:t l.2Oc or abont 18 t'oand to depths of 7.5 

:teet :tna PerJdDa Point in Castine to the entrBDCe of Stockton Harbor, 

aDd to depths or 15 :teet within Stockton Harbor in July during early 

fiood tlde (J'igure 8). 

F1e;ares 9, 10. and 11 show tbat JIIl1Ch o:t the warmer Penobscot 

Rher vater vas :t1ow1ng out in a cbannel between sears :Island and 

Islesboro Ial..and and that the Penobscot River water was :t'l.owins primarily 

1D tbe top 20 :teet of' water. Penobscot Bi.ver vater cI1d not e:rteDd into. 

l3el:taat Ba:r on ebb tlde s1Dce there vas DOt an iDcreaae in temperature. 

This 18 shown bast on F4ures 10, 11, aDd 12. Bel1'aat Ba7 "..ter appear. 

to ba'ft a h.1r~ mrl1'cma temperature aeross the Ba7, as ls ahovn in J'igare 

12. Bear high tlde, Searsport Harbor aDd. LoDS Cove have a h1.gber "tet,ova­

tve (J'1pre 6) tban the open area of Penobscot ~ I iDdicatills tlIat 

tbe _tar baa DOt 1Iixed as lIIlCh with the cooler .. water. The vater 

taq ..... ture 18 ~ on the vest slde o:t Sear~ Barbor thaD on the 
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east side (Figure 13), indicating that coole~ water is entering Searsport 

Harbor on the east side during flood tide. 

Warmer water remaining in Stockton Harbor is pushed back 

into the northeast end as the cooler waters of the mixed Penobscot 

River are forced into the harbor, as depicted in Figure 8. 

Belf'ast Bay area waters are warmer than the open Penobscot 

Bay waters near high tide (Figures 13, 14, and 15), indicating that 

there is not a great transfer of water during each tidal cycle because 

it taltes some tilDe f:or the water to warm up. One of: the characteristics 

of water is that it does not change its temperature either up or down 

very easily. 

The temperature or the waters between Turtle Head and Sears 

Island at high tide is nearly unifor.m (Figure 16), indicating a unifor.m 

now across the area i'rom a similar source. 

Temperature and conductivity measurements indicate that the 

estuary f::l.lls in Pritchard's IIpartially mixed" class. (1) The dominant 

salt balance equation terms are longitudinal advection, vertical advec-

tion, and vertical diffUsioD. This class of estuary is noted for flow 

volumes in both the upper and lower layers up to ten times that of the 

river entering the head of the estuary. 
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WIND 

During the study period in July and August 1966 the wind 

generally blew from either a northwest or a southeast dircc~ion. 

Figure 17 shows on polar ;:oordinates the rwmber of occasions that the 

wind blew from a certain direction during the period. The direction 

and speed of wind f'or each occasion is an average over a 50 second 

period. of time. Recordings occurred once every 20 mirrutes. The wind 

blew primarily from a direction o~ about 320 or 150 degrees. The 

number of occasions that the wind was a certain speed is shown on Figure 

18 which illustrates that about 80 per cent of the time the wind was 

less than 10 miles per hour. A combination of ldnd speed and diJ:'ection 

for each occasion is shown in Figure 19. These data indicate that the 

wind speed was about the same tor both general directions--nortbwest 

or southeast. 

DROGUE OBSERVATIONS 

A device called a drogue was used to determine the direction 

of flow 01' the surface waters. The drogue, which is 4 feet ill. depth, 

was submerged about one-balf' foot, making the bottom of the drogue 4.5 

feet beneath the water surface. The wind direction during the time 

the drogue was followed in a boat, as well as the direction the drogue 

was traveling, is shown in Figure 20 ~or ebb tide and Figure 21 
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for Dood. tide. Tbe hours at various locations along the arrows in-

dicate the time after high or low tide. 

Drogue observations demonstrate that Penobscot River water 

enters Stockton Harbor regularly in relatively large quantities with 

each tide and penetrates well up toward the head. 

At high water, the bar connecting Sears Island to Kidder Point 

on the mainland is submerged to depths of several feet; thus it may be 

possible :i:or Penobscot River water to enter Long Cove through Stockton 

Harbor. Howt;!ver, on two occasions, drogues put in near the bar indi-

cated weak and variable currents. Probably tbe only time a large quan-

tity of Penobscot River water could enter Long Cove through Stockton 

Harbor would be at a time ot: strong easterly winds. Since moderate 

southeast winds occurred t:requently during the period of the field 

study, one may conclude that it is not cammon t:or lar~e amounts of 

Penobscot River water to enter Long Cove through Stockton Harbor. 

Both drogue and temperature data demonstrate that Long Cove 

has a long t:lusbing time and. that Searsport Harbor receives l:!1ore 

Penobscot River water on the east side and has less transfer ot: water 

on the west side during the tidal cycle. 

Most Belfast Bay surface waters near Goose River at ebb tide 

during the time of study were generally confined to the area inside 

- 31 -



-; 
_ :~ __ .:."=-~"",, __ ._.,,,,~. ,_ .. .-_--._ -... .... __ .. __ ._ ... ___ !:._. ____ . ___ --..:..:..,. r""' .. ___ ~,_._ .. - ....... r....:--'. __ ._ .. __ ........ __ , ............ -.~, r •• _· .... --. ""-.. -------:,-----_-,:.- 7"- ,.' - -,. 

a line from Moose Point to Little River, as is shown by droeue releases 

on Figure 20. Some water could possibly reach a line from Mack Point 

to Bayside in l/2 tidal cycle i~ tidal and wind er~ects are in the 

same direction. 

Although water flowed in both directions on a ~lood tide 

betveen Sears Island and Turtle Head on Islesboro Island, the ereatest 

movement or water in thi.s area was to the west of Sears Island-Turtle 

Head area, as is shown by the seven drogue studies on Figure 2l. Waters 

from the Bay east o~ the Sears Island-Turtle Head area always entered 

Stockton Harbor on a flood tide. On ebb tide the Penobscot River 

water generally flews out on both sides of Islesboro Island, although 

there are exceptions such as August 7, 1966, when the drogue release 

indicated that water at the sur~ace flowed to the southeast (Fie;ure 20). 

Drogue speeds varied !'rom zero to one nautical mile per hour, 

the highest being recorded in Stockton Harbor and the Fort Point narrows. 

Speeds of 0.4 knots predominated during the course of' the study. These 

are the averae;e speeds over the depth range of' 0.5 to 4.5 f'eet of the 

water column. Surface speeds may be higher. 

Drift bottles were released in Belfast Bay near the mouth of 

the Passagassal.,ra.keag River. Of those ~ound all but one were washed ashore 

in Belf'ast and Northport. The one exception ""as washed ashore at 

Blockhouse Point in Castine. The drifi bottle ~ound in Castine was 

released OD July 29, 1966, and recovered eight d3ys later on August 6, 1966. 
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Strong southwesterly winds, beginning at high water slack, 

would make it possible ~or Bel£ast Bay waters to clear Moose Point on 

the f'irst ebb and enter Searsport Harbor and Long Cove on the succeed­

ing f'lood. Under these cOnditions, Bel.fast Bay water woul.d probably 

a.lso pass over the Sears Island-Kidder Point bar into Stockton Harbor. 

However, there was no period o~ strong southwesterly winds during the 

field study. 

SULFITE WASTE LIQUOR 

Suli'ite waste liquor is considered a conservative material 

since it is dif'f1cu1t to decompose. The co~centrat10ns round at the 

surface in the upper Penobscot Bay area are shown graphically in Figure 

22. The values are either from one sample or the average of two sam­

ples. The concentrations of sulfite waste liquor in bottom samples were 

about 1 to 8 parts per million, indicating that the major portion of' 

water at the greater depths was primarily sea water, while the upper 

waters of' tbe bay originated from. the Penobscot River. The Pa.ssagas­

sawakeag River above the effects of the tide had a concentration of 

3 parts per million, whereas the Penobscot River at the dam in Bangor 

had a concentration of 260 parts per mi~on sulfite waste liquor. 

It is estimated that over 99 per cent of the sul.fite waste 

liquor in Penobscot Bay comes from wastes discharged to the 
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Penobscot River. Figure 22 shows that Penobscot River water eventually 

found its way to every sampling location in the upper Penobscot Bay 

area. 
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WATER USES 

The predominant water uses of the lower Penobscot River and 

Penobscot Bay in the study area at the presUIt time are for shell..f1sh 

harvesting and industrial use. Cooling water is a major use by the 

Northern Chemical Ccm:lpan;y in Searsport. BeUast Canning Co. uses Bay 

water in its flume to transport fish, while Penobscot Poultry uses 

it in its process to obtain a VSCl.rul!l. The Penobscot River and 

Penobscot Bay are still used to a small extent t:a:r ocean shipping. 

Salmon fishing was a major industry until the mid-thirties 

when pollution and dams depleted the salmon population. Lobstering 

is still conducted in Penobscot Bay. 

Bangor, until recently, used the Penobscot River as a water 

supply but increasing pollution of the river forced the city to switCh 

to an unpolluted lake supply. 

Although the nre~ attracts n large number of tourists, there 

are very little water oriented recreational activities available to 

the public. Belfast Bay at one time had a t:airly large boat concentra-

tion but this has been severely reduced in numbers over the years 

because 01' odor conditions. As one local Tesident has said, "People do 

not like the smell being released from the water and tidal fiats." There 

\{3.S swimming to some extent near Bayside in Northport but recently grease 
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and feathers in the water have made peo~le reluctant to swim. 

CLAM RESOURCES 

In past years the Penobscot Bay area has been noted for 

beine one or the most productive areas in Maine for harvesting soft-

shell clams. Today, almost all the growing areas in the upper Penobscot 

Bay are closed due to pollution. In order to determine the runount and 

value of the cl~ resources being affected by the pollution, a study 

was carried out by thc Shellfish Sanitation Branch, U. S. Public Health 

Serv:i.ce, during the Sl.OJIlDler of 1966. The area affected by the pollutional 

dischar~es includes t.he towms of Northport, Belfast, Searsport, Stockton 

Springs, Penobscot, Castine and Islesboro (Figure 23). 

Methods 

Since sort-shell clams were discovered as a food source, the 

type of equipment used in Maine to harvest them has varied little. The 

area available for harvesting this resource has also remained the same. 

The mud fiats, or intertidal zone, provides the entire ares of harvest. 

Soft-shell clams, however, do inhabit some of the bottom below the extreme 

low ... m.ter mark, but because of equipment restrictions, imposed by law, 

they are unavailable to the commercial market. Resource assays within 
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this study area are, therefore, confined to tidal areas ~vailable to both 

the commercial and sport.s dir;r;er o.nd "1ere conducted using a similar 

type oJ: "hoe" or clam ralte used by them. 

Althouc;h all sizes of clam..s Here collected, only those above 

1 l/h inches \.ere considered in calculating results. The survey Has 

conducted durinG the period July 17 through August 117 1966. Estimates 

of this soi't-shcll clom resource \/ere acquired by samplinc 27035 sta-

tions in 1000 acres. 

Results of the resource survey ore reportcd on a to.m-by-to.m 

b:lsis and contain on est~ate of the standing crop of sort-shell clamc 

found within the boundaries of each town. In oddition7 COolculations 

\.;ere made on the potential harvest of this 1966 crop, if" the presently 

restricted areas I.ere opened to commercial diggine. 

Yield during a second year of harvest (1967) was calculated 

from rm estim;:x.tcd growth rate of 1/2 inch in the size range of 1 1/4" 

to 1 3/4" size eroup. Accordingly, there would be no recruitment into 

the 1 3/4" group from the previous season 1" class. Sizes \-Tithin thc 

2" and 3" group \-rere assumed to grow a minimum. of 1/4 inches duriog a 

grmling season '-lhich is somewhat less than usual. Projected estimates 

of recruitment from these Sizes, consequently, are low or minimum estimates. 

The reduction in the second years standing crop in some cases is half 

or less than the previous year. This should not, as it appears, give 
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a false impressio~ tha~ a stock is approaching a state of depletion--

the decrease would be caused by the potential cropping off of about 

70% of the marketable soft-clams accompanied by an estimated 50% 

mortality of the remaining clams, which would result from digging and 

natural causes. The individual flats should tben, with normal digging 

pressure, reach en equilibrium between recruitment end natural mortality. 

Percentages of natural and digging mortality were applied from reports 
(2) . (3) 

from Glube and Dow, Wallace, and Taxiarch1s and, when combined, 

averag~d 5~ per harvest season. Using these factors of recruitment 

and mortality, estimates were made on the second season's standing 

crop and the potential value to the fishermen and the community. 

Mr. D. E. Wallace of the Mai'1e Department of Sea and Shore 

Fisheries had determined that a bushel of soft-shell clams has a value 

of $7.77 to the fisherman, ar.d has calculated that the co~p~ty value 
(4) 

is worth 2.5 times this amount, or $19.43. Mr. WslLace explained 

bow these figures were determined--

"It is difficult to get a precise accounting of the pro-

duct ion of clams in the area because of the many ways in 

which tbey are sold locally and the numerous outlets. 

They are sold to intrastate dealers who operate small 

shucking h:ouses, to direct customers from roadside 

"clam stands," peddled house to house as well as to the 

one local interstate shellfish dealer. Because of these 

local markets in an active tourist area and family income 
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from processing, the "value added" to the incomes of t!le 

producers is considerable. For example, a bushel of clams 

dug D~d shucked locally and sold to a restaurant or fried 

clam stand, and then sold to the consumer, has a consumer 

value of approximately $50. 

"If! 1<;-65 there were 32 full-time diggers in the two towns 

(Stockton Springs-Searsport), digging year-round, and 

producing 19,200 bushels of clams with an average value 

of $7.77 per bushel, or a total income to the diggers 

of $149,184. 

"From our data, it appears that it is reasonable to 

consider that the resource value to the community is 

worth two and one-half times the amounts paid to the 

digger, or $327,960, plus the value of clams taken in 

the sports fishery." 

Economic stUdies by the Merrimack River Project on the resource 

value of clams, in addition to considering factors that Wallace used, 

also included the effect of shipping the clams in interstate commerce. 

The data show that the overall market factor can be as high as 

7 times the value paid to the digger. The potential value of the 

clam resources, considering the overall market, would thus be $54 per 

bushel. The 2.5 to 7 mark,~t factors would represent the low and 

high range used for calculatine; the value of the clams. 
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The resul.ts of the sof't-shell clam resources study are 

summarized on a town basis. Included are descriptions of the area 

sampled, estimates of standing crop and value of this resource to 

the community. 

Town of Northport 

Saturday Cove (A - B) 

This cove is relatively small and at mean low water, 

planimeter readings indicate an exea of 7 acres. Soft-shell clam 

producing areas total approximately 5 acres. 'I'wenty-two samples were 

obtained :from this cove and the commercial ste.nding crop is 1,100 

bushels with a community value f'rom $21,500 to $59,400. See Figure 24 

and Table 5. 

Temple Heights - Bayside (B - C) 

The surveyed shoreline between Saturday Cove (B) and Browns 

Head (C) is composed of a rather narrow intertidal zone strewn with 

cobbles and rock outcrops. Occasicnal mussel beds are found throughout 

the ares. Planimeter readings show a potential clam area of 50 acres. 

Available- clam producing areas are calcul.ated to be in tbe vicinity oi' 

44 acres. Eighty stations were sampled along this stretch and estimates 

of commercial sized clams totaled 6,400 bushels with a community value 

f'rom $l24,8oo to $345,600. See :figure 24 and Tc.ble 5. 

. .' '. ,. - .. ~ '" ,-
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Little River (C - D) 

The total area of Little River may be classified as a typical 

sof't-shell clam producing area. The portion surveyed within the Town 

of Northport lies between Brown's Head (C) and the Belfast-Northport 

town line (D) originating at tile entrance to Little River. The 

boundary line continues across the flat in an east southeast direction. 

There are about 54 acres found within this clam producing area. During 

the survey, quantities of' mussels and eel grass were encountered as 

well as rock outcrops which necessitated l~«erins the available acreage 

to 45. A total of 58 samples were collected on this flat and estimates 

indicated a harvestable standing population of 9,900 bushels with a 

community value from $192,400 to $534,600. 

Conclusion 

Results of this recent soft-shell clam resource survey in the 

Town of Northport show a total standing crop of 17,400 bushels of com-
\ 

mercially Isized clams. This harvest would provide a value to the com-
\ 

munity fro~ $338,700 to $939,600. 

Harvest during the following season, however, would be less 

because of natural and diGeing mortalities and overall poor recruitment 

of small clams into the fishery. The estimated harvestable standing 

crop would be 8,400 bushels with a community value from $164,000 to 

$453,600. 
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Town of Beli'ast 

Little River CD - E) 

This portion of Little River is quite similar in condition 

to that encountered in the Tmm of Northport. There are considerably 

less clam producinc; areas availnble (19 acres) o.nd 1"ewer patches of 

mussels and eel 17a:;s. 1\ total of 11 samples were collected from this 

flnt and estimates indicate a commercial standing crop of 2,000 bushels 

with a community value from $38,800 to $108,000. See Fi&UTc 25 ~nd 

T.,ble 5. 

Bclfast, West Shore (E - F) 

The area betl~een Little River Cove (E) :lnd the ber;irmint; of 

the industrial center in the city of Belfast (F) consists of a rela­

tivelY narrow band of intertidal zone composed of 45 acres of clam 

producine flats. This total area was reduced to 41 acres to nccount 

for the numerous rock outcrops and r;eneral array of cobble size stones 

v1ithin the area. Thirty-three (33) samples uerc collccted nlone; this 

expanse and estimates indicate a commercial ::;tnndinr: crop of l~, 100 

bushels with 3 community ~lue from $80,500 to $22l,I~OO. 

Belfast, north Shore (G - 11) 

The ovailoblc soft-shell clam producine areas found along 
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the north shore of Bel.1'est are very si.mi~ar in character to those 0'£ 

the west shore except for a '£ew distinct areas of larger exposed flats--

one of which was found in the western extremes near the abandoned bridge 

(G), and the other close to the Bel'£ast-Searsport town line (H). See 

Figure 25. 

Planimeter readings showed 14 acres of intertidal zone 

between the location points G - H. Of these only 52 acres can be 

considered avai~able for c~am production. This reduction in available 

acreage may be accounted for by the abundance of scattered rocks and 

rock outcrops found along this stretch of beach. Between these acres 

there are usually spotty clam flats containing fair populations or 

clams. Estimates f'rom 14 samples irulicate a standing crop 0'£ lO~OOO 

bu.she~s of cOlDllercial clams valued :£'rom a community standpoint at 

$192,000 to $540,000. See Table 5. 

Conclusion 

Results 0'£ this soft-shell clam resource survey in the Town 

of Belfast show a total standing crop of 16,100 bushels of commercial 

clams with a value to the cODllll1mity :from. $311,300 to $869,400. 

The second year of harvest on these same flats would be 

relatively less, due to mortality and recruitment into the fishery. 

Estimates of standing crop would be in the vicinity of 9,400 bushels 

of commercial sized clams valued from a community standpoint at 

$183,000 to $507,600. 
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Tovn of' Searsport 

Searsport. South Shore (H - I) 

This stretch of shoreline is characterized by a na.rrow band 

of intertidal flats extending f'or about a mile and a hal.f' in an 

easterly direction from the Bel£ast-Searsport line (Figure 26). 

The total expanse of fiats has been reduced because of terrain 

f'eatures f'rom 22 to 14 acres. Calculations made from 94 samples 

indicated a commercial standing crop of' 900 bushels with a 

community value from $16,400 to $48,600. 

Searsport Harbor (I - J) 

This harbor is relatively large and, at mean low water, 

planimeter readings indicate that it has an intertidal zone of' 

85 acres. From this total, sof't-clam producing areas were reduced 

to approximately 53 acres. Seventy-five samples were collected :£':rom 

this harbor and calculations indicate a commercial standing crop of 

3,600 bushels having a value fi"om $70,000 to $194,400 to the 

community. 
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Long Cove ex - L) 

The intertidal. zone of' Long Cove beginning at the eastern 

edge of the industrial complex (K) expands in its northern section 

into a typical clam flat (Figure 26). Proceeding in a southerly 

direction, the :f"lat nsrrows at the northern tip of Sears Island and 

continues in a similar manner to point (L) on the western shore. 

Readings made f'rom nautical charts show the intertidal zone wi thin 

this area to be 158 acres. The ~-vey indicated a potential clam 

producing area of 1.24 acres. One hundred and forty-sevelA (147) 

stations were sampled along this stretch of beach and cove. Esti­

mates of commercial sized clams totaled 8,800 bushels with a 

conmrunity value :from $171,000 to $475,200. 

Stock'.:.on Harbor eM - N) 

The intertidal zone between control points (M) on Sears 

Island and (N) at the Searsport-Stockton Springs town line is distin­

e;u.ished by narrow bandS interrupted by occasional coves. At the 

extreme northeast end (N'), the tidal zone has a tendency to widen 

into a characteristic clam flat. Mechanical measurements on 

nautical charts give a total of 72 acres of intertidal zone. After 

deducting nonproducing areas f'rom the total, the area of clam 

producine flats ''ias found to be about 57 acres. 
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Rocky outcrops, mussel beds, ::md a chemical dum;>in~ area in the so ..... th­

west section accounted for this reduction. J\. harvestable st::mdine 

crop of 1,500 bushels of' soft-shell cl<lTnS having a community value 

from $145,000 to $405,000 \10.:::; cstilllated for this section from 242 

st~tions in 51 acres. 

Conclusion 

Resource est~tcs show that the Town of Searsport is endowed 

with a fair amount of clam producinc areas stocked with abundant quan­

tities of shellfish. 

An immediate openine of this bed would greatly enhance the 

economy of the town as there are 20,800 bushelS of harvestable clams 

available. Estimates of the present value of this resource to the 

c011lllIW1ity are high and in the vicinity of $h02,400 to $1,123,200. 

Estimates of the standing crop in the second year are 6,200 bushels of 

commercial sized clams having a value of' $120,000 to $334,800. 

Town of Stockton Springs 

Stockton Harbor (N - 0) 

The portion of Stockton Harbor in the Town of Stockton Springs 

may be classified a typical clam flat in ali respects. The intertidal 
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zone is extensive and not unduly cluttered with rock outcrops or mussel 

beds. The total available intertidal area between the control points 

(N - 0) bas been mechanically estimated at ll5 acres. Of this acreage, 

onl.y :four acres were d.educted i'rom the total because of ro.~cy outcrops. 

MUssel beds are in evidence in some places but most are located below 

the low tide mark. Shellfish samples at 327 stations place the standing 

crop o:f cOlmllercial clams at 19,600 bushels. The resulting caamunity 

value is estimated at $381,700 to $1,058,400. It appears that tnis cove 

is the most highly productive of all areas surveyed during the study. 

See Figure 27. 

Cape Jellison (p - Q) 

The intertidal zone between control points (p - Q) provides 

a very limited area :for clam production except the small extension at 

the southern tip of Cape Jellison. A sheer rock outcrop along the 

shore in one section of this coast is completely void of suitable 

clam produci.ne bottom. Mechanical estimates of' available intertidal 

zone wi thin tIlis area is placed at 33 acres. Rock outcrops and 

scattered boulders reduce the total clam producine areas to 30 acres. 

Clam population appeared to be somewhat spotty throughout this area. 

Sixty-eight (68) samples were collected within this study area, and 

calculations showed the commercial standing crop of clams to 
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be 4,000 bushel.s wi tb a value to the community f:rom $78,700 to 

$2l6,000. 

Fort Point Cove (R - s) 

The intertidal zone within this study area is rather ex­

tensi¥-e and results from a reasonably broad band along the northea::it 

shore of Cape Jellison which expands into coves as it approaches 

Sandy Point (S). See Figure 27. Mechanical estilllates on t.he available 

tidal zone made :from nautical charts gives a figure of' 167 acres. The 

rocky outcrops between the several secondary coves reduc~s this total 

clam producing area to 123 acres. A standing crop estjmate derived 

from 534 shell.~ish s~p1es indicated that there ar~ appr~te1y 2~800 

bushels of commercial sized clams populating the area wi~h a co~ty 

value from $55,000 to $151,200. See Table 5. 

Conclusion 

Results of this survey show that a population of 26~4OO bushels 

of commerci~l size soft-she1l clams inhabit the growing areas alone the 

shoreline of Stockton Sprin~s. This standing crop of shellfish would, 

on an overall. basis, benefit the community by a sum of $515,400 to 

$1,11-25,600. 

Projected figures for standing crop and vah.:.e, providing the 

harrest was continued into a second year, show that the estimated 
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potential clam population .. rould be ll~lOO bushels of' marketable shell­

fish with a value to the community of' $215~OOO to $599~400. 

Town of Penobscot 

West Penobscot (Stations 1 - 35) 

The intertidal ZC:le between stations 1 - 35 is a narrow band 

which was estimated at 30 acres. See Figure 28. Allowances made due 

to the rocky f'eatures of' the shoreline reduced this potential clam 

growing area to Z7 acres. Twenty-three (23) shell...f'ish samples were 

collected here and the total commercial population was estimated to 

be 800 bushels with a cOlllllIl.:J1ity value from $15,700 to $43,200. 

Morse Cove (Stations 36 - 43) 

Tr~s portion of' Morse Cove within the boundaries of Penobscot 

con tains a very small intertidal zone totaling 8 acres. Of' these 8 

acres~ one was deducted ~om the total because of the evenly distributed 

cobbles and stones along the upper intertidal zone leaving 7 acres of 

prospective claJll growing flats. It was only n::cessary to collect 9 

shellfish samples within this area because the clam populations were 

confined to toe lower intertidal. zone. Available cOIIlIIlercia.l populations 

were estimated to be 600 bushels. Conmnmity value of this crop was 
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estimated to be $12,100 to $32~400. 

Conclusion 

Resul. ts of' the soft-shell clam survey indicate that this 

portion of Penobscot is relatively poor in both clam producing areas 

and existing clam populations. hom a total. estimated standing crop 

of 1,400 bushels of barvestable so1't-shell clams, the est:illla.ted value 

to the community was $27,800 to $75,600. 

Projected yields during the second year of' harvest were also 

estimated to be poor. Benefits applied to the Town of Penobscot !'rom 

this estimated standing crop of' clams would be from $18,000 to $48,600. 

Town of' Castine 

Morse Cove (Stations 44 - 50) 

This portion of Morse Cove was considered a mrror image of 

the hal.f' located in the Town o:f Penobscot. Consequently, the same 

estimates :for standing crop and val.ue are used. 

Castine, West Shore (St.a.tions 51 - 74) 

T1rl.s shoreline o:f Castine is t;ypif'ied by a na...-rrow band. of' 

intertidal zone contair.1ng rock outcrops and scattered "cobble sized" 
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stones. See Figure 29. Mechan1cal..ly made est1lllates of the existing 

intertidal zone derived f'rCIII. nautical eharts totaled 28 acres. 

This :figure was reduced to 24 acres of possible clam producing f'l.a.ts 

after deductions were made to account f'or rocky areas. Thirty-five 

(35) shel.J.f'ish samples :tram these grow1.Ilg areas were collected, which 

indicated a. possible calmercia]. population of' 700 bushels wi tb. a vaJ.ue 

to the ccmmJrrlty of $1.2,600 to $37 ,Boo. 

Castine. West Shore (Stations 75 - 1.26) 

~s section of' shoreline in the Town of' Castine is a contin-

untion of' the type encountered in the area covered by stations 51. - 74. 

The iI::;4..ertidal zone, again, is a narrow band parall.el.1Dg tbe shoreline. 

There were no apparent modifications noticed along this stretch of' 

beach to distinguish it f':racl EUW other covered :in the :f.mIled1ate area. 

Calculations- made from nautical charts by p1an:fmeter shewed the inter-

tidal zone to contain 35 acres. Deductions made f'ar the roc.ky condi-

tion of the beach reduced the potential. cJ.am growing area to 30 acres. 

Sixty samples were collected in the area on the llth of' August, 'Which 

indicated a ccmmercial population of' 2,200 bushe1s with a ctmlDm:fty 

vaJ.ue f'loom $42,600 to $UB,800. See Table 5. 

Wadsworth Cove (Statiol".B 127 - lTl) 

This cove was the last to be surveyed on the mainland. The 
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resource survey was restricted to the cove proper since conditions of 

the outer fringes, evidenced by bigh densities of cobble-sized stones, 

appeared unsuitable for clam production. Carpets of smaller stones 

also covered the upper portion of the intertidal zone throughout many 

sections of the beach. 

Planimeter readings made from nautical charts showed D.l1 

intertidal zone 01" 56 acres. This total acreage was reduced to 50 

when adjustments were made to account for the rocky patches throughout 

the clam growing areas. This study was conducted on the 11th of August, 

and the results obtained r.rom soft-shell clam samples or 62 stati~~S 

indicated a potential commercial population of 4,200 bushels with a 

ccmmunity value from $82,600 to $226,800. 

Conclusion 

Of all the are~s surveyed in the Town of Castine, it is 

apparent that Wadsworth Cove is the most productive and would aid 

more in boosting the economy of the community than all the other 

surveyed areas of the town combined. 

Estimated results on a town basis show that the present 

standing crop of marketable soft-shell clams is 7,700 bushels with 

a community value of from $149,900 to $415,600. 
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Projection of these estimates into a second year indicate 

a standing crop of commercial size clams to be 4,100 bushels with a 

potential community value from $90,800 to $253~800. 

Town of Islesboro 

Only the inner portion of this cove was subjected to a shell­

fish resource survey. The area covered was rather J.imi ted in scope and 

uniform. in condition, makir..g it unnecessary for an adjustment of acreage. 

The clam producing intertidal zone totaled 15 acres. The collection of 

22 clam samples showed the potential standing crop of commercial sized 

clams to be 1,100 busheJ.s with a value to the community !'rom $22,100 

to $59,400. See Fi6UXe 30 and Table 5. 

The area of' Coombs Point surveyed for clam resources was very 

Sm3ll. The amount of' growing area available in this plot was 5 acres, 

ond, since the flat was uniform in nature ond lacked any rocky feature~ 

it was unnecessary to make any adjustment. The total area surveyed 

remained at 5 acres. Because this flat was of such a uniform condition 

and the shellfish were ;dispersed in an equally uni form mnnner, it was 
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only necessary to collect 3 shellfish samples to arrive at n commer­

cial standing crop of 1,600 bushels. The potential community value 

from this area is $30,500 to $86,400. 

This cove is located on the east side of Islesboro Island 

and is separated from an adjoinine cove by a small island connected 

to the main island by a na~row bar. The entire cove was not surveyed 

for shellfish due to time limitations and the general lack of shellfish 

on the flats northeast of the small island. 

The intertidal zone of Parker Cove investigated during this 

survey consisted of 85 acres. Adjustments were necessary to this 

total because of the presence of large patches of eel grass and mussels. 

The actual number of acres available for clam production amounted to 73. 

Sixteen shellfish samples were collected over rather large intervals. 

The resulting estimated standing crop \-las 3,400 bushels of commercial 

size clam::: .,ith a vnluc to the cOIDIllunity hom $65,300 to $JJ33,600. 

Coombs Cove (Gl - H
l

) 

This cove is located just south of Parker Cove on the east 

side of Islesboro Island and contains a great deal less available clam 

flats than its northern neighbor. Estimates of land area by planimeter 

show an intertidal zone of approximately 36 acres. No adjustments were 
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deemed necessary in this area to account for the small amounts of mus-

5els and eel grass. Thirty-two (32) sbell:fish samples were colle.;:ted 

±'rom this cove on the 9th of August, and the resulting estimate indi­

cated the potential standing crop of commercial size soft-shell clams 

to be a poor 700 bushels with a community value of $12,600 t<) $37,800. 

Conclusion 

The only cove in the surveyed portion ~f Islesboro Island 

showing reasonable clam production is Parker Cove. The rC!IIB.inill6 

areas seem to possess a fiuctuating type of production which appeared 

to be at a low point during this particular period. 

The present standing crop of commercial sized clams for the 

town is 6,800 bushels with a community value of from $130,500 to 

$367,200. The estimated marketable crop of clams for the following 

year would be 5,500 bushe 18 with a community value of :from $106,000 

to $297,000. 

Rescurces of Upper Penobscot Bay 

About 90 per cent of the shore surrounding Penobscot Bay was 

surveyed for soft-shell clam resources. The areas not surveyed were 

either industrial complexes or estimated very low producing areas. 

The coves proved to be the most productive areas for clam growth. 
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The remaining shoreline contained clam populations interspersed with 

scattered boulders and rock outcrops. 

The most productive clam area.s were Stockton Springs and 

Searsport, .rol~owed by Northport and. Belf'ast. The remaining Towns 

of Penobscot, CE.stine, and Islesboro were not completely surveyed, 

which accounts pB.1-tial..ly for their low total rigures. A summary of 

the standing crop ;:md community value is shown in Table 6. 

For the total area of Penobscot Bay affected by the recent 

shellfish area closures, the estimated population was placed at 

96,600 bushels of' marketable sof't clams, valued !'rom a community 

standpoint at $1,876,000 to $5,216,400. Potential harvest during a 

second season was estilllated to be 46 ,200 bushels. These would have 

a value to the community of fl:'om $896,800 to $2,494,800. 

Marketing of' Clams 

On July 1, 1966, the effective date of: the total closure of' 

Searsport and Stockton Springs for harvesting clams and other marine 

mollusks, there 'Were 53 licensed diggers in the two towns. About 32 

were full-time diggers; the rest dug clams occasionalJ.y. 

The town of Searsport allows non-residents to take up to a 

peck a c.ay :!'rom their :r1ats. A varied IIIDI1ber or people from nearby 
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Town 

Northport 

Belfast 

Searsport 

Stockton 
Sprines 

Penobscot 

Castine 

Islesboro 

Total 

TABLE 6 

PRESENT AND PROJECTED S'.I:ANDING CROPS AND THEIR VAIlJES FOR 
TOWNS SURROUNDlNG PENOBSCOT BAY, MAINE 

1966 1961 

Standing Crop Standing Crop 

Ccmmunity Community 
Bushels Value Range Bushels Value Range 

17,400 $338,700-$ 939,600 8,hOO $164 ,000-$!~53 ,600 

16,100 $3U,3OO-$ 869,400 9,400 $183,000-$507,600 

20,&>0 $402,400-$1,123,200 6,200 $120,000-$334,800 

26,400 $515,400-$1,425,600 1l,loo $215,000-$599,400 

1,400 $ ?-7,800-$ 75,600 900 $ 18,000-$ 48,600 

1,100 $149,900-$ 415,800 4,700 $ 90,800-$253,800 

6,800 $130,500-$ 367,200 5,500 $106,000-$297,000 

Penobscot Bay 96,600 $1,816,000-$5,216,400 46,200 $896,800-$2,494,800 
Area 
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towns and cities dig for fun on weekends and holidays. This past ~ar 

(1966), during the Memorial Day weekend, the local Sea and Shore 

Fisheries warden counted 500 sport di~ers in Long Cove and along 

the western shore of Sears Island. Each digger could lego.lly take 

a peck c:' clams. Better than 100 die;gers are usually :found on these 

:flats on weel~ends and holidays from May through October. 

Many of the clams harvested in the Stockton Springs area havc 

been purchased by Mr. Ralph Hall, a local interstate dealcr. In 1965 

Mr. Hall shipped about hal:f of his clams to the Maine Shellfish Com­

pany, 't·!hich, in turn, was enr;nt;ed in both interst~te :;;110 intrastate I 

shipment:::. 
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EFF.EC'l:S OF POLLUTION ON WATER QUALITY 

Water qua.lity or the Penobscot River has been studied by 

the Maine Water Improvement Calmission, and. the waters over shelli"i.sh 

beds have been studied by the Ma.iDe Department of Sea and Shore F1sh-

eries for :man;,y years. 

In an excellent staf'f' report published in ~g63, the Maine 
(5) 

Water Improvement Coamission found in the tidal area f'rom Bangor 

to Bucksport that the river was either in Class D or in uuisance 

condition. Tab~e A-l in the Appendix presents the classification 

system existing at the time. Table A-2 lists similar in:f'ormation for 

tidal waters. 

Based on samples showj.ng high coliform val.ues taken by the 

Maine Department of Sea and Shore Fisheries, Mr. Ronald W. Green, 

shellfish 

beds open to digg:ing in Sea.rsport and Stockton Springs. That closure, 

al.ong with the beds already closed due to pollution, meant that all the 

shellfish beds were ~sed !'rem Great Spruce Head in Northport, to 

BeJ..tast, Searsport, Stoekton Spr1.Dgs, the entire Penobscot River area, 

and nearly aJJ. of Castine. The ollly shelJ..t':i.sh beds open in the study 

area are located at Islesboro Island. 
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to-.ms and cities dig for 1\m on weekends and holidays. This past year 

(~966):r during the Memorial Day weekend, the ~oca.~ Sea and Shore 

Fisheries warden counted 500 sport diggers in Long Cove and along 

the westcrn shore of Sears Island. Each digger could ~eg;J.lJ.y take 

a peck of c~3DlS. Better than 100 die;gers ore usually f"oWld on these 

f'13ts on weekends and holidays fiom May through October. 

Many of the cl3J!lS harvested in the Stockton Springs area have 

been purchased by Mr. Ralph Hall~ a 10ca~ interstate dea~er. In ~965 

Mr. Hall shipped about haH' of his clams to the Maine Shellf'ish Com-

pany, ,·!hich, in turn, was enen~ed in both interstate ond intras~te I 

shipmcnl;,s. 
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Bl\CTERIf, 

\"To tcr polluted b:,." ~'laste!; fr-:>17I ,,,ann blooded animals, such as 

humans and cilic;<;cns, trequent..l:;{ contain pa I;;hof:enic bacteria. These 

pathoc;ens, directlY'~ or indirectly by eatinG rat·r or partially cooked 

she llfi!;h, can cau!;e Gastrointestinal tliseases such as "typh::lirl fever, 

dysentery, and diarrhea. 'l'he infec t.iaus hepatitis virus ~ and other 

, ... iruse!;, mny <llso be present. Body contact. ,·Ii th ,.a i:.er poIlu t.ed by 

bacteria ~a:1 al::;o cau!;c eye, ear, nose, throat, or ::;}dn infect.ians. 

Thereiore, uacterial pollution of waters presents a health ha~ard 

not -:>nly to those lrTh-:> come in can tact \']i th i t ~ but also to those ,,,ho 

may eat shellfish taken froJ:l the v;aters. 

Se,·mge and some industrial ,·rastes also cantain bacteria of 

the co1il'orm croup, iIhich typically occur in excreta or feces of '-Tarm 

blooded animals and are readily detectable. illthoueh most are bannle!;s 

in themselve=, coliform b~cterie. are always present in ,·raters polluted 

by i'1art:l blooded animals .Tastes and are considered indicators of the 

probable presence of pathogenic bacteria. The State of l·Iaine evaluates 

"rater quality on the basis of sanitary survey findincs and total coli­

form content. Recently, refined methods for isolation and detection of 

Salmonella o~eanisms have made it practical to test for these specific 

infect.ious disease bacteria. 
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~. 

The colii'orm group usunlly is desie;nated 3S total coliforms 

and most bacterinl s'bndards are set usine coliform limits. Included 

in the totaJ. coliform bacterin test are fecal coliforms. A separate 

test can be perfo:rmed on a ,-rater sample to determine the number of 

fecal coli:forms present. Since :fecal coli:forms can only come :from 

warm. blooded aniI!l31s, they are considered proof of fecal pollution. 

The results of coliform determinations are expressed in terms of most 

probable numbers per 100 milliliters (MPN/lOO ml). One hundred milli­

liters is approximately one-hali' cup. 

For harvesting shellf'ish, the Maine Department of Sea and 

Shore Fisheries requires that the median coliform value :for the water 

may not exceed 70 MPN/IOO ml and not more than 10 per cent of the 

values may exceed 230 MPN/100 ml. 

A bacteriological study was made by the Merrimack River 

Project in the upper Penobscot Bay area during the period :from July 27, 

1966, to Augast 16, 1966. The sampling locat;ions are shown on Figure 

31, and the latitude and longitude of these stations can be :found in 

Table A-3 in the Appendix. A statistical summary of all samples col­

lected is shown in Table 7. Conditions are also summarized for the 

different stages o:f the tidal cycle in Tables 8, 9 and 10 and these 

data are shown on a map of the area in Figures 32, 33 and 34. 
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Tables A-4, A-5 and A-6 in the Appendix summarize the chloride 

and salinity data fo~ high, ebb, and 10t-1 tide, respectively. Salinity 

.. res calcu1ated :from the ch10ride value. An average sea \-rater salinity 

is about 35 parts per thousand or about 19 parts per thousand chloride. 

These data she,,", that over 75 per cent of i:.he water at eve:ry sampli~ 

station except near the pou:L t~y plant effluent llTaS sea water. The 

average chloride value was approximately the same at bigh, ebb, or 

Imr tide. 

Table A-7 in the Appendix summarizes all the surface temper-

atures associated \-lith the bacteriological sampling. 

The hishest densities of coliform organisms in Penobscot Bay 

were found near Fort Point alld east of Sears Island. At low tide the 

total coli forms averaged approximately 5,000 MPN/IOO ml near Fort Point. 

Values decreased toward the western part of the Bay and then increased 

again at the Passagassawakeag River. It is apparent that untreated dis-

charges to the Penobscot River £:t-om Bango~; S. A. Maxi'ield Co., Bangor; 

Breuer; Standard Packaging Corp., Brewer; Hampden; Winterport; Frankfort; 

Bucksport; and St. Regis Paper Co., Bucksport are the primary sources 

of high bacterial densities in the northeast section of Penobscot Bay. 

The station ne~ Turtle Head, an area still open for har­

vesting shel.l.f'isb, had a median coliform lE!vel of 1,500/100 ml at low 

tide. At high tide the median coliform level decreased to 431/100 ml 

at this s~licg location. 
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Near the entrance to Stockton Harbor (Stations 16 and 11) 

the bacteriological levels were substantialJ.y in excess of the max:i.mum 

permitted f'or harvesting clams. Median values of 430 and 330/100 ml 

were found at these two stations, with maximum. val.ues being as high ~ 

4,600/100 m1. I:1 the inner harbor colii'orm densities decreased but 

the levels obtained at Station 18 still exceeded the standards. High 

tide val.ues at Station 18 were over three t:illles greater than found at 

low tide, indicating that water frClll. Penobscot Bay containing high 

colii"orm densities was being pushed into the harbor on a :flood tide. 

The two 'mrpuned brooks f'law.i.ng into the northeast end of Stockton 

Harbor (Station 37 and Station 38) sbowed evidence of sewage reaching 

the harbor !'.rom the Town of Stockton Springs. 

In general,the water within Long Cove ho.d a coli:form density 

much lower than in the remainder of the study area. However, a maximum 

of' 4,300 MPN/IOO ml. was obtained at low tide OD one occasion. This 

high value could have resul.ted t'rom local pollution. Cove Brook 

receives l.ocal sewage as the smcples obtained t'rcm this point averaged 

nearly 20,000 JeN/l.OO ml. 

Stations 21 and 28 in Searsport Harbor had. relatively constant 

coli:form. levels at various tidal heights, and at both locations the 

There are several public and private 

sewers serving the Searsport area. Mill Brook (Station 32) receives 

-72-
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wastes :f'rcm about 30 homes and the average total. colif'orm value was 
\ 

65,250 MPN/1OO ml. Stations 33, 34 and 35 are located in Searsport 

at sewer out:fal1s discharging into Searsport Harbor. Values of 

24,000,000 MPN/lOO ml total coli.forms or greater were found at these 

sewer O"oltfalls. Even fecal coli forms exceeded 2,0CJ0,r:xxJ/1OO ml. in 

eaCh sample obtained. 

Belfast Bay stations 1 throush 3 had med.:ian coli1'orm values 

greater a~ low tide than at high tide iDdicatiDg that the polluted . 

waters !'rom the Belfast area were reach:i.ng these stations during the 

outgoiJ:Ig tides. Station 4 had the same relative value at high tide 

as at low tide while Station 5 near Moose Point had values greater at 

high tide than at low tide. Stations 6 and 7 had colit'orm values less 

than stations 1, 2, 3, CJr 8 indicating that there is not as much transfer 

o~ water in this area as at the other locations. The warmer temperatures 
; . I , I 

in thi.s area may be responsible for these lower values since the wa...'""mer 

water would tend to stay on top and not mix wi.th other water. 

The geoerally higher coliform values at stations 5, 8, 9, and 

10 indicate that these stations are probably influenced more by Penobscot 

River water since the values are usual..ly bigher than those more t.oward 

Northport. The major now of the Penobscot River that comes to the 

west of: Islesboro Island appears to be to the east o~ sampling stations. 

6 through 10 near low tide. As the tide, cha:Dges part of the Penobscot 

River water that is iJl the bay between Northport and Islesboro Island 

is pushed toward Searsport Harbor. 
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In the Castine area at high tide, the total col..:liorms were 

very high, as is shown by the median of 1,315 MPN/1OO ml at Station 30. 

As the tide receded, the coliform val.ues decreased. The high tide value 

was caused by the combination of bacteria :0:'0111 the Penobscot River and 

bacteria being discharged by the Town of Castine and the State of Maine's 

Maritime AcadeDI\Y. The station was upstream of most 0"£ the sewage being 

discharged directly to the bay waters in Castine Harbor. 

The ratio of total. col.11'orms to fecal coliforms is an indi­

cation of recent fecal. pollution. The higher the ratio, the greater 

the time period since the wastes were discharged; and, conversely, the 

lower the ratio, the more recent the pollution. An anaJ..ysis of Table II 

illustrates that local pollution has much greater eITed than is indi­

cated by the magnitude of the val.ues at the various stations and shows 

a need for treatment of all sources of fecal pollution. Belfast Bay 

(Stations 1-10) and Searsport Harbor (Stations 21-28) have the smallest 

ratio of total coli1'orms to fecal. co1iforms, indicating that recent 

fecal pollution has taken pJ.aCe. 

The two pou1try processing plants, Maplewood Packing Co. and 

Penobscot Poultry Co., in Bellast, discharge an estimated bacterial. 

10ad equivalent to a population of 4,000 persons each. The wastes have 

been reduced to scme extent with better screening operations. 
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TABLE 11 

=' _. 
i 

GEOMETRIC MEAN TOrAL COLIFORM VALUE FOR 
STA'!ED FECAL COLIFORM VAIDE 

n:c:A1 COLIFORM GROt IPS OF COLIFORM SAMPLING STATIONS 
PER 100 ML 27-28 1-10 16-18 20 .. 25.26 ll-15 

<36 64 100 140 380 520 

36 100 180 300 700 750 

91 -- 450 -- 1200 2300 

; 
'. 

- 75 -



.l' ___ -' .. _ .... 

- -~ .... 
_~ ____ ~ ____ 1" ___ 

Bottom b&.cteria samples were collected at various stations 

and were :found to be substantially ~ower in number most 01" the time, 

indicating that the wazmer sewage wastes were nea.reI' the sur:face. 

On June 28, 1966, the Maine Sea. and Shore Fisheries reported 

finding floatine cMcken entra.:i1s in Stockton Harbor at the northeast 

side of' Sears Isl.a.Dd. They reported that these elltr$.dls bad a total 

coll.1"orm value greater than 110,000 lIfPN/1OO mI. Aga:i~ on July 8, 1966, 
( 

floating ch:icken entrails were :found by Fisheries .P~40nnel. in Stockton 

Harbor at the same location. They also reported 'that on June 28, 1966, an 

animal l'at film was found on the waters f':rom the south tip of Sears Island 

to the north tip of' Sears Island in Stockton Harbor. Large' amounts of 

feathers have been reported f'ound on Sears Island and Islesboro IslBnd. 

A :ferry running £"rom Islesboro IslBnd to Lincolnville, which is south 

of Northport J reported that their water intake screen had too be cleaned 

at least once a week in the past, due to chicken feathers clogging the 

screen. In the past, chicken entrails have been found all along the 

banks or Belfast Bay. DuriDg the period. samples were beiDg collected 

by the MerrilDack River Project, there were no significant discharges 

of either feathers or entrails, indicating that either the new sc::reen-

ing devices were worldng properly or that closer atteDtion was given 

to maintenance 01' these screens. 
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Salmonellosis, tbe disease caused by various species of 

Salmonella bacteria> includes typhoid fever~ gastroenteritis and diarrhea. 

There are more than 900 known serological types of Salmonella. During 

1964 there were over 21,000 Salmonella isolations !':rom humans in the 

United States~ and. 57 known deaths resulted f'rom Salmonellosis. (6) 

Sterile gauze swabs 'Were placed at stations 1 through 5, II 

through 21~ 23 through 25~ 28~ and 29, at the surface of ~e water for 

about 5 days. Tests were then carried out to determine if any Salmonella 

bacteria were present. Salmonellae were found at stations ll, l2, 16 

and. 23 (poultry plant e:ffluent). The United States Public Health Serv:ices r 

Communicable Disease Center determined the serotype. The results, listed 

in Table 12~ clearly point out that poultry plant wastes are pathogenic 

to man since all Salmonella bacteria are pathogenic. Salmonellae were 

isolated from both swabs placed in the Penobscot River. 

When the swabs were in place at station 16, the median fecal 

coliform value was less than 36 MPN/loo m1 and the median total coliforms 
~ . 

430/100 ml.. Tris indicates that Salmon'ella may be present even when 

coliform densities are not very high. 
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STATION 

1 
2 
3 
4 
5 

11 
12 
13 
14 
15 
16 
17 
18 
~o 
~; 

20 
21 
23 

21~ 

25 
28 
29 

TABLE 12 

PEr'[OBSCOT BAY AREA SALMONELLA RESULTS 
AUGUST, 1966 

DATE TOTAL COLITOR1>fS FECAL COLIFORMS 
St-l11B l·lPN /loo m1 NPNL100 m1 
RD10VED A\'ERAGE 1·{EDIAN A VERAGE*" MEDIAN 

8/2/66 387 230 128 36 
8/2/66 317 91 85 ~36 
8/2/66 453 230 56 36 
8(2/6f: 448 230 56 <36 
8/2!6( 371 230 42 <36 
8/12/66 1~,969 2,1+00 174 100 
8/9/66 5,960 2,250 168 91 
8/12/66 2,149 930 Sl 36 
8/9/66 5,030 3,500 181 145 
8/9/66 2,252 930 76 36 
8/12(66 766 leO 45 <36 
8/9/66 708 330 52 <36 
8/12iG6 326 91 39 36 
8/9/66 74 36 36 ,36 
8/12/66 2,012 1,950 54 36 
3/9/66 1,190 430 55 36 
8/15/66 521,000 240,000 468,500 190,000 

8/15/66 153 73 36 "-36 
8/15/66 407 230 41 ,(36 
8/15/66 uS 73 36 <36 
8/15/66 483 36 36 <36 

SALMONELIAE 

Not detected 
Not detected 
Not detected 
Not detected 
Not detected 
S. thompson 
S. heidelberg 
Not detected 
Not detected 
Not detected 
s. thompson 
Not detected 
Not detected 
Not detected 
Not detected 
Not detected 
S. montevideo 
S. blockley 
S. california 
S. typhi-muri um 
Var. copenhagen 
Not detected 
Not detected 
Not detected 
Not detected 

* A value of 36 Nas used to calculate average for < 36 values. 
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Clam samples were dug in Northport, Bel..fast, Searsport and 

Stockton Springs; the locations are shown on Figure 35. The bacterio­

logical analyses of the clam meat vere carried out by the Ma:ine Depart­

ment of Sea and Shore Fisheries and are presented in Table 13. 

Some states use a maxilllum fecal coliform value of 230/MPN/lOO 

grams clam meat as a standard to determine whetber the meat is sat'e for 

human consumption. Stockton Harbor clam samples Shoved a wide variation 

in fecal coliform counts. BeJ.fast Bay clam samples were generally very 

high as would be expected since the total coliform counts were high. 

Moose Point samples show that there can be a wide range ~f values at the 

same sampling point at the same time. Limi ted samples in Searsport 

Harbor indicate that the clam meat was below tbe maximum value recom­

mended. Long Cove area samples show that tbe clams themselves are still 

fairly clean bacteriolOgically except for the area in the north end. 

Cove Brook (station 36) was :found to be polluted, which probably accounts 

ror the high fecal colirorro. value round in the clams in this area. 

Finally, Fort Point had the highest values reported; ali samples showed 

that tbe clams were grossly polluted. The standard.s ;for harvesting 

shellfish are ba~ed on the water and not on tbe clam itself. 
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The presence of' coliform bacteria in the waters emphasizes 

the need for ade~uate poLlution abatement and reaffirms the necessity 

for continuous and effective waste trea.tment which nll remove 

Salmonellae and other patbogenic bacteria. 
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SUSPENDE:D SOLIDS 

Excessive suspended solids in a stream or bay cum; pj sh the 

beauty of the water and settle to the bottom where they form slu~e 

deposits. These deposits can deplete the water's oxygen supply and 

produce offensive odors, especiall.y in tidal areas where the sludge 

banks are exposed at low tide. The solids blanket the bottom and 

smother the biological life upon which fish feed, and change the bottom 

e~-ronment so that clams, lobsters, scal10ps and other aquatic life 

no longer c~ live in that area. This apparently has happened in the 

BeUast Bay area, where a :few years ago the lobster and scallop harvest 

was much more abundant than it is at the present time. 

The area near the western part of Stockton Harbor in Sears-

port is receiving wastes that contain silica and other materials which 

are smothering the clams. The solid m8't.erial is discharged by Northern 

Chemical Industries, Inc o and has an estimated suspended solids popula-

tiOD equivalent of 20,000 persons. The Penobscot River is receiving 

tremendous loads of suspended solids eq\'i valent to the di scbarge of over 

591 ~OOO persons. These solids, which cause sludge banks to develop, are 

:iischarged f'rom the untreated wastes o~ Bangor; S. A. Maxfield Company, 

Bangor; Brewer; Standard Packaging Corp., Brewer; Hampden; Winterport; 

Frankport; Bucksport; ::md St. Regis Paper Company, Bucksport. 

A stream bottom should be f'ree of pollutants that will 

adversely alter the composition of the bottom fauna, interfere with the 

spawning of fish or their eggs, or adversely change the physical or 

chemical nature of the bottom. The env:ironment of parts of the upper 

Penobscot Bay area is far from this type. 
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BIOCHEMICAL OXYGEN DEMAND AND DISSOLVED OXYGEN 

The oxygen demand of sewage and. industrial. wastes, as measured 

by the biochemical oxygen demand (B.O.D.) test, indicates the potential 

for reducing the disso1ved. oxygen (D.O.) content of streams. 1£ the 

diss01ved oxygen is red:u.c:ed below an adequate 1evel, cl8ms, the fish 

population, crustaceans such as lobsters, and. the aquatic life on which 

the higher forms of aquatic lif'e f'eed are killed ar driven out of' the 

area. 

Most water pollution control agenciez; have adopted a mj nj mum 

5 mg/l D.O. objective to mai.IIta:i.n the maxim"," potential warm water 

sport fish population. The State of Maine water qwr.lity standard t:or 

Class C water requires the disz;01ved o:xygen to be 5.0 mg/l for tidal. 

waters. 

If' dissolved oxygen becomes tota.l..ly depleted, obnoxious odors, 

mostly £rom bydrogen su1f'ide, result, causiJ:Ig aD. Ullplew;ant enviroument 

for persons living or work:i..ng nearby. The hydrogen su1:f'1.de given off 

by the streams may turn nearby houses, bridges or other pa.inted. struc-

tures b1ack. 

The Ma.iDe Water Improvement Commission found that tt.e diss01ved 

oxygen placed the Penobscot River either in the nuisance cODdition or 

in Class D from Bangor to Bucksport. Zero D.O. was found fi'om Bangor 

to Winterport during the summer of 1963, with the oxygen sag curve 

-84-
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moving downstream at low tide and. upstream at high tide. This 

dissolved oxygen condition limits usage of the entire river below 

Bangor and. prevents fish, including anadromous fish such as salmon, 

!'rom passing through these waters. Materia1s causing low dissolved 

oxygen values in· the Penobscot River are discba.rged by Bangor; S. A. 

Maxfield Co., Bangor; Brewer; Standard Packa.e;i.ng Corp., Brewer; 

Hampden; 'Winterport; Franlct'ort; Bucksport; and St. Regis Paper Co., 

Bucksport. 

At least one fish kill has been reported due to wastes 

discharged to Goose River. 
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SULFr~E W\STE LIQUOR 

The high sulfite waste liquor concentrations in the Penob-

scot River are primarilY fiom the processing of pulp using the sulf'ite 

process. Standard Packa&ine Corporation and St. Regis Paper Company 

both use the sulfite process as do other pulp processing companies 

ab~ve Dangor. Gulfite waste liquor adds material that causes color 

in .vaters. 3uch discoll)ration of' a "later reduces its aesthetic qual-

... 
~ .. y. 

\-Tork has been carried out in the Northwest on the effects 

-:>f pulp mill ,·rastes on oyst.ers. The toxicity of lou concentrations 

of sulfite waste liquor to the oysters has been clearly shown. (7) 

~ests sh~;ed that embryonic development of the Olympia oyster f'rom eggs 

to shelled larvae did not take place in concentrations above 10 ppm. 

Lone-term bioassays ,.,ith Olympia oysters of one to three years old 

imlicatc';. -that 1m; c':'>nccntrations of' sulfite "Taste liquor (approximately 

10 ppm) increase ~~c ~rtality o~ these shellfish. 

Othcr studies ,.,i th Paci:i:"ic oyster larvae shm'ied 100 per cent 

mor~alh.~· "hell sul.;:i.i:.c v:aste liquor exceeded 80 ppm. (3) Fift:,r per cent 

:nortali ty >'las p:::-ocluce(i at a c·.)ncentration of 30 ppm. 

r·;:ost of the upper Penobsc:lt. Bay area ball. sulfite -.:aste 

liq"Ucr c-;)nccr:trations near Go ppm ann at l~H tide near }'ort Point 

<'I:: 
- 'N -
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the value was about 100 ppm. See Figure 22. This hi~h concent.ration 

near the Fort Point Cove area could be the reason tbat the clam 

resources are somewhat less than they were in the past.. Stockton 

Springs fishermen confirmed that this area was a rich clamming area 
(9) 

before 1950. Sul1"ite waste liquor is discharged in the study area 

by Standard Packaging Corp •• Brewer, and St. Regis Paper Co., 

Bucksport. 

The Atlantic Salmon Commission in Maine is planning a 

program to restore salmon to the Penobscot River. (IO) However, sa1mon 

as well as other fish will avoid areas where the sulfite waste liquor 

concentrations are high. Juvenile Chinook salmon have been reported 

to have an avoidance to sulfite waste liquor in concentrations above 
(11) 

125 ppm. 
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FUTURE WATER QUALITY 

Under existing Maine laws, the Maine Legislature is the 

organization that officially classifies state waters according to 

~lBter use and quality standards. The Y.aine Wat~r Improvement 

Commission makes recommendations to the Legislature after studies 

of presen:t_ and potential water uses and water quality. The classi­

fication :for water uses:f as voted by the Maine Legislature, was 

completed in 1965. It is shown in Figure 36. Tables A-I aod A-2 

in the Appendix describe the Maine standards for both fresh and 

marine waters. Marine waters include estuaries and upstream tidal 

waters that have a sal..in:ity of 5,000 parts per million or greater 

at high tide. 

The majority of the upper Penobscot Bay area has been 

classified as C1ass SB-I, which has as an upper limit for total 

coliform bacteria a median value o:f not more than 240 MPN/IOO ml. 

C1ass SB-l waters, however, will not permit the harvesting of' shell­

fish. On the other hand, Class :::A ","aters, found in a small part of' 

Searsport in Stockton Harbor and the western side of Islesboro Island 

below Marshall POint, have a median total coliform limit of 70 MPN/lOO 

ml and permit the harvesting of shel.l:f'ish. Except for these two small 

areas the remainder of the study area cannot be used for the t.ak:ing 

of." shellfish, since it is legal to exceed 70 MPN/lOO ml in the waters 

overlying a shellt:lsh bed. Therefore, the Maine water quality stand­

ards shoul.d be 'Upgraded to reflect the benef."icial water uses in the 

area. 
- 88 -,4 
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Part of Belfast Bay has been aSSigned a Class SD status. 
(12) 

Under the Maine revised statutes of 1964, Class SD waters, 

the lowest,classification, shall be considered as primarily devoted 

to the disposal of sewage and industrial wastes without causing B 

public nuisance. It seems unreasonable to classify the area for 

this purpose since means are present~ available to correct the 

pollutional problem. 

The Maine Water Improvement Commission classification 
(5) 

=eport recommended that the Penabscot River from the Bangor dam 

to the Route 1 bridge at Ver~oIl8 be Class C. The !'inal clsssifi-
, 

cations l'1ere Class C from t~ Bangor dam to Hampden Highlands, and 

Class SC from Hampden Hiehlands area to the Route 1 bridge in 

Verona. 

The repo~ a~so rec~nded that the Penobscot River be 

classii"ied SC from the Route 1 bridee at Verona to the southerly 

point of Verona Island and have a ma."Ci.mum coliform concentration 

of 1,000 l·1PlI per 100 ml and a median of no more than 240 MPl"f/1OO ml. 

Final Classifications did not include a numerical bacterioloejcal 

~t. The recommendation on classification of the Penobscot River 

from Verona to Fort Point in Stockton Springs was Class SB-l with 

the coliform llmi.t a median of 10 JIJPli/1OO ml. Actual classi.:rication 

for this section limits the median to 240 MPH/loo mI.. 
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Classes SA~ SB-l and SB-2 contain a provision that there 

shall be no toxic wastes or colored wastes that either singly or 

in combination with other substances act to be injurious to edible 

f'ish or shelli'ish or to their culture or propagation. The sul:fite 

waste liquor f'its into the above ca.tegory since it can be deleteri­

ous to fish and shelli'ish in the concentrations found. in the 

Penobscot River and upper Penobscot Bay. 

In considering the water quality of a stream, attention 

should be given, Dot only to present population, industrial 

discharges, and water uses, but also to future population, expen­

sion of' industrial capacity, the possible introduction of' new 

industries into the area, and. potential water uses expected to 

develop. Water quality should be suf'ficient~ high that economic 

growth is not hindered a 00. that the maxi.mum benei'icial use is made 

of the stream. 

Waste discharges must be controlled to allow economic 

grOltrth in the area, including more recreational use, and tbe 

reopening of" tbe shellfish growing areas. To achieve those 

objectives the principa1 contro1s need to be placed on discharges 

of bacteria, materials causine oxygen demand, suspended solids, 

floating material. such as feathers, grease, aDd. wood fibers, and 

toxic materia1s such I.lS suJ.fi.te waste liquor .. 
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ti:!ter quality requirements JIIIlSt be applied in the 

comllZwti:ties of Northport, Searsport, Stockton Spr:i.ncS, Penobscot" 

Castine, Islesboro, Belfast east or Goose River, and Bel:fast 

south of latitude 440 24 "N to permit the t'ollO".ri.ng lmter uses: 

:ihcll:rish PrOdlH': tion 

Lobster Production 

Ca:lmercial Fishing, incl.uding aDadrOlllOUS fish 

Aesthetics 

Industrial - Processing and Cooling 

Recreation - 'Hbole Body Contact 

Sport Fishing 

Pleasure Boating 

Wildlife 

Navigation 

vlater quality requirements must be applied in Beli'ast 

west of Goose River and in Belfast north Of latitude 44°24 1N to 

permit the follO\rine; water uses: 

Lobster Production 

Commercial. Fishing 

- 91 -
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Aesthetics 

IuclDstria1 Water - Processing and Cooling 

Recreation - Whole Body Contact 

Sport Fishing 

Pleastrre BoatiDg 

Wil,d1j-fe 

Naviga:tion 

Water quality requirements must be applied in the Penobscot 

River :from the Bangor dam to the southern tip of Verona Island to 

permit the f'ollowiDg water uses: 

Commercial. Fishing~ inc1uding anadromous fish 

Aesthetics 

Industrial Water - Processing and Cooling 

Recrea~io~ - Limited Body Contact 

Sport Fi sh:ing 

Pleasure Boating 

Wildlif"e 

Navigation 

The recommendatiollS of this report will resul.t in the 

attainment of water quality of su:ffi.cient purity that the beneficial. 

water uses may be accommodated. 
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STATE OF MAINE 

DEPAR'.I'MEN'l' OF SEA AND SRORE FISHERIES 

PUBLIC NO'l'ICE 

Acting under authority ve.r;ed. in the Comm:lsaioner of' 
Sea and Shore Fisheries of' the St.ate o"r Maine by R. S. 19647 

Title 127 Section 35037 the following regulations closing 
certain shores 7 flats and vaters in the towns of Searsport 
and Stockton Springs, Waldo County, designated as Closed 
Area No. 33, Searsport, promulgated March 24, 1965; Closed 
Area No. 33-A, Sears Island, proarulgated MIIy 18, 1961; and 
Closed Area No. 34, Cape Jel11son, Stockton Springs, promul­
gated June 6, 1961., to all digging or cl8!U, qaabog., oysters 
mussels and other marine mollusks are hereby repealed and 
replaced by the followiDg regulation to be~~e effective 
July 1, 1966. 

REGULATION 

Closed Area No. 33; Searsport-Stockton Springs: Because 
of poll.ution it shall be unlavf'ul. to dig or take in auy manner 
arry clams, quahogs, oysters, mussels and. other marine mollusks 
from 81.1 shores, fiats and waters of that portion o'f Penobscot 
Bay, Searsport and Stockton SprlDgs, incluQ;ing Sears Island 
and Cape Jelllson, W81.do County, between a red painted wood 
post located approximately 500 yards southwesterly of the old 
Steamboat Wharf 7 Searsport, and a red painted wood post located 
on the western. shore of the Penobscot River at Fort Point, 
Stockton Springs. 

Whoever violates any provision of this regulation shall 
be subject to a fine of' not less than $10.00 uor more than 
$300.00 or by imprisonment 'for not more than 90 days, or by 
both. 

Dated at Auguste, Maine, this twenty-eighth day of June,. 
A. D., 1966. 

RONALD W. GREEN 
Commissioner of See and Shore Fisberies 
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TABLE A-3 

LATITUDE & LONGITUDE OF SAMPLmG STATIONS 
PENOBSCOT BAY AREA - JULY-AUGUST, 1966 

STATION LA~ITUDE LONGITIlDE ! 
1 44° 24' 05" 68° 58' 49" I 2 44° 24' 14" 68° 58' 29" 
3 440 24' 38" 68° 58' 00" I 4 440 25' 05" 68° 57' 28" 

i 5 44° 25' 31" 68° 57' 00" 
6 44° 22' 48" 68° 51' 52" 
7 44° 23' 46" 68°51' oS" I 8 44° 24' 16" 68° 56' 42" 
9 41-~0 25' 02" 68° 56' 12" i 

10 44° 25' 22" 68° 55' 42" i 
I 

11 44° 28' 07" 68° 48' 26" I ~ 44° Zl' 41" 68° 41' 34" 
13 44° 26' 16" 68° 52' 45" 
1:' Jl40 26' 03" 68° ,0' 39" .. 
"'1 ., 44° 25' 45" 68° 9' 11" -. 
:'l" !~4° Zl' 03" 68° 51' 02" 
l'~ l~l~o27' 1~7" 68° 52' 21" 
:~ .. 41~0 28' 30" 68° 51' 23" 
, " 1~1~0 28' 51" 68° 51' 00" 

":1.." 44° 25' 04" 68° 52' 30" 
" 44° 23' 56" 68° 52' 45" • !~4° 25' 37" 68

0 
59' 46" 

, !~l~o 25' 35" 69° 00' 02" -. 
-'. 41fo 25' 57" 68° 56' 02" 

"10.-; 44° 25' 38" 6So 51~' 59" - 1~~0 25' 2l" '6So 53' 34" --
-; 44° 26' 34" 6So 54' 38" 
". : 1~4° Zl' 00" 68° 55' 21" 
, . 44° 27' 39" 68° ~3' 16" 

~"\ 1~4° 23' 21" 68° ~7' 28" .:"L -, 44° 25' 51" 68° 59' 36" ~.:... 

, 4J~0 Zl' 18" 68° 55' 33" - .. .. - 1;4° 27' 26" 68° 55' 22" 
-' 44° 'Z'/' 21" 68° 55' 18" , .. 
," !+4° ~' 30" 6So 55' 15" . 

'f!~o, , 10" 680 53' If9" :1..' 
37 !;4° 28' 4G" 680 51' 29" .... - w~o 28' 40" 68° 50' 36" ~:..~ 

"' 39 44° 28' 34" 6ao 50' 43" 
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STATION 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
1:; 
16 
~7 
18 
19 
20 
2l. 
22 
23 
24 
25 
26 
27 
28 
29 
30 

TABLE 1' • .J, 

CHLORIDE &: SALINIlT DATA !UR PBliOBSCar BAY S'l"IJDX" 
HIGH TIDE 

CHLORIDE1 PP.J: 
~ ~ 

14.0 14.5 
13.5 14.5 
13.5 14.3 
13.5 14.4 
11.5 13.9 
14.5 14.8 
13.5 14.2 
14.0 14.4 
13.5 14.4 
13.5 14.3 
13.6 14.3 
1.4.5 14.8 
14.4 14.8 
14.6 15.1 
15.1 15.3 
14.3 14.6 
14.5 14.8 
14.5 14.8 
1.4.6 14.9 
14.7 1.5.0 
14.9 15.1 
14.5 1.5.5 
13.1 14.0 
14.6 15.5 
15.3 15.7 
14.5 15.2 
14.7 l.5.3 
14.7 15.4 
14.6 15.1 
15.7 1.6.0 

r .. ,,01 ..... - P 

MAX. 

14.8 
15.5 
15.5 
15.2 
15.0 
15.3 
15.1. 
15.2 
15.0 
15.0 
15.2 
15.1 
15.2 
15.5 
15.5 
15.0 
15.4 
15.2 
1.5.2 
15.6 
15.6 
16.4 
1.6.1 
16.0 
16.1 
3.6.1 
16.0 
16.0 
15.8 
l.6.3 

- A-5 -

/ao 

SALIl[[TY. PPT 
!!!!'!:. ~ 

25.3 a;.2 
24.4 ~.2 
24.4 25.8 
24.4 26.0 
20.8 25.1 
26.2 26.7 
24.4 25.6 
25.3 26.0 
24.4 26.0 
24.4 25.8 
24.7 0:!5.8 
26.2 26.7 
26.0 26.7 
26.4 21.2 
27.2 ~.6 
25.8 26.4 
26.2 26.7 
26.2 26.7 
26.4 26.9 
26.5 27.1 
26.9 27.2 
26.2 0:!8.0 
23.6 25 .. 3 
2£.7 ~8.0 
27.6 28.3 
2b.~ 04.4 
26.5 Zl.6 
26.5 27.8 
26.4 27.2 
28.3 28.9 

~ 

26.7 
;q.1 
Zl.6 
27.4 
27.1 
28.0 
27.2 
27.4 
27.1 
27.1 
27.4 
27.2 
27.4 
28.0 
27.8 
27.1 
27.8 
;tT.4 
27.4 
28.2 
28.2 
~.6 
29.1 
C:!8.9 
29.1. 
29.1 
28.9 
28.9 
28.5 
29.4 

--~./ ... , 1iI'~-""" "', .. , .. , 



TABLE A-5 

CBUlRIDB. FP.r SALIlQ:ft'1 PP'.r 
STM'IOlj !m!:. ~ ~ !!!!:. ~ ~ 

1 14.0 ~4.5 15.0 25.3 26.2 ZT.l 
2 14.0 14.4 15.0 25.3 26.0 21.1 
3 1lJ..0 14.7 15.5 C5.3 26.5 28.0 
4 14.0 14.4 15.4 25.3 26.0 Z'{.8 
5 14.5 14.ts 15.4 "'.1 '2.6.7 28.5 
6 ~4.0 1.4.6 15.4 25.3 '2.6.4 e!l.~ 
7 1.3.5 ~4.5 .15.2 24.4 26.2 Zl.4 , 
tl 1.3.5 14.4 15.4 24.4 26.0 Zl.8 1 

9 14.0 14.6 15.2 25.3 26.4 Zl.4 i , 
10 13.5 14.4 15.0 24.11- ~.O 27.1 i 11 12.7 13.7 14.9 22.9 24.7 26.9 
12 11.9 13.2 14.9 21.5 23.8 26.9 I 13 14.2 14.6 1.5.1 25.6 26.4 27.3 
14 12.6 14.1 15.4 22..7 25.4 27.8 I 15 13.4 14.5 1.5.5 24.2 26.2 28.0 
16 14.2 15.2 17.1 25.6 27.4 30.9 I 
11 14.3 14.1::1 15.3 25.8 26.7 27.6 ! 
18 14.5 14.ts 15.0 :?T.1 2.6.7 27.1 , 
20 14.3 14.7 15.3 25.8 26.5 27.6 
a 14.2 15.0 16.0 25.6 27.1 28.9 

\ 
22 14.6 15.4 1.6.5 26.4 27.8 29.8 
23 7.42 li.3 1.3.0 13.4 20.4 23.5 
24 14.6 15.4 16.0 26.4 2'7.8 28.9 I 25 1f1..9 15.4 10.0 26.9 2'7.8 28.9 
26 14.7 15.4 15.9 26.5 :?T.B 28.7 
:n 14.7 15.3 16.1 26.5 27.6 29.1 
28 14.6 15.2 15.8 26.4 27.4 28.5 
C:.'9 14.8 15.1 15.7 26.7 27.3 28.3 
30 14.6 J.6.0 17.4 26.4 28.9 31..4 
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STATION 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
J.3 
14 
15 
16 
17 
IS 
20 
2l. 
22 
23 
24 
25 
26 
27 
28 
29 
30 

... " .'- ." .~, 

TABLE .fJ,-6 

CHLORljjE & SALINITY DATA FOR PENOBSCOT BAY STIJDY 
LOW TIDE 

CHLORIDE~ PPl' SALJN.rI'i" ~ PP! 
~ ~ ~ !m!:.. ~ ~ 

14.0 14.4 15.0 25.3 26.0 27.1 
14.0 14.6 15.0 25.3 26.4 27.1 
13.5 14.5 15.1 24.4 26.2 27.2 
13.5 14.7 15.2 24.4 26.5 27.4 
l3.5 14.7 1_6.0 24.4 26.5 2S.9 
14.0 14.7 15.5 25.3 26.5 2S.0 
13.5 14.4 .L5.1 24.4 26.0 c.7.2 
13.5 14.5 15.1 24.4 26.2 27.2 
13.5 14.4 15.0 24.4 26.0 27.1 
13.5 14.5 15.2 24.4 26.2 27.4 
l3.1 13.7 14.3 23.6 24.7 25.S 
13.4 13.8 14.0 24.2 24.9 25.3 
14.2 14.5 ~5.0 25.6 26.2 27.1 
13.4 13.8 14.4 24.2 2~"".4 26.0 
14.0 14.3 14.6 25.3 25.8 26.4 
14.5 14.8 15.2 26.2 26.7 27.4 
14.3 14.8 15.4 25.9 -.I: ~ 

~o. , -,.. 0 
.;;;::, .' 

IIL.5 14.8 15.1 26.2 2G.7 ~7.2 

13.3 14.2 15.8 24.0 25.6 28.5 
13.2 14.4 15.0 23.8 26.0 27.1 
14.6 15.5 16.5 26.4 28.0 29.8 
6.44 10.5 14.6 11.6 19.0 26.4 
14.8 15.6 16.1 2.6.7 28.2 29·1 
15.1 15.6 15.9 27.2 28.2 20.7 
14.6 15.3 15.9 26.4 27.6 28.7 
14.7 15.5 16.0 26.5 28.0 28.'1 
14.9 15.5 16.0 26.9 28.0 2£.9 
14.7 15.2 15.7 26.5 27.4 22.3 
14.8 16.6 17.3 26.7 30.0 31.2 
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~ A-7 

T.EMPERATURES OF PDiOBSCOT BAY 
BACTERIA SAMPLES 
7/27/66 - 8/16/66 

TEMPERATURE I °c 
S'I:ATION MIND1UM AVERAGE MAXIMUM 

1 15.5 17.2 19.0 
2 15.0 17.0 18.8 
3 15.0 16.7 18.0 
4 15.0 16.5 18.0 
5 l5.0 16.4 1.8.5 
6 l5.5 16.8 18.5 
7 15.0 16.5 l8.0 
8 l5.0 16.2 l7.5 
9 13.5 16.0 18.5 

lO 14.5 15.7 17.5 
, II 13.5 14.7 16.5 
i- 12 13.5 15.0 16.5 l , 13 14.0 15.4 16.5 I 
L... 14 l.3.5 14.8 16.0 , 

15 l.3.5 14.8 16.5 
16 15.5 16.6 18.5 
17 15.0 17.1 19.5 
18 16.0 18.2 20.0 
19 14.0 18.4 20.0 
20 14.0 15.3 16.5 
21 14.0 15.6 17.5 
22 16.0 18.3 20.0 
23 15.5 17.8 18.0 
24 14.0 16.7 17.5 
25 13.0 16.2 17.5 
26 15.0 15.3 18.0 
27 15.0 16.7 18.5 
28 16.0 17.1 18.5 
29 16.0 17.6 19.5 
30 12.5 13.9 15.0 
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