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Processing scraps from blue crab ond calico scal
processing plants in Florida have always been landhilled.
Since these scraps are highly organic and putrescible,
created an environmental landfill problem.
Various options have been examined to deal with these
and other seafood processing byproducts. These range
from specific analyses including dehydration for use as
medl along with other handling methods (1,5) and as a
feed slum swine {9) fo a complete overview of ol
seafood waste management problems nafiorwide (10).

Blue crab scraps produced in Aorida annually range
from 1,300 to 2,200 tons. Blue crabs yield 20 percent
water when cooked, 12 to 14 percent meat, 35 percent
shell (carapace) and 31 o 33 percent remaining

parts in scraps. Most of the waste management problem
oceurs in contiguous Dixie, Franklin, Taylor and Walkulla
counties of northwest peninsular Florida. In Walufla
counly, scraps from blue crab processing plants have
represented about one-fifth of the fotal waske streom
landhill volume and consumed about 25 percent of the
solid waste budget.

Calico scallop production is nomally highly concentroted
in Brevard county on the Aflantic coast. Production on a
daily, weekly, monthly and annual basis is inconsistent
ond unprediciable. Typical annual production ranges
from 2 million to 15 million pounds (edible meat weightj,
with one recent year reaching 30 million pounds.
Processing requires large amounts of water, with the
waste product including bycatch from the vessels,
processing effluents, shell and row viscern. Solid waste
can represent more than 80 percent by weight of the
original vessel production. The shells E-om calico scall
plants have found potential use as oyster culich and as i
in spoil areas, but the viscera and liquids have been
londfill and treatment problem. Waste alternatives

examined induded in-plant controls induding waste
resirictions and segregation, altemative screening and
recyding; secondary and innovalive secondary freament
focilities; and landfilling or ocean disposal, use as oyster

culich or animal feed, refining current ocean dumping
operations and conirolling odor, and sludge disposal
from treatment focilifies.

The Florida legislature in 1988 mandaied that solutions o
problems created by landfilling blue crab and calico
scallop processing plant scraps be found. A number of

ion projedts were condudied affer agreement
by the Dpeﬁporhnent of Environmental Regulation sioff,
county officials, seafood indusiry leaders, privote
consuhiants and university faculty (6). This paper presents
:\d o:;erview and results of these projects. Topics covered
indude;

¢ In-plant methods for blue crab waste control
* Wet extrusion

¢ Compaciing

* Angerobic bioconversion

¢ Composting

* Blue crabs

* Calico scallops

* Blue crab compost markefing

* Blue crab compost as a soil amendment

* Nematode control using blue crob compost

IN-PLANT METHODS FOR BLUE
CRAB WASTES

Three methods were examined to improve in-plant
handling of blue crob wastes. These included wet
extrusion info a food pellet for aquaculiure, compacting
and grinding 1o reduce volume and moisiure, and

ancerobic bioconversion fo produce methane gas.
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Wet Exirusion

Blue crab processing scraps were used fo produce wo
types of pellets (2). Crab scraps were mixed with
soybean meal (48% TKN), potato siarch and hesring of
in wo formulas fo form a sinking feed pellet. One
formula contained 45 percent crab, 41 percent med, 10
percent starch ond 4 percent oil, whereas the second
contained 35 percent crab, 40 percent medl, 5 percent
starch and no oil. Without herring o, pellets did not
form properly. The pellets using herring ofl were
accepted by spiny lobsters during feeding, but molded
too quickly for feeding trials with shrimp and catfish. The
moisture content of the pellets wos high, and they fended
o float following storage. There does not appear fo be a
potential use of crab scraps without additional tests.

Compacting

A cuslom-built compactor patiemed affer shrimp plant
unifs was used in a crab plant fo examine moisture,
volume redudtion and compadiability of crab scraps as
follows: with screens versus without screens; g

(using a hammemmill) versus unground and t variable
compression fimes. Fluids exiracted were analyzed for
COD, TKN and ammonia. Compading was examined
as an dlemative fo reduce waste volume leaving the
plant and as a prior sfeg o other handling uses. The
volume redudtion of crab scrops was highest via grinding
dlone, ot 50 percent. Compacting without the screens
achieved the best volume and weight reductions for
ground {25.0 percent at six minutes) and unground (28.6

percent at five minutes) crob scrap. Ground scrops held
their compressed form much better (2).

Grinding using a hammermill appears 1o be the best

m volume reduction at the plant level and could
be implemented immediately using existing plant
manpower. This does not eliminate the waske sreom but
changes its form and makes storage easier. Compadting
creates excess fluid that could be a problem if discharged
info septic systems or wastewater ireatment systems. The
liquicﬁ:udion of the waste stream contained 256 grams
per liter of COD, compared o siandard sewoge waste-
waoter that contains 300 milligrams per liter of COD.
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Ancerobic B; .
The charaderistics of blue crab scraps for use es an
ancerobic bioconversion feedstock in the production of
methane gas was also studied. The investigation focused
on physical and chemical analyses of the waste and
assessment of the uliimate conversion and rafe of
conversion via biochemical development, along with
oplimization using bench scale digesters. Sample

is indicated on average folal solid concentration of
33 percent for the fotal waste siream and a volatile solids
concentration of 50 percent dry weight for the toldl solids
(7). This indicates a very high averoge ash content (50
percent) for the waste stream. For the liquid function,
comparable results were 10 percent and 70 percent,

Y.
COMPOSTING

Composting projects were conducted o lest and imple-
ment an altemative fo confinued londfiling of scrap
byproducts from blue crab and scallop processing plants.

Blue Crab

Open Windrow: A large-scale demonstrafion project for
composting blue crabs was conducted ot the Taylor
County londhll ublizing dll crab wastes from Taylor,
Wakulla and Leon counties for a two-month pericd (3).
Eight windrows of material were composted using o
WILDCATTM tuming machine powered by a large
tracior. A totdl of 1,067 tons of materidl were
composted, of which 380 tons (34 percent] were crab
scrap. Cypress sowdust (431 tons}, wood knots and
shives {148 fons], ond pine bark (42 tons) were the
principal sources of carbonaceous material. The eight
windrows of materials were formulated using the
following six combinations:

* fresh cypress sowdust and crab scraps

® fresh cypress sowdust and crab scrops freated with
phosphate

* aged cypress sowdust and crab scrops

* pine bark and crob scraps

* knots and shives and crab scraps

* yard trimmings, wood chips, crab scraps and manure

All materials tested, with the exception of knots and



shives uppearedbhcve alifies which in the context of
a proper mix would be useful or desirable for

. All com post windrows were andlyzed on o
schedu|ed fo documeni changes toking place during
the composfing process. hitial mix moisture content, pH,
organic matier confent, carbon-nilrogen ratios ond
ammonium confent were  monitored.

Core n;gd surfoc;hi:rnmre ng\};e;'wr;:mls were
reco rou composting
ferm. mey ress sawdust windrows sustained the

est period of adtive heating, although aged cypress
windrows showed higher earlier average femperatures.
Heating was meosured for 125 days, buHhecypress
windrows completed acfive composting in about 60 days.
Pine bark windrows lost heating ability in about 50 days
as did the knots and shives windrows, dlthough the latter
hod some, of the highest recorded temperatures of ol
windrows and a higher-than-ombient femperature for
100 days. Windrows with yard trimmings maintained
the lowest temperatures of all windrows, ond heated for
only 50 days. Periodic rainfall may also have affected
the heating fimes and levels of some sites. All windrows

from21 fo 36 days above 55 C exc tforlhe
yard trimmings, which had only three days @
temperature. On the average, the composts oppeor
stable after approximately 75 days.

All windrows were sampled at the end of composting.
They differed from the initial compost in color, odor and
fexture. Each was darker, humus:like and ﬁne-crumbly
Average moisture confent across all piles was 44 :
similar fo the initial compost. Even with some min&Tt
occurring, the compost lost water, a desirable result to
yield a marketable produd Finished compost data on
water confent, pH, organic matter content, TKN percent,
C:N ratios, NHq, P, K, Ca, sdluble salis and CO2 were
also provided (3)

Andlysis on the average composition of all the blue crab
compos's indicated several important focks. A total of 53
percent of the organic matter was decomposed or 28
percent of the total solids. Total nitrogen loss was 44
percent, and 49 percent of the compost volume was
reduced, based on initial versus final volume measure-

ments,

Traditiondl disposdl costs have risen so significantly that o
mﬁun?orkusnowavo'lablebosmﬁ\emnx
ibility of ¢ A composting operation (in
wm!rusl'yblmdﬁ austsonabrea -even basis
beushﬁed'lhe of composfing os value
odded’mdlhe polential of using compost as a sail
anendmentgrvesnsebneww the composting

option. A limited economic analysi [u'ormpaed
compost operafion in Taylor Couny was so provided

(3). Economic fodtors considered were site preparation
cos's, required equipment, operating cos's, sources of
row product, transportation costs, fipping Fees proposed
mod(ets ond lond requirements. Based on the ossump-
fions ouflined in the report, fotal annual costs of a
comrosl fion fo produce 5,000 tons of finl product
be°§e603000 or $29.49 perbnofcrab scrap
handled. Revenues that would be generated from a
nominal tipping fee and bulk and bogged compost sales
were shma'erfut $107,000, yielding a net revenue of
$4,000. Composting of blue crab scrap appears fo be o
feasible attemative for the area in which the demonsira-

fion projedt occurred.

Static Pile: This demonsiration used a “low technology”
approach that has been used for fish scrap composfing in
Wisconsin. It was examined because of its lower cost
and less Frequenl handling characterisfics. Overal, the

I-lilendmg coarse chips with crob
scraps worlg extremely well. Where little uming is
done, the mix rafios must be adjusted upwards fo reduce
the potenﬁo| for poor qeration and fo guard against odor
generation (4).

Eoch day crab scrops were dumped off frucks directly
onbheendsofmachvecompostwmdmwmd blended
info the windrow. A mixer was used for large volumes
ond a bucket loader for smaller amounts. For this
method, the proper ratios of coarse bark and chips fo
crab scrop appeor fo be 2 volumes wood fo 1 volume
crab scrup. At the end of the process, the compost
passed through a fub-grinder which produced o dark
humus-like produd. This final step wos not necessary in
the open-windrow procedure because the compost wos
umed daily.

Loboratory analysis was conducted on the crop scrap
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compost o provide information on water content, pH,
organic matter content, TKN percent, C:N ratios, N, P, K
and other measures (4). This product should not be
viewed as a fertilizer since the N, P, K rafio was .9:.5-:1
but as a low-grode soil amendment. The final C:N rafio

was 25.

Coico Scolops

A total of 96 tons of scallop viscera were composted in
early 1991. Complementary materiols used included
1,200 cubic yards of pine bark, sawdust and tree
frimmings; 128 fons of seaweed; 24 tons of rejected
citrus pulp; 25 tons of water hyacinth weed; and 14 tons
of horse manure (4). The viscera was of two principal
forms: row viscera and viscern/shell mix. The principal
wood products used were log bark and log chips from a
home manufacuring plant and cypress sowdust from @

mill,

A mechanical-lift SCATTM compost tumer was used fo
fum the windrows. This process does not chop fo any
extent like the WILDCATTM machine, but this did not
pose a problem due fo the scallop viscera. The compost
piles showed a quick rise in temperature after the scallop
viscera was added, but did not reach femperatures over
120 F, probably because water became a limiting foctor.
The SCATTM tumer oxygenated the piles well, which
reduced odors, but the infensive lifting and air-exposure
of the compost means a lowering of the femperature,
which fell by 30 degrees dfter each tuming.

The beginning nitrogen confent of the viscera was very
high ot 14.2 percent. The viscera shell mix was one
fourth that level. The finl compost seemed somewhat
course because of wood fragments, so the final product
was screened. The coarse yard trimming piles performed
the best, resulting in more than 70 percent fine material,
which is preferred for use as a soil amendment and for
potting mixes. The course materials are best for mulch-
type londscaping operations. The nutrient composition
was also changed after screening. The density increased,
nitrogen content increased and C:N decreased, resulting
in a more stable product. The final andlysis for four
scallop viscera piles using various sources of the organic
materials gave N, P, K values ronging as follows: N, .3
.5 P, .0710.13;K, .08 10 .9.
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Scallop viscera, with and without cracked shels and by-
caich, con be readily composted and converied into
soi-humus produd. Because of the high BOD of viscera,
frequent fumings are needed or a course fraction of
wood is necessary. The SCATTM machine-tuming
technology used provided excellent ceration of the piles
ond controlled composting adequately.

COMPOST MARKETING
Blve Crabs

A markefing program also wos developed for the blue
crab compost produced by the open windrow method
(8). Potential uses such os garden and farm centers,
nurseries, greenhouses, landscapers, farmers, organic
farmers, golf courses and confradiors were examined. A
pilot markefing program was established in six north
Florida counties and sales of the compost have occurred
in bulk form ond for refail outlels. Fourleen retail
outlets and several public service organizations were
involved in the fest sales projedt. By the end of 1990,
compost sales fotaled $8,558 {wholesale value).

sold 311 bogs (40 pounds each), primarily through fam
and feed supplies ot o wholesale price of $3 per bag.
The refail price was $6 per bog. Bulk sales have been
305 cubic yards at $25 per yard. An estimated 200
cubic yords and 100 bags remain fo be sold, but the
supdy has been controlled to maintain a constant supply
to the market {C. Greenfield, 1991, Suwannee River
Resource Conservation and Development Council, Live
Odk, A, communicafion). Adequate demand
exists in the six-county north Florida area o annually séll
the entire compost production possible from the blue crob
scraps of Taylor, Wakulla and Leon counties.

Other forms of use for the static-pile crab compost and
for the calico-scallop compost are being examined. A
free compost day was held for the stotic-pile compost as
a way fo measure product acceplability. In four hours,
63 vehides loaded 85,060 pounds of compost which
homeowners and gardeners used as potting soil and s 6
soil amendment {12).

Calico Scallops

The calico scallop compost will be used in demonstration
projects as a soil amendment for roadside wildflower



projedss, in home gardens and as a possible amendment
fo mixes used fo start young difrus frees (B. Mahan,
1991, Brevard Counly Sea Gront Extension Agen,
Cocon, L, | communication). This will help
eskoblish demand and wses for the compost.

BLUE CRAB COMPOST USED AS A
SOIL AMENDMENT

Blue crab scrops have interesting chemical/biochemical
properties, induding a high chitin content that may prove
effective in immobilizing not only those metdls (including
Fe, Al, and Cu) conlained in the scraps but also associ-
afed frace metals from other compost consfitvents
induding sewage sudge. A study o characterize the
responses of sorghum/sudan grass fo varying applico-
fions of raw and composted blue crob scraps, in com-
parison fo fertilized and non-fertlized control reatments
in field and greenhouse fests, was conducted (11).

The field plot porfion of the fest was an unreplicated
demonsiration effort, comparing the growth, relative
yields, and plant composifion of traditionally fertilized,
raw crab scrap amended and compost amended plot
areas. The greenhouse study was a replicated variable-
rate study in which soil and plant composition, and plant
yields were compared for various rates of raw crab
scraps, crab compost, tradifionally ferfilized and
unamended/unferfilized plots. The greenhouse studies
included an analysis of the soil and plants for resultant
values of N, P, K, Ca, Mg and B for ofl treatments ond
soil sample and plant analyses for P and N. Plant yield
increases were made for the field tests {11).

Raw crab scraps offer considerable potential as a soil
amendment for crop production ot sites where the initial
odor and fly problems from unincorporated portions are
tolerable. They would seem 1o be accepiable, for
example, in relafively remote sites {removed from human
residences) where crops of a low~input, low-maintenance
nature are being grown. This would include pine
plantation replonting areas, which are common in Taylor
County. The compost produd, though more desirable
from an aesthetics skandpoint, is of limiited value as @
nutrientsupplying amendment. Long-term effects on soi
organic matier levels and adequacy of nutrient supply for
more slow-growing crops, induding pine plantations, are

other considerations which may be of value but which
could not be evaluated via the current studies.

NEMATODE CONTROL USING BLUE
CRAB COMPOST

Chifin amendments significantly reduce populations of the
soybean cyst ne‘mﬂx:I the southem and peanut root
knot nematode, and the citrus nematode. Chitin is
contained in several materials used fo confrol nematodes
ond in crustocean exoskeletons such as blue crobs. Tests
were conducied fo defermine the effect of compost made
of blue crab scrap and cypress sawdust on the reproduc-
fion of Javanese rool-knot nematodes{13).

Two greenhouse pot experiments were conducted using
the “Homestead” tomato, along with field microplot tests
using the “Rutgers” fomato. All tests used various levels
of the Javanese rootknot nematode for inoculation fo
determine the effect of various levels of blue aab compost
on nematode contrdl. In both greenhouse tests, crab
scrap compost had a significant effect on the foliar and
root weights of fomatoes compared fo the conirol
freaiment. The observed increases varied depending on
the rate of nematode inoculation and percentage of
compost added to the soil. In the fild microplot study, no
significant differences between compost levels and the
control trectment were observed for plant top weighs,
dlthough a frend foward greater yield was obsesved in
the compost treatments (13).

In both greenhouse fests, the 20 percent compost
application rofe was the lowest level of compost that
produced large reductions in root galling and nematode
reproduction. Pure chiin produces results ot extremely
lower levels {less than 1 percent). The depletion of
nitrogenous compounds and reduction sources
through composting probably reduced chitin concentro-
fions and the nematode suppressive characteristics of the
crab scrap as well. The 20 percent level of arab scrop
compost represents an application rate of more than 200
mi/ha, which would not be economical for nematode
contrdl in commercial agriculture. The crab scrap
compost has the same limitations for nematode control as
marty other maferials containing low C:N ratios. The
greatest potential for crob scrop compost for nematode
suppression would be for container grown plants and
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organic home gardens, where higher loading rates are

common,

BLUE CRAB COMPOST AND WATER
QUALITY

Agricultural areas in Florida are commonly underlain by
sandl,wweﬂ-dmined soils that have low organic matter
ond low moisture relention copacity. Thus, ground woter
is highly susceptible fo contamination from applied
insecticides, herbicides and fertlizer nutrients. Compost
mode from crob scrupmayimpodﬁ\equali?'ofhe |
ground woter in two ways: decomposition of crab scrap
may add organic compounds, chemical residues or trace
elements fo ground water; and crob scrop compost may
provide o means of enhancing the retenfion and/or
degrodation of pesticides and nutrients in the upper
portion of the soil profile. Early data indicate that
arsenic, selenium and manganese in the crab compost
could be at significant levels 1o create a potential hazard,
although the work has not been completed (14).
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