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I, INTRODUCT!gN

Many years ago the crab processing industry disposed of

crab waste by dumping it into the natural waters adjacent to

their processing plants. This was the most convenient and

inexpensive method of disposa'I. The only cost was for an

occasional dredging of the dumping area to remove the accu-

mu I ated shell materi al .

Some processors took this disposal method a step further

and used the waste as a resource. They would choose a spot

in the water away from the dock to dump the wastes. Dumping

in thi s area would proceed over a period of one week to a

month. Hy the end of that time, the area would have become a

feeding ground for eels. A week after the dumping had stopped,

eel traps were placed in the area and the harvest began. �!

As environmental concerns heightened, legislative and

enforcement actions were taken to stop the dumping of crab

processing wastes into public water s of Yirginia and Maryland.

Most of the complaints filed against the di sposal method were

aesthetically based, e.g., visible floating debris, odor

problems, and increased turbidi ty. No forma1 research was

conducted to assess the envir onmenta1 impact of the method.

After the banning of offshore dumping in 1972, the crab

processing industry turned to three alternatives. These were

burial/landfilling, agricultural land application, and crab-

meal production. 0f these, crab-meal production, until



recently, was the most economically and environmentally

sound method of crab waste disposal. However, rising

interest rates and building costs and the falling market

price of crab-meal have resulted in either the postponement

or cancellation of construction plans for additional

crab-meal processing plants. Kith crab-meal production

severely handicapped and landfi11ing options being cut back,

attention has turned to the revitalization of offshore

dumping.

The objective of this study was to evaluate the

problems associated with offshore disposal of crab scrap and

to develop a means of handling the crab scrap which would

minimize these problems.

Scope of Study

The first topic addressed in this research was the

identification of a method of scrap preparation that would

reduce the volume of the crab scrap, reduce odor during

scrap handling, prevent floating scrap, and be easily and

inexpensively implemented by the crab processors. Four

methods of scrap preparation were tested. Two involved just

the scrap and two involved an alginate coating for the

scrap. A sample of each of the scrap preparations was then

tested in the laboratory to determine the degree to which

the aforementioned criteria were met. The effects of the



scrap on water quality were also examined. Laboratory

ana'Iyses of the oxygen demand exerted by the degradation of

the scrap and the alginate were performed. The two methods

of scrap preparation which seemed to best meet the criteria

were then tested in the field in an attempt to determine the

dispersion/degradation rate of the scrap.

Also of interest was the adsorptive capacity of the

shell material for heavy metals. This was investigated

through both field and laboratory studies. During one of

the field studies, shell, sediment, and water samples were

taken for analysis of se1ected metals. In a laboratory

study, the ability of the shell material to adsorb cadmium

was investigated.



I I . LITERATURE REV I EM

Crabs are this nation's fourth most valuable fishery,

surpassed only by shrimp, salmon and tuna �!. Approximately

one-half of the crab harvest is comprised of the blue crab

[Call inectes ~sa 1dus! and, of the blue crabs landed natlon-

a 1 ly, 50 percent are taken from the Chesapeake Bay area �! .

Thi s means that between 50 and 80 mi 1 I ion pounds of crabs

are harvested from the Chesapeake Bay area each year  Table

I! �!.

Along with this valuable industry comes a major waste

disposal problem. Approximately 70 percent, by weight, of

the crab harvest becomes waste material �!. This solid

waste is primarily the inedible she'tl and viscera of the

crab.

Crab waste is produced not only in large amounts but

also with a high degree of seasonal variability and in local-

ized areas �!. In Virginia, over 55 percent of the annual

crab scrap is generated in the five months from June through

October  Figure 1!. In Maryland, the seasonal genera ti on of

scrap is even more pronounced, with 88 percent of the annual

crab scrap generated in the five months from June through

October  Figure 2!. Figures 3 and 4 show the areas in Vir-

ginia and Maryland, respectively, where 50 to 80 million

pounds of crabs are processed annually. The Virginia indus-

tries process approximately 66 percent of these crabs, thus



TABLE I. TOTAL ANNUAL BLUE CRAB LANDINGS IN POUNDS FOR VIR-
GINIA AND MARYLAND, BY MONTH, AND ESTIMATED SOLID WASTE GEN-
ERATED, 1960 - 1978  FROM REFERENCE 3!.

TotalVirginiaMonth Maryl and

4,215,256

3,047,887

896,099

99,133

1,133

793

1,384

377,972

l,159,042

3,028,147

5,082,731

5,124,676

July

5,666,528August

Total

* Total Scrap

+"Total Meat

67,147,156

47,003,009

15,108,110

44,112,903

30,879,032

9,925,403

23,034,253

16,123,977

5,182,707

September

October

November

December

January

February

March

Apri l

5,069,589

4,776,336

2,202,38l

4,199,626

2,705,689

2,040,510

1,402,438

2,402,127

3,652,328

4,677,860

5,317,491

9,284,845

7,824,223

3,098,480

4,298,759

2,706,822

2,04l,303

1,403,822

2,780,099

4,811,370

7,706,007

10,400,222

10,791,204
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Figure l. Percent of the total annual blue crab scrap
generated by month in virginia, 1960-f978
averaged  from refer ence 3!.
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Figure 2. Percent of the total annuaI blue crab scrap
generated by month in Maryland, 1960-1978
averaged  from reference 3!.



Virginia s l andings

Figure 3. Locations of the blue crab processors tn Virginia
 from reference 3!.
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producing 66 percent of the crab scrap, while the Maryland

processors produce the remaining approximately 34 percent of

the crab scrap. The problem of localized production of crab

scrap may be illustrated by the fact that 66 percent of the

crab scrap produced in Mary1and, or approximately 10.5 mil-

lion pounds per year, is produced by the processors located

in the 350 square miles due west of a line extending from

Cambridge to Stockton �!. Both the seasonal variability

and the localized production of the crab scrap combine to

severely restrict the waste disposal options.

In the following sections, the four major scrap dispos-

al methods currently in use are described. They are: burial/

landfilling, agricultural land application, crab-meal produc-

tion and offshore disposal. The advantages and disadvantages

of each method are discussed. The character of the crab-

processing wastes is also described in the f'inal section of

this chapter.

Burial/Landfillin

The use of a landfill or dump is a convenient, inexpen-

sive disposal method. The only costs incurred by the pro-

cessor are those of hauling and landfill fees. It would

seem to be a viable option where either amp1e land suitable

for sanitary landfil ls or landfills 1icensed to accept pu-

trescible matter are available.



However, it has been found that crab scrap is a very
difficult material to landfi11. The "drip" from the trans-

port truck causes insect - and odor problems along the route

to the landfill �! and has a1ienated many communities. The

odor generated by crab scrap has been a major problem for
landfill personnel who must remain at the 1andfil1 site for

ten hours at a time {6! . Even though the scrap comes into

the 1 andfi1'I fresh and is immediately covered, the vo1ati1e
gases produced during the decomposition of the crab meat

cause cracking of the cover material, resul ting in odor prob-
lems �!.

Another major problem with crab scrap disposal at land-

fills is .the large volumes involved. One landfi11 in

Somerset County, Maryland estimated that they would be re-

quired ta accept 7000 cubic yards of crab scrap in 1980 �!.
This annual volume would markedly decrease the useful life

of most landfills in the vicinity of crab processors. Also,
the intermittent cover for this volume of scrap required the
expensive hauling of extra cover material which, in turn,

placed an addi tiona1 tax burden an the county residents �}.
George Miles, supervisor of Somerset County Landfi11,

has stated, " In Somerset County we would appreciate any a 1-
ternative to disposal in our 1andfills" �!. Other municipa'l
and private landfill operators are sure to share this posi-
tionn.



Land A lication

Many crab processors have the scrap disked into fields

as a crude fertilizer for grasses and crops. This has been

common practice in the central and upper Chesapeake Bay for

many years and, if properly managed, is a viable disposal

method in the spring before the crops have been planted or

in the fall after the crops have been harvested �!. Unfor-

tunately, the majority of the crab scrap is produced after

the farmland has been planted  Figures 1 and 2!.

This method also cannot be used when the ground is too

wet for tilling. The scrap must be turned under immediately

after application to realize the maximum fertilizer value

�!. If allowed to ~emain on the surface, severe odor and

pest problems result.

Another problem which has recently become evident is the

subdividing of farm lands into residential plats and develop-

ments. The land application method of scrap disposal re-

quiress large areas of agricultural fields away f. om residen-

tial areas. The current expansion of residential housing

into agricul tural farm land may therefore preclude this meth-

od of di sposal.

Crab-Meal Producti on

This is the most r ecently devel oped di sposal technique

and i s more a resource r ecover j~ technique than a di sposal
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method. It involves the dehydration and pulverization of the

scrap to form a crab-meal whi ch i s sol d for use as a protein

supplement poul try feed,

In 1979, when crab-meal prices were high  $146 per ton!

and energy costs relatively low, this method of disposal/

resource recovery was not only envi ronmenta1ly sound, but

was also prof i table �! . How'ever, since ener gy costs have

increased and crab-meal prices have decreased to a level af

$100 per ton in 1982, this method is no longer profitable �!.
This decrease in the price of crab-meal was requi red so that

crab-meal would remain competitive with the grains used in

poultry feeds. The prices of these grains had decreased

markedly in 1981 and 1982. Another point of competition be-

tween crab-meal and feed grains is the consistency of supply

It has always been difficult for crab-meal processors

to provide the producers of poultry feed with a consistent

supply of crab-meal because the production of' crab scrap is

so variable from year to year and season to season. This

yearly and seasonal variability is also seen in grain produc-

tion, but most farmers have solved this problem by forming a

grain co-operati ve to store grai n until it. was needed . It

follows that crab-meal proces sors shou 1d be able to remedy

their supply problems by forming a similar co-operative for

storage of crab-meal �!.



In areas where there are no crab meal production facil-

ities, this disposal technique is not feasible. Ni th current

high interest rates and construction and machinery costs, the

present price of the crab-meal does not come close to war-

ranting the construction of new facilities �!.

Offshore Dum in

Currently, South Carolina is the only state which issues

National Pollutant Discharge Elimination System  NPDES! per-

mits for controlled dumping of crab scrap �!. They allow

several crab processor s "to dump at designated water areas in

the vi cini ty possessing adequate depth, flow and/or marine

life to adequately absorb the solids and/or have a beneficial

impact upon the surrounding ecosystems" I5!. According to

John Ohlandt, of the Charleston office of the South Carolina

Department of Health and Environmental Control <SCDHEC!,

there are no specific regulatory cr iteria or standards gov-

erning site selections for the offshore disposal of crab

scrap. The decision to allow crab scrap dumping in a partic-

ularr area i s 1 ef t to the di scretion of the SCDHEC agent �! .

This has been a major step toward solving the disposal

problem, Even though a NPDES permi t is required, an Environ-

mental Protection Agency  EPA} ocean dumping oermit is not.

This is because fish wastes are excluded from the Federal

ocean dumping and permit requirements and Pish wastes are



defined by the EPA as the returning to the sea of any unadul-

terated  without additive} seafood wastes  8},

Arguments in support of this disposal method center

around the fact that it returns nutrients to nutrient defic-

ient portions of the sea for support of marine ecosystems.

The contention is tha t the process recycles products taken

from the sea in a manner similar to the natural process of

death and decay in the sea  8}.

Section 74 Seafood Processing Study Executive Summary

 9! was the only research found which addressed the envi ron-

mental impact of the disposal of crab scrap in a marine en-

vironment. This study mainly addressed the direct piping of

seafood wastes from the processing plants intro the adjacent

waters. This differs greatly from offshore disposal, but

will be addressed in this section, as it is apparently the

only related research available,

The environmental impacts which these researchers iden-

tified were highly site specific. The sites used were loca-

ted in the Dutch Harbor, Cordova, and Kenai areas of Alaska.

The worst impacts were found in the Dutch Harbor area of

Alaska. This is a very confined harbor which has very re-

stricted circulation patterns and a heavy volume of proces-

sing activity. The negative impacts experienced in this

area were high ammonia, hydrogen sulf'ide, and phosphorus con-

centrations, low dissolved oxygen concentrations, large



accumulations of wastes, and some floating matter  9!.

The Cordova sites exhibi.ted better circulat1on pat-

terns than those seen 1n Dutch Harbor, however, they were

still quite restricted. One processor in this area had been

dumping whole crab scrap from the dock. The water around the

dock exhibited a slight surface discoloration and floating

debris was observed. The accumulation of waste seemed to be

restricted to an area wi thin five meters of the dock. De-

spite these waste accumulat1ons, Cordova's water qual1ty was

generally good  9!.

In evaluating the Alaskan studies, the U.S. F1sh and

Wildlife Service concluded that these investigations were

too brief and localized to support definite conclusions.

However, the study did help to identify the major concerns

which have been associated with crab scrap disposal in a

marine environment {9!.

Characteristics of Crab Sera

Reports of studies characterizing crab processing scrap

are not available. However, it is known that the scrap is

comprised mainly of shell, viscera and egg masses, The

character of these crab parts and, consequently, the predomi-

nant characteristics of the crab scrap can be predicted

rather accurately from anatomical knowledge of crabs.



Shell

The exozke]eton or shell is a tough cuticle which is

heavily calcified over most of the outside of' the body. It

is composed of four layers.. epicuticle, exocuticle, endocuti-

cle and membranous layer  Figure 5! �0!.

The epicuticle is the outer layer and is the only layer

of the shell which does not contain chitin. It is made up

of lipo-protein. ! t is not as heavily calcified as the

other layers and retains some f lexibil i ty �0! .

The exocuticle and endocuticle layers are similar.

They both contain matrixes of chi tin-protein microfibri1s.

These microfibrils are arranged in such a way as to impart

great strength to the shell. Soth layers are strengthened

by heavy calcification of this chitin-protein matrix.

The innermost layer is the membranous layer which is

similar to the endocuticle in construction, but is uncalci-

fied. It appears as a cellophane-like sheet covering the

interior of the endocuticle �0!.

Itiscera

The viscera is comprised of the gills, bladder, heart,

stomach, intestines and hepatopancreas. These are all organ-

ic in nature and form the readily degradable/putrescible

portion of the scrap �0!.



~ epicvficle
~ exocuficle

endocufic le

j

'~-~ membranous layer

epidermis

Figure 5. Transverse section of a crab
cutic1e  from reference 10!.



Egg Masses

The appearance of egg masses in crab scrap is seasonal.

They generally appear attached to the female crab in late

spring and early summer throughout the lower reaches of the

Chesapeake Bay.

These egg masses are bright orange, spongy and are

found under the apron on the ventral surface of the female

 Figure 6j.
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Egg Mass

Apron

FigUre 6. Abdomen of a female blue crab, Callinectes
~sa ides. with an egg mass beneath the
apron.



III. MATERIALS AND METHODS

Field Studies

Si te Locati ons and Characteristics

Si tes A�B, and C were located in the Hampton Roads area

of the Chesapeake Bay, This area is located fust insi de the

mouth of the Chesapeake Bay, near Virginia Beach and Norfolk,

Virginia, This area was chosen so that three sites could be

selected which would vary widely in salinity, yet still be in

close proximity to one another. These sites were used for

Field Study

Sites D, E, and F were located in the Corrotoman River,

which feeds into the Rappahannock River. This area is located

near Irvington, Virginia, and is approximately 100 kilometers

inside the mouth of the Chesapeake Bay  Figure 7!. These

sites were used for both Field Studies II and III.

In order to characterize conditions at each site,

observations were made, measurements were taken and analyses

were performed. Among the data collected were date, time,

weather and sea conditions, times of tides, depth, type of

sediment, current velocity, salinity, Secchi readings, pH,

water temperature, dissolved oxygen  D,O.!, organic nitrogen,

ammonia  NH !, nitrite/nitrate  NO +NO !, alkalinity, total

or'ganic carbon  TOC!, turbidity, lead  Pb!, arsenic  As!,

mercury  Hg!, cadmium  Cd!, and zinc  Zn!.
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Figure 1. Map of .he Chesapeake Bay, showing Yield research areas
for this study.
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Site A

Site A was directly outside the mouth of the Lynnhaven

Inlet, Virginia Beach, Virginia  Figure 8!. Two crab scrap

containers were anchored in line with and between navigation-

al marker number three and the tip of the Lynnhaven sandbar.

An empty control container was anchored ten meters  m! due

east of the crab scrap containers.

This site was chosen for its high salinity of 20 parts

per thousand  ppt!, its high tidal velocity, and its firm

sandy bottom.

Site B

Si te B was 150m due west of the ti p of Mi t 1 oughby Spi t,

Nor folk, Virginia  Figure 9!. Two crab scrap containers were

anchored midway between the navigational marker and the Hamp-

ton Road Tunnel Bri dge. An empty control container was an-

chored 10m due north of the crab scrap containers.

This site was chosen for its moderate salinity of 14 ppt,

its moderate-to-high tidal velocity, and its firm mud bottom.

Site C

Site C was in the Lafayette River in Norfolk, Vi~ginia

 Figure 9!. Two crab scrap containers were anchored midway

between the Granby Street Bridge and the Willow Wood Bridge,

15m offshore. An empty control container was anchored 10m
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northeast of the crab scrap containers,

This site was chosen for its low salinity of 11 ppt,

1 ts modera te ti da 1 vel oci ty, and t ts muck bottom,

Site 0

Si te D was in the Corrotoman River, near Har Point.

Two crab scrap containers were anchored 15m northeast of nav-

igational marker R2  Figure 105. No control container was

placed at this site.

This si te was chosen for i ts low current velocity and

i ts relatively shallow depth of approximately 4.5m.

Site E

Site E was in the Corrotoman River, near Taylors Creek.

Two crab scrap containers were anchored 30m east of naviga-

tional marker R4  Figure 10!. No contro1 container was plac-

ed at this site. This site was chosen for its low current

velocity and its depth of approximate Iy 6.0m.

Si te F

Si te F was just inside the mouth of the Corrotoman

River. Two crab scrap containers were anchored midway be-

tween navigational mar ker N2 and the western shoreline. No

contro1 container was placed at this site.

This site was chosen for its 1ow-to-moderate current
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Figvre 30. Map ot the Corrotoman and Rappahannock Rivers,
Virginia, Site 0, Site E, and Site F.
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velocity and its depth of approximately 10 m,

Scrap Containment Devices and Placement

The Type 1 scrap containment device was designed to al-

1ow the scrap to be raised and lowered without any loss of

scrap. Once on the bottom, the sides would fold down and ex-

pose the scrap to the surroinding environment  Figure 11!.

Nateri als used in the construction of this device were

relatively inert in the marine environment, The main body

was formed from an extruded plastic mesh framework, with

plastic ties used for hinges. Fiberglas screening �2 square

per square centimeter  cm!! was attached to the interior

walls of the. plastic mesh by melting a portion of the plas-

tic mesh around the screening and allowing it to harden. No

metals or adhesives were used in the device,

Three of these Type 1 devices were placed at each of

the three sites. Sites A, S, and C. Two were used for scrap

containment and one remained empty, to be used as a control,

The Type 2 scrap containment device was designed to al-

low water to flow through while retaining as much scrap as

possible. To accomplish this, 20 holes of 2.5 cm in
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diameter were drilled at 5 cm intervals in the sides of a 25

liter  L! carboy  Figure 12!. A 12 cm square door was cut

in the side, leaving one corner attached to act as a hinge.

Two 2.5 cm diameter holes were drilled in the bottom to al-

low water to drain as the device was retrieved from the water.

Fiberglas screening was sewn with nylon fishing line to

form a tight-fitting sack enclosing the carboy. The sack

was designed to tightly cover all holes and the door, and

was fastened with a drawstring to the handles of the carboy

 Figure 12!. This fiberglas screening had 42 squares per

square cm. This mesh allowed only particles smaller than

1.5 by 1.7 millimeters  mm! to escape.

The anchoring system consisted of two 7.5 kilogram  kg!

base weights at each site. These base weights were attached

to the two carboys by a single length of line equivalent to

the maximum depth at each site, so that the achor remained

in place during container retrieval  Figure !3!. One addi-

tional 1.5 kg weight was attached to the neck of each car-

boy. These weights were exercise weights made of Orbi tron,

a white plastic, and filled with sand.

Two carboys were tied together and placed at each of

the three sites: Site D, E, and F. A line attached to

these carboys lead to a flat, square piece of white styro-

foam at the water's surface which served as the marker float.

Ample line was used between the float and the carboys to pre-
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vent the submergence of the floats at high tide.

Scrap Preparation and Deposition

Three forms of crab scrap were used in the field stud-

ies: loose, coated, and uncoated, The loose scrap was taken

directly from the processing plant and not altered in any

way.

The coated and uncoated scrap were prepared as follows.

Loose scrap was ground in a meat grinder using a 0.25-inch

cu tting plate, The scrap was then weighed into 500 gram  g!

quantities. These were formed, by hand, into scrap balls.

Some of the scrap balls were sprayed with a coating of

a one percent. by weight!- solution of Low Viscosity Kelgin

 L.U., Kelco, Chicago, Illinois!, an alginate. This was fol-

lowed by a spray of a five pe~cent  by weight! solution of

calcium chloride  CaC12! in distilled,de~onized water. The

CaC12 solution causes the alginate to gel. After air drying

for 30 minutes, the coated scrap balls were dry enough to

handle.

The reaction which occurs between the alginate  Na2Alg!
and the CaC12 to cause gelling is as follows: Na2Alg > CaC12

CaAlg + 2Na + 2Cl . The CaCl reaction occurs first with
2

the outer layer of alginate molecules and then slowly pro-

ceeds to the inner layers if adequate CaC12 is applied. The
use of sprays as opposed to othe~ methods of app'I i cation
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prevents the trapping of ungel led al ginate beneath the outer

alginate coating.

Five coated scrap ba11s were placed in one scrap con-

tainer at each site for each of the three field studies  I,

II, and II I!. Five uncoated scrap bal'ts were placed in one

scrap container at each site for Field Studies I and II. A

2500 g mound of loose scrap was placed in one scrap container

at each site in Field Study III.

Sensory Observations

The condition of the crab scrap was visually observed at

each site on each sampling date. These observations were

made to determine the extent of degradat:ion and/or disper-

sion of the crab scrap. Observations were made at Site A on

May 2 and 15, 1982, and at Sites 8 and C on Nay 1, 2, and 15,

1982, in Field Study I. Observations were made at Site D, E,

and F on June 5, 6, 15, and 27, 1982, in Field Study II, and

July 17, 19, 21, and 23, 1982 in Field Study II!.

Sampling Procedures

The water at each site was samp1ed using a 'lan Darn

sampling bottle. Each sample was taken at a depth of 0.5 m

from the bottom to avoid entraining sediment with the water
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sample. After sampling, the water was placed in appropriate-

ly marked sample bottles. Hater samples were taken from Site

A on May 2 and 15, 1982, and Si tes B and C on Nay 1, 2, and

15, 1982. Rater samples were taken from Si tes 0, E and 8= on

June 5 and 27, 1982.

Sediment Sam lin

Bottom sediment samples were taken from each site using

an Eckman dredge. These samples were removed from sediment

which had not come in contact wi th the dredge, in an effort

to prevent contamination from the dredge. Sediment samples

were taken from Sites A, 8, and C on llay 2, 1982. Sediment

samples were taken from Sites D, E, and F on June 5 and 15,

1982.

The containment device was raised to the surface and

once the water drained from the device, i t was opened and a

visual observation of the scrap was made, The scrap was then

sampled wi th a polyethylene cup to avoid possible contamina-

tion. Scrap samples were taken from Sites 0, E and F on June

5, 6, 15, and Zi, 1982,
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Tank Studies

Tank and Ambient Conditions

The tanks used in these studies were ll4 L �0 gallon!

glass aquaria. These tanks were fitted with plexiglas lids

to prevent the escape of excessive odor to the laboratory

and to enhance anaerobic conditions in those tanks which

were non-aerated  Figure 14!. The lids were equ;pped with

ports for sampling and venting  in the aerated tanks!. The

lids were sealed to the lip of the tanks with tape.

Tanks, lids, and all aeration tubing and stones were

washed thoroughly with Alconox and water and then rinsed

with tap water and distilled, deionized water. The tanks

were then placed on laboratory tables in a location out of

direct sunlight and away from windows to reduce temperature

variations. Each aerated tank was equipped with rubber tub-

ing and a single coarse aeration stone for aeration. The

laboratory central air supply was filtered through glass

wool filter before being introduced into the tanks.

Tanks A, 8, and C

Tanks A, 8, and C were used in Tank Study I and all

were set up in a similar manner. Each of the three tanks

was filled with l00 L of Cap water. Aeration was begun and

continued for 48 hours in order to dissipate t.he chlorine
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residual, saturate the water wi th 0.0., and al low the water

to equilibrate. The tanks were then ready for the scr*p.

Tanks D, E, F, and G

Tanks D, E, F, and G were used in Tank Study II, They

were all filled with 100 L of saline water fr'om the Corroto-

man River. Enough sediment from Site D was then added to

Tanks E and F to form a five cm layer on the bottom. The

aeration stone in Tank E was positioned one inch above the

sediment. Then aeration was begun in Tanks D and E. All

the tanks were allowed to sit undisturbed f' or 48 hours to

allow the sedi ment to settle and the sys tems to equi librate.

Scrap Preparation and Deposition

Raw crab scrap was obtained from the RCV Seafood Corpor-

ation plant located in Morratico, Virginia, It was bagged

at the plant immediately after picking and held at approxi-

mately four degrees centi grade � C! during transit to the

Food Science and Technology Laboratory in Blacksburg, Vir-

ginia, where it was stored at 4 C. Three hundred grams of0

this raw scrap were dropped into Tank A,

A compacted scrap block was formed by cutting 300 g of

the "as received" scrap into pieces smaller than ten cm

square. Ha 1 f o f thi s cut scr ap was pl aced i n a cyl i ndr i ca'I

steel cell, three inches in diameter and eight inches
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deep with smal1 holes, 0.2 cm in diameter, in the sides to

al low ai r and liquid to escape. A force of 27,600 ki 1 opas-

cals {4000 pounds per square inch {psi!! was then applied

with a piston to compact the scrap. Pressure was re1eased

and the remainder of the cut scrap was then placed in the

cylinder, on top of the other scrap. The same pressure was

reapplied. During compaction, approximately 60 mi11iliters

 ml ! of fluid was lost. The weight of the scrap, after com-

paction, wa" 163 g. This compacted block wa dropped into

Tank B.

The compacted, coated scrap block was formed in the

same manner as the compacted scrap block. However, after com-

paction it was then spray coated with an alginate ge1. This

compacted, coated scrap block was then dropped into Tank C.

Coated scrap ba11s were formed by the same method used

to prepare the coated scrap ba11s for the Field Studies, ex-

cept 300 g of ground scrap was used rather than the 500 g

used in the Field Studies, One coated scrap ball was drop-

ped into each of Tanks D, E, F, and G.

Analytical Observations

tAeasurements in Tank Study I were made on days 0, 1, 2,

3, 4, 5, and 6. The parameters measured were water tempe,-

atu re, D.O., turbidi ty, BOD , TOC, pH, and NH3. The water

samples for these tests were removed from the tank with a



100 ml pipet. The samples, un1ess otherwise specified, were

removed in such a way as to be representative of the water

column, This was accomplished by star ting to remove the sam-

ple near the bottom of the tank and then sl ow'Iy pul ling the

pipet up through the tank at a constant rate so that the pip-

et was full when it reached the surface

The measurements for Tank Study II were made on days 0,

2, 3, 5, 7, 9, 11, 13, 16, 19, 22, 29, and 36. The param-

eters measured were NH3, organic nitrogen, oxidized nitrogen

 N02 + NO !, TOC, D.O., pH, turbidity, and water temperature.
The water samples for these tests were removed from the tank

with a 100 ml pipet. The samples, unless otherwise specified,

were removed as previously described. Samples for turbidity

measurements were taken from the bottom and upper portions

of the tanks when the tanks visually exhibited turbidity

stratification.

Sensory Observations

The sensory observations made during Tank Study I were

made daily for 17 days for Tanks A and 8, and for 36 days

for Tank C. These o bservations were the appearance of the

scrap, the odor of the water, and the color and appearance

of the water.

The sensory observations made during Tank Study II were

made on days 0, 1, 2, 3, 5, 7, 9, 11, 13, 16, 19, 22, 29,



and 36. The observations included the appearance of the

scrap, the odor of the water, floating matter, biological

growth, and the co1or and appear ance of the water.

Ox en Demand Stud

The five-day biochemical oxygen demand  BOD ! of the

ground scrap and alginate was analyzed using both seawater

{From the Corrotoman River! and dilution water as diluents.

The dilution water used in this study was the same as the

dilution water used in the HOD5 analysis performed in the

Tank Studies.

Analysis of the chemical oxygen demand  COD! of the

ground scrap and alginate was performed using only distilled

water as the dilution medium. Seawater was not .used for the

COD analysis because Standard Nethods �1! indicates that

the COO analysis is not accurate when the sample has a salin-

ity greater than two parts per thousand  ppt!,

For the analysis of BOD5 in this study, the Hach Mano-

metric HOD apparatus was used. A detailed explanation of

the Hach procedure may be found in Appendix A. Predeter-

mined weights of the ground crab scrap were placed in each

of the HOO bottles and then 157 ml of either seawater or

dilution water was added. The amounts of scrap used were

O.l, 0.2, 0.4, and 0,5 g when seawater was used and 0.1 and

0.4 g when dilution water was used.



Alginate solutions of 2.5 g/L and 5.0 g/L were made

with dilution water. The Hach BOD analysis was then perform-

ed on each of these solutions.

The procedure outlined in Section 508 of Standard

Nethods was used for the analysis of COD in this study  ll!.

For the scrap analysis, 0.05 and 0.10 g of scrap were ana-

lyzed. For the alginate analysis, solutions of 0.5 g/L and

1.0 g/L were analyzed.

Cadmium IJptake Study

The adsorptive capacity of crab shell material for Cd

was studied. All of the glassware used in this study was

cleaned with A1conox and water, a 50 percent hydrochloric

acid  HCl! solution, a 50 percent nitric acid  HN03! solu-

tion, and then rinsed three times with distilled, deionized

water.

Twenty-four 300 m1 BOD dilution bottles were arranged

on a shaker table. Clean, broken pieces of blue crab cara-

pace were placed in the BOG bottles as follows: 0.5 g in

each of three bottles, 1.0 g in each of three bottles, 2.0 g

in each of three bottles, 4.0 g in each of three bottles,

8.0 g in each of three bottles, 16.0 g in each of three

bottles, 32.0 g in each of three bottles, and no scrap in

three bottles. A two milligram  mg! per 1 i ter soluti on of

Cd was prepared wi th seawater f rom the Rappahannock River;
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and, 200 ml of this solution were placed in each bottle.

The 24 bottles were then stoppered and shaken for eight days,

Ten ml aliquots were removed from each bottle after one,

two, four, six, and eight days of aaitation. Each aliquot

was acidified with 0,1 ml of concentrated HNO> and analyzed
for Cd using an atomic absor ption spectorphotometer in the

f1ame detection mode.

A11 Studies  As App1 i cabl e!

Methods of Measurement and An a'lys i s

Information concerning the weather conditions and tides

was obtained from the United States 'leather Servi ce. The

Heather Service cont'inual ly broadcasts weather and ti dal

information on certain frequencies in the coastal areas.

i3epth was measured us ing a sounder. Thi s sounder was

made of nylon line which was marked in ha'l f-meter incr ements

and connected to a two-pound lead weight. The weight was

lowered slowly inta the water until it reached the bottom

and then the depth was read at the surface.

Current velocity was measured using a pygmy current

meter  Surley Corporation, Troy, New York!. These measure-

ments were taken at a depth equal to three-fifths of the

depth at the site  except Site I=, where it was taken at a

depth of 4 m!. This depth at each si te was used in an



effort to obtain the most representative current velocity at

the sampling time.

Salinity was measured using a Yellow Springs Instru-

ments Sa1inity, Conductivity and Temperature  YS I-SCT! meter

 YS I, Yellow Springs, Ohio!. This meter was calibrated at

the site in distilled, deionized water. Salinity measure-

ments were made at the site on water taken from the surface

and bottom of each site. If these readings did not differ

by more than one ppt, only the average value was reported.

A Secchi disk reading was made at each site to deter-

mine the transparency of the water. A 12-inch Secchi disk

attached to a nylon 1ine marked in half-meter increments was

used.

The pH of the water was measured using a Fisher Model

640 Accumet Mini pH/mV Meter. Measurements of pH were made

in the fieId on both surface and bottom water samples. If

these readings did not differ more than 0.5 pH units, only

the average value was reported. The pi! reading: in the Tank

Studies were taken three inches below the water's surface.

Mater temperature and D.O. were measured using a YSI

D.O. and temperature meter  YSI, Yellow Springs, Ohio!.

This instrument was calibrated in ambient air before use.

In the field studies, the probe was weighted with a one

pound lead weight. At Sites A, 8, and C, the D.O. of bot-

tom water samples was determined. For Sites D, E, and F,



9.0. readings were taken at depths of 0.5 and 1 m, and 1 m

intervals thereafter.

The alkalini ty analysis was performed in the field and

laboratory according to Section 403 of Standard Methods � 1 ! .

The remaining measurements and analyses wer e conducted

using sampl es which wer e taken from the fie'Id si tes or the

tanks and preserved. Each sample, with the exception of the

TOC sample, was placed in a polyethylene container and then

preserved in the manner appropriate for the analysis to be

made. The TOC samples were placed in clean glass jars which

could be capped to prevent contamination.

All samples were kept at a temperature of 4 C until the

anaIyses were performed. All equipment was calibrated in

accordance with manufacturers specifications.

Samples to be analyzed for ammonia and NO2 + N03 were
preserved with 0,2 ml of 1 molar  M! HC1 per 200 ml of sam-

ple. This preservation technique was suggested in the man-

ual provided with the Orion ammonia probe.

To measure the ammonia concentration, 10 ml of sample

were placed in a screw-top vial with a stir bar and 0,2 ml

of 10 M NaOH was added. The Orion ammonia probe was in-

serted and the "actual" ammonia concentration in mg/L as N

was read from the Orion 407A specific ion meter. To analyze

for the NO2 + NO3 levels �2!, 0.2 g of Devarda's al1oy was

placed in a 25 ml glass vial with a screw top which contained



10 ml of sample and 0.2 ml of 10 M NaOH. This vial was then

capped, placed on a shaker table and agitated for 20 minutes.

It was then placed in a water bath at room temperature tor

ten minutes to allow the sample to equi librate. A stir bar

and the ammonia probe were then placed in the vial and a

reading in mg/L as N  reading = total ammonia concentration

NH3 + N02 + N03! was taken while the solution was stirred.
The NO + NO concentration in mg/L as N was calculated by

subtracting the "actual" ammonia concentration reading from

the total ammonia concentration reading. This d'fference

was the amount of NH which had been produced by the reduc-

tion of N02 + N03.

Samples to be analyzed for organic N were preserved

with 0.2 ml of concentrated sulfuric acid  H2S04! per 200 ml

of sample as suggested in Section of 420B of Standard Methods

�1!. The concentration of organic N in mg/L as N was de-

termined by first analyzing for the total Kjeldahl N  TKN!

in the sample. This was done using the m~cro Kjeldahl pro-

cedure as described in Section 420B of Standard methods  ll!.

The organic N concentration in mg/L as N was then calculated

by subtracting the ammonia concentration from the TKN value.

The turbidity of the samples was measured using a Hach

turbidimeter and the manufacturer's recommended procedure.

Water samples taken during Tank Study I were analyzed

for BOD5 using the method outlined in Section 507 of
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Standard Methods {11! . The seed for the dilution water used

in this analysis was obtained from laboratory-scale biologi-
cal reactors which were seeded with municipal sewage and

maintained on solutions of dog food.

Water samples analyyzed for TOC we< e preserved by the

addition of 0.1 ml of concentrated phosphoric acid  H~P04!
per 50 ml of samp I e �1! . These samples were then analyzed

using an Oceanographic TQC analyzer  Oceanographic Instru-

ment Corporation, College Station, Texas!,

Mater samples for the analysis of selected metals were

preserved by adding 1 ml of concentrated HN03 per liter of
sample �1!. .hese samples were then analyzed for Pb, As,

Cd, Hg, and Zn using an atomic absorption spectrophotometer,

Sediment samples taken in Field Study II were processed

in the following manner prior to an analysis for associated

Cd, Zn, Hg, Pb, and As levels. The sediment was p1aced in a

cardboard box and placed on a shelf in the laboratory to

allow the samples to air dry for two weeks, Several 1.5 g
portions of the air-dried sediment were placed in 50 ml cen-

trifugee tubes. Thirty ml of 0.5 M HC1 were added to each

tube. Each tube was then stoppered and placed on a shaker

table and agitated for 12 hours at room temperature. After

agitation, the tube was removed and centrifuged at 600 rev-

olutions per minute  rpm! for three minutes. The superna-

tant was then analyzed for Cd, Zn, Hg, Pb, and As using the



atomi c absorption spectophotometer,

Shelf samples taken in Field Study II were processed in

the following manner. The shell was rinsed with a 0.5

NaOH solution to remove any residual tissue. ! t was then

rinsed five times with distilled, deionized water and placed

in 50 ml beakers. These beakers were dried at 103 C until

a constant weight was obtained, After drying, the shell was

stored in sealed containers. For analys~s, 1,0 g of dry

shell was placed in a 50 ml beaker and 6 ml of ultra pure

HNQ  Ul trex, Baker Chemi cal Company, New Jersey! were added,

This mixture was placed on a hot plate under an exhaust hood

and heated unti l the li qui d evaporated. 0nce the beaker had

cooled, another 6 ml of ultra pure HN03 was added and the
beaker was covered with a watch glass and heated slowly un-

ti1 a reflux condition was reached. Ref luxing was allowed

to continue until the solution had evaporated. The watch

glass was then rinsed into the beaker wi th 2 ml of 0. 5

percent ultra pure HNO . This liquid was poured into a

graduated tube. The beaker was rinsed five times, each time

with 1 ml portions of ul tr a pure HN03 which were also poured

into the graduated tube. An addi ti ona1 3 ml of 0. 5 percent

ultra pure HN03 was then added to the tube, bringing the

total volume in the tube to 10 ml. The tube was then

sealed with parafilm and the sample was ana1yz d within one

week for Cd and Zn.



! Y. RESULTS

The results of the four major areas of this research

are covered in individual sections of this chapter. The

first section "ontains data from the three field studies.

The second sect~on contains the results of the two tank

studies. The third section contains data from the analysis

of the COD and BOD of both the alginate and scrap. The

fourth section contains data obtained fram thehCd 'adsorp-'

tion study.

Field Studies

These studies are presented in the sequence in which

they were unde,"0aked. For each field study, the sites are

fi rst character',zed by weather, tidal, and water quality

data. This site characterization is followed by a descrip-

tion of the appearance of the crab scrap. ln Field Study lI,

the concentrations of selected metals present in the water,

bottom sediment, and scrap shells are also given.

Characterization of Sites

The characteristics and water quality data for each of

the three sites used in this study can be found in Table !I.

These data indicate that the water at the three sites con-

tained only trace amounts of total organic carbon, selected
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metals, and ni trogen containing compounds. The concentra-

tions of TOC found at the si tes ranged from 10 to 14.5 mg/L.

The concentrations of' ammoni a, organi c ni trogen, N02 + NO
3

were all below the detectable limits of 1 mg/v for ammonia

and N02 + N03 and 4 mg/L for organic nitrogen.  The concen-

trations of Pb, As, Hg, and Cd were less than 50 mg/L; less

than 1.5 mg/L; less than 6,3 mg/L; less than 0.042 mg/L, re-

spectively.! These data indicate that the water at the

three sites was of good qua1ity. These data also show that

water depth and current ve1ocity were variable.

Appearance of Scrap

The initial  after 24 hours! inspection at Site A was

impractical due to adverse weather conditions .

At Site S, after 24 hours of exposure, thr e of the five

uncoated scrap balls had separated into small p-,eces, while

two were intact. Two of the five coated scrap balls had

separated into halves which were still we11 compressed.

Three were intact.

At Site C, after 24 hours of exposure, a11 of the un-

coatedd scrap balls were still intact, Two of the coated

scrap balls were i ntact, while two had separa tea into halves

and one was missing.

A11 three si tes were inspected 13 days af ter the ini-

tial �4 hours! inspection. At Site A and Si te B the con-
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tainment devices could not be located. The control contain-

ment, device which had been placed at Si te 8 was f'ound 50

ya rd s f rom i ts orig ina1 posi t i on and had become en tang 'I ed in

sunken wreckage. This seemed to indicate that strong tidal

currents may have relocated the other containment devices.

The containment devices were found to be in place at Site C,

No scrap was found in either device and the bottom of both

devices had become fi Iled with a two-inch layer of muck.

Characteri zation of Si tes

The characteristics and water quality data for each of

the three sites used in this study can be found in Tab1e III.

These data indicate that the water at the three sites con-

tained trace amounts of' total organic car bon, selected met-

als, and nitrogen-containing compounds. The concentrations

of' TOC a t the si tes were consis tently bel ow the 1 eve I of 10

mg/L. The concentrations of organi c ni trogen, ammoni a,

and NO> + 803 were al 1 below detectab1 e 1 imi ts. These da ta

indicate that the water at the three sites was of good qual-

ity. The site depths at, the sites ranged from a low of 4.0m

at Site D to a high of 10.5m at Site F. The salinity at

each of the s i tes remained nearly constant at 14 ppt. I ig-

ures 14, 15, 16, 17, 18, and 19 show that temperature and

dissolved oxygen varied with depth at the three si:es. The
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O

Figure 15. Water temperature and disso1ved oxygen variations with
depth at Site D at 1615 hours on 5 June 1982.
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Figure 16. 'Aater temperature and dissolved oxygen variations with
depth at Site D at 1230 hours on 27 June 1982.
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Figure 17. Mater temperature and dissol ved oxygen variations ~ith
depth at Site E at 1730 hours on 5 June 1982.



58

O

22 Z

0

Figure 18. Mater temperature and disso1ved oxygen variations with
depth at Site E at 1145 hours on 27 June 1982.
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Figure 20. Water temperature and disso1ved oxygen variations with
depth at Site F at 1040 hours on 27 June 1982.



most drastic variation in D.O. occurred on 25 June 1982 at

Site D. At a depth of 0.5 m below the surface, the D.O.

was 7.8 mg/L' while at a depth of 4,5 m, the D.O, was 1.4 mg/L.
Sites E and F showed similar variations on 25 June 1982.

Appearance of the Scrap

Following 24 hours of exposure to the marine environment,

at the three sites, all of the scrap balis, both coated and

uncoated, had disinterqrated. It appeared as though only

50 percent of the tissue remained in the containment devices.

All of the shell material seemed to remain in the devices.

After ten days of exposure, the devices at all three sites

contained only shell material.

The concentrations of selected meta'1s can be found in

Tab1e IV. Figure 21, shows the amounts of Cd and Zn which

were found in the water', sediment, and sheli.

The concentrations of Zn in the sediment increased by

less than ten percent at the three sites from 5 June l982 to

15 June 1982. The concentrations of Cd in the sediment in-

creased by 30 percent at Site D, by 55 percent at Site E,

and showed no increase at Site F over the same time period.

The concentrations of Zn and Cd in the crab shell de-

creased over 50 percent at all sites over the ten day per-

iod of 5 June 1982 to 15 June 1982. The largest decrease

was at Site F where the concentration of Zn was 1,5 mg/g.
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The concentration of Cd in the crab she11 also showed a det-

ini te, but not as drastic a decrease. his decrease r anged

from approximate1y 25 percent at Site F to 50 percent at

Si te E.

The concentration of Zn in the water at the three si tes

remained constant at 0.2 mg/L. The concentration of Cd at

each site increased by at feast 50 percent from 5 June 1982

to 6 June 1982, but then decreased back to the levels meas-

ured on 5 June by 15 June 1982. The maximum concentration

of' Cd measured in the wate~ was 0.005 mg/L.

field Stud III

Characteristics of Sites

The three sites used in this study are the same as

those used in Field Study II. The site characteristics and

water quality data may be found in Table III.

Appearance of Scrap

Af ter two days of exposure, a11 of the scrap ball s at

each site had disintegrated and approx~mately 50 percent of

the tissue remained. The unground, uncompac.ea scrap at

each site was still intact, with 75 percent of the tissue re-

maining after two days, At the end of four days of exposure,

on1y 30 percent of the tissue from the scrap balls remained.

'dhereas, af ter four days, approx ima tel y 50 percent of the
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tissue remained on the unground shells at each site and the

integrity of the shell material seemed to have been diminish-

ed. After si'~ days, no tissue from the scrap balls remained

and only trace amounts of tissue remianed on the unground
crab shells at each site. The unground she11 material ao-

>peared "pitted" as if something had been removed. ~Ahen

finger pressure was gently applied to the shell, it crumbled
easity.

Tank Studies

In this study three different forms of crab scrap were

i mmersed i n tanks of aerated, dech 1ori nated tap water.

Tank 4 contained loose scrap, Tank 8 contained compacted
scrap, and Tank C contained compacted, coated scrap. 8oth

analytical and sensory observations of change were made.

Sensory Observations

The appearance of the scrap, the odor of the water,

and the color and appearance of the water were the sensory
observations made. These observations were made daily and
a detailed listirg can be found in Table V,

In comparina the three methods of scrap preparation

througn sensory observations, the fo11owing iriformation was
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ooor in Tank B as i tAt no time was the water c1ari ty as

was in Tank A. Water c1arity in Tan k C began deer easing on

Oay 1, but was not translucent until Oay 4. The water . e-

mained translucent until Oay 24 and then began to clear .

obtained. Water qual i ty, in the f orms of odor, clari ty, and

color of the water, was more severe'ly impacted in Tank A

than in Tank B and more severely in Tank B than in Tank C.

The odor in Tank A was f irst detected on Oay 1, reached

i ts peak on Oay 3, and was undetectab1e af ter Day 10. In

Tank B the odor was first noticed on Oay 3, also reached

its peak on Day 3, and was gone by Oay 10. The peak odor

in Tank A was much more offensive than the peak odor i n

Tank B. Tank C exhibi ted only a very mi I d odor f rom Oay

to Oay 34. This odor was never offensive.

The cl ari ty of the water in Tank A began decreasing

immediately after addition of the scrap. This decreased

clarity continued until Oay 10, when particles in the water

column began to agglomerate and settle out. From Oay 10 to

Oay 17, the water appeared to be very clear. On Oay 2 and

3, in Tank A, the wate~ around the scrap was an orange-

yellow color. In Tank B, .the water remained clear after

the addition of the scrap. The water clarity began decreas-

ing on Oay 1 and continued to decrease until Oay 4. Gn Oay

3 and 0, an orange-yellow co1or was present around the

scrap. Af ter Oay 9, the water cl ari ty began zo improve.
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The water in Tank C was always clear er than the water in

Tanks A and B.

Analytical Observations

Analytical changes in the water quality of each tank

were monitored da~ly for the first six days of this study.

The parameters analyzed were wa te r temperature, dissolved

oxygen, turbidity, BOD , TQC, pH, and NH3. Figures 22, 23,

24, and 2S present NH , turbidity, TOC, and BOD data, re-

spectively, for the three tanks. The values for pH, D.O.,

and temperature remained almost constant in all three tanks

over the first six days.

i3 H

The NH3 concentrations in each of the tanks followed

the same general trend; that is, it increased slowly for

the first three days, increased rap~diy from day three to

day five, and then leve'ted off or decreased slightly on day

six. Qn a11 days, the NH3 concentrations found in Tank A

~ere approximately twice those found in Tank B and four

times those found in Tank C. The initial NH3 concentration

in the water used in the three tanks was less than 1,0 mg/L.

The maximum i'iH3 concentrations measured were 33 mg/L for

Tank A, 19 mg/L tor Tank B, and 6.8 mg/L for Tank C.
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Figure 22. Daily variations in the concentration of ViH> in the
water in Tanks A, 9, and C during the first six days
of' Tank Study I.



72

The turbidi ty in each of the tanks was,o nd to follow

the same trend through day four, 1t increased from day zero

to day two, decreased f rom day two to day three, increased

again from day three to day four. After day four, the tur-

bidity continued to increase in Tank A and decreased or lev-

eled off in Tanks 8 and C, The turbidity in lank A was at-

most twice that of Tank B and four times that of Tank C, as

was similarly noted for the NH3 concentrations. The initial

turbidity in the water used in the three tanks was 1 ess than

1,0 NTU. The maximum turbi di ti es measured were 33 NTU for

Tank A, 14.5 NTU for Tank 8, and 6,6 NTU for Tank C.

TOC

The TOC concentrations in all three tanks fcllowed sim-

ilar trends. TOC levels sharply increased on day one,

sharply decreased on days two and three, and the i changed

relatively little after day three. The only deviation from

this trend occurred in Tank 8 on day five and was so drastic

that it may have been due to an erroneous reading, The ini-

tial concentratinn of TOC in the water used in tne three

tanks was less than l,O mg/L. Tha max~mum TOC concentra-

tions measured were 4l.5 mg/t for Tank A, 19.4 mg/L for

Tank 8, and 8.8 mg/L for Tank C.
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Figure 23. Daily variations in the turbidity of the water in Tanks
A, B, and C during the first six days oY Tank Study I.
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Figure 24. Dai1y variations in the concentration of TOC in the water
in Tanks A, 8, and C during the first six days of Tank
Study l,



Tank A and Tank B each exhibited the same trend in BOD5
changes with the values for Tank A being much greater than

those for Tank B, The BOD<level of Tank C did not change.
remained less than 12 mg/L, The initial concentration of

BOD5 in the water used in the three tanks was less than 12

mg/L. The max~mum 8005 values were 130 mg/L for Tank A and
36 mg/L for Tank B.

In this study, coated scrap balls were immersed in tanks

simulating fou~ different envi ronments. These environments

were aerated saline water wi th no sediment in Tank 0, aer aCed

sal ine water wi th sediment in Tank E, nonaerated saline water

wi th sediment -'. n Tank F, and nonaerat d saline wate~ wi th no

sediment in Tank H. Both sensory and anlytical observations

of change with time were made.

Sensory Observations

The appearance of the scrap, the odor of the water, the

amount and type of floating matter present, the presence of

biological growth, and the color and visual appearance of

the water were the sensory observations made, These obser-

vations were made on days 0, 1, 2, 3, 5, 7, 9, 11, 13,
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Figure 25. Oaily variations in the concentration of 80D in the water
in Tanks A, 8, and C during the first six da~s of Tank
Study I.
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16, 19, 2l, 29, and 36. Table Ij'I provides a detai led listing
of these sensory observations.

In comparing the four different marine environments, it

was observed that the two aerated environments were impacted

similarly by the addition of crab scrap. The two nonae rated

environments were impacted in very different ways.

A earance o~ Sera

The alg',nate coatings had sloughed off the scrap in each

of the four tanks by Hour 4, By Day 1, all the scrap had

disassociated, but it was remaining in a distinct mound in

each tank. This distinct mound of scrap remained in Tanks D

and E for the duration of the experiment. The only changes

being a reduction in size with time and the formation of a

mat of biological material over the mound. The mounds in

Tanks F and G both began producing gas which carried scrap to

the water's surface and caused it to float and then later, to

sink. This movement of scrap through the water column caused

the scrap to be dispersed throughout the tanks. In Tank F,

all the scrap had fallen out of the water co'Iumn by Day ll

and no floatiag scrap was se n from Oay ll to Day 36. Scrap

continued to float in Tank G up through Day 36.



78

N 2 I
0 C

tt

5O
CJ

0LI400C VI
Itl OP

4t
2

C

JQ 3»

L 0J

JR I
P

i-0 I30
Cl9 I-
3

0
ttl
C Qt
Vt C
4t
V IJ

O

4I
VC

Rg
Lp
4 C3D0 aVC '0 R
Qt I IJCl R

L ICJ 4I0

4I
Oy

3IP
CO A CI

LIQl 4
tC2 Cl

VI Vt

D CP

JQ4tVt
R 4I
L

0
LQI L4I0

VJ LVI Ql

2 'L
~ 0
3

'4CP
CJC

Qt
C I-0 VI

IL

Zl
C

0
F
VIICt 4PL0

0

3 C

VV
2
L CP9
'4 Q

CQl '492

4IV C4IC LI0 aVlC9 I

IO
PV 4R 9

Ql CLCl

CJ
C 0

CI
4P
I

CV c7tN
VC

CS vQCCCI
LJ

8

4
Q

W I 5
0

a c

92
4Itp

C tl4P O

R

4I
C OtCl

0 Vl
4 2

C '4
L
Vt

CII
C Ci
Cl
ttlCl

I4t
3
c

2 ~ O
V

VI 'll
3»
i. OC
3 Qt4 4tI

Vt'42

I I3 vl0
4I
W 'llIJ

0~ I
C vt'4Ct L

0 Ql
C

4 2
C.4 L 4

4t
Ct
O.

CIIClL
C
n 0Vt

0

9
ll

0L aClLt Vt
Cl C
Ct

CJ4t Ct
Ol

I
V
'll 0

0
Ct
4

Ct
0C 0 '4

O 4W NP

Cl

~I

! I
I I
t

I

OI

II

  I

I DR

VlfQ 42
I0

R 4I C.4t9 4IOJ a RI I 3 3

L9 'V

I
IO.

C R
0

VI
VI

0

'Cl

vl IJ

'4 DI 4

2
I

CDCla cCt
CD
E C9 JC
CIW '04 4I

l IC
Vl

VtQt

Cl
CJ vt

3

4I
Ot

0 H4CJi0 IJ4t
CQ0 vt
4l 2

O
C

Cl
43 w

40
2+
0 DC

'Ql
SO
0»O

Ql

I
Cl

Clvt3

V

0I

C0

IP
9VI
ttlVt'0I0 0

9IJ C
Cl CC924tCl

CC ta

4tOt C0
vl
QlLIJ 4IC
VItJ3

L'4
C
0L wCPCl

wX»LQl 3> 'QlCvl0 0
30»
L4I

»
O U

C0
Cl
t

'4It QtVIJQI R0»VOCiCtL DCI
0

Ol'll C
CtQl

5 u
Vt'43
I

C0

'4 I ClCC

OlnOCN

R tO NCP N

'4 VQOPCC

L Ql
4I

g Cl

Vt ECJ3 L
iC. 4t

4 'Q3 2

CP Cv NC

4t
QlC.

4P
» Ql

» a
QlA 0I � »

I
4I
Vi C

JO JOt
ClD0 DJ 9

Vl2 R3ICl»
3



79

Q
0 4

CSI- c0 00V. 0

C
ClLtfaIJ IL

3 vt

I
I

0 Iit
C0

I
LIPvl
3
4IVl

Lvi Iv

C
'00
IL

0 Cl
Cl vt
'a L

Cl3 0O. L
0 V LIP

CC

a

0! fft
$ 44I

0 0I � J I
I VVl

0 Cl4 CI
92 4I0CCI03vl
SP L 0 Vl CtaV

l- V CIV
vs atvC CS

O Cava'Cl vl vp CI QC
I ip ~ 0 0
IL M fat CP0 v 4II 0 W IV JS CI 4t J3 C 0'JCI C Cf H'

g Js OI 3 vl

'0 03 4I Cl
0 0IJ 0vl IL O4ICSvtCV0 0 v

0 O. 0I 4I 0 CV 0 IP '0
Ci 0N
C H4t faI0

'04I ICS IPC 0IPO. Lv 4I

00 Cl
CP0fa C

fvt
Ift C

M Cl0
IO ClV

IP
V

0 Ll

4t

3
C 0Spv3V IU

I-I

f vv

'0
C CtCI v

'a 0
Ci 4Ij0 Cif

0CCIc 00LLlvt vt

a

V fft 4
ip VC 0vf

IaSII 0 Cl'0 C
g vt

L0 4ICl3 0
C 3Ct CIP 0 vt 04t IJvt

3
4'a fa 4ICI L 41V 0vl '0 C 3'0 QvV I0 V Ci H vtH;

'0
C 00

St
lf 0C C

0 vt
Cl Cl '00 LVVl

SIV CIl
J V
I

0 0
CI

VlOI
C 0
0 Lf

vt
3'tl

Cl

vt

V

fat
0

0 3
2

c3

CIC

O I
4 H'0

CI
V v92

CI
lt

f0
'0

0 Ll

C '0

Cf

lt 0I Llf
0

v92 Cf
3

'0
vtrtl 04I VI
SI

0
3

0 0
VI

I

4I

0 CP
0

Oft 'if

0ip
t

0C

0~ OI

0

00C 0 vl C00 C Cl
LO.4I

4
IPvt 0 OlIA CO. 4IICX Ovv CV 4100 IJCCI Cl 4I 41
3 JS v

C 40 '0
Vl IJ

og
0 3

Iv
LI

vl'TS CI
j
3
4IC 00

iil0

0
4P

0 0H 0ClV ClCl4I

Cl
fll

0 L
vt
ip tPf'0

ClC0
lt IJ
O

Cl faCl
O.'0 a

v L
C 0~ 4 W 3

3
C C
0 0

4I 0 4IV
Cl 5'

CI 'CI'0vl 1
Cl0 0

fa

I 04I '3
Ol Cl0 IJ

vt
3 0
4v
L COlVI
4I

Of0 C

0
0 PJC00 HCtVl
C Ci

vt 1,VI Ct
0 3

Cl
30 V
I C

fit
IA Z

00P C
4IVl C

IP
H Lv
I V

fa 4PLt MvCrt0 C00 I+IC
0 v00
j
~ OI 10

vt
avaP PV oa'0

K
0Vl

0
fa0 LCl

O. v'0L C

O Cf
vp

Ot Clt

af va Pvf va



80

4JtJ'4

trr

4II4J
0. 8I
~ e C3I O0 '0

I0 4tI4I 'tl3

r4

QJ tr
0
~ I 04IIr V

0a
4I

a 4l
IIrt fr

ao'4 DL v
U N C

0
l4 C

$ U L
IJP 0

I4
4t401

Nl
Ol0

0

H
0

44 D

4J

C0
Itr
~ Jl

0 m OI4 r

44 IJP

004Ii.4l 010

4

4l
4I4I

U 4
I

0 VI

I4

E

'U

0 0

rrt 4I
rtl0 IL

gl0
O

3

rrl 4J4I C

C 0
L'4 Ot

'4 O

VI
Ot4l 0

3 r404lI
C0 3

4l
U XIrt V

4
> IIJ
Ct Vt

4I
U
4t

I0
ClQrJ

4l
0

L C
IIJdr4P D
0 0

0 3

4lI~ J30 Cl
0 lt

3ll 4l

OI I

Ir

0

0 IJ
3'rt 0

0

m
0

OICv Pl

4r
3

4r
I

IJ
r1P

i3tr4rD
4
IJL U

0

It

0

4fl0

0
lzl44 t

I OI92J JJ0

reer

Ol0

0 04l4 rrr

00r4'T70 CU r4
rrtI 4I

rrt Jl

0C CL0
4r4I
0 C

3CLU 0 lrU rl

0
0 U4J

4J
0 4l~ I 4Jc 3
p

trtOI
C

il 4lL4r3 L.
a0rr
U JI~ t

4J
3

4I
4J

U
I v

0 Jl
C 0
Rg
~ J IOt r4L

4Lr4C IIJ
ta-

4Ir 0
0 '0il0

D 0
3
C
0 0

4

'O
OP�0
0 rv
D r
4I D
D I4

0
U E
I0 Irrrl

'O
4I 0

LI
Ot0 0 DIJI 0

I4 D oE
Ol 00 4

CL I4P0 Ulr- rrt E

4I
0
t4 30

0 4JlrtP

I-Urrt 4l
0

30 U
4I

" 'Mr4 Cl CU

4
tp rrt '0



3 'tl
0 C0 tl ~
O 0LO.

t1I
'0

V

trt
tlt
3

zlc:I

Ql
0 2

CJ
0 4I

L

c

IJ
C7ICl TlCl0 wIJCI

41X 0

C trIU ~VtCl
L C. ff

«0
Ql

Vt
Vl

a
tat
0 0

2 E
3
0 OS

4t
3
QI

C
II
0

a

«I
0 Cl

QJff
0 Cl

IJVL
VV IlI � a

4I Cl
«J Ja

Ct
4I 0 Vl

QJa 3

<V

I <4

'0
I-CI

3
0 «0t Ql

C
00

C ff

CO0

Ot '04I
tl 4IIJ
0 N

3

2

Ctr ll

Ct
Ct

30
«tt 0

Ct cl

Ql
o SL'0
It3

0 G
3

QJ
V Q

C
r I

a 3
0

al 0

3
0 1tI

rt a ttr «t
0J 0

JQ trJ
0 0

0rt
2

VI0 cl
«tl Cl

4t0

Ct
0Ia

J
03
V

0

J'0 1I
4 0

8 'o

3
Q

0 tr '0 0
I
rt

J 0
I '0

0
QI

aIa«0 <V IJS CI

~a< olvaSa«II I
«al

0 O
«I«0

Vt CIa SJ
QlVtO IZ

Vt
tr 3
0 0Q
JS Co
0 11c

Q
rl C02 ~

Cl «Qt

C0 M
rl'0Cl

LOl C
a 'CS4 IC
O
0
01 3

tl

Ot a' ~
a 4Vt
CI 00 =
0 L

0
cQ 3

0 0I« I- Jl

SJ C0SSIO ta Ql
0 'a

0 0VI«I '00 IAVI D
IIJIf C tacL 3
4I

c

ta IJ2 tr0
eF

0 VI
Ot Cl 4t0
OC 3
JQ 0
vl 00 'OCl QJIIJ '0'll QJ4t v 0.
I 0 'a

<4C, av

2

ta1.

E
Ct4

«jlC00
4I

C IrCtO'L O

rt t

3
c 'J V
C VQ Vl

40

J
0 0It

J

Vt
'0c J3C
4II

4I 0
a ff C3JJ 3
'0 I Cl

Vljt «Sl ~0O 0
1tC QJ

tll 0 I0

C0
' ~

� OJ

0 3

3

"1 M«<VVQ

V j
I

0 M

Vtta taC ~ 3
I- '0JQ QJ

a

EC 04I '0Ill MI J« IJC
20~ 0to QJL Cl 0
a; ff wK

IQI 0
0 0

Cat 30
V
C«C
IJ
Cl QlI13 JV E

QJ'0 ' '0'J

3

a
1J
II I

0



V 2
JL
0 Cl
CI0

D'O a

0

CI0
E 3Cl0 0

CJVl
Cl
C

I0C0I
CJICl

0 0 Cl
ClI 0 0

V 0Vl

I CI0 0
VI L0'Cf00V-

VI
0
0 Vt 0

0 I

CI

Cl
0 Cl 0 QI

C Vl

CJ

Vl
~ JILICI

IJ
V VI
Cl

0 0 CI
Cl

Jl'3'4
CI
V 4
CI
C

0 0
I0
0
'4
0
0

0 0L 0 Q

01 OI.J
r1

CIVV 4VPCI

Cl

CI

'JlnClCI
0 IJ'0

41

'CIJJ
'4IJ
U

3
II

v
00

0
L Q
0 PI

I
0 0

4
I

V 0

C R

I I
PI

0

I

0 CP4I
Vl
JC

VlI-0
3P

in

0't7 00 C
DVI Cl
ICCl0 a

I 4

Cl
I0
O

3

C0L V
VI IJ
CC I

C 0
Cl
LI

0
J 4

0 30

V 41
DI MC

4PVI MCl

82

I
ClCIIVI C000I n

0

CPIn 4l
3 I
L N

O0
1.0 0
0 '0CJIV4l

0

4
'4 VC44

Pl
0
0 '1 IJ
II

CI vl

4I

1
VI0 V3
L0 I.0 0
CJ 4'0

'V
C.

CPCl C0

Cn0

0 L VI
0
DSC LI

~ J
VlL

CPVI
CJ JJ

Vl'4IJ
L IP 4J
'4 Cl
L V
t7
0 ~ J

Vl

CI
0
V 0

0 CP
0 0

0



83

Odor of the ~ilater

Fl oati n Natter

The only floating matter observed in Tank 0 was the

biological mat which had covered the scrap mound. On Day

11, a gas bubble became trapped beneath it and caused it to

float unti 1 Day 19 . In Tank E, small bits of floating scrap

were seen on Day 9 and on Days 13 and 16, a floating mat of

shell and biological matter was observed.

In Tank F, small particles of floating scrap were ob-

served an Days l and 2. By Day 3, a scum had formed over

the water's surface which contained trapped gases and scrap.

d be Day 11 it contained white biolog-The scum oer;i s ted an

i cal mats but no sera p. The scum and bioIogical mats re-

In Tanks 0 and E, a fi shy odor was firs t detected which

later developed into an ammonia odor. This odor peaked by

Day 7 and then decreased until there was no detectable odor

after Day 16. In Tanks! F and G, the ini ti al odor was al so a

fishy odor, but by Day 3, the odor had changed to a distinct

sul fur odor. In Tank F, the sul fur odor persisted until Day

13 when anoth r equally strong odor replaced it. This odor

remained unti~ Day 36. In Tank 5, the sulfur odor remained

until Day 29 when it was rep'laced by another strong odor.

The sulfur odo- returned by Day 36.



mained through. Day 36.

In Tank G, small particles of floating scrap were ob-

served on Days 2, 3, and 5. By Day 7, large amounts of

scrap were floating and on Day 9, strands of scrap hanging

down from the water 's surf ace had formed. A scum layer and

mat of white biological matter had formed on th ~ water' s

surface by Oay 11 and these layers persisted through Oay 36.

8 i cia i ca 1 Growth

The first biological growth to appear in Tanks O and E,

on Oay 2 and 3, respectively, was on the wails of the tanks.

This was followed by the formation of biological mats over

the scrap mounds. White biological growth was seen in both

tanks.

In Tanks F and G, no biological growth was visible un-

til Day ll, when wh~ te biological mats began 'o form on the

water's surface in both tanks. Green, br own, and red

streaks of biological growth began to form on t e walls oi

Tank F on Oay 16 and by Day 22, the tank walls were com-

plete'ly covered with biological material. These streaks

were first seen in Tank G on Oay 36.

Color and A earance of the Mater

The water in Tanks D and E turned a murky yellow-green

by Day l. A foam appeared on the water 's surface in Tank D



on Day 1 and traces of the foam remained until Day 5. In

Tank E, the foam first appeared on Day 2 and by Day 3, a

6 cm layer had formed above the water's surface. Hy Day 11,

the foam had disappeared. The water clarity in both tanks

had begun improving by Day 3 and by Day 19, the water was

as clear as before the scrap was added.

In Tanks F and G, the water remained clear near the

surface, bu . became black and turbid around tne scrap.

The water in both tanks remained stratified with respect

to turbidity until Day 9. Af ter destratificati on was com-

plete, on Da» 11, the water in both tanks became more tur-

bid, with the water in Tank F becoming reddish-brown by

Day 22.

Analytica'I observations

Analytica'I changes in the water quality of each tank

were noted on day 0, 1, 2, 3, 5, 7, 9, 1I, l3, 16, 19, 2 2,

29, and 36. The parameters analyzed were pH, dissolved

oxygen, temperature, turbidity, NH , 'IO> + NO , organic

nitrogen,and TOC. These data, with the exception of tem-

perature, are presented graphically in Figures 25 through

39.
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Ni tro en Contai ni n Compounds

Changes in the concentrations of the three different.

nitrogen forms in Tanks D, E, F, and I' can be noted from

Figures 26, 27, 28 and 29, respectively. These data are

summarized in Figure 30,

In Tank D, the NH3 concentration increased from less

than 1 mg/L to a maximum of 62 mg/L by Oay 7. It then de-

creased in an almost linear fashion to below the detectable

concentration of 1 mg/L by Oay 16, No NH3 was detected

after Oay 16. Organic nitrogen was detected cn only four

of the sampling days; Days 2, 3, 11, and 13, It was never

detected above 5 mg/L in Tank O. The NO2 + I'~03 concentra-
tion varied somewhat erradically. A concentration of 2 mg/L

was found on Day 2, then the concentration decreased to less

than 1 mg/L and remained there until Oay 9. From Day 9 to

Day 36, the concentration of N02 + NO alternately increased
and decreased.

The nitrogen containing compounds in Tank E followed the

same trends as did the nitrogen containing compounds in

Tank D. Only minor differences were noticed,

In Tank F, the NH3 concentration increased to 25 mg/L

on Day 3 and then decreased to 5 mg/L by Oay 5, After Day

5, the NH3 concentration began increasing and continued to

increase throughout the study, reaching a hig'i value of
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62 mg/L on Day 36, the last sampling date. Organic nitro-

gen was not detected until Day 2, when a concentration of

13 mg/L was found. The concentration then decreased in a

linear manner, until it was again below the detectable lev-

el of 1 mg/L on Day 5. Organic nitrogen was not detected

again until Day 11. After Day 11, the concentration re-

mained between 1 and 10 mg/L on all sampling dates except

Day 19, when it fell below 1 mg/L. The NO + NO concen-

tration remained below the detectable level of 1 mg/L on

all but three sampling da tes, Days 7, 9, and 36. On these

days, it remained below 10 mg/L,

The nitrogen containing compounds in Tank G followed

the same trends as discussed above for Tank F.

TOC

The TOC concentrations for each tank can be found in

Figures 31, 32, 33, and 34. In Tanks D and E, the TOC con-

centration increased to approximately 30 mg/L on Day 1,

then decreased to approximately 25 mg/L on Day 2, and then

incr ased slightly on Day 3. From Day 3 to Day 7, the TOC

concentration remained constant and after Day 7, it began

to steadily decrease. In Tanks F and G, the concentration

of TOC increased sharply on Days 2 and 3, respectively.

Following this sharp increase was a sharp decrease. After

Day 7 the concen tra ti on of TOC varied erradi ca I ly, i nc reas-
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ing and decreasing twice before reaching a level nearly

equal to the initial TOC concentration.

The pH data for Tanks D and E is presented in Figures

35 and 36, respectively. As noted from these figures, the

pH data for these tanks are almost identical. They show a

sl ight decrease from 7.9 to 7.4 on Day 1, f'ol lowed by an

increase to 8.2 by Day 5 and a '! eveling off.

The pH data for Tanks F and G can be found in Fi gures

36 and 37, respectively. The pH data for these tanks was

almost identical also. These pH values decrease from 7.8

and 7.5, respectively, to values of 6.7 and 6.9 by Day 5.

A very slow increasing tr end was exhibi ted until Day 29,

when the pH of the water in each tank dropped to almost 6.0.

A return to pH values of approximately 7.0 was obser ved by

Day 36.

The pH values in the aerated tanks ranged from 7. 5 to

8.2, while the pH values in the nonaerated tanks ranged

from 6.7 to 7.8.

Dissolved Ox en

Figures 35 and 36 also provide the D.O. data for :anks

0 and E, respectively. The D.O. concentration in each tank

decreased from an initial value of 5.9 mg/4 to a low of 4.5



98

E

O

G3

0
V!
CA

CI

I5 20

Time  days!
25 30

Figure 35. The variations in the turbidity, pH, and the dissolved
oxygen concentrations in the water in Tank D on the
samp1ing days of Tank Study .'!.



99

O

I � 2

� 10

0
0 I5 20

Time  days!
10 3025

E

a

Figure 36, The variations in the turbidity, pH, and:he dissolved
oxygen concentrations in the water in Tank E on the
samp]ing days of' Tank Study Il.



100

IQ 25 30
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Figure 38. The variations in the pH and the dissolved oxygen
concentrations of the water in Tank G on the sampling
days of Tank Study II.
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mg/L on Day 1. After Day 1, the D,O. concentration began

to increase until it reached a constant value of approxi-

mately 5,7 mg/L on Day 5,

Tanks F and G were both intended to be anaerobic tanks

and the data in Figures 37 and 38 show that this was

achieved. In Tank F, the D.O. concentration decreased to

below detectable limits within one day, and remained there

throughout the study. The D.O. level in Tank G decreased

to about 0 mg/L within three days.

Turbidity

The turbidity data for Tank 0 and Tank E can be found

Figures 35 and 36, respectively. The turbidity in Tank

D increased from 2 NTU to 22 NTU by Day 1, decreased to 6

NTU by Day 3, then increased to 13 NTU by Day 9. By Day 11,

the turbidity had decreased to a value of 2 NTU and remained

at or below 2 NTU ur,til Day 36. The initial turbidity in

Tank E was 17 NTU. The turbidity decreased to approximately

10 NTU by Day 2 and remained at this point until Day 1 3,

when it, decreased to 2 NTU. From Day l3 to Day 36, the

turbidity remained at or below 2 NTU.

Figures 39 and 40 contain the turbidity data for Tanks

F and G, respectively. Both tanks became stratified, with

respect to turbidity, after about one day. They remained

stratified, with the water near the surface of the tank
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being 1ess turbid than the water near the bottom of the tank,

until Day I3. After destratification occurred, the turbid-

i ty increased markedly in Tank F, to a maximum of 60 NTU on

Day 19 and then decreased to 24 NTU by Day 27. After Day 13,

the turbidity in Tank G increased only s1ightly.

Oxygen Demand Study

BOD Analyses

Analysis of Scrap

An analysis of the scrap's BGD was performed using

both seawater and BOD dilution water as dilvents. Table YII

presents the data obtained when seawater was used in the

analysis and Table VIII presents the data obtained when BOO

dilution water was used, The average values and ranges of

BOD> values for each diluent were similar. Nhen seawater

was used, the range of average values was 146 to 244 mg BOD<

per g of scrap and, when dilution water was used, the range

was 167 to 255 mg BOD> per g of scrap. It should be noted,

however, that the BOD> exerted per gram af scrap decreased

as the amount of scrap used in the analysis increased.

Analysis of Alginate

An analysis of the alginate's BOD5 was also performed

using both seawater and 800 dilution water as diluents
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Amount of Scrap Range of
~Aver a e

0.1 244257, 256, 219

225, 230, 219

173, 171, 171

144, 146, 148

146-244

0.2 225

0.4 172

Table VII. RESULTS OF THE BOD ANALYSIS OF GROUND CRAB SCRAP USING
SEAXATER AS THE TE TING HEDIUM
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TABLE VIII. RESULTS OF THE BOD ANALYSIS QF GROUND CRAB SCRAP USING BOD
DILUTIQN WATER AS !HE TESTING MEDIUM

Range afAmount of Scrap
~Aver@ e

167-255255251, 228, 270

252, 252, 278

163, 162, 141

180, 200, 169

0,1

167Q 4



Table IX presents the data obtained when seawater was used

in the analysi s, and Table X presents the data obtained

when BDD dilution water was used, The average values and

ranges for the HGD data were relatively low. It appears

that the BOD< of the mater~al was less than 20 mg/g.

Analysis of Scrap

The analysis of the scrap's COD was performed using

deionized, disti'lied water as the diluent. Table YI pre-

sents the data obtained in this analys~s, Note that the data

ranged from a high of 416 mg of COD exerted per g of scrap

to a low of 349 mg. The overall average was 390 mg.

Analysis of Alginate

The analysis of the alginate's COD was performed using

deionized, distilled water as the dilution medium. Table

XII presents the data obtained in this analysis. Note that

the data ranged from 430 mg of COD exerted per q of alginate

to 403 mg. The overall average was 417 mg.

Cadmium Uptake Study

Thi s s tudy i nvol ved the addi ti on of di f'feri ng amounts

of crab shel 1 to a 2.0 mg/L sol uti on of Cd in seawater.
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YMLE IX, RESUI TS OF THE BOD5 ANALYSIS OF ALGINATE USING SEAWATER AS
THE TESTING MEDIUM

@mt of A1ginate Range of
Ave racue

12-1820, 18, 16

13, 13, 9

18

5.0



TABLE X. RESULTS OF THE BOD ANALYSIS OF ALGINATE USING BOD DILUTION
MATER AS THE TESTING MEDIUM

Amt. of A]ginate

2.5 13 B-13

5.0

14, ]2, 12

9, 9, 7

Range of
~A
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TABLE XI. RESULTS OF THE COD ANALYSiS OF GROUND CRAB SCRAP

Amount of Scrap

0.05 413

349-416

0.10 397, 355, 349 367

m COD/ of Sera ~Avera e

416, 410, 413

Range ~n
R 1



TABLE XI I, RESULTS OF THE COO ANALYSI'S OF ALGINATE

Range inAmt. Qf Alginate
m COD/ ot Al inate ~Avera e

422424, 410, 418

429, 430

414, 408, 403

407, 416

0.5

403-430

410
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These solutions were sampled on Days 0, 1, 2, 4, 6, and 8,

in an attempt to determine the adsorptive capacity and the

rate of adsorption of Cd by the shell material.

Fi gures 41, 42, 43, and 44, show the percent of Cd

which was removed from the solutions by the crab shell on

each of the sampling dates. Note that the larger the quan-

tity of shell material present, the greater the percent re-

moval on Day 1, Mith 0.5 g of shell present, only 27 per-

cent of the Cd was removed by Day 1, whereas when 32 g of

shell was present, 90 percent of the Cd was removed by Day 1.

It should also be noted that all of the systems reached

equilibrium within eight days, except those which contained

only O.l g and 0.5 g of shell.

Figure 45 shows the percent of Cd removed by the vary-

ing quantities of she11 after eight days.
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Figure 41. Uptake of Cd by crab she1ls over an eight day period.



115

90

80

E o 70

60
O

50

o 40

~ 30
O

~ zo 2 3 4 5 6 7 8
Time of Exposure days!

Figure 42. Uptake of Cd by 8 g of crab she11 over an eight day
period.
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Figure 44. Uptake of Cd by 32 g of crab shell over an eight day
period.
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YI . DISCUSSION

This chapter will follow the format used in the "Results"

chapte~. The field studies will be di scussed, fol lowed by

the tank studies, then an analysis of the oxygen demand

data and, finally, the Cd uptake study. A11 of these areas

will then be discussed jointly in an effort to relate the

information to the probIem of crab scrap disposal.

Field Studies

.8ecause equipment was lost during this study, no specif-

ic data concerning scrap degradation were obtained. However,

valuable know'Iedge concerning site location, containment

device design and sampling techniques was gained.

It was determined that any future sites should be located

in areas which experienced milder current action and 1ess

recreational traffic. The design of' the containment

device would need to be altered so that the scrap would be

securely contained in the devices. These devices would also

need to be anchored with extra weights to assure that they

would remain at the sites. To assure that the sites would

not be inadvertently changed during sampling, an anchorage

system was designed which allowed one weight o a1ways

remain on the bottom. This knowledge was then applied
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the subsequent studies.

Field Study II

Both the coated and the uncoated scrap balls at each of

the three sites degraded at similar rates, indicating that

the alginate coating did not noti'ceably alter the degrada-

tion rate of the scrap bali.

The scrap was examined on Days 1 and 10 of this study

and because no tissue was found on Day 10, it was determined

that to properly define the rate of tissue loss, the scrap

would have to have been examined more frequently. This

problem was subsequently addressed in Field Study III.

The concentrations of Cd and Kn in the shell decreased

with time. This would indicate that as the shells degraded,

these metals were being released to the water and sediment.

However, the impact on the water and sediment was not detec-

ted due to the relatively small contributions of Cd and Zn

fram the shell.

FieId Stud III

An approximation of the rate of tissue 1oss from both

coated scrap balls and loose scrap was made in this study.

For the caated scrap balls, six days were required for over

95 percent of the tissue contained in five, 300 g scrap

bails to be last from the containment devi ces . Approximately
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85 percent of the loose scrap tiss,ue, which had been attached

to the shell, was lost after six days. There are several

physical, biological, and chemical factors which might have

affected the rate of tissue loss.

One physical factor is the tidal current. As the water

flowed through the containment devices, it produced friction-

al forces on the exterior surfaces of the scrap. This con-

tributed to the degradation of the coating and the scrap

ball. The moving water also provided a mode of transport

for the scrap particles. The scrap was also affected by a

physical force which was created during each inspection.

Each time a devi ce was raised or lowered, wate r would be

forced into or out of the container. This water created a

flushing action and caused the loss of a- significant portion

of tissue upon each inspection.

The biological processes acting on the tissue were at-

tributed to the organisms whi ch we re small enough to enter

the containment devices, i.e,, microinvertebrates, bacteria,

and fungi. These organisms may have been feeding on the

scrap. A new supply of organisms was constantly provided by

the tidal current. Same macroinvertebrates were also found

inside the containment devices. These were mainly isopods,

amphipods, and marine worms.

The corrosive chemical nature o, the saline water may

have contributed to the degradation of the alginate coating
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and the pitting seen in the whole crab shells.

Tank Studies

In this portion of the work, the impact of three methods

of crab scrap preparation on water quality were studied.

Raw, uncompacted scrap was used in Tank A, It was

thought that this form would create the greatest impact on

water quality and would be the least acceptable for offshore

disposal.

The scrap in Tank 8 had been compacted. During the com-

pact~on process, much of the liquid in the scrap was removed.

This liquid undoubtedly contained a considerable amount of

organic matter and was one of' the main components of the

scrap responsible for the deterioration of the water quality

in Tank A.

The scrap in Tank C had been both compacted and coated

with an a1ginate gel. In this process, liquids were removed

from the scrap and then the remainder of the scrap was

encased in alginate. It was expected that this coating

would encase the tissue and decrease the degradation rate of

the scrap. Scrap in this form was expected to produce less

of an impact on water quality and be the most acceptable

form for offshore disposal,
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The observed impact of the scrap on the water quality

in each of' the three tanks corresponded we 1 1 wi th the ex-

pected impacts, Tank A exhibited concentrations of NH3,
TOC, and BOD and turbi di ty that were at least four times

greater than those in Tank C and twi ce as great as those in

Tank B.

The sensory observations also provided important infor-

mation concerning these three scrap forms. The odor and

visual appearance of the water indicated that the water in

Tank A was most severely impacted by the scrap, followed by

the waters of Tank B, and then Tank C.

Floating scrap is a major concern. Tank A contained

the most floating scrap and it remained afloat the longest.

However, the coated scrap was buoyant when ,irst placed in

Tank C, and it follows that if this coated scrap were to be

placed in a denser liquid, such as seawater, it might not

sink. Also, a section of this scrap did begin to f1oat on

Day 34, due to organic decomposition and gas production

within the alginate coating.

Tank Study II

In this portion of the work, the impact of alginate

coated scrap on four di fferent simu1ated marine environments

was studied.



Tank D, which was aerated and did not contain sediment,

and Tank E, which was aerated and contained sediment, be-

haved almost identically, which indicates that the presence

or absence of sediment did not markedly affect the impact of

crab scrap on a well aerated system. Tank F, which contained

sediment and was not aerated, and Tank G, which did not con-

tain sediment and was not aerated, behaved in similar man-

ners. However, differences that were attributed to the

presence of sediment were reflected in the data for turbidity,

dissolved oxygen, and nitrogen-containing compounds.

There were marked differences concerning the nitrogen-

containing compounds in the aerated tanks, Tanks D and E,

and in the non-ae rated tanks, Tanks F and G. !n the aerated

tanks, the conditions were favorable for the growth of nitri-

fying bacteria. These bacteria converted the ammonia to

N02 + NO . The nitrifying bacteria could not function in
the non-aerated tanks due to the anaerobic conditions.

Therefore, the ammonia levels remained high and only very

small amounts of NO2 + NO3 we re detected.

The cycling of these nitrogen-containing compounds is

extremely important because of the high organic nitrogen

content of the crab scrap. If too large a quantity of

scrap is deposited at one site, the ammonia levels will in-

crease rapidly Prom the conversi on of organi c ni trogen to

ammonia under aerobic or anaerobic conditions, Ammonia is
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version of NH3 to NO> + NO3. The NO2 + NO3 concentration

noted in these tanks on Day 36 indicates that the carbonace-

ous HOD had decreased to the point that oxygen was then

available to satisfy part of the nitrogenous BOD.

The turbidity in Tank F was greater than in Tank G, ex-

cept on Days 2 and 3. This couId be explained by the fact

that, wi th sediment, there would be a larger and more stabl e

anaerobic microbial population in Tank E than in Tank

This population would tend to cause an increase in the tur-

bi di ty due to the increased numbers of organi sms in the

~ater column.

The graphs of D.O. versus time show that the sediment

exhibited a strong oxygen demand. Tank F was anaerobic

toxic to fish and the increased concentrations may result in

fish kills. Also, if the disposal site is aerobic, the am-

monia will be converted to NO2 + N03, consuming the available
oxygen. The reduced oxygen concentration may also initiate

a fish kill and severely affect other aquatic organisms.

The NH3 and organic nitrogen concentrations were con-

sistently higher in Tank F and in Tank G. This could be due

to the presence of a larger anaerobic microbial population

or due to NH3 and organic nitrogen release from the sediment.

The NO2 + NO3 concentration was 1ower in Tank E than in

Tank G, This could be explained by the more rapid depletion

of oxygen from Tank F, since oxygen is required for the con-



after one day, whereas Tank G remained aerobic until Day 3.

The sensory observations supported and expanded the ana-

lytical data. It was noted that in all the tanks the algi-

nate coating had sloughed off of the scrap balls within four

hours, This indicated that the alginate coating lost its

integrity rapidly in the saline water.

All of the tissue seemed to have disappeared from Tank 0

and Tank E by Day 1'I. This observation supports the analy-

tical data which indicated a marked improvement in the water

quality of these tanks after Day 11,

Oxygen Demand Study

The BOD< ot the scrap varied from 141 to 278 mg per g of

scrap, The actual value obtained for any given analysis was

dependent upon the amount of scrap analyzed. The less scraD

analyzed, the higher and the more variable the BOD> values.
The higher values could have been due to the fact that the

'targer samples seemed to have a higher shell-to-tissue ratio

and therefore would exert less BOD. The greater variability

could be attributed to the inaccuracy of both the BOD>

testing procedure, the weighing of' such small amounts of

scrap, or some inhibitory agent present in the scrap, such

as heavy metals,
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The BOD> of the al ginate varied from 7 to 20 mg of BOD>
per g of alginate. The variability noted in this analysis

can be contributed to the variability which is inherent to

the BOD5 test. In comparing the results of the analyses

using seawater with the analyses using BOD dilution water,

it was found that there were no major di fferences between

the two methods.

COD Analyses

The COD of the scrap varied from 349 to 416 mg of COD

per g of scrap. This variation was also thought to be at-

tributab1e to fluctuations in the shell-to-tissue ratio

whi ch was seen in samples that di f fered in si ze.

The COD of the alginate varied from 403 to 430 mg of

COD per g of scrap. This is quite similar to the COD of

the scrap.

The BOD> and COD of the scrap were reported in ranges

to take i nto account the variability in the shell� -to- ti ss ue

of crab scrap. This shell-to tissue ratio of the scrap is

dependent on the season of' the year, the area which it is

from, and the picking process used. If the scrap is from

an area having water of a higher salinity, the crab scrap

produced in the spring wi'Il possess a much lower shell-to-

tissue ratio. This is due to the fact that the female re-

quires higher salinity waters to properly develop her egg
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masses and these are developed in the spri'ng �! . These

egg masses are discarded with the scrap which, in turn, low-

ers the shelI-to-tissue ratio. The crab picking process

that is used can also affect the shell-to-tissue ratio of

the scrap. Crab picking can be either hand picking of the

entire crab or mechanical picking af just the crab claw.

Hand picking is usually the most efficient and produces the

largest shell-to-tissue ratio. Thus, due to the high varia-

bility of crab scrap, no one COO or BOO value can be as-

signed to it.

Cadmium Uptake Study

The purpose of this study was to determine if the shell

material in the crab scrap would adsorb Cd. The data indi-

cated that crab shell is an excellent adsorbent for Cd.

The maximum amount of Cd adsorbed per g of shell was

0.564 mg. This was observed in a batch reactor which con-

tained only 0 5 g of shell and 2 mg/I of Cd The 0 564 mg

of Cd was adsorbed by Oay 8, However, this value probably

underestimates the adsorptive capacity of the shell because

equilibrium had not been reached by the time the sample was

sacrificed.

In the batch reactors which contained more than 2.0 g

of she I 1, each system reached equilibrium by Oay 6 . In all

of these reactors, except the one containing 8.0 g of shell,
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equilibrium was reached after 90 percent of the available

Cd had been removed from the solvtion, The maximum percent-

age removal was 98 percent, and this efficiency was observed

in both the batch reactor containing 16.0 g of shell and the

one containing 32.0 g of shell.

In the three batch reactors which attained equilibrium

�.0 g, 16 0 g, and 32 0 g of shell!, the amount of Cd re-

maining in the solution at equilibrium ranged from 0.011 mg

and 0.019 mg, which was equivalent to 0.07 mg/I to 0.13 mg/L.

Recommended l3isposal Procedure

After investigating the individual areas of concern,

the entire offshore disposal procedure must be considered,

In order to accomplish this, a proposed di sposal procedure

is outlined below and the reasoning behind each step is

gi ven.

After the crabs are pi eked, i t i s recommended that the

scrap be ground into pieces smaller than 0.6 cm . This2

grinding process reduces the volume of the scrap by approx-

imately a factor of five and therefore makes the scrap

easier to transport to the disposal site.

Fol 1 owing the grinding process, the scrap shou'l d be

al lowed to fall from the grinder into sea! able containers

for transpor t. The scrap must be seaIed in some way during

transport to reduce the odor associated with the scrao. It
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is suggested that an alginate ge1 be used for sealing the

surface of the scrap in the reusable container before the

li d is put in p'l ace. This reusable container coul d then be

hoisted onto a boat or barge and taken to the disposal site

where the contents would be dumped.

After dumping, i t i s expected that, the ground crab

scrap would sink. As the ground scrap sinks through the

water, some of the less dense particles of tissue would be

transported from the disposal site by the currents, whi1e

the more dense particles of shell would sink to the bottom.

This dispersion of tissue would decrease the amount of BOD

and COD exerted at the disposal si te. The amount of ti ssue

dispersed and, thus, the decrease in 80D and COD realized

would be directly proportional to the veloci ty of the cur-

rent at the disposal site.

Care must be taken throughout this disposal procedure

to assure that the crab scrap does not become contaminated

with Cd. The shell in the scrap readily adsorbs Cd and

could release it as the shell degraded in the aquatic en-

vironment. If contamination, uptake, and release of Cd oc-

curred, the ecosystem at the disposal site could be severely

impacted.

Proper management of the offshore disposal system is

the key factor to its environmental success. The scrap

preparation process must be careful1y controlled. The dis-



posa1 sites must be properly chosen considering the current

velocity, depth, mixing action, and D.O. concentrations.

Proper rates of scrap application must be assigned to each

disposa1 site to prevent deterioration of the ecosystem.

Careful monitoring of the disposal process and water quality

at the disposal sites is required. 1f these proper manage-

ment procedures are instituted, it would appear that crab

scraps may be disposed of at sea.



VI . SUMllARY ANO CONCLUSIONS

Among the problems associated with the offshore disposal

of crab scrap are the odor, vo tume, and handleability of the

waste, the presence of floating matter at the disposal site,

and the impact of the waste on water qual i ty, Crab scraps

exert a rel ati vely hi gh oxygen demand, re1ease ammoni a and

oxidized nitrogen during decomposition, and have a high

affini ty for heavy metal s.

After identi fying these prob1ems, a means of handling

the crab scrap had to be developed which would minimize

these problems. Compaction of the crab scrap was thought

to be a possible means of reducing the volume; however,

following this work it is felt that the costs of compacting

the wastes under high pressures outweigh the benefits

derived. These costs inc1ude the high capital cost of the

equipment, the high energy costs for operation of the equip-

ment, and the cost of sewering or pretreating the high

800 liquid waste.

Anothe~ method for reducing the crab scrap volume was

therefore considered and consisted of grinding the scrap.

Grinding reduced the volume by a factor of five and elimi-

nated the problem of floating scrap, The ground crab scrap

could be deposited directly in a reusable container and

sea1ed with an alginate gel to reduce odor and then trans-

13Z
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ported tq the disposal si te, The alginate was found to

have a low S005 and would therefore, probably not increase

the oxygen demand at the disposal site.

The ground crab scrap would produce a less severe

impact on the water quality than would whole scrap, This is

because, as the ground scrap sinks through the water, some

of the fess dense particles of tissue would be transported

from the disposal site by the currents. The dispersion

of tissue would decrease the amount. of ammonia and oxidized

nitrogen produced and the amount of BOO exerted at the

disposal site, thus reducing the impact of' the scrap on the

water quality,

In conclusion, the fallowing statements can be made:

Several potential water quality problems are asso-

ciated with the offshore disposal of crab scrap.

They are the shell materials affi ni ty for heavy

metal s, the hi gh oxygen demand exer ted by the scrap,

and the production of potenti ally toxic amounts of

ammoni a and oxi di zed ni trogen.

2. The grinding of the crab scr ap reduced the volume

and eliminated the problem of floating scrap.

3. The al gi nate gel used to sea'I the scrap and prevent

odor problems did not add appreciably to the shor t

term oxygen demand of the crab scrap.

4. The a 1ginate gel coating di d not aapreciably del ay
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the degradation of the ground scrap because the

alginate coating lost its integrity and was readily

dispersed in the saline environment,

lt is therefore believed that crab scraps may be dis-

posed of i n mari ne environments provided that appropri ate

disposal sites are selected and properly managed; i.e.,

careful monitoring of disposal technioues and water quality

at the disposal sites.
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HACH MANOMETRIC BOD APPARATUS

Princi pie of Operation

A measured amount of crab scrap is placed in one of the

bottles, to which dilution water has been added. The bottle

i s then pl aced on the stirring appar atus and connected to a

closed end mercury manometer. Above the crab scrap solution

is a quantity of air which contains 21 percent oxygen �3!.

Over a period of' time, bacteri a in the sol uti on uti1 i ze oxy-

gen to oxidize organic matter present in the crab scrap, and

thus dissolved oxygen is consumed from the sample. The air

in the closed sample. bottle replenishes the utilized oxygen

whi ch results in a drop in air pressure in the sample bot-

tle �3!. The pressure drop is registered on the mercury

manometer which can be read di r ectly as mg/L BOD. The sam-

ple is continually agitated during the test period by a

magnetic stirring bar. Carbon dioxide is produced by the

oxidation of organi c matter and must be removed from the

system in order that it does not develop a positive gas

pressure that would result in an error. This is accomplish-

ed by placing a cup with potassium hydroxi de into the sam-

ple bottle, being sure that it does not come in direct

contact wi th the sample �3! .
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INTRGDUCTOR Y REMARK

The following paper constitutes Part II of the final report for

project F19-82-00815, "The Impact of Crab Wastes on Marine Environ-

ments." In this portion of the report the resul ts of efforts to compact

crab scraps for overboard disposal are described.

MATER IAL S AND METHODS

Crab scraps from a commercial crab processing plant in Hampton,

Virginia were collected immediately after picking and transported on ice

to Blacksburg, Virginia where they were frozen at -20'C until needed.

Compressed blocks were prepared from the cold defrosted scraps by first

grinding the scraps in a 1 HP commercial meat grinder with a 1/4 inch

perforated face plate. Fresh crab scrap blocks  FR! were prepared from

the scraps immediately after grinding. Stored crab scrap blocks  ST!

were prepared from the ground product after 5 days of storage at 4.4'C

8lock Construction

The ground crab scraps were thoroughly mixed with various binders,

placed in a specially constructed compression ceil, and compressed in a

Carver hand press to 15,000 psi with a 50.8 mm diameter ram f' or a 5

minute holding period. The cell was cy/indrical and built of polished

steel, with walls 22 mm thick, an inside diameter of 51 mm, and a height

of 343 mm. Compressed blocks were placed in a convection oven and dried

at 90'C far 12 hours. After cooling the blocks were weighed, measured,

and then immersed in Nalgene tanks  see Tank Studies Section!.



The following binders were mixed with the scraps:

a. Treatment A � S eed Pl u owder, manufactured by Taams

Industries, Illinois and California, generally used as a quick

setting hydraulic cement to stop leaks in concrete and

masonry;

b. Treatment B- , manufactured by Rohm and Haas,

Pennsylvania, a modified acrylic cement used to improve

adhesion and increase strength of cement mortar;

c. Treatment C - Rho lex E-330 li uid, manufactured by Rohm and

Haas, a water dispersion of acrylic polymer used to improve

textural adhesive and impact strengths of Portland cements;

d. Treatment 0 - OLR-NR, 40K solution manufactured by Rohm and

Haas, a blend of off-grade water emulsified acrylic resins

used as a binder to prevent soil erosion;

e. Treatment E � Kelco Ge't HV, 2� solution, manufactured by

Kelco, New Jersey, a refined high viscosity sodium alginate

used as a stabilizing, binding, and gelling agent by the food

industry.

The powders were mixed at a ratio of 20 g binder to 80 g of ground

scrap, while the liquids were mixed at a ratio of 20 g binder to 100 g

of scrap.

Shelf Life

Dry blocks were placed on a shelf at room temperature for two

months to monitor offensive odor production. Six blacks of each

treatment were placed in a room 5 by la feet.



Tank Studies

Five gallon Nalgene tanks were used to study the behavior of the

crab scrap blocks in water. The tanks were filled with tap water and

then the blocks were placed inside. The blocks floated initially, but

sank within 24 hours and were spaced equally apart in the bottom of the

containers. The tanks were kept covered throughout the experiment.

DupIicate samples of bottom and surface water �50 m1 each! were

withdrawn with long pipettes from the tanks and placed into sealed

containers for subsequent chemical determinations. Tap water was added

to each tank to replace water losses due to sampling and evaporation.

At the end of the submersion period, the blocks were removed from the

tanks and allowed ta drain for 12 hours. The drain water and blocks

were weighed and the block heights and diameters were recorded. The

force required to shear each b1ock was determined using a 5,000 lb ring

and a standard shear cell with a Kramer-A11oe shear press.

An Orion 901 Analyzer with specific ion electrodes was used to

determine the concentrations of nitrate, ammonia, and sulfide in the

water samples. The concentrations of the thr ee compounds versus the

number of days blocks were stored in the tanks were plotted using the

SAS computer package. A cubic spline method with continuous derivations

using a third degree polynomial for each set of two adjacent points was

used to graph the curves.

RESULTS

Curves for nitrate production are presented in Figure 1  A-E!.

Tanks containing fresh and stored crab scrap blocks were monitored for
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nitrate production on six occasions. Tanks with fresh blocks were

monitored after 3, 6, 8, 13, 19, 22, and 29 days, and the tanks with

stored b1ocks were moni tored after 5, 10, 15, 19, 24, 28, and 35 days.

Nitrate levels in the tanks containing fresh blocks increased

slightly around the 5th day and decreased after approximately 10 days
fo11owed by a sharp increase. In the tanks with stored b'locks a fairly

sharp peak developed on the 12th day and a decrease around the 20th day

was followed by a rise in nitrate level.

In all cases higher concentrations of nitrate were found in the

bottom samples than in the surface samples. Depending on the treatment

the nitrate levels ranged from 120 to 630 mg/L in the surface samples

and from 135 to 960 mg/L in the bottom samples. The lowest amounts of

nitrate in the bottom samples were produced in Treatment A, reaching a

maximum of 130 and 134 mg/L for the fresh and stored scrap blocks,

respectively. The highest amounts of nitrate were generally produced in
the bottom samples. Treatment D reached a max~mum of 930 and 960 mg/L
in the fresh and stored blocks, respectively. Treatment C produced 730

and 810 mg/L nitrate for the fresh and stored blocks, respectively.
Treatment E produced 670 and 620 mg/L for the fresh and stored blocks,

respectively; whereas, Treatment B produced 650 and 520 mg/L ni trate for
the fresh and stored scrap blocks, respectively. The increases in

nitrate production coincided with increasing microbiological growth.
Curves for ammonia production are presented in Figure 2  A-E!.

Tanks containing fresh and stored crab scrap blocks were monitored for

ammonia production on 5 and 9 dates, respectively. The tanks with fresh
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crab scrap blocks were monitored after 3, 5, 9, 13 and 22 days; and, the

tanks with stored crab scrap blocks were monitored after 3, 6, 9, 11,

17, 20, 26, 28, and 35 days.

As can be seen from the ammonia production curves  Figure 2, A-E!,

the tanks with fresh blocks exhibited a sharp increase in ammonia around

the 8th day with a dip around the 16th day. This decrease was followed

by another steep increase. In the tanks with stored blocks a sharp peak

in ammonia occurred around the 9th day, but leve1s fell rapidly through

to the 14th day and then started to rise again.

In all cases, higher amounts of ammonia were found in the bottom

samples than in the surface samples. Ammonia levels ranged from 220

mg/L to 1,350 mg/I in the surface samples and 300 to 4,350 mg/L in the

bottom samples. The lowest amounts of ammonia in the bottom samp1es

were produced in Treatment R, reaching a maximum of 300 and 375 mg/L for

the fresh and stared scrap blocks, respectively. The highest amounts af

ammonia were produced in Treatment E, attaining concentrations of 4,350

mg/L for the fresh scrap blocks and 3,000 mg/L for the stored blocks.

The levels of ammonia in Treatment C reached 2,550 for the fresh blocks

and 3,250 mg/L for the stored blocks. Treatment D ammonia levels

reached 2,550 mg/L and 3,450 mg/L in the tanks containing fresh and

stored blocks, respectively.

Curves for sulfide production are presented in Figure 3  A-E!.

Only tanks with stored scrap blocks were monitored for su'Jfide

production on 6 dates. These tanks were monitored after 7, 12, 21, 26,

31, and 38 days. As can be seen from the curves for sulfide production,
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low peaks genera11y developed after 17 days, except for one treatment

that had its first sulfide peak on the 12th day and then there was a dip

on the 25th day for all the treatments. A steep peak deve1oped on the

32nd day which then decreased again on the 38th day.

The partitioning of sulfides in teh upper and lower regions of the

tanks varied, but appeared to be related to the type of block treatment.

There was generally a low level of 100 to 200 mg/L between the 15th and

the 20th day of submersion  except for Treatment A where the peak

occurred on the 13th day!, and then a sharp increase on the 32nd day,

followed by a pronounced decrease in concentration on the 38th day. The

lowest levels af sulfide were produced in Treatment A and E, reaching

400 and 375 mg/L, respectively. The highest amounts were produced in

treatments 8 and C, 700 and 650 mg/L, respectively. Treatment 0 yielded

a maximum of 500 mg/I of sulfide.

The tanks were also monitored for oxygen content and, as expected,

the tanks were anaerobic when nitrates, ammonia, and sulfides were

present in the greater concentrations.

Table 1 contains the crab scrap block weights and dimensions before

and after immersion in the tanks. Before immersion, a11 blocks did not

weigh the same and the first column in Table 1 i11ustrates the

differences which were noted. Treatment A yielded the heaviest blocks,

but there appeared to be no real differences among the other treatments.

Additiona11y, Treatment A blocks were shorter in height than the blocks

for the other treatments indicating a greater compaction for Treatment

A. Note that Treatment E b1ocks were tallest. The diameters of the
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blocks were similar, except for Treatment 0 blocks which appeared to

expand somewhat after compaction.

Following immersion, all blocks experienced about a 33 percent

weight gain through water absorption. Except for Treatment B, the

stored blocks absorbed more water than the fresh blocks. Blocks from

Treatment C and D contained more water than Treatments A and B blocks.

Treatment C stored crab scrap blocks gained 37-41 percent of their

weight in water as compared to 24-28 percent for the fresh scrap blocks .

In Treatment 0, the percentage for the stored blocks was 34-37 percent,

as compared to 28-33 percent for the fresh blocks.

The blocks in Treatments A through D swelled, while those of

Treatment E disintegrated during the last week of submersion. Swelling

was genera11y in height, rather than in diameter, reaching an average

increase of 25 percent in Treatment B followed by 13 percent in

Treatment A. The blocks in Treatments C and 0 increased an average 9

percent in height.

Drip loss differed among the treatments. There was no drip from

Treatment A blocks which retained almost all absorbed water. Treatment

D losses from both fresh and stored scrap blocks were greatest,

averaging 3.5 and 4 percent, respectively. This was followed by

Treatment C with averages af 2 to 3 percent and Treatment B with 2 and

0.7 percent losses, respective1y. Generally drip losses did occur and

the losses were greatest for the stored crab scrap blocks.

Table 2 provides the microbiological counts in the tanks at the end

of the submersion period. Aerobic and anaerobic populations in the
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Table 2. Bacterial Levels in Tanks at End
of Submersion Period.

Bacteria Level, No./ml
Tr eatment* naerobesero es

B ST

C FR

C ST

D FR

D ST

E FR

E ST

*FR = resh b ocks; ST = stored b ocks.

A Fresh  FR!

A Stored  ST!

1.0 x 10
6

1.1 x 10

1.1 x 10

4.3 x 10

2.4 x 10

7.2 x 10

3.6 x 10

1.6 x 10
9

1,3 x 10
6

1.2 x 10
8

3.0 x 10
5

1.9 x 10
6

9.8 x 10

3.4 x 10

4.9 x 10
5

1.3 x 10

7.0 x 10

7.8 x 10
7

2.6 x 10
6

4.0 x 10
7
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tanks with stored crab scraps were much higher than in the tanks with

fresh blocks. Aerobic bacterial counts in the tanks with fresh blocks

ranged from 1.0 x 10 to 3.6 x 10 per ml, and in the tanks with stored
6 6

blocks the aerobic population ranged from 7.2 x 10 to 1.6 x 10

Anaerobic counts in the fresh block tanks ranged from 3.0 x 10 to 2.6 x

10 per ml, as opposed to a range of 1.9 x 10 to 7.8 x 10 per ml in6 6 7

the stored block tanks. Treatment D tanks contained the highest aerobic

counts for the fresh crab scrap blocks with a count of 3.6 x 10 per ml6

and also for the stored blocks with a count of 1.6 x 10 per ml. The9

greatest anaerobic bacteria levels for the fresh blocks were obtained in

Treatment E, with a count of 2.6 x 10 per ml. The greatest anaerobic6

bacteria counts obtained with the stored blocks were noted in the

Treatment D tanks �.8 x 10 bacteria per ml!. The lowest aerobic7

bacteria levels for fresh crab scrap blocks were noted in Treatment 4

�.0 x 10 per ml!, while Treatment C provided for the lowest aerobic6

bacteria levels with stored blocks �.2 x 10 per ml!, The lowest7

anaerobic bacteria counts for fresh and stored crab scrap blocks were

detected in Treatment A �.0 x 10 and 1.9 x 10 bacteria/ml,5 6

respectively!.

Table 3 provides the shear forces required to shear the various

blocks following their removal from the tanks. The toughest blocks,

which did not shear even under a force of 5000 lbs, were those of

Treatments A and S. Treatment E b1ocks were not tested because they

disintegrated in the tanks. The fresh and stored scrap blocks of
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AUC circlesShear lbsTreatment

A FR > 5000

> 5000A ST

4554 1.388 FR

> 50008 ST

1575 0.49

0.411691C ST

0. 2212950 FR

0.17654D ST

E FR

E ST

FR = fresh blocks; ST = stared blacks.
<Off-sca1e with 5000 lb ring.

Block disintegrated in tanks.

Tabl e 3. Force Required to Shear Fresh and Stored Crab
Scrap Blocks following Removal from Tanks.
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Treatment C sheared at 1575 and l691 lbs, respectively. The fresh and

stored blocks of Treatment 0 sheared at 1295 and 654 lbs, respectively.

DISCUSSION

The data indicated that ammonia production by the fresh scrap

blocks peaked on the 8th day, then dipped and rose again on the 16th

day, while nitrate production increased slowly at first and then

proceeded at an acce1erated rate. With the stored crab scrap blocks,

amnonia peaked around the 9th day with a secondary rise on the 20th day,

while nitrate levels peaked on the 12th day with a second rise on the

20th day. Sulfides in the stored scraps peaked on the 17th and 35th

days.

Increases in ammonia levels were probably due to the bacterial

reduction of ni trate  Mortenson, 1962! and non-oxidative deamination

 Moat, 1979!. Sulfide production in the tanks probably resulted from

bacterial breakdown of the sulfur-containing amino acid, cysteine, by

deamination through cysteine desulfhydrase under anaerobic conditions

 Moat, 1979!.

The appearance of nitrates from the fresh and stored scrap blocks

differed, being slow for fresh blocks and peaking after a week for

stored blocks. This may indicate that different conditions for nitrate

production were present. In the fresh scraps the build-up of electron

acceptors for ammonia oxidation was slow, while the stored scraps had

enough time to produce the necessary conditions for conversion of

ammonia to nitrates.
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!n comparing the data for microbiological counts, shear values,

block dirrensions, and water uptake, some points of interest were noted.
First, the scrap blocks of Treatment E, which disintegrated in the tanks
during the last week of submersion, had compacted poorly when compared
to the other treatments . The disintegration was ther efore partly due to
the poorer binding properties of the agent used in Treatment E. The
binder in this case appeared to give more "memory" to the block than the
others had. The disintegration might also have been related to

bac!erial contamination, as indicated by the large numbers of anaerobes
in the fresh and stored scraps of treatment E. Since all scraps were of
the same origin, the Treatment E binder might have served as a good

substrate for the flora which developed.

A second point of interest was the lower shear forces noted for
treatmerit C and 0 blocks. This may have been a re ult of two factors.
Treatment D blocks exhibited the lowest shear forces and the poorest

water-holding capacities. These qualities coupled with the highest
aerobic and anaerobic bacteria counts  l.6 x 10 and 7.8 x 10 per ml,9 7

respectively! appeared to be related to block disintegration. Hlocks of
Treatment C, which had the next lowest shear readings to Treatment 0,
also had the next highest water drainage losses � to 3.S percent as

opposed to 3.5 to 4 percent!.
Treatment A blocks appeared to have the greatest abi lity to resist

disintegration. These blocks compressed »ell, lost the least amount of
water upon drying before submergence, and had good water holding
capacity. Treatment A blocks maintained a very good resistance to
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shear, and microbiological counts were relatively low in those tanks

which contained the blocks.

CONCLUS IONS

l. Shelf stable, sinkable blocks of crab scrap can readily be prepared

through grinding the scrap and adding various binding agents.

2. Higher levels of bacteria, ammonia, nitrate, and sulfide appeared

to be associated with stored scrap blocks than with fresh scrap

blocks.

3. It appears that crab scrap blocks can be disposed of where there is

adequate tidal flows allowing for the dispersion of produced

ammonia, nitrates, and su'jfides.

4. No attempt is made herein to develop a recommendation for the best

binding agent to be used in all applications because more work is

obviously required and such decisions would have to be made on a

case-by-case basis . For example, authorities might select a more

stable block in situations where currents were relatively low;

whereas, a relatively fragile block  such as the Treatment E blocks

of this study! might prove best in an area where the currents could

disperse the scrap readily.
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INTRODUCTION

The following paper constitutes the third and final portion of the

completion report for the project entitled, "The Impact of Crab Wastes

on Marine Environments. ' In this portion of the report efforts to

determine if the growth of a potential fish pathogen, Yibrio

h db b d f I I 1* I

affinity of crab scraps for cadmium are described  see Part I of Project

Report!.

METHODS AND MATERIALS

The Bacteriolo ical Studies

I 11dd 1,11t h ~itt 1 df tl

experiments in which an attempt was made to demonstrate that the growth

of bacterial fish pathogens might be promoted by crab scrap. V.

fd1 I I «f1h h .b

little work has been performed with the bacterium. It occurs widely in

both pathogenic and non-pathogenic forms and only through a rigorous

testing protocol may it be determined whether or not a given isolate is

pathogenic. The culture used in this study was originally isolated from

a fish lesion, but the pathogenicity of the culture was not charac-

terized. The cu1ture was ordered from The American Type Culture

Collection  ATCC! in Rockville, Maryland  ATCC No. e] 9264!,

fl ~f. 111 1 tf d I d

265, a medium recommended by ATCC personnel. The composition of media

265 is given below:



heart infusion broth

nutrient broth

yeast extract

distilled water

12.5 g

5.4 g

2.5 g

1.0 L

In situations where it was necessary to use a hard agar base  e.g. in

preparing slants or petri dishes! 23.5 g of nutrient agar was added to

the above medium in lieu of 5.4 g of nutrient broth. The culture was

routinely incubated at 23'C and enumerated by means of a spread plate

technique.

The work performed with the II'i brio basically consisted of placing

assayed daily over a period of 42 days.

The Cadmium Adsor tion Studies

Some adsorption studies with cadmium were performed previously and

described in Part I of the final report. To enhance this data base

additional experiments with cadmium were performed and are described

herein. The procedure and materials for performing each series of

experiments were very similar. In this phase of the work either 4 or 8

the organism in various types of systems and monitoring on a daily basis

any changes in the microbial population. The eight types of systems

considered are described in Table l. As indicated in Table 1, crab

scrap  l.5 g! and/or sediment �.0 g! were  was! placed in test tubes

along with a 2 percent sodium chloride solution or seawater  9 ml of

111 I I. d «1 1 1

to provide a titer of about 100 organisms per ml. Each tube was

incubated at 23'C and the levels of Yibrio in each of the tubes were



Table l. The types of systems considered in the
bacteriological studies.

S stem Com onent
a t o ut>on* eawatere mentra cra

*So ution was prepared with distilled water and NaC



gms of cleaned crab shell or ground crab scrap was continuous1y shaken

for a period of 7 days in 200 ml of seawater which contained 1 mg/L of

cadmium. A sample of the solution phase in each flask was taken each

day for cadmium analysis, so that the amount of cadmium adsorbed to the

crab materials could be determined. Each trial was performed in

triplicate at room temperature {23 + 1'C!.

RESULTS AND DISCUSSION

The Bacteriolo ical Studies

g

tored in eight different systems. This experiment was designed so that

the effects of sediment, crab scrap, and suspending fluid �X salt solu-

tion vs. seawater! on growth of the Vibrio could be determined  see Tab-

le 1!. The results of this work are presented in Figures l through 8.

Figures 1 through 3 illustrate the effects of sediment and crab

scrap on the growth of the Vibrio in seawater. Growth data for Vibrio

in seawater alone are presented in Figure 7. These data readily demon-

strate that the growth of the Vibrio was greatly enhanced by the

presence of crab scrap. Note that the ordinates of Figures 1 and 3 are

labeled in terms of hundreds of millions, as opposed to a label of

hundreds of thousands in Figures 2 and 7. The organism therefore grew

very littIe in seawater alone, but reproduced somewhat  to 1evels of 1-4

x 10 organisms/ml! in the presence of sediment and reached very high5

levels  l-8 x ]0 organisms/ml! in environments containing crab scrap.8
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Sediment appeared to enhance the growth and viability period of the

organism in the presence of crab scraps.

The data obtained when the suspending medium was a 2.0 percent salt

solution were similar to the results derived from the trials conducted

with seawater. Figures 4 through 6 show how sediment and crab scrap

influenced the growth of the Yibrio in the salt solution, whereas Figure

8 illustrates how the organism reproduced in the salt solution alone.

As before, it was necessary to construct the graphs using different

multipliers on the ordinate axes. Figures 4 and 5 were plotted using

values in the hundreds of millions, while Figures 6 and 8 were construc-

ted using a multiplying factor of hundred thousands. As noted in the

seawater trials, crab scrap was principally responsible for promoting

the growth of the Vibrio, and the sediment appeared to enhance growth

somewhat as well as permit the population of organisms to remain at a

high level for a more extended period. No firm statement may be made

about the relative abilities of' the two suspending fluids  salt solution

vs. seawater! to support the growth of the Vibrio, but it does not

appear that there was any appreciable difference.

The Cadmium Adsor tion Studies

The results of the cadmium adsorption studies are presented in

Figures 9 through 12. Note that within about 4 to 5 days 4 and 8 grams

of cleaned crab she1ls adsorbed approximately 70 and 90 percent,

respectively, of the cadmium initially dissolved in the seawater  i mg/L

Cd!. These results are fairly consistent with the data presented in

Part I of the final report. In experiments with ground crab scrap  see
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Figures 11 and 12! it was discovered that the scrap again readily

adsorbed cadmium, but the uptake of the metal was less consistent.

Organic matter associated with the scrap may have interfered with the

sorption of the metal on the shell by competing for shell adsorption

sites and/or sarbing the metal itself. It is also possible that

variatians in the data were noted because organic materials suspended in

the test flasks interfered with the means of detecting the metal, atomic

absorption; i.e., the materials tended to clog the sample nebulizer.

CONCLUSIONS

In conclusion, the work in this phase of the project made two

impo r tan t s ta tements:

There is an indication that crab scraps may promote the growth

of bacterial fish pathogens. Cer tainly, the growth of Vibrio

d 1 I ddt i f

scraps.

Z. Crab scraps have an affinity for cadmium which suggests that

the scraps may also adsorb other metals.

Both of the above conclusions need to be carefully factored into

the processes of selecting and managing an acean disposal site far crab

scraps.


