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PREPARATION OF THIS REPORT 

This report was prepared by Dr. Herman E.Kumpf of the Southeast Fisheries Center, 
National Marine Fisheries Service, Miami, under contract to FAQ, as part of a cooperative 
project between FAQ and the United Nations Environment Programme on Monitoring of Environ-
mental Effects on Marine World Fishery Resources. Similar reports on pollution off the 
west coast of the U.S.A. and around Japan have been prepared under the same project (see 
FAO Pechnical Papers Nos. 162 and 163, 1976). 
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Abstract 

This report reviews and evaluates the economic impact on the 
fisheries of the Atlantic and Gulf of Mexico coasts of the United 
States of other human activities. Four types of impact were con-
sidered: production of oil and gas; direct fish mortalities 
caused by effluent; habitat deterioration; and closure of molluscan 
fisheries for health reasons. An attempt is macic to obtain quantita-
tive (dollar) estimates of the impacts, both negative and positive. 
The main quantifiable effects are of habitat destruction on species 
requiring estuaries and similar areas as nurseries (particularly in 
the Gulf and Middle Atlantic region), and molluscan fisheries (again 
the Gulf region is particularly affected). Fish kills seem highly 
variable from year to year. A massive kill (including large—scale 
destruction of valuable surf clam stocks) occurred in the New York 
Bight in 1976,  associated with anox.c conditions. These conditions 
were at least partly due to natural, environmental events. 
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i • IMMMOKOW 

The impact of human activities on fisheries resouroes may be direat, osusiug mortality 
and reduced productivity or may be (iiM.ot or eubl.thal in which oase the impact may result 
in habitat alteration or removal and gradual decline in populations. There are numerous 
activities that generate pollution, partioular].yz 

industrial and municipal isate discharge; 

ener' develop.ezñ; 

isate heat disposal; 

shipping and o"oe; 

dredging; 

combustion and proo.ssizg. 

Speoifio pollutants from thee. activities such as domestic swegs, chlorinated hydro-
carbons, pulp mill effluent, food processing sates, agricultural run-off chemical isates 
petroleum production, radioactivity and thermal pollution are . ,mrat.d and discussed by 
Wal4iohuk (1974);  Bernhard and Zettera (197); U.S. National Aoa.my of Bounces ( 1975); 
Chu-Ca Tsai (1975);  Wood  and Johvns  ( 1975); and 8ii.z'.szm (1976). R.vi.ws of environ-
men-tal qualities and r.00.udations on quantiti.s of input are found in reports such as: 
U.S. National Aoadey of Science, Water Quality Criteria (1972); Aual R.ports of the 
Council on Nnvirouaental Quality (19759  1976); U.S. Senat. Coittee on Gomeero. report, 
"feot of Nan' e Aotiviti.s on the harms Invironesni" ( 1975); and U.S. Nuvironaental 
Protection Agenoy document, "Quality Criteria for Water" (1976). 

Scope of this Study 

This study attempts to review and evaluate four impacts of man's activities on fisheries 
resuroee from an eoono.io viewpoint. These four impacts are: 

energy developuent as oil and gas exploration and production; 

effluent discharges resulting in direct fish mortaliti.s; 

habitat alteration and deterioration by dredging and filling; 

public health considerations resulting in the closur, of shellfish harvesting areas. 

Beneficial aspeots of pollutant sources are also discussed. 

The geographioal area considered in this report extends from the hsxioan border in the 
Gulf of )Iexioo, around the tip of the state of Florida, up the east coast of the United States 
to the CwHan border. This broad area is divided into regions: Gulf of hlsxioo; 
South Atlantic (southeastern states); Middle Atlantic States (inoluding Chesapeake Bay); and 
North Atlantic (the "Jew 11nglancl States"). The overall geographical range is shown in 
Figure 1 • Physical boimIies and parameters as presented for each region as well as a broad 
discussion of pollution sources. The four pollution impacts and beneficial. aspecie are eva 
luated as they pertain to the region. 



— 2 — 

A number of United States federal laws effect environeental quality and marine resources, 
among the more important ares Oil Pollution Control Act of 1961, National gnvirorisental 
Policy Act of 1969, Coastal Zone Managemant Act of 1972  and the harms Protection, R.aearóh 
and Sanctuaries Aot of 1972. Two major acts should be noted: The Federal Water Pollution 
Control Act Amendments of 1972  (Publio Law 92-.500) sets forth discharge criteria and a im.ste-
water treatment level upgrading timetable. The Pishery Conservation and hIa.nagemeni Act of 
1976 (Public Law 94-265) establishes the 200 mile jurisdiction zone for fishing off 
U.S. coasts and also directs that fisheries research on the impact of pollution on fish be 
conducted.. Numerous state laws also affeot localized environsental quality with these 
statutes equalling or surpassing federal regulations. 

Individuals from over 40 international, federal, state and local agencies and their 
divisions, numerous aoaIeaio institutions and legislative bodies have oontributed material 
for evaluation in this audy. Their cooperation and continued interest are gratefully 
acknowledged. 
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Figure 1 • The geographical area of the United States ooneidered in this report 



-3- 

2. TES GULF OF JCO RIO1 

2.1 Iirtroduntion 

This region extends from the southern tip of Florida to the Mexican border (see 
Figure 2). The surrounding land mass encompasses the west coast of Florida and the states 
of Alabama, Mississippi, Louisiana and Texas. The shoreline, excluding barrier islands, 
totals 2 544 km. A wide continental shelf, ranging from 32 to 160 km in width, is present 
along the entire coast s  offering considerable patrol*um and natural gas reserves. Because 
of its lower latitude and the influence of components of the Gulf Stream, ierm tropical 
ters exist with small tidal ranges. 'he estuarine system covers almost 3 million heotares. 

The open surface area is. 1.6 million Ion 

TEXAS 
	 ALABAMA 

+4 

................ 

GULF OF MEXICO 

Figure 2. The Gulf of Mexico Region 
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The Mississippi River, one of the major deltas of the world, divides the Guif and drains 
an irila.ul area of nearly 5.5 million kw2  or 41 percent of the lath area of the United States. 

As the oceanic infloW from the Caribbean Sea enters the Gulf of Isxioo basin, at the 
Yucatan Straits, the surface waters spread. A portion of the water mass for a clockwise 
loop and passes through the eastern Gulf, arouni the southern tip of Florida, to form the 
Gulf Stream, A m.afler portion of the surface water flow. oounter-clookwi.e north and west 
of the Mississippi d.lta. Thi, western area of the Gulf is relatively isolated from the 
overall Guif water exha1ge and receives a major portion of the run-off and wastes reaching 
the Gulf ooaat by wey of the Mississippi River. The generalized winter surface circulation 
of the Gulf of Mexico is shown in Figure 3. 

Water pollution problems are associated with ertraotivs iniustries and development. In 
addition to large petroleue and natural gas reserves, sulfur and phosphate rock are mined in 
large quantities. Over 3 million hectares are presently uM*r lease for petroleum and gas 
exploration and potential extraction on the outer continental shelf. Over 14 000 wells have 
bcen drilled in this area. The well platforms provide a focus for a large sportfishirig 
activity. Chemical and allied imlustries onshore utilize these raw materials obtained from 
the Gulf waters and add to the potential pollution problems. Two major dump areaa,both west 
of the Mississippi River delta, have been identified and 14 disposal sites are approved for 
chemical disposal and dredge spoil sites. Paper production and allied activities also pose 
a potential threat to water quality. 

The Gulf of Mexico ooastal zone supports a biomass of eetuarine-dapetheut species that 
are of recreational and commercial fishery importae. The coastal fiibsry is a domimnt 
economic influence in the Gulf. In some areas of this region ociemercial fishing in rated 
among the top five ooemeroial activities. For the latest year of arailabie data for the 
region, 1970,  marine recreational fishermen laulad 22) 000 metric tone of fish. In 
1975 comeercial fishermen lathed, in the Gulf, 746 000 metric tone of fish and shell-
fish with an en-vessel value of U.S. $ 209 million. A large portion of the .c.roial fin- 
fish lathing was for industrial use as fish oil, solubles and fis..al. Table 2.1 suarizes 
the laxdinge and values of the commercial marine catch, 1 975- 

Over sixty species of fish and 2) species of invertebrate, are lathed.. The major shell-
fish products are shrimp, blue crab and osters with the major finfiak fisheries being 
mexthaclen, croaker, black mullet and spotted seatrout. 

Table 2.1 
Gulf of J(exioRegion 

dings (1 000 Metric Tone) and Va1. (U. S. $ I Q0O) 
of Commercial Marine Catch, 1975  (Preliminary) 

Finfish Shellfish Total Fimfish & Shellfish 

Landings Value Landings Value Tndings Value State 

W. Coast Florida 	29.4 16 897 23.4 40 444 52.8 57 341 
Alabama 6.9 2 283 7.4 18 703 14.3 20 986 
Louisiana 463 31541 38.1 50 829 501.1 82 370 
Mississippi 136 9 811 2.8 4 536 138.8 14 347 
Tea 3.5 2 416 35.5 89 806 39.0 92 222 

Total 638.8 62 948 107.2 2)4 318 746.0 267 266 

Source: Individual State Siary and U.S. Department of Cameras, 1976. Fisheries of the 
United States, 1975- Current Fishery Statistics Jo. 6900 



2.2 Oil and Gas Exploration and Production 

In 1938 the first open water oil field was established in the Gulf of Mexico. Off the 
Louisiana coast in 1947  the first offshore drilling was instigated. From 1954 to 1974 over 
12 000 wells were drilled on 3 887 752  heotares with production of over 3  billion barrels of 
oil and 600 000 wteres of natural gas. In 1974  there were 711 911 heotaree leased for oil 
and gas with 344 000 barrels of oil produced. Value of lease production in 1974  was 
U.SI$ 5 564 million. Royalty payments and bonus bids reoeived by the U.S. Tr.aamy in 1973 
amounted to U. S. $ 3 480 million. This revenue provides fw.ing for the Lath and Conservation 
Ptmd used to purchase parks, refuges and recreational laths. Table 2.2 sarizes Gulf of 
Mexico outer continental shelf energy activity (U.S. Department of Interior, 1974  Bureau. 
of Lath Management/Geological Survey). In 1974  approximately 62 percent of outer continental 
shelf (ocs) U.S. production of crude oil took place in Louisiana and Texas. 

Table 2.2 

Gulf of Mexico Outer Continental Shelf Activity 

1954-1974 1974 

Tracts Leased 2 153 1 	lit 
U.eot ares Leased 3 888 712 

(1 000's) 
Number of Wells Drilled 12 389 2 054 
Oil Production 

(i 000's barrel) 3 487 021 361 000 
Gas Produced 

(1 000's cubic metre) 600 88 
Value of ProduotionW 18 829 2 512 

(us.$ I million) 

/ Average value per barrel U.S.$ 6.96 

Source: U.S. Department of Ccasaeroe, Enviroinental Data Service, 1976 

In the State of Louisiana 124 400 men were estimated to be employed as a result of OCS 
activity (Outer Continental Shelf Oil and Gas Develormerrt and the Coastal Zone, Committee 
on Commerce, U. S. Senate, 1974). Investment in Louisiana by industry in oil/gas drilling and 
associated refining and chemical manufacturing was U.S. $ 78 321 million from July 1969 to 
December 1974 (Nioholla State University, 1975). 

Three sources of petroleum hydrocarbon associated pollution exist: Chronio input of 
petroleum hydrocarbons and associated drilling brines; direct physical damage due to pipelines 
and construction facilities; indirect physical alteration by erosion of wetlands with acoom-
paiing altered tidal flow patterns. 

Cbronio input of petroleum hydrocarbons (oil spills) inoluded 20 major spills in 1971 
and a seven-year total (1964-197 1) of 40 425 metric tons. There were 839 minor spills 
(1-50 barrels) during 1972  totaling 122 metric ions (U.S. lational Academy of Sciences, 1973). 
Table 2.3 summarizes the major accidental spills in the Gulf of Mexico. 
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Table 2.3 

Review of Oil Spills, Gulf of Mexico 1964-1974 

Location Volume Oil Type Year 

Dry Tortugas, Florida 521 k] Fuel 1964 

Tampa Bay, Florida 38 ki Not Given 1971 

Coral Reef, Florida Sliok - 75 miles 1970 

Florida Keys, Florida 434 metric tons Crude 1975 

Oil Rig off Louisiana Coast 9 420 metric tons Crude 1975 

Oil. Rig fire, Louisiana Coast Burned for 1 south Crude 1970 

Oil Rig off Mississippi River 39 kl Diesel 1972 

Mississippi River )buth 1 159 metric tons Crude 1974 

Mississippi River (Pipe) 290 metrio tone Not Given 1974 

Houston, Texas, Dock 477 k] Crude 1973 

Texas City, Texas 1 900 k] Crude 1975 

Corpus Christi, Texas 4 387 kl Crude 1974 

Corpus Chris -ti, Texas (Pipe) 135 k] Crude 1974 

Data taken from Baker, J.L, 1976. Review of World Oil Spillage 1960-1970  

Formation water (brine/oil mixture used during drilling) probably oontributes to the 
enviromnent twice the amount of oil production. For the 1972 production figures, the 
addition of petroleum hydrocarbons to the environeent amounts to 334 101 metric tons. 
(Jational Acadeey of Scienoes,1975.) 

Associated with offshore oil platforms th.re are approximately 3 100 km of pipeline 
in the Gulf of Mexico. Disruption of pipeline by ships anchors causes the release of the 
greatest quantity of oil into the world' a oceans. About 3 000 km of canals and pipeline 
right-of-way extends in the coastal marshes. Approximately 1 400-3 600 cubic metres is 
disturbed per km of pipeline burial. This results in a minimum of 4 200 000 cubic metres 
of disturbed and resuspended sediment. With the aooc.pariying erosion, alteration of the 
tidal ourrent patterns result and salinity intrusion compresses the low salinity nursery 
grounds necessary for eatuaa'irie-.dependent fisheries. 

Total landings for oysters and shrimp have varied since petroleum extraction began. 
However, some changes are evident in distribution, species composition and area yield. Oyster 
beds were decimated by influx of higher salinity waters and a000mparing disease and predators. 
The new oyster grounds produoed a lower yield, when compared to pre-drilling yields. Shrimp 
catch composition was formerly 95 peroent white shrimp (Penaeus setiferus) and 5 percent 
brown shrimp (P. aztecus). In 1975  white shrimp and brown shrimp landed in Louisianna were 
approximately tL same peroentage of the catch (46 percent and 42 percent respectively). 
The apparent reason for the change in species composition of the catch is that availability 
of the brackish nursery area has been considerably reduced by coastal zone industrial develop-
ment to the disadvantage of white shrimp that prefer lower salinity nursery areas. White 
shrimp brought an average price of U.S.$ 3.64 per kg and brown shrimp only U.S.$ 2.09 per kg. 



Sea bed Disturbance 
(hectares) 

Sediment Suspension 
in3  

Axmua.l Projected Oil Spills 
(metric tons) 

Area Removed from Fishing (km 

Coastal Zone-Wetland Impact 
(hectares disturbance) 

Additional 

Vessel Transportation of crude oii 

During 1974 transportat ion of crude oil to refineries in Texas and Louisiana amounted. 
to 30.6 million metric tons of domestic crude oil and 21.1 million metric tons of foreign 
crude oil. With the advent of the eupertank.r (> 70 000 dwt) and increased petroleum depei-
d.enoe on foreign supplies two deepwater port complex.s applied for lioencas to construct and 
operate offshore oil terminals in the Gulf of Mexico. In December 1976 the applications were 
approved and Table 2.4 s''arizes the predicted impact of the terminals as derived from the 
Environmental Impact Statements (Dames and Moore, 19759  SIAMOCK and Louisiana Offshore Port 
Applications). 

Table 2.4 

Impact of Offshore Oil Terminals in the Gulf of Mexico 

	

LOOP, Inc. 	SADO(, Inc. 

	

(Louisiana) 	(Texas) 

	

566 	 485 

	

993 200 	993 200 

	

725 	 493 

	

6.4-42.2 	6.9-31.2 

	

1414 	 335 
Leaching of salt dome 	. 	Additional hydrocarbon 
Increased salinity emission: to Houston-

Galveston Air Quality 
Region 

Source: U.S. Department of Comeerce, Environmental Data Service, 1976 

The State of Florida, in 1976, applied for "adjacent coastal state" status in an effort 
to impose additional requirements on the construction and operation of the offshore oil 
terminals. Analyses were made of the risk of &iaimage  to Florida from each of the terminals. 
Resource value ratios. (Florida/Louisiana) and exposure ratios were determined. It was con-
cluded that the risk of damage to the Florida coastal environment is 1,3 to 6 times as great 
as the risk of damage to the coastal environment of Louisiana for coemeriaurate values (beach 
use s  boating, sportfiehing and oommeroial fi.ihlLtlg). 

The selected recreational resource valuation was based on user-000asion values and the 
ooemercial fishing valuation was determined by selecting vulnerable comeercial fisheries landed 
in the impact areas. 

Resource value ratios (Florida/Texas) and exposure ratios were also determined for the 
SEADOCK, Inc. offshore oil terminal. Here the conclusions were that the risk of dini,e to the 
Florida coastal environment in 2.1 to 10 times as great as the risk of damage to the coastal 
environment of Texas for ocemensurat. valus (b.aoh uae boating, sportfi.hiiig and ocmesroial 
fishing). Table 2.5 give, the .atiaatd values in determining the resource value ratios for 
impact of the two terminals. 



Table 2 

Satiaat.d Value s of S.leoted Vulnerable Coiseensurate 
Resources for Florida, Texas and Louisiana, 1975 (u.s.$ '000) 

Resomee Florida Texas Louisiana 

Beach Use 376 459 31 	113 7 454 
Boating 446 081 50 629 168 656 

Sportfishing 1  526 530 168 022 69 900 

Coamercial 
Fishery Stocks 22 450 45 879 57 713 

TOTAL 1 371 53) 295 643 303 723 

/ Based on an average valuation of U.S.$ 21.58/user-4ay 

Source: U.S. Department of Coamerce, Environeental Data Servioe, 1976 

2.3 Fish_Kil18 

Toxic levels of pollutants may act by themselves to cause mortality. Degradation of 
water quality may also increase susceptibility of the organimis to other oauaes of mortality 
and eynergisitio action between man-related pollution and naturally-caused aberrations may 
result in mortalities. Acting singly or in concert with other factors, pollutants can cause 
large numbers of orgaxiiams to die, more or less simultaneously, i.e., result in "fish kill". 

The U.S. Bnvironeental Protection Agsnr publishes oompilions of fish kills throughout 
the United States from records submitted by the individual state.. Such a "voluntary" 
reporting system has obvious faults but gives information on major fish kills and identifies 
the main affected areas and major types of pollutants. It can also be useful in establishing 
trends. However, the numbere reported will be underestimates of the actual total kill. In 
the Gulf of Mexico, Texas, waters have yielded the highest number of fish mortalities for the 
years 1973-1975. The data base for 1976  in not complete. In 1972-1974  the greatest cause 
for the kills was municipal works - sewerage. The largest, major fish kill in Gulf of Mexico 
waters occurred in the Houston Canal of Texas and involved 10 million fish. 

The highest number of fish killed in this period, was in 1973 with the monetary loss 
estimated at TJ.S.$ 1.6 million.. Texas alon, accounted for U.S.$ I million of the total. 
During 19759 fish loss value in this region was slightly more than U.S.* I million with 
Texas again having a loss of U.S.$ 1 million. A survey of major pollutants and the fishery 
a000unted with fish kills (Bell and Canterbery, 1976) found that in Texas the main pollutant 
source was petro-chemioals and the main fishery affected was the spotted seatrout. In Florida, 
municipal waste was the major pollutant and menhaden the fishery affected. Agricultural 
chemicals were the pollutant source in Alabama but affected no major fishery. 

Bell and Cazrterbery( 1976)  oonolude that fish kills are primarily random and due to 
local accidents (exceptions where trends were evident and not raixlc. were Alabama and 
Massachusetts). 
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The averag, value of U.S. $0.10 per fish has been used by ?Th.i*y (1973) in determining 
the value of ooemeroial marine fishery losses due to water pollution. H. reported that 
ocimnercial fishery revenue loss in 1970  was U.S.$ 6.95 million for the United States. It is 
obvious that values per fish would vary greatly and be dependent not only on species but 
nueeroue economic factors. 

Bel]. and Caiiterbery (1976) cite the U.S. Federal. Water Quality Administration estimate 
that two thirds of the fish killed have ooumeroial value (Bale, 1971). If we use this ratio 
and a value of U.S.S0 .10 per dead fish counted, the pollution-caused fishery-revenue loss 
can be determined as follows for the Gulf states: 

1973 U.S.$ 1 073 622 revenue lost 

1974 U.S.$ 138 798 revenue lost 

1975 U.S.$ 662 046 revenue lost 

Table 2.6 e".-'izes the reported fish kills and their value for the Gulf states. The 
tble was constructed from U.S. Enviromental Protection Agency f ii. records for 19749 1975 
and the first six months of 1976 and the publication, "Fish Xills Caused by Pollution in 1973" 
(asusd 1975).  Note: The fish kill file records reflect the d.iffioulty in obtaining such 
irfomat ion. Moribund fish may surface for oounting, may sink to the bottom of the water 
body or may be removed from the area, making talliss difficult ant/or inaccurate. Without 
timely and proper water analyses the determination of cause and source of the kill may be 
a matter of judgement. It is evident that extrapolation must be carried out judiciously. 

2.4 lh,ed,ging and Filling Activities 

Dredging and filling operations are oc.ponents of estuarine alteration. Filling 
activities are involved in the realmeation of watlanis for industrial or residential 
development. In the Gulf of Mexico filling and dredging in closely related to inoreased 
petrochemioal activities to make use of land nearer to extractive aspects of the industry. 
It is anticipated that reclaiming low-lying and shallow submerged lanla for housing, 
recreation, harbours and airports will also increase (U.S. Department of Interior, 1976). 
Filling operations are detrimental to living resouross becaus, of elimination of prime 
habitats (tidal flats, marshes and shallow submerged lands). 

Dredging operations to deepen and improve harbours and shipping chnmels will also 
increase due to greater emphasis on dsep-draught taa*ers and container bulk shipping. 
Development of more efficient dredging equipment and ohm.lization for housing and 
recreational purposes will increase the impact of such operations. Dredging not only 
removes suitable substrate but alters water flow patterns and rosuspends sediment particles 
thus changing water quality levels that will reduce or eliminate estuarin. habitats. 
Dredging spoils disposed in the Gulf of Mexico amounted to 13 million tons (Lacy and Ray, 
1974). On a national soale, studies have shown a 7.1% loss in estuarine areas has occurred 
from 1947-1966  (U.S. Comeission on Marine Sciences, Mnginering and Resources, 1969). 

Estimates of the percentage of estuarine-depsadent species in ooeroial catohes vary 
from 63% for the U.S.A. generally (McHugh, 1966) to 97% in the Gulf of Jlsxioo (Gunter, 1967). 
Using the 63% figure (Stroud., 1973) determined that for each acre of estuary that was removed 
from productivity there would be a corresponding loss on the continental sh*lf in biological 
production of 959 kg of finfish and a loss in yi.ld. of 226 kg of fisheries products (based 
on 1970  levels). The percentage of estuarmne-depeudent species in sport (recreational) 
catches has been estimated to exceed 90% (strond,1973). Table 2.7 sarises the loss 
and value of the lose due to dredging and filling of .stUine areas in the Gulf of Mexico. 
The loss has been calculated by multiplying the area lost by dredging and filling by the 
value per heater., i.e., the value of that pert of anuual oatoh made up of estuary-dependent 
species, divided by the total area of important habitat. 
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Table 2.6 

Fish Kills and Values - Gulf of Xexioo Coastal Zone 

Year Location Water Type Niaber of 
Fish (1000'8) 

Cause Value 
U.S.$ 

1976 Alabama Estuary 206 Low D.O. 
(6 months) Florida Estuary 242 Not Given 

1976 Total 448 44 800 

1975 Florida Coastal Unknown Dredging 
Mississippi Estuary 30 Chemical 

- Texas (2) Estuary 10 03 1  Low D.0 

1975 Total 10 061 1 006 100 

1974 Mississippi Coastal 3 Sewerage 
Texas Estuary 710 Sewerage 
Texas Estuary 900 Unknown 
Texas Estuary 10 Unknown 

1974 Total 2 103 210 300 

1973 Texas Estuary 10 000 Unknown 
Texas Coastal 3 800 Unknown 
Texas Coastal 1 000 Unknown 
Texas Coastal 100 Sewerage 
Texas Coastal 300 Sewerage 
Texas Estuary 100 Petroleum 
Texas Estuary 700 Poisons 
Mississippi Estuary 5 Sewerage 
Alabama Estuary 250 Sewerage 
Florida Estuary 1 Not given 
Florida Estuary 1 Not given 

1973 Total 16 267 1 626 700 

Grand Total 28 878 2 887 800 

Source: U.S. Envirormental Protection Agency, 1976 and file records 
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2.5 Closure of )touluso Fisheries 

Large areas of the eutuarine 
all fished for within 5 km of the 
in 1975 yielding 8 892 metric tons 
the United States, 1975). 

oomplex in the Gulf of Mexico provide habitat for oysters - 
coast. Oyster landings on the Gulf coast increased slightly 
of Meats (U.S, Department of Coameroe, 1976 9  Fisheries of 

The National Shellfish Sanitation Program monitors the water quality overlying the oyster 
beds. The ooaatal states' shellfish control agenoies designate the water olaseifications and 
determine the boundaries. Generally classifications are based on, but not limited to, 
bacteriological stids. (Median value of total ooliforms cannot exceed 70 MPI/100 ml.) 
Monitoring is also carried out for paralytic shellfish poison and other public health oonta-
minarits. In the eastern Gulf of Mexico (west coast of Florida) areas have been closed periodi-
cally as a result of "red tides" caused by dinoflagellate blooms. Some waters have been closed 
until further notice (classified here as "closed") and others that are closed periodically 
for any reason are categorized as "conditional". Bacteriological contamination is considered 
a result of discharge of run-off from areas of haan habitation. No biown olosuree, up till 
1975, have occurred due to contamination of heavy metals or radionuclides. 

Florida had the largest loss of available shellfishing grounds (45%) while Mississippi 
had the amallest closed area (7%). Table 2.9 e'arizes the shellfish area classification 
for the Gulf States. (Data revised from U.S. Enviroraental Protection &genoy, 1975- National 
Shellfish Register of Classified Estuarine Water, 1974.) 

Since the areas olosed are productive shellfish grounds (non-productive areas are also 
surveyed and classified) an estimate can be made of the value of shellfish lost through fecal 
coliform contamination. Louisiana led in oyster production (6 170 metric tons, 1975)  and had 
the highest estimated loss, U.S.$ 2.23 million, with Florida a close second with 
U.S.S 2.2 million estimated loss. Table 2.10 s"arizes the estimated loss in value from 
closed oyster grounds (U.S. National Marine Fisheries Servioe, 1977. Comprehensive Review 
of Comnercial Oyster Industries in the United States). 

Table 2.9 
Shellfish Area Classification in Bectares 

(U.S. Rnviromenta]. Protection .Agenoy, 1975- National Shellfish Register, 1974.) 
U.S. Portion of the Gulf of Mexico 

State Open Conditional Closed 

Florida 267 902 33 975 414 086 
Alabama 33 102 75 755 34 578 
Mississippi 30 798 11 182 
Louisiana 808 047 187 521 
Texas 332 268 115 207 

Total Area 
(heotares) 1 472 108 109 730 762 574 

Open Waters: Approved by state agenoy for direct market harvesting 
Conditional: Meet "OPEN" ataMard.s but are subject to periodical closure 
Closed: 	Closed for harvesting of shellfish due to hazardous levels of 

contami'ttion 
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Table 2.10 

Estimated Loss in Value from Closed Oyster Areas - 
U.S. Portion of Gulf of Mexico 

State Productivity 
Factor 

Closed Area 
(ha) 

Lost Weight 
(setrio Tone) 

Price/kg 
(u.s. $) 

Annual 
Value Lost 

(u.s.s 1 000) 

Florida 9.3 414 086 1 749 1.26 2 204 

Alabama 26.9 34 578 422 1.98 836 

Mississippi 26.9 11 	182 137 1.08 148 

Louisiana 16.8 187 521 1 429 1.56 2 230 

Tes 5.4 115 207 282 1.08 304 

Total Loss: 5 722 

Productivity factor: 1975  production divided by 1975  open area (ha) 
Price/kg: 	1975 si-vessel prices used for each state 

Source: U.S. Depar"ent of Comeerce, National Marine Fishries S.rvioe, 1977 

2.6 Beneficial Aspects of Pollution 

Petroleum Extraction 

There are conflicting reports and conclusions regarding the benefits accrued as a 
result of exploration and exploitation of offshore oil in the Gulf of Iexioo. 

Offshore sportfisbing barely existed until the late 1940s. By 1970 over 220 000 
metric tons of fiufish were harvested in the Gulf of Mexico, over two million fishermen 
were involved and expenditures related to sporifishing in the Gulf exoeed.sd 
U.S.$ 400 million (U.S. Department of Cosaeroe, 1976. Fisheries of the United States). 
What portion of this resouroe in directly related to the petro-ohemioal complex is not 
clear. Red snapper, spadefish and grouper were seldom caught in louisiana waters before 
oil drilling platforms were erected. These artificial "reef." attract fish, provide food 
from attached orgaxiimns and offer shelter (Gumey and J(a.turgo, 1974). Gulf Universities 
Research consortium (GURc, 1974) reported that drilling operations have a negative loca-
lized effect on bottom fishes. Groupers and king whiting temporarily moved out of the 
drilling sites. In the same GURC Report, J.B. Thompson found no beneficial or harmful 
effects on shelf fauna resulting from exploration and extracting by oil platform.. 

Each oil drilling platform occupies 0.5 ha and with a navigational safety zone around 
the platform of 1.5 ha each platform will take up 2.0 ha of sbrtrate. 1972 figures 
show for the Gulf of Mexico, with an area of 6 879 000 ha out to the 1 900 metre depth, 
there were 7 575 offshore wel]s. The Gulf of Msxioo has an area of nearly 7 million ha 
out to the 1 900 metre depth. The wells (platform.) with safety zones  occupy 15 150 ha 
or 0.002 percent of the trawlable substrate. 
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Thompson utilized bottom trawl data ( 1950-1965) of the north central Gulf of Mexico 
across the continental she].1 off Louisiana. Both bottomfish and invertsbrates (crabs, 
shrimp) were included and no trends were apparent in either quantity or distribution of the 
species studied. Fish species included croaker, sea catfish, sea trout and mullet. In the 
same study, GURC, 1974, it was reported that the drilling platforms show.d an increase in 
bioniase due to the reef effect when compared to other biotopes. The inoisase in biomase 
was due to the fouling organise community and the fishes that this community attracts. 

Oyster culture was attempted on a petroleum platform 6 km offshor. from High Island, 
Texas and oompared to bay oysters. Mean biomaas, length and growth of oysters from the 
platform was comparable to oysters from the estuary and the diversity of fouling organises 
on the shells was greater offshore. Oysters from the bay completely d.epuraied feoal ccli-
forms within 7 days of their transfer to the offshore platform (Ogle, Ray and Wardle, 1977). 

Comparing inshore and offshore reefs with oil drilling platform fish populations, 
orniier et a].., 1976, found that mazr of the species common around the platforms also 
appeared on the inshore reefs. Of 49 species recorded from the platform, 19 were absent from 
the inshore reefs, 22 were absent from the offshore reefs and 12 species found only at the 
platforms. They found the fish fauna of the area was clearly tropical and comparable to 
Caribbean reefs. Vertical stratification was documented by Hastings .t a).., 1976 at an 
offshore platform in the northeastern Gulf of Mexico. In the upper strata larger predatory 
species fed on the schools of forage species with typioal benthic assemblages occupying the 
substrate below and the area immediately surrounding the platform. 

Table 2.11 compares the biomasa of an inshore site, an oil platform and a control site. 
Table 2.12 s'"izes selected aspects of sportfiahing activity in the Gulf of Mexico. 

Table 2.11 

Biomass Comparison of Selected Sites in the Northern Gulf of Mexico 

Parameter Inshore Bay 
(Timbalier Bay) 

Oil Platform Offshore Control 

Organic Carbon in 
Water (g/0) 8-14.5 5.8 5.1 

hydrocarbon in 
Water (mg/in3) 6.2 3.3 1.2 

hydrocarbons in 
Sediment (m11O0g) 161-341 145-412 145-41 2 

Amphipods (g/m2) 8.75 24.2 17.7 
Zooplazkton 

(g/m3 ) 0.02-0.2 0.3 0.3 

Platform Growth 
(g/ia2) Not applioeble 3 000 Not applicable 

Source: GURC, 1974 

-.-- 	 .. 
- 	 -'-- 
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Table 2.12 
Eatisated Weight of Selected Sporifish Canght in the Gulf of Iexioo, 1970 

Species Weight (aetrio tons) 

Catfiahes 22 590 
Groaker 28 490 
Black Drm 13 203 
Red.Drus 24067 

Grouper. 7 648 
Grunts 5 186 
Kingfish 7 161 
King Mackerel 12 458 
Porgies 12 248 
Seatrout 36 912 
Sharks 7 111 
Red Snapper 5 280 

Total 182 354 

Adapted from 1970 U.S. Marine Reor.ationa.1. Catch of Firmfish, CFS no. 6900, 1975 

Thermal Ad.dit ion 

Bleatric power plant ootenser water discharge presents a new en.r' source with 
potential for aquaoulture and reducing environeental control costs. Modern power plants 
release 1.5 to 2.0 units of heat to the atmosphere for every unit of heat converted to 
usable electricity with an efficiency re of 35 percent. Aimual waste heat available 
in the United States is approximately 10 10  Btu' s (Bond, Geery and Russ, 1975). 

A n.ber of aquacu].ture pilot projects have been carried out in the Gulf of Mexico 
coastal zone utilizing heat discharged from power generation plants. Bolt and Strawn ( 1975), 
cultured floating oags of finfish in the cooling lake of a pwer plant, Galveston Bay, 
Peias. Acute salinity changes adversely affected growth and survival of all species. One 
species, black drum, grew suffioiently for oaeroial production but did not adapt to 
prolonged low salimities and did not .urvlve. Nargraf (1977) held American oysters in the 
discharge canal of a Galveston Bay power plant. Growth rate was significant but the oysters 
suffered from disease and high ser temperatures proved to be lethal. Cage culture of 
finfish in heated effluent has had difficulty in overcoming gas bubble disease (D) mortali-
ties. Supersaturation of atmospheric gases occurs during entraineent and with subsequent 
heating, the power plant effluent may exceed 120 poroent total gas saturation during winter 
months. Beri.ents were carried out in the discharge canal of a steam-electric plant in 
Galveston Bay, P.m.. Surface and submerged oages were utilized to ovaluaiabydrostatic 
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pressure as a remedy for (ED. Seven estuarinep oomesroially importazrt finfish species 
were held in surface and bottom cages. Winter growth rates in the submerged cages surpassed 
those oultured at ambient temperatures. Eightyone percent survival was recorded in the 
bottom cages after 12 weeks. Surface cage survival was 4 percent after two weeks. level of 
gas saturation was found to be reduced by 10 percent for each metre of depth. Organieme 
trapped on the intake soreeris were piped to the ooth.naer effluent and served as an additional 
food, supply. Higher winter effluent temperatures inoreased the growth of fouling organiams 
on the cages. No (D was observed on species in the submerged cages but thermal death 
occurred during the ser months when temperatures ranged up to 400C. Salinity shook also 
was detrimental and caused mortality in some species (apadefish). Velocity of the discharged 
effluent caused mortality in the young of some species (red drum fingerlings). 
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3 • SOTYI'H ATlANTIC REGION 

3.1 Introduction 

This region encompasses the southeastern coastal states bordering on the Atlantic 
Ocean. It extends from North Carolina, just south of the mouth of the Chesapeake Bay, to 
the island chain at the southern tip of Florida, the Florida Keys. The ahoreward boundary 
of the states of North Carolina, South Carolina, Georgia, and the east coast of Florida 
are contained, in this region. The shore area is marked by open and semi—enclosed embayments, 
droined river valleys, barrier islands, tidal marshes and extensive wetlands on the coastal 
plain. Figure 4 illustrates the extent of the South Atlantic Region. 

The ocean shoreline for this four state region is 1 917 km with the east coast of 
Florida possessing 49 of this shoreline. The bay/estuary shoreline is 12 955 km. Almost 
50% of the total bay/estuary shoreline is within the State of North Carolina (5  367 1cm) 
with South Carolina containing 35% of this shoreline (4 627 km). Private ownership accounts 
for 68% of the ocean shoreline and 40% of the bay/estuary shoreline (U.S. Army Corps of 
gineere National Shoreline Study, 1973). 

The continental shelf ranges from a width of 33 lan off Cape Hatteras, North Carolina, 
to a maximum width of 135 lan off Georgia and then narrows gradually southward along the 
east coast of Florida. Lease areas along the shelf from Jacksonville, Florida (at the 
northern boundary of the state of Florida) to near the South Carolina - North Carolina border 
are scheduled for exploratory drilling sites because of the high potential of oil and natural 
gas reserves. 	 - 

The estuarine system includes the embaymente (primarily in the northern sections) 
coastal marshes and drowned river valleys. The estuarine area of this region is 1 .4 million 
hectares. North Carolina with its extensive embayments contains 66% of the eatuarine area 
(0.9 million ha). Major harbour estuaries such as Wilmington, North Carolina; Charleston, 
South Carolina; Savannah, Georgia; and Jacksonville, Florida are located on drowned river 
valleys. Miami, Florida,unlike the othors,is located on an embayinent (Biacayne Bay). The 
urban population centres and industrial develostenta on the coast of this region are located 
on these natural harboura. 

Pbur major water masses have been identified in this region and the surface circulation 
patterns vary with the seasons. From shore seaward these masses are: Coastal Water, Shelf 
Water, Mixing Water, and North Atlantic Central Water. The coastal water exhibits large 
seasonal variation of both temperature and salinity. In winter there is a northerly drift 
from Georgia to Cape Hatteras (North Carolina) and a southerly flow along the Florida coast. 
During spring the southerly components are discontinuous and a northerly drift prevails over 
most of the shelf from Cape Canaveral, Florida northward. In summer the shelf currents are 
northerly and nearehore circulation is southerly. The dominant surface circulation pattern 
is one of southerly flowing coastal currents inshore of a predominantly northeasterly 
current. 

Bottom currents off the Carolina Bays are northerly on the outer shelf and southerly 
near the coast • In Florida waters the drift is northerly but fluctuates from north to south 
(Bumpus, 1973). Such water mass circulation patterns tend to indicate that impact of riverine 
contamination could be widespread and also would increase the potential of onshore impact 
of oil spills resulting from outer continental shelf exploration and production. 

Sources of pollutants in this region are associated with industrial and municipal waste-
water discharges. Some point source d.isoha.rgea are into confined harbours or estuaries. 
Areas around the harboure of Charleston, South Carolina; Savannah, Georgia; and Jacksonville, 
Florida exhibited low dissolved oxygen levels partially due to pulp and paper-mill wastes. 
Because of extensive marshes and wetlands the natural waters of this region contain a high 
level of organic matter further reducing the natural oxygen levels (Wastler and Wastler, 
1 972). Ocean outfalls are also used for discharging wastewaters, especially in the southern 
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portion of this region. Some thermal addition, resulting from electrical power generation, 
is presently being discharged and proposed floating nuolear power plants situated in the 
coastal waters of this region would add to the thermal load. High nutrient loading 
(primarily nitrogen and phosphorus) of wastewater discharges are found locally throughout 
this region. Inadequate municipal wastewater treatment can and does cause high fecal 
coliforin counts in the productive estuary ecosystem. The Environinantal Protection Agency 
has approved 17 interim dump sites off the South Atlantic Coast. These dump sites are 
primarily for sand, shell and silt deposition. The approved dump sites are within 32 km 
of shore. A chemical waste dump site is located off Savannah, Georgia, approximately 80 ke 
offshore. 

An increased need for waterfront residential areas in Florida and recreational water-
front property along the South Atlantic shoreline has resulted in the urban development of 
shallow coastal areas and subsequent removal of estuarine area from marine resources 
productivity. 

The South Atlantic region coastal zone, along with the extensive estuarine and coastal 
plain ecosystem contains extensive estuarine-depend.ent resources (approximately 400 species 
of fish) that support aizeable recreational and commercial fisheries. A South Atlantic 
angling survey was conducted by the National Marine Fisheries Service for the area from 
Cape Hatteras to the Florida Keys (Duel, 1973). The sryey estimated that almost two million 
anglers landed over 180 000 metric tons of fish. The primary method of fishjng was by 
private or rented boats and this was followed by bridge, pier or jetty  fishing and party 
or charter boat • Beach or bank fishing was rated fourth in importance. The principal area 
of fishing was the ocean (59 percent of the fiehermen) with sounds, rivers, and bays second 
in popularity. In 1975 commercial fishermen landed 142 000 metric tone of finfish and shell-
fish worth U.SJ 60.5 million (ex-veesel prices) in the southeastern Atlantic states. The 
greatest volume of landings were finfish, menhaden (used for reduction and industrial 
purposes) comprised 38-65 percent of the total volume, depending on the state. Shellfish 
only accounted for 20 percent of the total catch but made up 68 percent of the total value 
(u.s.$ 40 million). Shrimp are the most valuable fishery resource for this region. In 
1975, 7  percent of the total U.S. landings of shrimp and 13 percent of their total U.S. 
value was landed in the Southeast Atlantic states. In 1975,  North Carolina led the itatee 
in this area in total landings (73 percent) and also led in value of catch at U.S.$ 20 
million. Table 3.1 enamarisee landings and value of ooeroial marine catch for South 
Atlantic States for 1975 (source of landing and value data, U.S. Department of Coaneroe, 
1976 and individual state summery). 

In the South Atlantic region over 50 species of finfish and 11 species of invertebrates 
are landed. The most important (based on landings) finfish species, ranked in decreasing 
landing levels, are menhaden, flounder, spot alewives, mullet, grey sea trout, croaker, 
thread herring, king mackerel and bluefish. The major shellfish species, ranked in decreasing 
landing levels, are blue crab, shrimp, spiny lobsters, oysters, calico scallops and hard. clams. 

Table 3.1 
South Atlantic Region 

Landings (1 000 Metric Tone) and Value (U.SJ 1 000) 
of Commercial Marine Catch, 1975 (Preliminary) 

Pinfish Shellfish Total Pinfish& Shellfish 

State Landings Value Leziings Value Landings Value 

N. Carolina 	9605 
Be Carolina 	1.4 
Georgia 	0.3 
LCoastPlorida 	15.8 

11 

6 

964 
507 
234.5 
777 

7.8 
7.5 
7.7 
5.2 

7194 
12 488 
11 669 
9 613 

104.3 
809 
8.0 

21.0 

19 158 
12 995 
11 903 
16 390 

Total 114.0 19 482.5 28.2 40 964 142.2 60 446 

Source: Individual State Suimnary and U.S. Department of Commerce., 1976. Fisheries of 
the United States, 1975. Current Fisheries Statistics No. 6900 
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3.2 oil and Gas exploration and Production 

No oil is currently produced in the region, but major production is planned following 
the proposed sale and development of oil and gas tracts off the southeast United States. 
The predicted effects of this development have been reviewed in the Draft Environmental 
Impact Statement for Oil and Gsa tease We No. 43, U.S. Department of Interior, 1976. In 
this area, the Southeast Georgia Babayment, a total of 299  524 ha located approximately 
48 to 120 kin offshore from South Carolina, Georgia and Florida and in water depths of 13 to 
165 m will be offered for lease sale. The ares's projected recoverable resources range 
from 0.28 to 1.0 billion barrels of oil (on* barrel equals 159 i) and 50 to 190 billion m3 
of gas. The lower figures are based on a low resource estimate and the higher figures are 
based on a maximum projected. recovery. Peak daily oil production could be between 56 and 
170 thousand barrels. Development and production life of the project is estimated to be 
25 years. There will be between 255 &ni 720 wells and between 10 and 25 working platforms. 

Onshore impact will be primarily at Charleston, South Carolina and Jacksonville, 
Florida (44  to 108 ha for onshore facilities) and transport of oil will be by tanker up to 
70 000 barrels/day and pipeline installations will occur if production is above the tanker 
volume (257 to 515 km of 61-91 cm diameter pipeline). No refinery is expected to be con-
atructed since crude oil will be handled by existing facilities. 

Projections have been made of civilian employment for a series of options depending 
on yields and onshore activity. Initial employment for high recovery level would be low 
(585 persons) while exploratory drilling is taking place • Maximum employment would take 
place 12 years after onset of exploratory drilling and would- produce 4 203 jobs in 
South Carolina and a total of 7 818 jobs in the four state area. Maximum total population 
increase to the area is estimated to be 10 800 persona, with no county receiving more than 
5 000 persons. The average annual royalties for oil and gas lease production will range 
from U.S.$ 35.7 to 125 million. Gross value of oil and gas will range from U.S.$ 5.0 to 
17.9 billion (based on U.S$ 11/barrel and U.S.S 1/1.!CP). The average annual operating costs 
will range from U.S.$ 63 to 236 million. It should be noted that values presented are 
estimates and are based on resource projections and the present economic conditions. 

Petroleum hydrocarbon associated pollution will impact on the environment in three 
general ways: chronic input of hydrooarbons and associated drilling brines; direct physical 
damage due to pipelines and onshore construction; and indirect physical alteration by 
erosion of wetlands. 

Oil spills are one of the major elements of environEental impact in the exploration and 
production of offshore oil. Because there is no present production taking place in the 
South Atlantic, probability and trajectory models have been developed based on. incidents 
occurring in other areas of production (Gulf of Mexico) and estimated production in the 
area. From such models the potential volumes of oil, direction of movement and resources 
affected have been determined. At least one sajor spill (i 000 barrels) has a 96% proba-
bility of occurring in the South Atlantic lease area, and possibly three may occur. Sixteen 
to thirty-two medium spills (between 50 to 1 000 barrels) have more than a 99% possibility 
of happening during the 25 years of production. Minor spills (<50  barrels) from platforms 
and pipelines could number over 2 000 at a probability greater than' 99%. Table 3.2 sum-
marizes estimated oilspill frequency by source for this lease area. 

The volume of oil spilled by pipeline accidents in the Gulf of Mexico aocoun'ts for 
0.0014% of total production. If we apply this percent to estimates of oil resources in 
the South Atlantic, then approximately 4 000 to 14 000 barrels might be spilled in this 
area. Due to low total resource estimates, economic considerations, and relative drilling 
tract positions, it is likely that tankers will be used instead of pipelines. Tanker oil 
spillage during the field life of production is estimated to be 1.27 to 4.56 million barrels. 

A trajectory model, using wind and current data, was developed to analyse movement and 
point of arrival on the shoreline. According to the Environmental Impact Statement cited 
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above, 44%  of the spills trajected ashore on the Florida coaat, 3% on the Georgia shore, 
about 12% on South Carolina, and about 23% on the North Carolina coast. Major ocean front 
recreation sites are located in areas where spills are most likely to reach the shore. 

Commercial fishing grounds have a 95-97% probability of being affected by one or more 
major spills. Commercial scallops, crabs, and oysters have a 43-65% probability of being 
affected. Shrimp have a 62-69% probability of impact. Trawling operations will be 
hampered in a minor way. Platforms occupy about 0.4 ha and up to 101 ha in this lease area 
will be unavailable to trawlers. This area amounts to less than 2 percent of the total 
lease area. Oil spills may also physically prevent fishing or may affect the fisheries sub-
lethally to reduce productivity. Estuarine areas have a 55-62% probability of suffering 
from a major oil spill. It should be noted that if a spill occurs less than 16 lan from a 
resource there is insufficient time to effec -t clean-up operations. 

Table 3.2 
Predicted. Oil spill Frequency in South Atlantic Lease Area No. 43 

during expected 25 year production period 

Volume and Source Expected 
Number 

Probability 
of at least 
One Spill 

 Spills >1 000 barrels 

Platforms 1.5 0.78 
Pipelines 1.7 .81 
Tankers 2.2 .89 
Platforms and Pipelines 3.2 .96 
Platforms and Tankers 3.8 .96 

 Spills: 50-1 000 barrels 

Platforms and Pipelines 32 > 0 .99 
Tankers 16 > 	.99 

 Spills: 	0-50 barrels 
Platforms and Pipelines 2 338 > 0.99 
Tankers 277 > 	.99 

Source: Draft Environmental Impact Statement for Oil and Gas Lease 
Sale, South Atlantic OCS Sale No. 43, U.S. Department of 
Interior, 1976 

3.3 Fish Kills 

In addition to the nationwide reports (see 2.3) supplemental information on fish kills 
in this region is available from the states (e.g., biennial report from the Department of 
Natural Resources, State of Florida 1977) and universities (Fish Pathology Project, 
University of Miami Sea Grant Program, Florida, personal communication, 1977). Ftr the 
years 1973-1 976 the east coast of Florida (Atlantic Coast) had a total of 45 000 fish 
mortalities. Low dissolved oxygen is cited as the primary cause for those kills for which 
a probable cause has been determined. Though the reason for the low dissolved oxygen was 
usually not clearly stated, low values are associated with increased biochemical oxygen 
demand resulting from wastewater effluent and nutrient run-off. Generally values of dis-
solved oxygen below 2 parts per thousand are not conducive to species propagation and 
survival • None of the other states in the South Atlantic region reported estuarine or 
coastal water fish kills although all etaiee reported numerous freshwater kills during 
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the 1973-1976 period. No major kills occurred (according to the Environmental Protection 
Agency, a major kill is one involving more than 100 000 fish) in the entire region in the 
years 1973-1976. A major kill was stated to cause a loss of U.S.* 2 million in the vicinity 
of Jacksonville, FLorida, in 1970 (Tihansky, 1973). 

In a survey of coastal state Water Quality Adminstratore, conducted by Florida State 
University, information was obtained on the major pollutants and the fishery associated 
with fish kills (Bell and Canterbery, 1976). In North Carolina the major pollutant is 
paper mill wastes and its effect is not restricted to a particular fishery. South Carolina 
reported the prime pollutant source is rim-off containing pesticides and the fish affected 
are shad and menhaden. The 8tate of Georgia's primary pollutant souroe is municipal wastes 
and the impact is on shellfish. Florida also cites municipal waste as the major pollutant 
resulting in fish kills and menhaden the fishery most affected. 

The monetary loss caused by fish kills was estimated using the methods of Bell and 
Canterbery (1976)and Tihansky (1973). If we assume two thirds of the fish killed are of 
commercially valuable species, and the value of 10 cents per fish, the value of fish lost 
through kills from the South Atlantic region is U.S.$ 3 000. Table 3.3 summarizes the fish 
kills and their values for the South Atlantic states. The table was constructed from 
Environmental Protection Agency file records, State of Florida 1975-1976 report, and fish 
kill records from the Univerai -ty of Miami Sea Grant Fish Pathology Project. 

Table 3.3 

fish Kills and Values - South Atlantic States Coastal Zone 

Number of Probable Value Year Location Water Type Fish Killed 

1 000's 

1976 Florida Estuary 2.5 Low D.0. 
(Not Complete) Florida Coastal 2.0 Unknown 

Florida Estuary 10.0 Unknown 
Florida Estuary 1.0 Low D.O. 
Florida Estuary 1 10 Chemicals 
Florida Coastal 5.0 Unknown 
Florida Estuary 1.0 Low D.O. 

1976 total > 22.5 1 500 

1975 Florida Estuary 5.4 Unknown 
Florida Estuary 5.0 Unknown 
Florida Estuary 2.0 Low D.O. 
Florida Coastal 5.0 Unknown 
Florida Estuary 2.1 Chemicals 

1975 total 19.5 1 300 

1974 Florida Estuary 1.0 Sewerage 

1974 total 1.0 67 

1973 Florida Estuary 2.0 Not Given 

1973 total 2.0 133 
1973-75 total 45.0 3 000 

W Assuming two thirds of the fish are oon*nercially valuable, worth 10 cents each 

Souroe: U.S. Environmental Prcsteotion Agency, 1973-1976 
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3.4 Dredging and Pill jug Operat ions 

There are fifteen dredge pro jeota to improve and maintain shipping and recreational 
navigable waters (the latter is the Intercoaatal Waterway). Dredging to maintain these 
channels removes 20 x 106 a3 of material each year, half of it at four major dredging sites 
in South Carolina. Charleston Harbor requires 6.5 x 106 m3 dredging at a cost of 
U.S.* 4.75 million. Dredge spoils are either dumped at sea or removed to d.iked areas. A 
Charleston Harbor deepening project will generate 20 x 106 a3 of additional dredge spoils. 
The siat9 of Georgia also has four major dredging areas with total removal amounting to 
7.3 x 10° a3. Savannah Harbor alone produces 5.3 x 106 a3 with 85% of this spoil being 
deposited in five major disposal areas in the harbour, ranging from 40-124 ha in extent. 
North Carolina has two dredging operations to maintain harbour shipping channels with a 
total annual production of spoils at 1.37 x 16  a3. The material, composed of shell and 
sand is deposited offshore in a water depth of 12 a. The east coast of Florida has numerous 
local dredging activities with five major operations with dredge spoil removal totaling 
1 .04 x 16 a3. In Florida, spoils are deposited offshore, in diked areas, or are used as 
beach nourishment. Removal costs for Jacksonville Harbor, with 0.38 x 106 a3, is 
U.S.$ 784 000 (U.S. Army Corps of Engineers, 1976, cited in Departmexrt of Interior, 
Environmental Impact Statement, Oil and Gas Lease Sale No. 43, 1976). Increases in the 
size of cities result in increased developsent of shoreline properties for both private 
and commercial uses. Although localized, the drainage, filling and bulkheading for stability, 
remove bottom land from inshore productivity, change flow patterns and contribute to 
water quality degradation. North Carolina has aizeable agricultural developnents in coastal 
locations which required drainage and filling. Run-off from this activity could add to 
eatuarine degradation. 

Recreational fishing in this region is part of a major industry. Both residents and 
tourists utilize estuarmne and nearshore locations for sport-fishing and in the state of 
Florida this industry earned U.S.* 175 million (Taylor at al., 1973 and Florida Department 
of Natural Resources). Estimates of participation and of the number of user-days 
vary. Duel (1973), gives values of 1.8 million saltwater anglers in 1970 for the area from 
Cape Hatteras, North Carolina to the Florida Keys with a total landing estimated at 
183 000 metric tons. A value of 4.4 million man/days engaged in saltwater fishing in 1971 
for the state of Florida was cited by the Department of Interior, Bureau of Land Management, 
1976. 

It was stated in a previous section (2.4)  that estimates of the portion of eatuarine-
dependent species that contribute to commercial landings vary from 63% to 93%  of the 
total catch. Each estuarine acre has been estimated to provide nursery grounds or other 
support for fish which when caught weigh 226 kg (Stroud, 1973). Blue crab and shrimp (two 
species absolutely estuarine-dependent) dominated shellfish landings of all states in the 
region, making up in North Carolina, 94%; South Carolina, 94%; Georgia, 94% and east ooast 
of Florida, 60 of the total shellfish landings. Table 3.4 summarizes the loss and value 
of the loss due to dredging and filling in the South Atlantic states. Value per hectare is 
based on either published values or the unit value is derived as a ratio of 1975 er-vessel 
landing value, adjusted to a 63% estuarine dependency, to the area of important habitat. 
Losses are greatest for the Florida east coast, followed by South Carolina, North Carolina 
and Georgia. 

3.5 Shellfish Area Closures 

The northern section of this region (North Carolina and South Carolina) with its 
barrier islanda, low-lying tidal marshlands, and extensive estuarmne habitat provides a 
good habitat for mollusoan shellfish production that is more suitable than GeorØa and the 
east coast of Florida. This northern section contains 77% of the region's bay/estuary 
shoreline, 95% of the open shellfish area and accounted for 92% of the oyster production 
and 86% of the hard clam production for the region in 1975 • Hard clams and oysters are 
harvested within 5 1cm of shore (data derived from state emmnariee,U.S. Depaxtinen-t of 
Commerce and fisheries of the United States, 1975). The production of oyster meat in 1975 
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was 719 metric tons, down from 835 metric tons in 1974. The value of oyster landiigs in 
1975 was U.S.$ 1.05 million compared with U.S.$ 1.22 million in 1974. Reductions in landings 
ranged from 7 percent (South Carolina) to 32 percent (Georgia). 

Table 3.5 summarizes the shellfish area classification for the southeastern United States 
coastal Atlantic region (data revised from the U.S. Environmental Protection Agency, 1975 
National Shellfish Register of Classified Estuarine Waters). (See section 2.5 for definitions 
of classification and discussion of monitoring programmes.) 

During the four years between the latest 1975 National Shellfish Register and previous 
Register (1971) the state of Georgia experienced the largest percentage of change in classi-
fied water. A total of 29 909 hectares (36 percent of the total shellfish area) was removed 
from the open category and closed. Presently 75.7 percent of the aheilfishing areas in 
Georgia are closed to harvesting. On the other hand the closed areas in South Carolina 
changed by less than 1 percent in the four years. In terms of actual size of the closed 
areas North Carolina is worst off, with almost a quarter of a million hectares closed to 
sheilfishing. North Carolina reassigned 32 320 ha from open to prohibited status during 
the period 1971 to 1975-  South Carolina, with the largest oyster production, 470 metric 
tone, has the largest percentage of area open to harvesting, 72 percent. 

Using the same procedures as in section 2.5, the losses due to closing contaminated 
areas have been estimated. Table 3.6 summarizes the estimated losses from closed oyster 
grounds for the South Atlantic states (based on: U.S. Department of Commerce, 1977,  Draft 
of Comprehensive Review of Oyster Industries in the United States). Because of their high 
productivity indices or large closed areas, North Carolinaaxxd South Carolina exhibited the 
highest losses due to shellfish closures. The total estimated lost revenue due to reduction 
in shellfish harvesting area is U.S.$ 0.58 million or 48 percent of the actual value of 
oyster landings for the South Atlantic region. 

Table 3.5 
Shellfish Area Classification in Hectares 

(U.S. Environmental Protection Agency, 1975, National Shellfish Register) 
South Atlantic States 

State Open Conditional Closed % Open 	% Condi.t. % Closed 
N. Carolina 558 528 244 550 65.2 28.5 
S. Carolina 80 698 544 30 331 72.3 	0.5 27.2 
Georgia 20 038 65 540 24.3 75.7 
F1orida 

(E.Coaat) 8 949 1 	135 13 832 37.0 	0.05 58.0 

Total Area 668 213 1 679 354 253 

Open Waters: Approved by State agency for direct market harvesting 

Conditional: Meet "OPEN" standards but are subject to periodical closure 

Closed: 	Closed for harvesting of shellfish due to hazardous level of contamination 



- 27 - 

Table 3.6 
Estimated. Loss in Values from Closed. Oyster Areas 

South Atlantic States 

St ate Productivity 
Factor 

Closed Area 
(ha) 

Meat Wt. 
(Metric Tons) 

Prioecg 
(u.s.$) 

Value Lost 
(u.s.$ 1 000) 

N. Carolina 0.8 244 550 89 1.72 153 
S. Carolina 12.8 30 331 176 1 9 30 228 
Georgia 2.2 65 540 65 1.28 83 
Florida 
(Es Coast) 8.9 13 832 56 2.14 120 

Total Loss 584 

Productivity factor: 1975 production divided by 1975 Open Area (ha) 
Price/kg: 	1975 ex—vessel prices for each state 
Source: 	Draft of Review of Commercial Oyster Industries in the United States, 

National Marine Fisheries Service, Washington, D.C., 1977 

3.6 Beneficial Aspects of Pollution 

Dredge Spoils 

Dredging activities and dredge spoils can be used to create or enhance recreational 
facilities. There are several examples of beneficial uses of dredge spoils in this region, 
but the effects on fish or fisheries are small. 

Artificial Reefs and Oil Platforms 

In inshore areas where substrate is barren sand and silt with a relatively flat profile 
(large inshore areas of North Carolina and sections of South Carolina, Georgia and Florida) 
the addition of artificial fishing reefs made of various waste materials has increased 
recreational fishing activity. Rehabilitation of areas that have become unproductive due 
to pollution such as dumping of waste materials, thermal addition, or dredging operations 
may be enhanced by artificial reef placement. Materials used for reefs include scrap tyrea, 
surplus ships, car bodies and concrete culverts. Such reefs exist off North Carolina (3), 
South Carolina (6) 9  Georgia (4)  and Florida (8). These 21 artificial reefs in the South 
Atlantic are predominately constructed of scrap tyre units and contain slightly more than 
250 000 tyres (Stone, Buchanan, and Steinile, 1974). In studying a scrap tyre reef in the 
Biscayne National Monument, in the Upper Florida Keys, it was found that biomass is 
increased by the placement of the artificial reef (Richard Stone, Personal Communication, 
1977). Randall (1963) found that artificial reefs in the Virgin Islands provide protection, 
food sources, spawning sites and orientation for fishes and that these reefs attract fishes 
from adjacent areas and increase some populations because of added protection and food. He 
found that 28 months after installation the standing crop of fishes on the artificial reefs 
was 11 times that of an adjacent natural reef. 

An inshore artificial reef, 5 km from Murrels Inlet, South Carolina, was evaluated for 
impact on the marine sportfishery and local economy (Buchanan, 1973). Prom this survey it 
was estimated the artificial reef received approximately 35 percent of the offshore angler-
hour effort and harvested nearly 40 percent of the catch, although the artificial reef 
occupied an area of only 0.02 kin2  while the natural bottom habitat area was 57 km2. 
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Non—resident anglers who fished in the ocean spend U.S.$ 36 000 during the summer in the 
area, and 10 percent of this expenditure was by anglers who would not return if the 
artificial reef did not exist. In a later study of the same area (Buchanan, 1974) two 
artificial reefs were evaluated, the second being installed after the 1973 survey report. 
Anglers caught more fish from the artificial reefs then the natural bottom in all but two 
months of the summer season and caught more overall from the two reefs (54). Private boat 
anglers expended 66 percent of their time over the reef area and the fishing intensity 
(angler hours per sq unit of area habitat) on the reefs was almost 6 000 times that on live 
bottom. Bottom fishing efforts doubled between the two years of the survey but pelagic 
fishery success did not increase. It is evident that the artificial reefs increased bottom 
fishing opportunities and success. 

The South Atlantic region, unlike the Gulf of Mexico, has no active or expired lease 
areas for exploration and production of oil and natural gas on the continental shelf. The 
effects of oil platforms on fishing productivity are discussed in the Gulf of Mexico 
section (2.2). 

The oil and gas lease sale area as described in a previous section extends roughly 
from the FLorida—Georgia border to off Charleston, South Carolina. It involves some 
300 000 ha and will contain from 10 to 25 platforms. In the open sea such platforms will 
provide food and protection and serve as artificial reefs. Each platform will have a 
surface area of about 0.8 ha and its high profile will provide habitats for a variety of 
organisms. The platforms are quite visible and easily located. However the tracts in the 
South Atlantic Lease Sale No. 43, extend from 50 to 120 km offshore in water depths from 
20 to 200 m. Considering time and safety factors involved in the predominately small boat 
recreational fishery, the sportfishing effort due to platforms acting as artificial reefs 
will be minimally affected (Draft Environmental Impact Statement, Proposed 1977 Outer 
Continental Shelf Oil and Gas Lease Sale, South Atlantic Sale No. 43, U.S. Department of 
Interior, 1976). Deep-sea fishing charter boats and other boats suitably equipped may find 
the platforms attractive after suitable colonization by sportfish species. Shinn (1974) 
reported that "hundreds of small boats" fish at the established platforms 48 km from shore 
in the Gulf of Mexico. 



4. NThDLE ATlANTIC RI0N 

4.1 Introduction 

For the purposes of this report the region extends from the Atlantio shore of Long 
Island, New York, to the southern shore of the mouth of Chesapeake Bay (see Figure 5). The 
surrounding land mass includes the southern shore area of Long Island and the rsaLnder of 
New York, and the states of New Jersey, Delaware, aryland and Virginia. The shorelines, 
exol1u(Yte barrier islands, total 5 414 km, inolwiine 4 283 ion in Chesapeake Bay. Approxima-
tely 51 percent of the shoreline is privately owned (2 760 lan) and the remainder (2 600 kin) 
is government-controlled for recreation and fish/wildlife uses. A wide continental shelf 
ranges from approximately 200 km wide in the north to 125 kin off the month of the Chesapeake 
Bay to the south. This shelf extends seaward to a water depth of 100 to 200 in and is cut 
by a number of submarine canyons (Hudson, Wilmin€ton, Baltimore, Washington and Norfolk 
canyons). The estuarine system includes the Hudson River estuary, Delaware and Chesapeake 
Bay and the coastal zone behind the banke and barrier islands that exist throughout the 
region, with a total area of some 1.7 million ha. 

Figure 5. The Middle Atlantic Region 
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Delaware Bay is an extensive estuary system extending 209 ke from the tidewater area 
to the mouth. This bay varies in width from 2 to 45 ba and is extensively utilized for 
industrial transportation. About 40 000 ha of swamp and marshland are along the shore. 
Chesapeake Bay, the largest satuarine Byatem in North America, extends some 310 ba in length 
and is from 5 to 40 bn in width. The surface area of the Chesapeake and its tributary estua-
ries is 11.5 x lOYm2  and its mean tidal range is 1.25 m. 

Three water masses are evident in the Middle Atlantic Region. Over the continental 
shelf is the coastal or shelf water mass. Further from shore and over the slope is the 
slope water mass. Furthest from shore and on a northeast axis is the Gulf Stream. The shelf 
water mass experiences large seasonal fluctuations and receives input from the river run-off, 
land drainage and atmosphere (Fisher, 1973).  Its reneral flow is southerly. The shelf 
waters have been described as a two-celled system (Bumpus, 1973). The northern cell extends 
from Nantucket where it receives offshore input along the eohern shore of Long Island, and 
then turns offshore east of the Hudson Canyon. Bottom water circulation tends to flow inshore. 
The southern cell rims from Hudson Canyon south to Cape Hatteras. It receives inflow from 
rivers and bays along the coast • Near Cape Hatteras the southern cell turns offshore. 
Cyclonic eddies are found off the northern New Jersey coast. The slope water mass currents 
flow in a southerly direction to Cape Hatteras. At Cape Hatteras the currents turn seaward. 
Slope water circulation in general is oyclonio but does possess warm anti-cyolonic eddies 
thought to be components of the Gulf Stream. Some characteristics of elope water fall 
between shelf and Gulf Stream water. The Gulf Stream, formed offshore of the South Atlantic 
states, rims parallel along the continental land mass and in the area of Cape Hatteras veers 
offshore and eastward toward Europe. Although generally stable, the Gulf Stream does meander 
north and south of its main axis. Inshore directed eddies May break  off the main body of the 
Gulf Stream and form warm anti.-cyolonio gyres. Susuer surface circulation is depicted in 
Figure 6. 

Water pollution problems of this region are directly related to the high concentration 
of urban population and industry with New York City water receiving the greatest amounts 
J.S. Department of Interior 1976). Heavy manufacturing and primary metal industries along 
with petro-chemical complexes contribute industrial waste effluents to the estuary systems 
and coastal waters. Unlike the Gulf of Mexico and the South Atlantic region, off-shore oil 
production is not carried out, or planned for the inaaed.tate future • Because of containin*iit 
levels (PCB's) striped bass and American shad fih 1ng was restricted, especially in the 
Hudson River system. In 1973  liitings of American shad in New York State were 71 metric 
tons worth y  a value of U.S.$ 51 000. In 1974,  landings were 0.16 metric tons with a value 
of U.S.$ 85 and in 1975  there were 0.12 metric tons with an ox-vessel value of U.S.$ 46. 
In other states of the region, value of shad l''linge inoreased. Municipal sewage discharges 
from large population oentrea (New York City, 7.9 million people; Philadelphia, 1.9 million 
people; Baltimore, 0.91 million people; WaRhington, 0.76 million people) also constitute a 
major nput to the coastal waters. Long Island has a population density of 13 721 people 
per km • Atmospheric fall-out from air masses over population centres and industrial com-
plexes provide sizeable loads. Organic waste load from non-industrial and industrial sour-
ces is a contributor to degradation (BIS, Oil and Gas Lease No. 40, Mid-Atlantic States, 
U.S. Department of Interior, 1976 ). Fier&y production with subsequent thermal discharges 
may present local water quality alteration problems. 

Two clusters of dump sites exist in the Middle Atlantic region. The primary dump sites 
in the New York Bight reoeive sludge, acid wastes, dredge spoils and construction debris. 
Further details are given under appropriate sections for this region. Sludge deposit sites 
off the southern New Jersey coast and a proposed deeper water dump site also contribute to 
changes in water quality and its subsequent effect on marine resources. Ertensive shipping 
tonnage into industrial complexes and transportation centres with the resultant traversal 
of bays, rivers, and estuary systems also could be considered an input to water pollution 
problems. 



- 31 - 

4( 

- 

MASSACHUSETTS 

4 	CONNECTICUT 

-N- 	 N Y.  
d Z 

NEW 

L JERSEY 	
P 

PENNSYLVANIA 	 3)1 
• 	 / 	 41 

l\ 

fe 

/ 
1/ 

351 

N.C. 

r vo,v\ 
I;) 	 70-  

Pigure 6. Suer Surface Circulation id-&t1.ntjo Bight 
(after Buapu. and Lauzi.r, 1965). 



-32- 

The Middle Atlantic region ooastal zone, along with the large estuarine system (Hudson, 
Delaware and Chesapeake) supports extensive estuarine-dependent resources that are of impor-
tance to recreational and commercial fisheries. For the latest year of available data 6.6 
million (1973-1974) marine recreational fishermen in the states of this region landed 111 000 
metric tons of finfish (U.S. Department of Commerce, 1976). In  1975  commercial fishermen 
landed, in the Middle Atlantic states, 187 000 metric tons of fish and shellfish with 
US.$ 96.8 million (exivessel prices). A substantial portion of this marine catch was for 
industrial and reduction use as fish oil, solubles, and fish meal. • Table 4.1 sunmiarizes 
landings and values of commercial marine catches in 1975- 

Over forty species of finfish and 13 species of invertebrates are landed. The most 
important finfish species, ranked in decreasing volww@ of landings, are methAden, flounders, 
gray sea trout, soup or pory, str'p4  bass, whiting, alewives and croaker. The major r 
shellfish speoies, ranked by volume, are surf clams, oysters, Q].ue crabs and hard clams. 

Table 4.1 

Middle Atlantic Region 

Landings (i  000 Metric Tons) and Value (u.s.$ i 000) 
of Commercial Marine Catch, 1975  (Prel1m{vi.iy) 

Finfish Shellfish Total Pinfish&Sheflfish 

Landings Value Landings Value Landings Value State 

New York 8.8 5 070 7.9 23 047 16.7 28 117 
New Jersey 45 8 566 20 11 239 65 19 805 
Delaware 0.4 200 2.8 1 426 3.2 1 626 
Maryland 6.3 1 975 22 20 313 28.3 22 288 
Virginia 36 5 881 38 19 122 74 25 003 

otal 96.5 21 692 90.7 75 147 187.2 96 839 

Source: Individual State Summery and U. S • Department of Commerce Current Fisheries 
Statistics No. 6900, 1976 

4.2 K.epone Pollution 

One of the tributary systems on the western shore of Chesapeake Bay is the James River. 
Illness among workers at a Kepone (ohlordecoue) production plant on this river caused the 
plant to be closed in the summer of 1975-  Kepone, a pesticide, was found to be both an 
atmospheric and aquatic pollutant in the James River basin, extending to the mouth of the 
Chesapeake Bay. Fishing was bmed in the basin after high residue values were found to 
exist in both the freshwater species upriver and the marine species of commercial importance. 
The ban on harvesting most commercial species was issued in December 19759 extended in June 
1976, and was to have been lifted 31 December  1976._, In March 19779 the ban was extended 
to July 19779 for all shellfish and fi.nflsh with the exception of catfish, male hard crabs 
(primarily blue orabs), shad, herring and turtles (freshwater). Shad and herring will be 
subject to continual residue analysis and the fishery may be closed if action level for 
Kepone is exceeded. Levels of Kepone not to be exceeded under the original closure order 
were: finfish - 0.1 ppm: shellfish (clams, mussels, oysters) - 0.3 ppm: orabs - 0.4 ppm. 
In March 1977, the allowable Kepame level in finfish was raised to 0.3 ppm while the 
remaining allowable species action lóv.le re 4n.d the same (sergency Rule, Virginia State 
Board of Health, 1977). Fiufish and blue crabs had higher R:epone residuals than clams and 
oysters. Levels of K.pcne in finfish raflge from 0.02 to 14.4 ppm. Oysters and clams had 
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lower residuals of the species tested, ranging from 0.21 to 0.81 ppm. Qysters contained 
the lowest Kepone levels of all species tested at 0.22 to 0.29 ppm. It should be noted that 
the standard deviation of residue levels reported may be an order of megnitude from the mean 
(O'Mara. and Rejnolda, 1976). 

Action levels are the levels of a substance, in this case ICepone, that cannot be exceeded 
in a food product. If the level is exceeded for a food item in an area then production or 
harvesting is stopped until the residual value drops to the Bate level. Statistical standard 
deviations become important as the upper residue level should not exceed the action level 
determined for the product. When results of chemical analysis for residue fall bellow or 
equal the "safe" level, then consumption, i.e., harvesting, is permitted. Table 4.2 sum-
marizes the levels of Kepone residue in selected species. 

Table 4.2 

Kepone Residue (ppm) in Comaeroially Important Seafood 
in James River, 1976 

Species Mean 

Kepone Residue 

Standard Dev. 

Residue Level Emoeeded 
in 5% of Species 

(95% Confidence Level) 

Butterfish 0.075 only I aanple 	- 
Croaker 3.0 only 1 sample 
Gizzardshad 0.35 only i sample 
Hickoryshad. 1001 only 1 sample 
Spot 1.49 only 1 sample 
Eels 2.94 2.83 78005 
Blue Crab 2.8 1.19 11.6 
Oysters 0.29 1.17 0.418 

Taken from: O'Mara and Renold.s, 1976 

The economic impact of the Kepone pollution and subsequent ban on fihing is felt in 
several areas - coumercial fishing, recreational or sportfisbing, reoreation-.aasooiated 
industries 	us , lost tax revenue and antioipatad expenditures for regulatory actions and 
clean-up (Gabel, 1976). Crnly the first two are relevant to this discussion. 

Coimnercial Fishing 

The Chesapeake area supports large comaeroia]. fisheries • Table 4.3 gives detailed 
statistics of landings in Virginia, which were most directly affected by Kepone pollution. 
Losses to these fisheries included direct reduction in production because of the ban on fishery, 
and lost confidence in fish products by the public. These may have different long-4erm 
effects. The drop in fishing effort may allow fish stocks to increase, and hence produce 
greater catches when fishing is allowed to resume s  but lost public confidence may mean 
reduced demand even when the product is safe. 

From a survey of the Virginia wholesale seafood industry it was determined that the 
average decline in sales attributed to Kepone pollution was 15 percent. Over two thirds 
of the wholesale companies that responded did less than 50 percent  of their business in the 
Virginia market • Most of the seafoods landed in the states are exported and this out-of-
state business remained strong. Local demand (within the state of Virginia) is lower but 
the export trade is a much larger percentage of the total seafood market thus somewhat 
reducing the overall economic impact ((label, 1976a). 
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Table 4.3 
Summary of Annual Catch (Metric Tons) and Value (u.s.$ 1 000) 
of Selected Major FinfiBh and Shellfish in Virginia, 1974 

Species Landings Value 

Alewives 6 053 431 
Bluefish 1 423 262 
Butterfish 84 39 
Croaker 681 205 
Eels 659 405 
Floimder 1 411 784 
Gray Trout 1 389 467 
Menhaden 9 562 485 
Scup 215 59 
Sea Bass 390 255 
Shad 711 230 
Spot 1 021 349 
Striped Bass 1 163 613 

?infish Total 24 762 4 584 
Blue Crabs 18 534 4 254 
Soft Crabs 369 403 
Clams 27 058 8 165 
Oysters 3 057 4 844 
Scallops 396 1 277 

Shellfish Total 49 414 18 943 
Grand Total 74 176 23 527 

Taken from: Virginia Landings, December 1975,  C.F.S. No. 6953 
U.S. Department of Commerce 

Using wholesale values (2.5 times dockside value) and a 6 peroent inflation rate the 
expected commercial wholesale value of fish and shellfish for 1976  from the Virginia 
Chesapeake Bay area would be U.S.$ 46.8 million. The 15 pero.nt decline in sales attributed 
to Kepone pollution therefore represents a loss of U.S.* 7.03 million (calculated after Gabel, 
1976a). 

Utilizing a fixed percent reduction in evaluation the impact on commercial fisheries 
however does not take into consideration two factors: (1) Differential closure in which 
shellfish, a greater market than finfish, was less affected; (2) Market value dependency on 
supply and demand. Although the catch of crabs was lower in 1976  than 1975 (ii 800 metric 
tons compared. to 15 880 metric tons) there was little difference in the ex-vessel value 
U.S.$ 5.0 million against 5.1 million). Seed oysters, which are moved routinely for d.epu- 
ration, exhibited an increase in value for 1976  over 1975 ( U.S.$ 865 000 in 1976  as compared 
to U.S.$ 700 000 in 1975)  (Virginia Marine Resources Commission, personal communication, 
1977). 

Pinfish landings for the Kepone—affeoted area had a 65 percent drop due to prohibited 
landings in 1976.  Only catfish, shad, herring and elvere were allowed for commercial catch. 
Finfish catch was composed of 90 percent catfish and shad and decreased in value from 
U.S.$ 630 000 to 221 000. Inability to market 136 metric tons of crabs led to a loss of some 
U.S.$ 140  000 (Virginia Marine Resources Commission and U.S. National Marine Fisheries 
Servioe, 1977). Lost wages and jobs in commercial fishing activities, for fishermen and 
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wholesalers, by the end of 1976  would be U.S.$ 7.2 million and 1 980 jobs (based on 15 per-
cent decline in sales and figures from the Virginia Marine Resources and Baployment Commission). 
Table 4.4  is a summary of Annaul Catch and Value of Commercial Finfish and Shellfish from the 
James River basin and the total Virginia landings for 1976. 

Table 4.4 

Summary of Annual Catch (Metric Tons) and Value (u.s.$ 1 000) 
of James River Basin and Total Virginia Tandings, 1976 

(?relirninary Data) 

James 

Species 	Landings 

River Basin 

Value, F-veasel Landings 

Virginia 

Value, &-'vesael 

Finfish Total 	310 "  221 31 388 5 822 
(499) (630) (36 664) (6 253) 

Shellfish Total 	269 545 22 912 24 752 
( 	 ) ( 	 ) (38 164) (19 234) 

Total 	579 766 54 300 30 574 

/ Finuish landings exclude menhaden purse-seine fishery 

Note: Catfish accounted for 145  metric tons of total finfish 
Numbers in ( ) are figures for 1975 

Source: Virginia Marine Resources Commission, March 1977 
National Marine Fisheries Servioe, March 1977 

Sport Fishing and Recreation-Aasociated Industries 

The sport fishery is estimated to have experienced a larger loss (in u.s.*) than the 
commercial fishing and revenues will decrease by 10 percent • The sport fishing industry 
in the Chesapeake Bay area employs some 4 500 people. How many of these individuals will 
seek and have found employment in other industries is not known. According to the Virginia 
Marine Resources Commission (p. 13 in Gabel, 1976a)  there were, in the Chesapeake Bay area 
in 19759 1.15 million sport fishery participants. Participants being defined as "... all 
persons 12 years or older spending no less than U.S.$ 7.50 and fishing for at least part of 
3 consecutive days". Total projected expenditures (u.s.* 1.15 million x 7.50) is U.S.a 8.6 
million. Predicated on a 10 percent loss the revenue reduction will be TJ.S.$ 860 000. 

It should also be pointed out that how many of these anglers carry out their recrea-
tional fishing activity in non-Kepone polluted areas is not known. However purchase of goods 
and services will be lost to the region if their fishing effort is relocated. There are 30 
marinas in the affected area. In law suits filed against the producer of x:epone the average 
monthly losses since December 1975  have been estimated at tJ.S.$ 3 000 per marina. On this 
basis the total loss to marina operators in 1976  would be U.S.$ 1.1 million. 

The manufacturer of Kepone was fined by a federal judge U.S.$ 13.2 million for discharging 
Kepone and other chemical wastes into the James River. The company has created a U.S.$ 8 
million endowment fund for research said related activities to alleviate the effects of conta-
minating the James River Basin. 

4.3 The New York Bight 

The New York Bight, an area of approximately 39 031 Im2  is the coastal area extending 
from the eastern tip of Long Island, New York, to Cape May, New Jersey. The Bight extends 
to the edge of the continental shelf at the 182 in depth isopleth. Its north seaward boun-
dary is a line, approximately 120 km long, extending southeast from Montauk Point (eastern 
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tip of Long island) to the edge of the shelf and its south seaward boundary is a line, 
approximately 160 km long, extending due east from Cape May, New Jersey to the 182 in depth 
contour. The shoreward boundary contains the sandy and barrier beaches, estuaries and inlets 
of New Jersey and Long Island with major population centres and the metropolitan New York 
City area and harbour. Figure 7 depicts the New York Bight area. 

For the evaluation of the contaminant inputs into the New York Bight, Mueller et al., 
1976) divided the geographical area into four zones • The four zones are: the Bight Proper, 
Transect Zone, New Jersey Coastal Zone and Long Island Coastal Zone. The New York Bight 
itself receives input from barge dumping (dredge spoils, municipal sludge, acid waste and 
rubble) and atmospheric fallout • In 19749  the New York Bight received 83 percent (by volume, 
excluding dredging) of the wastes discharged through ocean dumping in the United States coastal 
waters (Report to Congress on Ocean Dumping Research, U.S. Department of Coimuerce, 1975). 
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In addition there is a large input of atmospheric fallout to the New York Bight (see Table 
4.7). The Transect Zone drains the Hudson aver system and the heavily populated (15 million 
people) metropolitan New York City area. The Transect Zone contains large municipal waste-
water discharges. Although most of the discharges are subject to primary or secondary sewage 
treatment levels, New York City has raw waste discharges scheduled for improved treatment 
when treatment facilities become operative. Wastewater discharges from the New York - Ngw 
Jersey metropolitan region (sew9red munoipal and industrial Sources) a9otmted to 54 x 10 id 
per day. Of this total, 861 10 0  id was from mzmioipa3. sewage, 42 x 100  kl was from electri-
cal generation, and 4 x 10 kl was derived from menufacturing industries. Of the liquid 
effluents discharged, about 85 percent flows into New York Harbor and the New York Bight 
Apex (Gross, 1976).  Table  4.5 sumsarizes the wastewater discharges according to source and 
level of treatment. The New Jersey Coastal Zone input into the New York Bight ecosystem is 
primarily through estuary drainage into the Bight • The New Jersey Coastal Zone contains 
those drainage basins just south of Sandy Hook Bay and extending to Cape May, New Jersey at 
the mouth of Delaware Bay. Numerous small ooiwuiities along the shore discharge wastewater 
directly into the ocean but there are relatively few industrial outfails. New Jersey is the 
most densely populated state in the United States and the coastal zone and estuaries are used 
for recreation and shellfiRhlng. 

The Long Island Coastal Zone is composed of the southern shore of Long Island from 
Jamaica Bay to the eastern and of the island, Montauk Point. Major streams flow into a 
barrier estuary system which is heavily used both for shellfishing and recreational activity. 
There has been a decrease in the amount of wastewater discharged into the groundwater with 
an increase in the number of treatment plants along the coast • Little industrial discharge 
occurn in the barrier estuaries other than the duck farms ot eastern Long Island. Popula-
tion of this zone is approximately 1.4 million people. 

Mueller St al., 1976a  and  1976b,  considered four primary sources of contaminants to the 
New York Bight: barge dumps, atmospherio fallout, wastewater inputs and nm-off inputs. The 
major inputs were from discharges directly into the Bight and Transect Zone. Groundwater 
sources are negligible by comparison. Twenty-two parameter@ were utilized in the evaluation 
of waste sources. Six parameters were used by )(ueUer (2p. cit.) to depict input of the 
various zones of the Bight area: suspended solids (effect on'1T6t penetration and sediment 
deposition), organic carbon (measure of oxygen demand), nitrogen and phosphorus (nutrients 
for algae growth), lead (typical heavy metal) and facel ooliforin counts (microbial contami-
nation). Segar and Cantillo, 19769  found that oontAm4n*,1t metals do not accumulate in the 
apex but are rapidly removed either to the estuaries or the surrounding shelf waters. They 
also found that &isBolved metal concentrations are higher in the apex than on the shelf in 
the siumuer suggesting slower flushing rates during that Beason. 

The flow input to the Bight is primarily atmospberio (rainfall, 59 per cent) with gauged 
nm-off from the Transect Zone supplying apprnrimate]y a third of the flow. Most of the sus-
pended solids (68 percent ) are from direct barge discharges into the Bight with the majority 
coming from dredge spoils. The main sources of total organic carbon are dredge spoils (25 
percent) and municipal wastewater (29 percent ). Municipal wastewater is a prime source of 
nitrogen (40 uaroent) and phosphorus (35 percent) with barge disposal responsible for 
50 pioent of the phosphorus input. Gauged run-off supplies five times the amount of nitro-
gen than urban run-off (25percent versus 4 percent). Dredge spoils supply the major 
amount of lead (44 percent) with automotive emissions contributing to the lead supply from 
urban rim-off (19 peroent). Fecal ooliform loads originate from municipal wastewater dis-
charge 	84 percent) (unchlorinated sewage) and sewer overflows reflected in urban run-off 
levels, 15 percent (Mueller st al., 1976). Some estimates of nutrient inputs via the 
Hudson and Raritan Rivers show riverine Input as much as five times the nutrients supplied 
by sewage sludge (Report to Congress on Ocean Dumping Research, U.S. Department of Comuerce, 
1976). Segar and Berberian (1976) discuss the oxygen depletion in the New York Bight apex 
and their conclusions are especially applicable to considerations involving the "marine 
resources Jdll" correlated with anoxic conditions. Their findings point out that low oxygen 
concentrations are the most critical environmental problem in the apex and the depletion of 
dissolved oxygen is due primarily to the decomposition of photosynthetically produced organic 
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Table 4.5 

Wastewater Discharge in the New York-New Jersey Metropolitan Region 
(Sewered Sources) 

source m3/0 u/a, 103  
Fow 

!4imioipal Sewage: 
(treatment level) 

None 14.0 1 	21 2.2 
Primary 28.5 2 462 4.6 
Secondary 51.8 4 470 8.3 

Industrial: 

Manufacturing 50.4 4 356 8.1 
ElectricalGeneration 480.0 41 666 76.8 

Approximate Total 625 54 166 100 

From: Gross, 1976.  Sources of Urban Wastes. .Ain.Soc.Limnol. and Ocean. 
Special Symposium 2 

matter. Midsummer primary productivity in the apex region is high due to high nutrient 
levels, especially of nitrogen. The bulk of the nitrogen supply comes from sewage treatment 
plant effluents discharged to the rivers systems. They felt that ocean dumping does not 
cause the low oxygen levels and that nutrient removal during the wastewater treatment pro-
cess would have reduced or el{mi,ted the anoxio conditions. Table 4.6 summarizes total 
mass loads of six parameters into the New York Bight and for each load, the percent due to 
each source. 

The impact on organisms of contaminant discharges into the Nov York Bight area have 
been cited by O'Connor, 19761  and reviewed by Sindermann, 1976.  Fkaxoples include: (i) Fin 
rot disease in the winter flounder, Pseudopleuroneotes americaxius and a statistically sig-
nificant higher incidence of infection is found on specimens caught within the apex: (2) 
Exoskeletal "shell disease" of American lobster, Homarus americanus and the rook crab Cancer 
irroratus, on appendages where spoil sediment accumulated (Pearce, 1972; (3) Rarity of com-
mercial sizes (over 7.6 cm) surf clams, Spisu].a, in an area of 1 550 Ian surrounding the 
dump sites and an unusually low density of macrofaima compared to unpolluted areas; (4) High 
ccnoenratious of ooliform bacteria in shellfish near the sewage sludge site. An area of 
383 1cm around the sewage sludge area was closed for harvesting shellfish. Because of ocea112  
ou'tfalls and rim-off the ban was extended to shore bringing the total closure area to 838 Ian 

There were ttfish Idll" incidents off New Jersey in 1968 1971  and  1974 (U.S. Department 
of Commerce, Middle Atlantic Coastal Fisheries Center, 1976 3. During the summer of 1976 
reports from divers, commercial fishermen, and scientists from the Middle ktlantio Coastal 
Fisheries Center at Sandy Hook, New Jersey indicated that massive mortalities of fish and 
shellfish were occurring along the New Jersey Coastal Zone of the New York Bight. A persis-
tent anoxic layer of water was found below the thermooline. In addition to dissolved oxygen 
levels below two parts per thousnad, high concentrations of hydrogen sulfide (1 .76 parts per 
thousand) were present even as high as 15 m above the bottom. Water samples indicated that 
bottom waters in depths of at least 20 m had oxygen levels below 0.05 parts per thousand. 
Surface waters were well oxygenated. A flooculent layer awas observed at least 1 cm thick 
on the bottom in the fish Idli area. The floocu].en't material was present throughout the area 
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Table 4.7 

Atmospheric Esission and Estimated Metals Fallouts 

Parameter Mass Emission Raie", Metric Tons/Day 

Particulatea 537 
Sulfur oxid.es 1 450 

Nitrogen oxides 1 690 
Hyth'ocarbons 3 380 
Carbon monoxide 12 800 

Total Fallout/ Metric Tons/Day 

Aluminum 45.6 
Cadmium 0.13 
Iron 39.6 
Lead 6.4 
Zinc 8.7 

EPA, Air Quality Control Region 043, 1972 
Estimated at three times dry fallout 

Source: Mueller et al., 1976 

and was identified as predominately a mass of the dinoflagellate, Ceratium trjpos • In mid-
depth and even in surface layers varying concentrations of Ceratium were found. Additional 
input of inshore blooms of other phytoplankton species was found in the affected area. 
Decomposition of this phytoplankton mass was considered sufficient to depress the dissolved 
oxygen levels near the bottom (Malone, 1976  cited in Mortalities of Fish and Shellfish 
Associated with Anoxio Bottom Water in the Middle Atlantic Bight, U.S. Department of Commerce, 
National Marine Fisheries Service, Mimeo Report 27 pp. 1976a). Cumulative nutrient input 
from coastal urban population centres could provide nutrients to support the massive phy-to-
plankton bloom which developed in the Bight during the spring and summer. The only unusual 
physical environmental factor was uninterrupted predominately southwesterly winds along the 
New Jersey coast for over a month before the fish kill was discovered. Upwelling of colder, 
low oxygenated water coupled with the phytoplankton bloom and subsequent decay could have 
amplified the anoxic conditions (U.S. Department of Commerce, 1976,  2p, cit.). Figure 4.6 
illustrates the general surface water circulation during the summer months. "While these 
blooms may be due to several environmental factors in addition to organic loading from sewer 
effluents, it is apparent that blooms are now annual occurrences off some parts of the coast-
line" (Sinclermnazm, 1976). It should be pointed out that the proportionate influence of 
natural phenomena and man-made inputs into the New York Bight and the subsequent impact on 
biological systems, including fisheries, is not clearly delineated. It is clear that several 
factors contributed to the massive mortality experienced by marine organisms on the New Jersey 
coast. 
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4.4 Impotof Anoxic Bottom Water 

The anoxic water oonditions that occurred o?f the coast of New Jersey principally had 
an impact on Monmouth, Oceah, and Atlantic counties but also affected Cape May and Cuinberl&nd 
counties whee marine resources-dependent industries are located.. The, ocean area affected 
was 7  767 kin . Mortalities, numbering in the billions of organisms, included the following 
commercial species: lobster, surf clams, crabs, hakes, flukes, winter flounder and sea bass. 
Normal migrations of summer and winter flounder were disrupted, causing them to concentrate 
in areas whioh then were heavily fished by sportfisherinen. Racovez7 in the lobster and surf 
clam is not expected for four (lobster) to seven (surf clam) years (New Jersey Department of 
ivironmental Protection, 1976). Table 4.8 lists species reported in mortality observations, 

July-August 1976. 

Table 4.8 

Species Reported in Mortality Observations, July-August 1976 
Only Species Reported by 2 or More Observer Groups 

Reports 

Species MACFViI 
Survey 

Sport 
Dives 

Commercial 
Fishermen Beach 

Silver Hake 
(Merluooius bilinearis) X X X 

Red. Hake 
(Urophycis chuss) X X X 

Ocean Pout 
(Macrozoarces amerioanus) X X X 

Tautog 
(Tautoga onitis) X X 

Cunner 
(Tautogolabrus adapersus) x X 

Summer Flounder 
(Paralichtb3s dentatus) X X 

Blue Mussel 
( 1&ytilus adulis) X X 

Surf Clam X X 
(Spisula solidissima) X X X 

Lobster 
(Homarus americanus) X X X 

Rock Crab 
(Cancer irroratus) X X X X 

Jonah Crab 
(Canc 	borealis) X x x 

/ Middle Atlantic Coastal Fisheries Center, 
National Marine Fisheries Service, Sandy Hook, New Jersey 

Source z Middle Atlantic Coastal Fisheries Center. 
National Marina Fisheries Service, Sandy Hook, New Jersey, 1976 
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The number of commercial fishermen employed in the state of New Jersey in 1973 was 
2 978 and the number of fishing licenses issued in 1974  was 2 633 (New Jersey Department of 
Labor and Industry). In a survey conducted by the Division of Fish, Game and Shell Fisheries 
of New Jersey, 7.2 percent of the total finfish fleet was sampled and economic losses were 
calculated on reports of 9.8 percent of the commercial finfish boats in the area affected. 
The average loss per boat sampled was U.S.$ 17 625. Expanding the average loss to the 82 
boats located north of Cape Kay county results in an estimated loss of U.S.$ 1.45 million 
to the finfish fleet for the four months, July-October 1976.  In addition, the state of 
New Jersey economy lost U.S.$ 3.61 million in fiafish—related expenditures due to lost 
landings (New Jersey Department of Environmiental Protection, 1976). 

Figure 8. 8urf Clem Ilertality and Low Ogsn Areal  Now York Bight 
(at tsr latiozisi Ilarizis Fi.h.riea 9.rvio., 1976) 
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The surf clams, Spisula solid.issima, account for 80 percent of the shellfish land.ingè 
and 42 percent of the shellfish value in the state. In a resource survey in April-May 1976 
prior to the onset of the anoxic oonditiona the coninercial surf clam population was esti-
mated at 84 845 metric tone in the 5 500 ks area affected. Mortality levels rose from 
10 percent in August to over 50 percent in mid-September and in some areas 100 percent mor-
tality was found. Based on biomass estimates, 59 000 metric tons of surf olams have been 
lost and this loss off the New Jersey coast (Juiy-Auguet) has been estimated to be 5 percent 
of the total surf clam resource in the Middle Atlantic Bight (Middle Atlantic Coastal 
Fisheries Center, 1976,  Red Flag Report No. 76-2). The impact is further amplified because 
the spaming period extends from June to mid-August. This was the peak period of anoxic 
water conditions and highest mortalities. 	- 

According to Halgren, Fle and Critohiow 1976, the estimated mortality of 7 million 
bushels represents 32 percent of the available surf clam stock of New Jersey. The landing 
value per bushel is U.S.$ 1.30, reBulting in a potential loss to comeercial surf clam fisher-
men of U.S.$ 9 million per year. Since the surf clam reaches market size in seven years an 
annual loss for the seven-year recovery period could represent a total U.S.$ 63 million loss 
to the comeercial fishermen. Annual harvest in New Jersey, primarily from the area affected 
by the anoxic water conditions, has been 2.1 million bushels or 16 130 metric tons (New 
Jersey Department of Environmental Protection, 1976). Figure 8 shows the surf clam harvest 
area affected by the anoxic water conditions. 

The American lobster, Homarus azaericazius, accounts for about 15 percent of the value of 
the shellfish landings in New Jersey (1975).  There was a 28 percent reduction in lobster 
catch from June to September 1976 in the area aff.oted bj the anoxio water mass (New Jersey 
Department of Environmental Protection, 1976). Lobster landings in two counties declined 
50 percent compared to 1975  (Middle Atlantic Coastal Fisheries Center, 1976)0  Applying the 
28 percent rate to the time period of September-December, there will be a catch reduction of 
84 metric tons for 1976.  Using a dockside price of U.S.S 4.34 per kg, the net loss for 
1976 will be U.S.$ 365 000. Since it takes four years for lobsters to reach marketable size 
the 28 percent mortality if applied equally to under-sized lobsters will be felt in stock 
reduction for the next four years because of reduced recruitment. According to Haigrea 
and Pigley, 1976,  this loss of recruitment will result in losses amounting to U.S.$ 516 102 
in 1977  and proportionate losses, with price increase adjustments for subsequent years. 
Other economic factors may ameliorate this impact. Table 4.9 snniwizes the estimated com-
mercial fishing losses due to anoxic water conditions. 

Marine sportfishing is a major recreational activity in the state of New Jersey. Party 
and charter boats exhibited an average economic decline of 22 percent during the most active 
portion of the season. The loss of revenue for party boats was an average U.S.$ 13 607 
(18 percent of the fleet were sampled). There are 76 party boats in the affected area thus 
resulting in an economic loss valued at U.S.$ 1.03 million. The charter boats sampled 
(io percent of total fleet sampled showed economic losses averaging U.S.$ 3 976). There 
are 174 charter boats in the area that f.lt the effects of the "marine resource" kill, 
'iving a total economic loss of U.S.$ 0.69 millIon. A total of 93 men lost their jobs 
(New Jersey Department of &ivironmental Protection, 1976). 

During the previous year (Jul3'-Septen1b.r 1975) a total of 104 223 private fishing trips 
were made in the affected area. If we assume three things: (1) Private boat ocean fishing 
declined to the same extent as party and charter boat fishing (22 percent), (2) &penditurea 
of U.S.$ 10.77  per man/day (according to U.S. Department of Interior, 1971), (3) There will 
be four fishermen per boat then the economic losses of the private ooean fishing would be 
U.S.S 0.99  million for the sumner period of the "fish" kill. Table 4.10 sunnnarizes recrea-
tional fishing losses attributed to the fin and shellfish mortalities. 
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Table 4.9 
Sunmiary of Estimated Coimnercial Fishing Losses Due to Anoxio Water Conditions 

New Jersey 1976 

Reduction in 
Estimated % l&ings Total Estimated 
Stock Affected (Metric Tons) Loss (u.s.$ 1 000) 

Surf Clam Fishery 32 59 000 9 000 
Lobster Fishery 28 366 

Finfish FisherY 1  17 8 000 1 450 
11 

Total 67 000 10 816 

/ Value of loss for finlish calculated on an average loss per boat • Value of reduced 
landings is the product of percent affected fishermen X 1975  finfish catch 

Based on: Report by State of New Jersey, Department of Esvironmental Protection, Division 
of Fish, Game and Shell Fisheries, 1976 

4.5 Other Fish Kills 

From fish kill records compiled by the U.S. Havironmental Protection Agency it is evident 
that apart from the anoxic oonditions noted in the previous section the leading causes for 
such kills in the Middle Atlantic states are sewerage and industrial wastes (1973-75). 
Together they account for 75 percent of the number of reports that identify the source. Such 
causes are indicative of the urban development and industrialization of the region. The 
Virginia and Maryland estuarine eooayetem account for the highest number of fish mortalities 
for the years 1973-75.  In 19731 Virginia waters gave the highest mortalities (based on one 
massive incident). This massive kill (7.5 million fish) was due to over-chlorination of 
waste effluent. Many sportfish were affected and exhibited broken vertebra. A reduced fish 
kill occurred for the same reason in 1974  (Bellanca and Bailey in press). In 1974 1, Maryland 
had the higher number of mortalities and the higher number of incidents reported (six). 
Maryland. and Virginia had equal numbers of kills but Virginia a higher number of mortalities 
in 1975.  The data base for 1976  is not complete. In the Middle Atlantic states, Maryland 
waters yielded the highest number of fish mortalities for the years 1972-75.  In 1974,  one 
county in Maryland, during one month (August), reported 101 million fish killed due to dis-
charge from a sewage plant. The largest single kill reported in Maryland was 47 million 
fish. 

In 1974  the Middle Atlantic states ooaetal zone experienced a monetary loss estimated 
at TLS.$ 10.2 million. Marylanda]oneaócountedforU.S.$ 10 million of the total. During 
1973 fish loss in this region was U.S.$ 839 000 with Virginia having U.S.$ 750 000 loss. 
A survey of major pollutants and the fishery associated with fish kills (Bell and Canterbery, 
1976) found that all the Middle Atlantic states that responded cited immicipal waste (sewage) 
to be the major pollutant. In Maryland the major fishery affected was menhaden and in New 
Jersey shellfish were affected. 

As in the evaluation of fish kills in the (]ulf of Mexico the methods used by Bell and 
Canterbery (1975) and Pihansicy (1973) were applied. Reservations on the recording and 
reporting system must also be kept in mind. If we utilize the two-thirds ratio assumption 
and the value of 10 cents per dead fish reported the fishery revenue loss in fish kills 
can be determined. as follows (for the Middle Atlantic states): 

1973 - U.S.$ 	839 200 
1974 - U.S.$ 10 211 600 
1975 - U.Z$ 	10 700 
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Table 4.11 suninarizes the reported fish kills and their values for the Middle Atlantic states. 
The table was constructed from U.S. Environmental Protection Agencies file reCords and 
U.S. Environmental Protection Agency, 1975 "Fish Kills Caused by Pollution in 1973". 

Table 4.11 

Fish Kills and Values - Middle Atlantic States Coastal Zone 

Year Location Water Type 
Number of 

Fish (1 000's) Cause  
Value 

1976 New York Estuary 2-3 Not Given 

(let 6 New York Estuary 1 Unknown 
months) Delaware Estuary 225 Low Dissolved Oxygen 

1976 Total 229 22 900 

1975 New Jersey Salt 12 Unknown 
Delaware Salt 1 Low Dissolved Oxygen 
Maryland Estuary 1 1\el Oil 
Maryland Estuary 10 Sewerage 
Virginia Estuary 80 Chlorine 
Virginia Estuary 3 Aninonia 

1975 Total 107 10 700 

1974 New Jersey Salt 10 Raw Sewerage 
New Jersey Estuary 20 Thersal 
New Jersey Estuary 200 Sewerage 
Virginia Estuary 9 Chlorine 
Maryland Estuary 77 Sewerage 
Maryland Estuary 10 700 Sewerage 
Maryland Estuary 47 700 Sewerage 
Maryland Estuary 11 000 Sewerage 
Maryland Estuary 31 900 Sewerage 
Maryland Estuary 500 Heavy Metal 

1974 Total 102 116 10 211 600 

1973 New Jersey Estuary 5 Power Co. 
New Jersey Estuary 112 Power Co. 
New Jersey Estuary 1 Power Co. 
New Jersey Salt 543 Unknown 
Maryland Estuary 125 Metals 
Maryland Estuary 30 Metals 
Maryland Estuary 31 Metals 
Maryland Estuary 45 Metals 
Virginia Estuary 7 500 Sewerage 

1973 Total 8 392 839 200 

Grand Total 110 844 x 10 11 084 400 

Source: U.S. Environmental Protection Agency, 1975 and file records 
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4.6 Dredging and Pull 

Dredging and filling operations are prime components of physical alteration of estuarine 
ecosystems. Dredging activities to improve and maintain shipping operations are present 
throughout this area. Four major port systems are fimd in the Middle Atlantic region: 
New York-New Jersey (the nations largest with 579 ice of harbour), Delaware River Port (large 
petrochemical processing plants nearby), Baltimore Harbor (at the head of Chesapeake Bay 
with 200 piers and wharves), Hampton Roads (18 km of developed waterfront faoilitiea). In 
1973 these ports handled 21.2 million metric tons of cargo, including 38 000 metric tons 
of crude oil and petroleum products (U.S. Department of Interior, 197 6 	Dredging not only 
removes what may be suitable substrate, but it alters flow patterns (evident in Chesapeake 
Bay), resuspends sediment and in addition the dredge spoils 'ut be deposited elsewhere. 
Drede spoil input to the New York Bight area is in excess c 7 million m per year (O'Connor, 
1976). Dredge spoils deposited along the Atlantic coast amount to 14 010 metric tons and 
79 percent of the total wastes disposed (Lacy and 3Rey, 1974).  Maintenance dredging of the 
Baltimore Harbor complex in 1973 removed 228000 a at a cost Rf almost U.S.$ 300 000. Main-
tenance dredging of the New York area averaged 4.2 million m'/year (1971-75) and the 1976 
cost was projected to be U.S.$ 9 million. Cost for oen ocean disposal is U.S.$ 7.14 perm 
disposal in the New York Bight costs U.SJ 1.67 per a (Skjei, 1976).  Table 4.13 summarizes 
input to New York Bight. 

Reclamation of wetlands for urban development and creation of sites for industrial Com-
plexes involves channelization, dredging and filling of productive tidal and submerged areas. 

Population centres of the Middle Atlantic states exert pressure for the development of 
additional housing. Sizeable coastal areas are apportioned for recreational activities, 
state and federal lands, or are not accessible to development. Recreational fishing in the 
five-state area, based on state and federal surveys, amounted to over 31 million user_days 
annually. These figures combine data available for 1973 and 1974 (U.S. Department of Interior, 
1976b). Large areas are under agricultural development and expansion of this use may require 
drainage, filling and the subsequent channelization will add to run-off associated pollution. 

As stated in the Gulf of Mexico section, estimates of the proportion of estuarine-
dependent species in commercial landings varies from 63 t& 93 percent of the total catch. 
This proportion may not be the same in all regions; it may be higher in the Gulf of Mexico 
than in the Middle Atlantic. For the present purpose the same proportion and the same method 
of estimating the value of commercial catch corresponding to each ha of estuary has been 
used as in the Gulf of Mexico (see Table 2.7).  The latter figures of value are not incon-
sistent with the yield per ha of 92 kg estimated by Stroud (1973). Table 4.12 summarizes 
the loss and value of the loss due to dredging and filling in the Middle Atlantic states. 
Value per ha is based primarily on shellfish resources harvested. 
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Table 4.12 

Loss of Estuary Habitat Due to Dredging and Fil1in Middle Atlantic States, U.S. A. 
(&rea in Hectares) 

Total Area of Area Lost by Annual Loss in 
Estuary Important Dredging Catch Value 

State Area Habitat and Filling Value/ha (u.s.$ 1 000) 

New York 152 407 53 622 8 013M-1))' 330.00 2 644 
New Jersey 315 014 166 451 21 813  74.95 1 634 
Delaware 160 057 61 675 3 440 22.31 76 
Maryland 569 040 152 286 

~ 5:6  
404 	 03 92.20 37 

Virginia 675 839 173 249 - 971 	(0.6 90.92 88 

Totals 1 872 357 607 283 34 641 (6.9) 4 479 

21 Number in ( ) indicates percent of important habitat lost 

Based on a combination of: National Estuary Study, U.S. Department of Interior 1970 and 
Tihazia1'- and Nsadeg  1976,  Economic Contribution of Commercial 
Fisheries in Valuing U.S. Estuaries 

Table 4.13 

Contaminant Input to New York Bight 
(Area Population: 18 Million People) 

I Material 	 AmoLult 	 I 
Dumping: (m3/year) 

Sewerage Sludge 6  34 x 10 
Dredge Spoils 7 x 106 
Acid Wastes 2 x 106  
Construction Debris 4.5 x  105  

Cellar Dirt 

Atmospheric Fallout: (metric tons/year) 
Cd, Cr, Cu, Fe, Pb, Zn 3 940- 32 000 

Suspended Solids: (metric tons/year) 49 000-500 00 

Total Nitrogen: (metric tons/year) 24 000 

Wastewater: (metric tons/year) 
Oil and Grease 72 000 
Total Nitrogen 79 000 

Run-off and Gromd.water 	(metric tons/year) 

Oil and Grease 124 000 

Total Nitrogen 55 000 

Source: O'Connor, 1976 
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4.7 Shellfish Area Closure 

This area with its open coastal beaches, low-lying tidal marshlands and the tributary 
estuarine system of Chesapeake Bay provides prime habitat for molluscan shellfish. In 1 9759 
the Middle Atlantic region supplied 86 percent of the national surf clam (Spisula) harvest, 
59 percent of the hard clam (Mercenaria) l*nilinge, 40 percent of the oyster (Crassoetrea) 
catch. Hard clams and oysters are harvested within 5 km of the shore. About half the surf 
clams are located in the 0-5 km area and 45 percent were found offshore, 19-321 km. Table 
4.14 summarizes major Middle Atlantic molluscan shellfish catch (U.S. Department of Commerce, 
Fisheries of the Tited. Staies t  1975). 

Table 4.15 sums.xizes the information on the different classes of shellfish grounds, 
using the classification of the National Shellfish Sanitatic Program previously described 
(see Section 2.5). 

New Jersey had the largest percentage loss (30.3 percent) of available sheilfishing 
grounds while New York State had a larger area of closed grounds (61 172 ha) and was second 
in percent loss (14.8 percent). Maryland and Virginia, 7.3 and 8.0 percent closed areas 
respectively, each contain almost 0.5 million ha of shellfishing area. 

Since areas that are classified as closed are produotive shellfish grounds an estimate 
can be made of the value of shellfish lost through fecal ooliform contamination. It should 
be noted that all potential grounds are surveyed and non-productive areas are also classified 
in the National Register.  Maryland and Virginia led in production of oysters for the Middle 
Atlantic states (7 259 metric tons and 2 495 metric tons respectively). Virginia had the 
larger closed area than Maryland and twice the lost revenue (u.s.$ 747000) than did the 
Maryland oyster fishery. Table 4.16 summarizes the estimated loss in value from closed 
oyster grounds in Chesapeake Bay (U.S. Department of Commerce, 1977. Draft of Comprehensive 
Review of Commercial Oyster Industries in the United States). 

Several regions have reported closures and estimates of losses due to industrial as 
well as domestic pollution. New York has accounted for 63 percent of the ezvessel value 
of all hard clams landed in the past ten years. New York reports that 25 percent of the 
232 699  ha is closed to hard clam harvesting because of poor water quality due to storm-
water nm-off and sewage outfalls (Ritchie, 1976).  This represents 1 315.6  metric tons of 
lost landings. Value of the landings due to pollution would amount to U.S.* 3.9 million 
(based on and assuming 1975  ax-vessel prices would prevail). New Jersey reported that 
36 746 ha of a total 93 241 ha of oceanic water within the 5 km limit is closed to surf 
clam harvest due to pollution. in the apex of the New York Bight (area between Long Island, 
New York and New Jersey) 310 km is closed to surf ol{'ig because of industrial pollution. 
An area offshore from Maryland and Delaware is also closed for surf clams due to ocean 
dumping of industrial waste and sewage sludge (Sugihara, 1976  In Ritchie, 1976). 

In Raritan Bay, between New Jersey and Staten Island, New York, a large shellfish 
industry existed until 1961.  A large portion of the bay was closed to ehellfi.hingbecauae 
of bacteriological contamination. An outbreak of hepatitis was traced to shellfish from 
the bay. Hard clams (Meoenaria) are primarily oonsued raw or lightly steamed. About 
5 percent of the 233 km area was harvested (11.7 Iou ). Using the lower conservative yield 
figures from Wasserman, 1970,  the annual yield (1 000 bushels/ba at U.S.* 1.50/bushel) value 
would be U.S.$ 4.3 million. In another portion of the bay complex, with a limited open area, 
the annual harvest is U.S.$ 40 000. 
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Table 444 
Summary of Major Middle Atlantic Molluso Catch 1975 

Value in Metric Tons 

New York New Jersey Maryland Virginia Total 

Surf Clam 2 077 16 152 426 17 735 36 390 
Hard Clam 3 947 726 26 493 5 192 
Oysters 956 441 7 259 2 495 11 	151 

Total 6 980 17 319 7 711 20 723 52 733 

Source: U.S. Department of Commerce, 1976.  Fisheries of the United States, 1975. 
Current Fisheries Statistics No. 6900 

Table 4.15 

Shellfish Area Classification in ha (U.S. Etivironmental Protection Agency, 19751 
National Shellfish Register, 1974) 

Middle Atlantic States 

State Open Conditional Closed % Open % Condit. % Closed 

New York 193 214 107 61 172 47 Trace 14.8 
New Jersey 99 066 3 054 48 413 62 1.9 30.3 
Delaware 83 057 61 11 437 75 0.1 10.3 
Maryland 491 326 4 582 79 7.3 
Virginia 532 473 293 48 692 88 Trace 8.0 

Total Area 
(ha) 1 399 136 3 515 174 296 

Open Waters: Approved by state agency for direct market harvesting 

Conditional: Meet "OP" standards but are subject to periodic closure 

Closed: 	Closed for harvesting of shellfish due to hazardous levels of contamination 

Table 4.16 
Rstimated Loss in Value from Closed Oyster Areas Middle Atlantic States, U.S. 1975 

Productivity Closed Area Meat Wt. Price/kg Value Lost 
Factor (ha) (Metric Tons) (u.sj) (u.s.$ 1 coo) 

Maryland 	52.1 3 111 181 1.96  357 
Virginia 	8.24 72 237 667 1.11 747 

Total Loss 1 104 

Productivity Factor: 1975 production divided by 1975 Open Area (ha) 
Price/kg: 1975 ex-vessel prices for each state 
Source: U.S. Department of Commerce, National Marine Fisheries Service, 1977 

Draft of Review of Commercial Oyster Industries in the United States 



- 51 - 

4.8 Beneficial Aspects of Pollution 

Dredge Spoils 

Dred,ge spoils can be used for the construction of recreational facilities or the expan-
sion of already existing sites. These sites can be used for a variety of purposes: beaches, 
marinas, parks, cultural and sport facilities, which may include fishing. 

Several recreational uses of dredged material are proposed for the New York Bight area. 
Dredged material and construction rubble are planned for use in the construction of at 60-ha 
recreational facility in Long Island Sound. Also a diked disposal site is proposed just 
offshore of Staten Island. Portions of the site would re-create the original regional 
environment, and this would present finfishing and shelifishing opportunities. Value of the 
site for fishing activity would be dependent upon success of the environmental reetoration 
and the level of visitation. 

Artificial Reeis 

It has been quantitatively demonstrated that bioniasa is increased with placement of an 
artificial reef (Richard Stone, 1977, personal communication). Although such a man-made 
habitat does obtain recruitment from adjacent areas where carrying capacity has been exceeded, 
the additional food supply, protective riches and spawning sites enhance th productivity 
of such an artificial substrate. 

Most man-made reefs are a composite of solid waste materials. In descending order of 
construction composition artifioial reefs are made up of: old tires, surplus scrap ships, 
oar bodies and concrete culveriB. There are 21 artificial reefs in the Middle Atlantic 
Region (Stone, Buchanan and Steimle, 1974). Scrap tire units are the predominant construction 
material and the 21 reefs of the region contain 132 440 tires. 

Comparison of fishing suoceas between natural and artificial habitats must be carefully 
evaluated. A number of factors not related to the habitat itself tend to bias such an eva-
luation (i.e, access, fishing techniques variation, angler preference, species occurrence, 
fishing pressure). A comparison survey in the New York Bight area found that party boat 
anglers, engaged in bottom fishing, spent only 14 percent of their angler hours over man-
made habitats (including ship wrecks) and caught 25 percent of their catch from such habitats. 
Fishermen caught twice as many fish (based on angler-hours) from these artificial reefs com-
pared to natural habitats but fewer species were caught than over natural bottom habitat 
(zchanan, 1972).  Stone et al. (2p. cit.) found that artificial reefs increased angler 
catch for species associated with rooIçr habitats but showed no improvement in catch success 
for pelagic species or species associated with open bottom substrate. 

Though the Middle Atlantic region has no active or expired lease areas for exploration 
of oil and natural gas on the continental shelf, lease areas totaling 86 000 ha were sold in 
August 1976  for U.S.S 1.13 billion to 39 gas and oil companies. Implementation of lease 
sales for this region has been blocked by federal judicial action because of environmental 
law violations. 

The lease area extends roughly in a northeast direction on the edge o the continental 
shelf inside the 200 m depth curve and south of the main New York Port shipping separation 
zone. The closest lease tract to shore is 64 ion at sea and the tracts extend to 144 km off-
shore. The U.S. Geological Survey estimates that between 5 and 20 drilling rigs will be 
employed at one time (25-year field life) and that between 10 and 50 platforms will be 
present. These platforms will serve as artificial reefs and no doubt will provide sport-
fishing habitats as has been evidenced in the Gulf of Mexico. Because of the distance to 
shore (64-144  kin) and since aportfishing in the Middle Atlantic region is primarily a small 
boat, day-use activity, the fish population enhancement quality of the platforms will not 
aigaificantly increase sportfishing activity (U.S. Department of Interior, 1976a. Fioviron-
mental Impact Statement, Lease Sale No. 40). In contrast, Gulf of Mexico drilling and 
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production platforms are as close as 4.8 ks from shore. Charter and some private sportfishing 
boats do engage in deep-sea fishing from New Jersey, Maryland and Virginia making trips of 
25-62 km offshore to the Hudson and Baltimore Canyons. Bilifish (white and blue marlin, 
swordfish), tuna, tilefish and sharks are primary species landed. Firen with increased size 
and number of available vessels the costs involved and the accessibility of existing sport-
fishing grounds will minimize sportfishing asags of the platforms. Quantification of the 
impact of the offshore platforms as artificial reefs is not practical. 

Thermal Addition 

The Middle Atlantic region contains the major population centres on the eastern coast 
of the U.S.A. with over 11 million people in these metropolitan areas. Vast quantities of 
waste heat is produced in generating the electricity to supply this population, and much 
of it is dissipated as cooling water discharged into coastal waters. 

There are 13 thermal discharges (in operation or planned) into the coastal zone in this 
region (New York, 5; New Jersey, 5 and Maryland, 3).  Benefits from utilization of thermal 
additions for marine aquaculture are: increased periods of growth, accelerated growth, ability 
to control water temperatures and raising species outside their normal range. There are some 
serious drawbacks such as: possible interruption of heated effluent, increased risks of 
diseases and parasites, gaseous supersaturation, and uptake of contaminants from the power 
plant (Huguenin and R.yther, 1974).  Several experimental or demonstration aquaculture pro-
grammes are underway along the United Statel eastern seaboard. 

A conmiercial project using thermal seawater discharge is the Long Island Oyster Fam 
Operation. The discharge from the Long Island Lighting Company power plant is about 11 C 
above ambient and is uncontaminated because no chemicals are used to prevent fouling in the 
cooling coils. Spawning is induced throughout the year in breeding tanks and after six 
weeks in the hatchery the oysters are placed into trays in the cogling water lagoon next to 
the power slant. Lagoon water temperature does not fall below 10 C in the winter or rise 
above 29.4 C in the summer. The oysters remain in the lagoon from 2 to 4  months and number 
between 30 and 40 million oysters. The young oysters are then moved to open bay waters and 
placed in beds within a 4 000 ha area operated by the farm. The time spent in the hatchery 
and the lagoon accelerates the natural growth rate of these stages so that maturity and har-
vest will occur in three instead of five years • The company processes its own oysters, 
produces on a year-round basis, and they are marketed as whole, shucked or frozen on the 
half shell. This company has 125 permanent employees and has sales exceeding U.S.$ 4  million 
(Peterson and Seo, 1977).  For comparison, New York State oyster landings in 1975  were 953 
metric tons with a value of U.S.$ 5.2 million. 
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5. NORTH A!PLAJ!PIC REGION 

5.1 Introduotion 

The North Atlantic region for the purposes of this discussion extends from the 
Canadian-Maine border to the western and of Long Island Sound. (see Figure 9) The land 
portion of the region includes the New England state. of Mains, New Hampshire, Massachusetts, 
Rhode Island and Connecticut. The inshore vatsr bodies inolud.e Long Island, Block Island, 
Rhode Island, Vineyard and Nantucket Sounds and Narragansett, Buzzards, Cape Cod, 
Massachusetts, Saco, Casco and Penobsoot Bays. Offshore areas include the Gulf of Maine and 
the Georges Bank. The shoreline is extensive and totals 6 998 km with Maine (4 022 ice) and 
Massachusetts (1 931 ka) containing 85 percent of the total shoreline. Approximately 
87 percent of the shoreline is in private ownership, primarily in the state of Ma1', 
(97 percent privately held). The wide continental shelf ranges from approximately 240 km to 
30 Ian and extends to depths of 100-200 a. A number of submarine oaiyons out its seaward 
slope. Lease areas in the George. Bank emba.yent region are scheduled for sale for petro-
leum and gas exploratiwi and production. Figure 10 shows the proximity of oil and gas lease 
tracts to major fishing grounds on the Georges Bank. There are 5 major river basins in the 
estuarine system and the North Atlantic estuaries total some 155 000 hooter.. (U.S. Depart-
ment of Interior, 1970). 

There are four separate water masses of f the northeast coast of the region. These 
masses are: coastal water, slope water, Gulf Stream and ocean water. Most of the water 
over the continental shelf in coastal water. Seaward of'this coastal mass is the slope 
water which does at times mix with the coastal water. Beyond the slope water mass lies the 
Gulf Stream which meanders in eddies toward the continental slop, and shelf. Further off-
shore are the deeper water of the North Atlantic Basin. 

Coastal waters have a complex and seasonally-dependent circulation pattern. Seasonal 
winds and coastline influence cause formation of .ddies and Gies. The Georges Bank eddy 
has one of these seasonally-dependent patt.rns with a oyolonio circulation and a generally 
southern drift. North of the George. Bank another eddy, encompassing the Gulf of Maine, is 
formed, This Gulf of Xa{"e eddy is autioyclonio and recsiv.s water from the Atlantic, off 
Nova Scotia. The eddy flow then may diverge, with one portion flowing into the Bay of Pundy 
and the remainder flowing westerly to the coastal margin and turning southerly, either into 
Massachusetts Bay or oomplete the gyro by flowing eastward. The eddy slows during the eumuer 
and in autumn and winter moves into the northeastern section of the Gulf of Maine. Offshore 
winds tend to break up the Georges Bank eddy. Pigur. 11 depicts the surface currents along 
the North Atlantic coast. 

Water pollution problems stem from industrialization and inadequate municipal waste-
water treatment. Rural uses make up 85 peroent of the total coastal area. Population 
density of the estuarine zone (persons per sq km)rangss from a low of 12 (llama) to 315 
persons per sq km in Rhode Island (Wastl.r and Wastler, 1972). Of all the rural land uses 
in this area, forest occupies 47 percent of the total (2.2 million ha). Paper mill effluent 
affects the estuarine zone in Maine. High organic mill wastss cover shellfish beds and 
provide media for bacterial pathog.na. Pulp and paper mill discharge in 550 000 kl per day. 
There are fifteen major fishing ports and 9 major shipping port.. Petroleum shipments made 
up from 75 percent to 93 percent of ceroe in these ports and 88 percent to 99 percent of 
the crude petroleum was of foreign origin. 
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Figure 11. Surface Circulation of the North Atlantic Region 
(after U.S. Department of Comeeroe, 1973) 

Even though shor.line urbanization is low, inland developed areas 574 the incidence of 
inadequate or untreated sewage ocean d.tsoharge affects the ii  hi, region. Conneotiowt 
requires that all wartewater discharged into the ocean is treated to at least primary level 
but only 40% of the oouxiitiea have treatment plant.. Only 64% of the Rhode Island 
population have sewage treatment and some untreated sewage reach. a the inshore area. In 
Massachusetts 2.27 million hi of municipal waatewater in discharged daily. In the Boston 
metropolitan area (population 641 000) combined sewer overflow* enter the estuaries. Raw 
sewage outfalls are present in Jew Raspehire and in Nei m and less that 15%  of the waste-
water plants have secondary treatment (miaox, 1974). Because of high ooliform bacteria 
levels, more than 60 estuaries in this region are closed to shellfiahing. Depuration from 
bacterial oontattjon is possible but it requires transportation and control over the 
prooess (Berg,  1974). 

Electrical power generation has inoreased the thermal load in the estuarine zone. There 
are 6 unclear electrical generating plants in this region. In Connecticut, cooling water 
from power generating amounts to 15 million kl/dar and this is more than 10 time the amount 
of municipal and industrial wastewater discharged daily. Cooling water discharge in 
New Hampshire is nearly 2 million kl daily and in Maine this amounts to 4.85 million hi/day, 
slight].y less than the total industrial wasteyster production (U.S. Department of Interior, 
1977). Chlorine and other antifouling chemicals used in power plant cooling operations 
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combine with metabolic waste products and both can impinge on the aquatio environeent and 
pose a public health hazard. Release and build-up of such chemicals has been involved in 
fish kills. 

The •asterneoat extension of the U. S. continental shelf is the Georges Bank. This 
bank, approximately 42 000 kmZ in area (280 km long by 150 km wide) is one of the most 
productive fishing areas of the world. Fishing by more than 17 nations harvievWnearly a 
million metrio tons of seafood annually (TRIGOM, 1974).  Ba-tisated finfish biomaas from 
the Hudson Canyon to the south end of Nova Scotia is 5.4 million metric tons or 913 kgJha 
(Bdwards 1968). For the five-year perIod (1968-1972) the U. S. landings from the Georges 
Bank, Rhode Island Sound and the Gulf of Maine averaged 0.85 million metric tons annually 
with an estimated value of U.S.S 28 million with 57% of this catch coming from the 
Georges Bank area. The primary methods of commercial offshore harvesting is by -trawling. 
Such species as yellowtail flounder, gray sole, cod, haddock, ser flounder and butter- 
fish are harvested by trawlers. Dredges are used for sea scallops. Lobsters and crabs are 
caught by pots. Longline fishing, purse seining and gillnetting are also carried out. In 
1975 there were neary 31 000 commercial fishermen employed in the New Nngland area. U.S. 
fisheries in the North Atlantic region, in desoending order of value, are: menhaden, 
yellowtail flounder, sea herring, ocean perch, cod, whiting, American lobster, northern 
shrimp, black back flounder and pollack. Shellfish such as hard olams, soft clams, sea 
scallops and oysters are harvested inshore. Table 5.1 sarizes the landings and values 
of the commercial marine catch, 1975,  for this region. Brown (1976)  id.eirtified only 
yellow-tail flounder and mackerel as being under enviroxmental influenoes. Quotas and gear 
regulation have been determined by the International Commission of the Northwest Atlantic 
Fisheries (IcNAP). Both Canada and the United States have eolared a 200-mile fishery 
jurisdiction zone. 

Recreational fishing is significant in the North Atlaritio states with 3.8 million 
participants during the 1973-74  period. Massachusetts had the greatest non-resident 
fishermen at 700 000 persons, while in Maine 71% of the fishermen came from out of the 
state (U.S. Department of Commerce, 1975.  Participation in marine recreational fishing, 
1973-74). In the 1970  Salt Water Angling Survey (U.S. Department of Commerce, 1973) sport-
fishermen from the North Atlantic caught over 267 million pounds of finfish. 

Table 5.1 
North Atlantic Region 

T--'I{nga (1 000 Metric Tons) and Value (U. S. $ 1 000) 
of Commercial. Marine Catch, 1975 (Preliminary) 

I 	Finfish Shellfish Total Finfish & Shellfish 
State I- 

Landings Value Landings Value TI1nge Value 

Maine 46 7 305 17 41 194 63 48 499 
New Hampshire 0.8 327 0.3 979 1.1 1 306 
Massachusetts 111 50 973 5.6 14 766 116.6 65 739 
Rhode Island 32 9 900 3.8 8 870 35.8 18 770 
Coimectiout 2.7 956 0.6 1 679 3.3 2 635 

Total 192.5 69 461 27.3 67 488 219. 8  136 949 

Source: Individual State Summary and U.S. Department of Commerce. Fisheries of the 
United States, 1975-  Current Fisheries Statistics No. 6900, 1976 
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5.2 Oil and Gas Ezloration and Production 

The following material, dealing with the proposed oil and gas lease sale located off-
shore of southeastern New NnglaM, is derived primarily from the Iaft Environuental State-
ment for Oil and Gas Lease We No. 42 9  U.S. Department of Interior, 1977. 

The proposed lease sale area, in the Georges Bank Basin, oomprises 474  626 hectares and 
is located approximately 76-332 1cm offshore in water depths of 36-210 metres with the nearest 
laixIf all being the Cape Cod area of Massachusetts. Projected undiscovered reooveral4e 
resources range from 0.18 to 0.65 billion barrels of oil and 33.9 to 121.7 billion m of gas. 
The range of figures represent the estimated low resource production and the maximum projected 
recovery. Peak daily production may yield between 53 000 to 181 000 barrels of oil and 
13.3-43.6 million m3 of gas. There are estimated to be between 128 to 400 production wells 
and between 10 and 25 platforms. Production life of the field is estimated to be 20 years, 
with peak drilling to take place in the early and mid 1980s  with peak production occurring 
about 1990. 

Potential onshore impact will depend on the extent of reooverable resources. An esti-
mated 663-885 ha will be utilized for onshore operations bases, terminal and storage facili-
ties and gas processing plants. Potential onshore operating bases include New Bedford, 
Boston and Gloucester in Massachusetts; Davisville, Rhode Island; Portamouth, New Hampshire 
and Portland, Maine. All have adequate facilities and are conveniently located. 

Because of quantity of potential resources and the present lack of refineries in 
New Nnglaid, it is most probable that oil will be tankered to existing Mid-Atlantic refine-
ries in New Jersey and Delaware. Gas will be piped through oorridore in southeastern 
Massachusetts or south Rhode Island. One to three pipelines would run from offshore produo-
tion units to onshore facilities. The pipelines would traverse 440-1 575 km from tracts to 
onshore areas. New gas processing facilities may necessitate additional onshore pipeline. 
There is at least one oil product pipeline presently in the coastal region of each of the 
North Atlantic states except New Hampshire. Natural gas tranission lines are to be found 
in the coastal regions of each state in the area. Now oil refineries may be constructed, 
depending on yield, in either southeastern New England or northern Massachusetts Bay and oil 
production pipelined to the refinery looation. Location of new refineries in other North 
Atlantic areas will necessitate tankering. 

nployment projections have been made for the New England coastal region based on 
recoverable resources and onshore activity. On a regional basis, changes of less than 1% 
from base levels could be expected. The proposed lease sale would increase the number of 
jobs in the region from approximately 6 800 to 10 250 persons (i 000 to 2 100 would be 
directly related to oil and gas produotion). It could be expected that the population 
increase for the region would amount to 12 700 to 25 500 persona. The greatest economic 
changes are .xpeoted in areas of Rhode Island and coastal southeastern Massachusetts, 
especially in private investment. 

Oil and gas exploration will affect the fisheries in two general weys: chronic input 
of hydrocarbons and associated drilling brines and physical obstruction or removal of areas 
from fiRhing by pipeline corridors and platform placement. 

The primary hazard in the development of oil and gas resources is the probability of 
oil spills. Spills can result from accidental discharges, intentional discharges and tanker 
casualties. Accidental discharge is oonsidered the major source. A proximity scale for 
spills was developed for use in analysing impacts and discussed in the environeental state-
ment cited above. The proximity scale was based on distance in days a spill was located 
from a signifisant resouxoe (velocity of a spill was calculated to be 19.3  km/day). An 
oil spill occurring in the closest tract from shore (76 1cm) would take an average of 4  days 
to reach shore. Offshore structures were also assigned a proximity value, recognizing that 
an oil rig or platform lies within a signifioant resource or multiple use area or lies out-
side such an area. 
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All of the tracts (206) have a high proximity value for oil spills and structures 
affeoting comeeroial fishing. This indioat.s that all lease blocks represent a high 
disruption potential to comeeroia.1 fishing activities. Using fall distribution of certain 
fish species two tracts are contained in areas of greatest r.lative abundance of fish 
(191-260 fish/tow) aM 123 tracts iie within the area of next highest relative abundance 
(126-190 fish/tow). Species evaluated were domersal spawners with pelagic eggs and included 
cod., haddock, pollack, whiting, red hake, dab and yellowtail flounder (Olson and Saila, 1976). 
A spill from a platform in the autumn would have over a 60% ohanoe of occurring in one of the 
two areas of highest relative abundance. Using spring distribution pattern of the same species 
it was found that no tracts iie within the area of greatest relative abu'doe (126-325 
fish/tow) and only two tracts lie within the next highest relative abundance (76-125 fish/tow). 
Thus a platform spill in the spring would only have a 1% chance of occurring in an area with 
a high density of fish. According to a report from the Marine Policy and Ocean Management 
Program, Woods Hole Oceangraphic Institution, 1976, the most productive io% of the fishing 
area prodüoes 37%  of the catch or expanded 16% of available space produces 50% of the domestic 
catch. This report also concluded that, using their criteria, the hypothetical reduction 
in oatoh would be 0.06 and if space between platforms would be unavailable for fishing the 
catch reduction would be 0.7%. Mortalities could also occur in early life stages of com-
mercially important species. Combining spawning area data with tract location it can be 
seen that 9% of the total tracts (41 000 ha) are contained within cod and herring spawning 
grounds and 15% of the total lease salo area (71 000 ha) lie insid, the whiting and red hake 
spawning grounds. 

Pormation waters (brine.) are produced during the oil and gas productioz phase. These 
waters have virtually no oxygen, high concentration of sodium chloride, suspended solids and 
trace metals and may contain up to 30 ppm of oil. In general the ratio of formation water to 
oil produced is 1:1 and up to 181 000 barrels a day of formation water will be produced during 
peak oil and gas production. This volume will introduce 253-862 1 per day of oil into the 
environment or a total of 2.6 million barrels of oil over the 20..year life expectancy of the 
oil field.. 

The probability of oil spill impaot on the pelagic species on the Georges Bank is higher 
than for lath-based resouroes. There is a 93% probability that at least one major spill will 
occur from platforms and tankers. The expected number of minor spills is 1 778 with 99% oba.noe 
that at least one spill will occur. The probability of an oil spill impacting on cod, haddock, 
silver and red hake spawning grounds is from 32-61% depending on origin and tanker route. 
Table 5.2 siiizes predictions of thefrequency of oil spills arising from the proposed deve-
lopment. The patterns of impact on fisheries of the spills and other events would presumably 
be similar to that of the oil industry in the Gulf of Mexioo. 

In addition to the possible impact of future offshore oil drilling, there is already 
appreciable oil pollution from other sources, partieu].arly acoidants to oil tanker, bringing 
oil from outside the region. Table 5.3 sumearizes the spills that occurred in the region 
from 1960 to 1974. 

An oil spill of 246  metric tons of number 2 fuel oil in Buzzards Bay, Massachusetts, 
conti-iiated aollu.soan shellfish in the area and caused the closur, of these beds. This 
closure, regardless of the rationale, resulted in an estimated shellfish harvest loss of 
U.S.$ 150 000 (Blumer at al., 1970). 

The study of oil spill recovery in Penobscot Bay, Maine, reported on].y 22 out of 
157 metric tons of the estimated standing crop of soft clams survived (Dow, 1976). The 
effects of this spill resulted in an 85% mortality up to three years after the initial 
aocid.ent. Using the 1975 ex-vessel price of U.S.$ 1.75 per kg, the value of lost yield, 
as shucked meats, was U.S.* 236 250. 



The grounding and breakup of the tanker ARGO JRCRANT off Ianiuoket Shoals in 
Deoeniber 1976 led to the spilling of 22 million litres of industrial fuel oil. Basterly 
wiixls caused the spill to reaoh the GeOrges Bank with a large part of the oil sinking to 
the bottom and harvested sea scallops were unsalable because of contamination. The spill 
did not reach shore and no fish kills were reported but large nbers of birds were 
contaminated with oil. Some shellfish from the contaminated area have exhibited lower 
respiration rate than control i4als and cod and pol].aak eggs collected from the affected 
area did not develop normally. Studies of the effects of the spill are continuing and thus 
far U.S.$ 1.4 million has been spent on combating the effects of the spill (Coastal Zone 
Management, 1977). A report of studies and preliMnary conclusions are in preparation by 
the U.S. Departsent of Coiseeroe. 

Table 5.2 

Oil Spill Frequency Estimates by Source for North Atlantic 
LGase Area No. 42 During Production Period (20 Years) 

Voline and Source 17pected 
Niber 

Probability 
of at least 
one spill 

Spilla:1 000 barrels - 

Platforms 1.1 0 1 65 
Pipelines 1.3 0.69 
Tankers 1.7 0.81 
Platforms and Pipelines 2.4 0.89 
Platforms and Tankers 2.8 0.93 

Spills: 50-1 000 barrels 

Platforms and Pipelines 8.9 0.99 
Platforms and Tankers NA NA 

Spills: 0.50 barrels 

Platforms and Pipelines 1 778 0.99 
Platforms and Tankers NA NA 

Souroe: Draft Euviroamental Statement f or Oil and Gas Lease We No • 429 
U.S. Department of Interior, 1976 



- 61 - 

Ssnary of Oil Spills, North Atlantic 1960-1974 

Location Volime 
(ki) 

Type Year 

Newfoundland, Canada 180 Bunker 1960 
Newfoundland, Canada 114 Not Given 1967 
New Hampshire Coast 758 Not Given 1969 
Weyinouih, Massachusetts 379 Not Given 1969 
Buzzards Bay, Massaohuaetts 697 Diesel Fuel 1970 
Gulf of St. Lawrence 3 787 Crude 1971 
New Haven Harbor, Connecticut 1 462 No.2 Fuel 1971 
New London, Connecticut 303 No.6 Fuel 1972 
Portland Harbor, Maine 568 No.6 Fuel 1972 
Salesi Massachusetts Harbor 114 No.2 & No.5 Fuel 1972 
New Haven, Cormeoticut 379 No.4 & No.6 Fuel 1973 
Cape Cod, Massachusetts 833 Heavy Oil 1974 
Bay of Fundy, St. John's, New Brunswick 125 Crude 1974 
Saglek, Newfoundland 1 893 Diesel 1974 
Dalhousie, New Brunawiok 238-317 No.6 Fuel 1974 
Glouoeater, Massachusetts 52 No.2 Heating Oil 1974 

Data from: van Gelder-Ottway and I. Knight, Review of World Oil Spillages, 1960-1975 
in: Baker, J.L, editor, Marine Boolor and Oil Pollution, 1976 

5.3 Fish Kills 

Table 5.4  suiar1zee the information on fish kills in the North Atlantic region for 
1972-1976. 

The primary source of reported fish kills in the New England states for the years 
1972-1975 has been municipal operations. These operations include sewerage systems, 
refuse disposal, water systems and power generation. A large niber of kills associated 
with power generation occurred (slightly more than 50% of those incidents whioh cited a 
cause). Mortalities were caused by either entraiment in ocoling systems, fouling control 
chemicals, gas emboliem or temperature shook. J(assaohaeetts waters accounted for the greatest 
minber of mortalities during the period 1972-1975, aided by the massive 1 million fish killed 
in the Cape Cod Canal in 1972.  Although no fish kills were reported for the coastal area 
of Massachusetts during 1974, in the latest samiiiji Envirommental. Proteot ion Agency mnary 
the state led in the niber of reports for the period oonsidered here. 

For individual states the prime pollutant sources and associated fisheries were as 
follows: In Connectiout industrial discharge was the pollutant source and the affected 
fishery was menhaden. In Maine, pesticides were the major pollutant and the shad and 
salmon fisherie, chiefly affected. Massachusetts cited municipal waste as the cause of 
kills and shellfish the fishery affected. 
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Using the same evaluation teckriique of fish kill value as in the Gulf of Mexico 
(section 2.3) the revenue loss due to fish kills can be estimated as follows: 

1972 	U.S.$ 69 960 
1973 	U.S.* 30 954 
1974 	U.S.$ 8 448 
1975 	U.S.$ 4 686 

Table 5.4 
Fish Kills and Values - North Atlantic Coastal Zone 

Year Location Water Type Number of 
Fish Killed 
(i 000's) 

Cause Value 

1976 
(lBt 6 
months) New Hampshire Estuary 10 Heavy Metals 

1976 Total 10 1 000 

1975 Connecticut Estuary 15 Unknown 
Massachusetts Estuary 32 Unknown 
Massachesetts Estuary 15 Industrial Work9 
Massachusetts Salt 9 Not Given 

1975 Total 71 7 100 

1974 Connecticut Salt 100 Sewage 
Connecticut Salt 20 Sewage 
Connecticut Estuary 8 Heavy Metals 

1974 Total 128 12 800 

1973 Conneoticut Estuary 9 Unknown 
Massachusetts Estuary 350 Unknown 
Massachusetts Estuary 75 Power Compaay 
Massachusetts Estuary 35 Unknown 

1973 Total 469 46 900 

1972 Connecticut Estuary 25 Power 
Massachusetts Salt 1 000 Power Compax' 
Massachusetts Salt 20 Power Costpaxr 
Massachusetts Salt 10 Power Compary 
Massachusetts Salt 5 Power Conapary 

1972 Total 1 060 106 000 

Grand Total 1 738 x 10 173 800 

Source: U.S. Environnental Protection Agency, 1972-1976 
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5.4 lhedging and Filling Operations 

hedging for harbour maintenance and improvement is less important in this region than 
in the other regions considered in this report. Portouth, Glonoester, Boston and New Bed.t'ord 
harbours do not require continuous maintenanos dredging. Th.r. are 8 approved dredge spoil 
sites in the New England region and over 305 000 103  of dredged material was deposited during 
1973-1974. Additional sites are designated in Long Island Sound. 

Urban growth in the New England region will increase the need for water-related recrea-
tional facilities and resources. The loss of estuary habitat to these uses is, therefore, 
likely to increase. 

Estuarine-dependant fisheries are prevalent in the North Atlantic region. Many species 
of shellfish are found only in this inShore enviroraient and nierous finfish species spend 
varying portions of their life cycle there. The entire off shore winter flounder fishery of 
Rhode Island (except for Georges Bank stock) may be a result of salt pond and Narragansett 
Bay production (Sai].a and Pratt, 1973). The effect of the loss of .stuarine habitat has 
been oaloulated in the same maimer as for other regions. The results are given in Table 5.5. 

5.5 Shellfiah Area Closures 

Over 99 percent of all hard clams and all soft clams (the two major olem species in the 
region) are harvested within 5 km of shore. Both are estuarine, hard clams being sessile 
and soft olama intertidal and therefore they are subject to tbe impact of lath-bastd and 
inshore pollution. These species are affected by the unpredictable but repeated occurrences 
of toxic dinoflagel].ate bloos in the New England area. Soft clam landings have overall 
been on the increase in this region except for the 1975  draatio drop in Rhode Island. The 
New England landings make np 74 of the total 1975  U. S. soft clam production. Hard clam 
harvest has increased apprsoiabl.y, especially in MaIi., with a minor reduction (-12%) in 
1975 from Massachusetts. New England harvests 11% of the total 1975  U.S. hard clams 
landings. In 1975,  the hard and soft clam l.ivI1,s of this region acoount.d for approxi-
mately 10% of total U.S. oceroial clam li'gs  and  25%  of the national ex-vessel value 
(U.S. Department of Coamero., 1976.  Fisheries of the United States. Current Fisheries 
Statistics No. 6900 9  and individual state aimual saaries). Nearly all meall hard clams 
are oonwaed raw or lightly steamed. Their habitat must be monitored because of potential 
public health hazards. Water pollution is a major problem of the clam industry. Sewage 
outf ails, contributing substand 	treated and untreated waste water are the major sources 
for domestic pollution. In Maine, for example, less than 15% of municipal waste water has 
had seoondary treatment. The state of Massachusetts discharges 2 271 million litres/day 
of waste water into coastal waters. Seventy percent of Rhode Island is rural and undeve-
loped with only 64% of the population being served by predominately primary treated sewage. 
Increased, recreational use of shore sites imposes increased domestic pollution levels on 
inshore areas. Accumulation of industrial pollutants in Narragansett Bay has necessitated 
long-term olosure to ahellfishing of sections of the bay. Sections are rated conditional, 
depending on rainfall and storm sewer overflow. 

Maine, Massachusetts - and Maryland have been major soft clam producers over the past ten 
years (approximately 92% of total U.S. landings). New England resources for soft clams 
decreased in the late 1940s and early 1950s  with the Maryland harvest increasing and 
peaking until the early 1970s. In 1975  Maryland landings were approximately 453 metric tons 
and Jew England harvest was 3 400 metrio tons. 

Soft clams are affected by much the same forms of pollution as bard olams. Soft clams 
may be more susoeptibie since the major segment of this resource occurs only in onshore 
intertidal areas. Because of toxic d.inoflagellate blooms (Go1au)ax ep.) in 1972 and 
potential paralytic shellfish poisoning (caused by eating molluscs containing toxic oonoen-
trations of d.inof lags hates) all soft olam harvesting areas north of Cape Cod were closed. 



0 0 C- - 

-C) 
q4 84 0 

-P0 

CH 
H 
o ,4 

00 
4) 

0+' •C) 4) 
02  

-N- S 
0 

'U 

- 64 - 

4) 

C.) 

4)84 

4) 
0 + 

0 
4) 

- \O ¼0 C%J 0'. N- 
84 0 LC O\ N- 0 

Lf\ O' CJ 

-p. 	• CM CM co 
94 	Cl) 

o 

§ 
N- O Co - '0 

a*4 \0 Ir\ CM '.0 CM 

Cl) 

Ln • • • • • 
0 0 CM 

V 
4).rI • 

.- 

0 • • 
i rq '—  - 

(C..rI Co C- 
CM 

r
'0
i Co Co 

CM 

ce Co c'.s a m •- o - 
Co 

4.' 4.' — 0 U\ 0% CM Co 
4) C) .0 '.0 CM U Co  

rn 

N- a Co Co 'o co 
+10 0 CM tr'. '.0 N-- 

0". 0 \0 CM t- ir. 

,.- u_ 

4) 4) 

• m 
4) 

I 

CH 0 
0 94 

I 



- 65 - 

Blooms of lesser intensity have also happened from 1974 to 1976. Nutrient input from waste 
water sources could be instrumental in bloom occurrence but there is some difference of 
opinion as to relative influence of human input. All New Nnglanl clam—producing states 
oarry out PSP (paralytic shellfish poisoning) monitoring to detect the appearance of toxic 
levels of dinoflagellates. Maine reported 29 000 ha closed to sheilfiahing for years 
due to domestic pollution. One productive soft clam area in Maine, because of fuel and jet 
fuel oil contamination, has been closed since 197 1  (Dow, 1976). In Massachusetts, 64% of 
potential softshell clam grounds are olosed du, to dom.stio pollution. 

The extent of olosed areas, using the same classifications as for other regions, is 
given in Table 5.6. 

Since the previous Shellfish Register (1971) the 5 state North Atlantic region has had 
only minor changes (approximately ± 1%) in its classified waters with one exception. 
Connecticut had a decrease of almost 6% in the approved area category and an increase of 
almost 6% in the olosed areas. New Hampshire does not harv.st shellfish oosmercially, nor 
does it classify estuarine waters. All its areas are open for recreational harvesting which 
is open only to state residents for personal oonsumption. All other states have classified 
100% of their e8tuarine waters. 

Connecticut has the highest peroentage (17.5%)  of area closed to shellfish harvesting. 
Second in percentage but having the least actual closed area is Rhode Island. Maine has the 
largest closed area (41 000 ha) and the largest total open area. 

Using the same methods as before, the eoonomio impact of these closures has been estimated 
(Table 5.7). 

Maine, with the largest closed area, had 0.6 million potential loss of soft clam 
harvest due to the closure and Rhode Islath,with the smallest closed area of this region, 
showed almost half of Maine's lost revenue, U..$ 0.29 million. The total estimated lost 
revenue due to closure of shellfish harvesting areas is nearly U.S$ 1.5 million. 

5.6 Beneficial Aspects of Pollution 

Artificial Reefs and Oil Platforms 

In oompariaon to other regions along the U.S. coast, few deliberate man-made artificial 
reefs exist in the North Atlantic region. There is one small, primarily scrap tire reef, 
in Massachusetts Bar and two artificial mplao.ments off the eastern end of Long Island 
(Stone at al., 1974). There are, however, approximately 175 charted ship and warship wreoks 
that exist in this region within 5 th of shore that provide artificial substrate (U.S. 
]).partmeut of Interior, 1977, Visual 1). Bales of shredded and compacted solid waste have 
been used on an experimental scale in shallow waters off New Hampshire and Woods Hole, 
Massachusetts. Breakd.owa of the food wastes added nutrients to the water column 
and colonization was relatively rapid and it was conlouded that with properly proo.ssed 
waste and monitoring the refuse was not an eoological hasard (Loder it al., 1974). 

Placement of exploratory and production oil platforms on the lease tracts offshore 
from this region will not greatly affeot sportfi.hing activity. Such offshore platforms 
would be expected to act as artificial reefs to enhance and oonoentrste fish populations. 
However, because of the distance to shore (closest tract to land is 76 km from shore) and 
the predcainanoe of small boat, day—use, sportfiihing that exists in this region, general 
fishing use of these platforms is not expeoted. 



Thermal Addition 

Large volumes of water used for cooling of electrical generating plants and subsequently 
heated is available in this region for aquaculture. However, inoidenoes of mortalities 
caused by power plant operations must be taken into consideration. Shutdown of the plant, 
with resulting extreme temperature fluctuations, use of biooides to reduce fouling and 
gas eatbolien because of water temperature increases are the prime osuses of mortalities and 
must be taken into consideration in siting of aquaoulture facilities (Hnguenin and Ryther, 
1974). 

Maine Salmon Farms, Inc. uses thermal discharge from a fossil-fuel power plant for 
the grow-out of ooho salmon. The grow-out area is located in the tidewater area of the 
Sheepscot River in Maine and water temperature is raised 3 0C. This temperature increase 
stimulates growth during the cold months of the year and also maintains the area free from 
ioe • Salmon eggs are flown from the west coast of the United States and after hatching fry 
are acolimated and rved to graduated mesh pens until harvest at 14 months. "Pan size" 
salmon are harvested weekly and distributed to restaurants from Maine to New York. Total 
production rose from 341 kg in 1974 to 18 182 kg in 1976. Price per kg was U.S.* 4.84 in 
1976 for a value of U.S.$ 88 000 (Peterson and Seo, 1977). 

experimental culture of the mussel, Nytilus edulis, was attempted at varying distances 
from the heated effluent from an electrical generating nuclear power plant in Maine. At 
increasing distances from the discharge waters the shell growth increased and mortality 
decreased. Both shell growth and survival were significantly lower in the discharge waters 
than at the control sites. There was also a reduction in total number of spat in the vicinity 
of the heated effluent. Growth rates and survival at the control site using rafting tech-
niques indicated that this rafting could produce marketable mussels in 12-13 months when 
temperatures remained below 20 0C (Lutz and Porter, 1977). 

Waste Water Utilization 

Alga aquaculture on a pilot scale utilizing a recycling waste water system has produced 
potentially ooemeroia]. yields. Two species of red algae were cultured in a three stage 
recycling system as final polishing step before discharge of the effluent. Mean annual dry 
weight production (10-15% of wet weight) was from 32.9 to 63.2 metric tone/ha when expanded 
from the pilot plant size. This operation took place in the North Atlantic region and 
production in warmer climates was estimated to exceed 50 metric tons /ha based on a 5-6 month 
growing season (DeBoer and Ry-ther, 1977). 
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Table 5.6 
Shellfish Area Claasifioation in Heotares 

(U.S. Envirorinenta]. Protection Agency, 1975. National Shellfish Register) 
North Atlantic Region (New England States) 

State Open Coulitional Closed % Open % Condit. % Closed 

Maine 376 650 2 644 41 004 89.0 0.6 9.7 
New Hampshire No ooamercial shellfish harvesting - 

Natuarine waters not olaaaified 

Massachusetts 125 863 136 11 765 38.8 0.1 3.6 
Rhode Island 38 874 4 387 8 151 75.6 8.5 15.9 
Connecticut 100 709 902 27 917 63.3 0.6 17.5 

Total Area (ha) 642 096  8 069 88 637 

Open waters: Approved by state agency for direct market harvesting 
Conditional: Meet "OPEN" standards but are subject to periodic closure 
Closed: 	Closed for harvesting of shellfish due to hazardous level of 

contamination 

Table 5,7 
Estimated Loss in Values from Closed Shellfish Areas 

Hard Clams (Meroenaria ap.) and Soft Shell clams (N  a  arenaria) 
North Atlantio States, 1975 

State Productivity 
Factor 

Closed Area 
(ha) 

Meat Weigh't 
(Metric Tons) 

Price/kg 
(u.s.$) 

Value Lost 
(u.s.$ 1 000) 

Maine 
(Soft clams) 17.3 41 004 321 1.9 1  615 

Massachusetts 
(Hard clams) 3.9 11 765 21 3.15 65 

Rhode Island 
(Hard clams) 28.8 8 151 107 2.80 299 

Cormeoticut 
(Soft clams) 12.1 27 917 153 3.00 458 

Total Loss 1 437 

Productivity Factor: 1975 Production divided by 1975  open area (ha) 
Price/kg: 	1975 si-vessel prices for each state 
Source: ihaft of Review of Coamercial Oyster Industries in the United States (1977) 

and Annual Staary of Lsaiirflngs,  of Individual States, for 1975 
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6. 	]l1SlSSION 

6.1 Summary of effects 

This section sarizes the four probable and documented impacts of man' a activities 
on fisheries resources that have been discussed in this report. Although Wise, 19740  using 
only oatoh records, states that "pollution and damage to estuaries have not yet shown ary, 
measurable overall effect on the part of the marine resource which might be expected to 
show the first effects" he qualifies this remark by oorrecily pointing out that no good 
fishing effort data are available for estuarine species whose oatoh have remained constant. 
Catch records could remain level or even increase due to increasing fishing effort in time, 
area fished or technological efficiency and not reflect the effect of pollution. The catch 
trends of numerous species are indicative of changes or deficiencies in management of the 
resource. 

It should be pointed out that the estimates presented herein for losses are conservative 
and the documentation used to substantiate them is uneven. Much of the data were collected 
for other purposes and suggestions for greater utilization of such related information is 
made in the "recommendations" section. 

The estimates of losses should be seen against the total value, at the time of lathing, 
of the commercial fishery, given in Table 6.1. 

Table 6.2 presents a summary of the U. S. $ value of fishery resources impacted by 
pollution in regard to type of impact and by geographical region. This impact on ooaimeroial 
fisheries amounts to nearly 8 percent of the total value of the finfish and shellfish catch 
for the Gulf of Mexico and the Atlantic oóast of the United States. 

The economic impact of pollution on eportfiaheries is poorly documented. In some 
regions aportfishing catch is estimated to be equal to commercial landings so that in 
reality the sport fisheries subtotal in Table 6.2 may be an order of magnitude higher. 

Large-scale mortalities "fish kills" caused by pollution and water quality degradation 
resulted in the highest U.S P $ value losses. The middle Atlantic region was extremely 
vulnerable to this type of impact, with the biggest loss due to the estimated anoxia-caused 
mortalities during 1976 (us.$ 10.8 million). This region contains the highest urban and 
industrial developoent of the entire coastline discussed in this report. Most resources 
mortalities are random with the exception of certain localized areas. 

Physical removal and alteration of the substrate and subsequent unsuitability of the 
estuarine and similar habitat for resource development resulted in an estimated loss of 
nearly UIS.$ 14 million. The Gulf of Mexico region accounted for over half the total loss 
due to this activity. 

Closure of areas to the harvest of mollusos oontributed 20 percent of the total 
commercial fisheries US.$ loss due to pollution impacts (u.s.$ 8.8 million). The Gulf of 
)texioo region acoounted for nearly 65 percent of this loss. This public health con-
sideration, for the most part, has little effect on the resource itself, but removes it 
from human consumption. 

It should be pointed out that the impact of oil and gas production on the fisheries 
resources in Table 6.2 deals primarily with dooumented impact of the crude and refined 
products. At the present time there is no oil or gas offshore production in the Atlantic 
region but such activity is to be expected following federal lease sales now at various 
stages of completion. Discussion of probabilities and resources effected are presented 
in the text for the various regions. 
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Table 6.1 

Stmary of T.AYIdingS (1 000 metric tons) and value (u.s. $ 1 000) 
of Coaeroia]. harm. Catch, 1975  (Preliminary) 

Gulf of Mexico and Atlantic Coast of United States 

Finfish Shellfish Total Finfish & Shellfish 
Area 

T4ngs Value LiMig, Value LaMingi Value 

Gulf of Mexico 639 62 948 107 204 318 746 267 266 
South Atlantic 
States 114 19 483 28 40 963 142 60 446 

Middle Atlantic 
States 96 21 692 91 75 147 187 96 839 

North Atlantic 
States 193 69 461 27 67 488 220 136 949 

Total 1 042 173 584 253 387 916 1 295 561 500 	- 

Source: Iniivid.ual State Saary and U.S. Department of Coweroe, 1976. 
Fisheries of the United States, 1975-  Current Fishery Statistios, No. 6900 

Table 6.2 

Sary of Economic Assesent of Major Pollution Impacts 
on Fisheries Resources (u.s,$ 1 000) 

Region 	Oil and Gas Resouz'oe 	' Dredging Shellfish Inability 
Production Mertalities & Filling Closures to Market 

Gulf of Mxioo 	local input 948 7 894 5 722 Un 
South Atlantic 	27 1 000 1 074 584 un 
Middle Atlantio 	27 10 81627  4 419 1 104 54927 

27 3687 500 
North Atlantic 	386+ 22 429 1 437 500 

Totals 	386+ 16 473 13 876 8 847 1 549 

- 1This 
41131  table does not take into account urmployment due to lack of 

resource caused by pollution 
un - uM.terminable 
27 No present oil and gas offshore production, 

f or potential see text 

/ Kepons related 

27 New York Bight Anoxia, 1976 
./ Aimual average 1973-1975 
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6 • 2 Reooemendat ions 

Based upon the preparation of this report and the recognized necessity of further 
refinement of analysis of the impact of pollution on fisheries, the following recommendations 
are made. There is no inference as to priority. 

Increase the utilization and presentation of data from related disciplines: 

Data exist in related disciplines that are underutilized and could affect analysis of 
pollution-related impacts on fisheries. Land use of the coastal zone, employment profiles, 
competition for onshore marine facilities and enerr demands are examples of but a few of 
these related inputs. Consideration of data input from such sources would increase the 
level of substantiation. 

Closer coordination among the pollution control agencies themselves as well as 
with fishery managers: 

Cooperation from local, state and federal pollution control agencies has been excellent 
and their input to this report is appreciated. Clarifioation of several situations would 
have been of benefit. The occurrence and/or levels of resource mortalities was not always 
cross-referenced and could be missing from agency records. Various types of data, important 
to fisheries analysis were not reported because the need had not been properly demonstrated 
by fishery managers. Inclusion of such information along with automatic data processing 
procedures would increase documentations with relatively little cost increase. 

Determination of unit values for pollu -tion-affeoted fisheries correlated with 
an economic marketing models 

Certain species resources will have a fluctuating unit value rather than a mean monetary 
value. A monetary unit value exists for freshwater species of the United States but it is 
based on unit replacement cost, i.e. restocking, and none exists for North American marine 
speoies. It must be recognized that the reduction or elimination of a resource may not neces-
sarily reflect a linear relationship with a monetary fluctuation in the value of a fishery. 
An economic marketing model reflecting supply (reduced landings) looale, time of year and 
demand (reflected in ex-vessel values) developed for vulnerable species would enhance the 
precision of an impact analysis. 

Define and determine realistic non-market values of resources affected by the 
impact of pollution: 

Recreational usage of coastal areas impacted by alteration of estuaries and degradation 
of water quality has been defined for a number of localities but methods of evaluation have 
varied. Although there may be local extenuating circumstances compiling and comparing areas 
for trend analysis is difficult or not possible when basic methodolo- is not standard. 

Revise and update the estimates on the impact of pollution at regular intervals: 

The burgeoning volume of reports dealing with envirormental matters (at varying levels 
of precision and applicability) necessitates re-analysis for detection of trends on the 
impact of pollution. Increased urban and industrial d.velopment, sociological changes and 
energy usage in the coastal zone of the United. States will in all probability exercise a 
growing impact on the living marine coastal resources. Annual updating may be too frequent 
for trend analyses but at least a biennial re-evaluation is in order. 
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(6) Establisbmerrt of national, regional aM/or subregional stamd.ardized evaluation 
regimes of the impact of pollution on resources. 

Although there presently exist several waste product management schemes, it is the 
ao-tivation and enforcement of these regimes that lacks standardization. The institution 
of a pollution evaluation proam such as the regional seas concept developed in the 
Med.iterraziean Sea could serve as a useful guide. 
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