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1. DNmRODVfTJQN 

·Man:Y yeairs ago the crab processlng •imdus•try d,i;sposed of 

c·rab waste b:Y dump,img it im,to the na,turaff wa·t.ers adJacent to 

the•lr .pr:ocessimg p:liants. r,h,i's was the mpst conven,ifen:t and 

imex•pensiN.e method of dls·posa1L Hie ontl,y cost was f•or: an 

occasilonal d:redg.;ing of the durrip,iing a,rea to remove the accu..; 

mwl,a,ted .she;ll ma,ter:,i·a1l. 
Some processors to.ok th:fs. d;fsposa,1 method a step fur:ther 

and use.d t.he wa.s,te as a reso.urce. Tthe:Y wowld choose a spot 

i,n the wa,ter aWa:Y fr,om the dock to dump the wastes. m.1mp,i 1ng 

i,n th 1i's a,re.a woul'd proceed over a peri,od of one week to a 

month. 8;}' the en.d of t.hat time, the ar.ea w.owld haN.e become a 

feed,img g,round f•OT eels. A week a,fter the durrip,fa1g had stopped, 

e.el traps wer:e placed iin the a•rea an.d the ha1rv.est began .. (1) 

A's env.·i1ronmen,ta1l concerns he•ighten'ed., lieg,is'la,f.izV.e and 

enforc.ement a.ctions were taken tp s,top the dump,i,ng of crab 

process,iing was•tes i,n,to public wa,ters of Vi'rg,iinia and Maryland,. 

Most .of the comp1la>i0mts f i·lied aga,i0ns,t the cM 1sposa,l me,thod were 

aesthettcalT:Y based, e.g., vis,isbil:e floa+ti·ng de'bri1s, .odor 

probWems, and imcre.ased turbcidity.. No f,ormaff resea,rch was . . . 

con.duct.ed to asses.s the env.ironmenltal •impact of the method. 

A.fte.r the bann,img of offshore dump,i,ng i,n l9'72, the cra·b 

,process,img imdustry. turned to three a,lternativ.es. T,hese were 

ouriallfland:ftTH1ng;, agr.i:cultura<l land a,ppllica,tton,, and crab.;; 

meal productton. Of these, crab~mea,1 production,, until 

1 
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recen,t'liy, was the most eco11omi1cally and env,fronmen,ta'.lhy 

sound mE?,thod .of crab Was,te d.;'s1-1.osa,1. However, ris.i1ng i%ter ... 

est ra1tes and buJld•iing costs and the fallfng ma,rket price of 

crab".'meafl have resufl,ted i,n eltlier the pos,tponemen,t or canc.e,1-

1,a,tton o,f construct:i'on p:lans .f'.or addiiti,ona'l c•rab-.mea.1 

pr:ocess•i\ng .p 1lant. W:ith crab ... mea,1 .productiion seve.r1l;y hahd•i~ 

capped and :liand:filli1ng opti.ons beimg cu,t back, a,ften,tton has 

turned to t:he re.v,ita:ltzati'on O·f o,ffsh.ore dump,iing. 

Tihe work desc.ri'bed herei,n was undertaken as pa,rt of a 

proJect wh,fch• was funded b:,Y the Ma1ryland Depa,rtment o.f 

Na,tura,l Resources. T1he 6,vera1ll goatl o,f the pr:od:ect was to 

imNes,ti,ga•te the t:easiib,ili'ty of the o,ffshore d,i,sposa•l method. 

T,he obdectii've o.f this s,tudy. was to evalua,te th.e p.robliems 

assocta,ted w:ith of.fshore d;;,sposa:1 of crab scrap and to 

develop a means o,f ha,ndflimg the crab scrap wh,i,ch wo.wld 

m'in,i m,i ze the s.e problems. 

Scope o,f StudJ 

T1he fi,rst topi:c addr:essed in th,is research was the iden-

tifizca,tion of a method of scrap .pr:epa,ra,t;fon that wowld re~ 

duce the vo 1l1ume ol the cra.b scrap., reduce odor duriing scrap 

harid 1llng,, p.revent f1 1oat+ng sc,rap, and be easily and tnexpen-

si,veil;y i,mp 1l,emen,ted by the crab processors. Four methods of 

scrap pY\epara,tton w~re tes,ted. Two i·nvotlved just the scrap 
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and two involv~d an al.ginate 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 afore-

mentioned criteria were met. The effects of the scrap on 

water quality were also examined. Laboratory analyses 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 disper-

sion/degradation rate of the scrap. 

A l s o of i n t e re s t \v a s th e a d s o r pt i v e c a p a c i t y o f th e s h e l 1 

material for heavy rnatals. This was investigated through 

bo~h field and laboratory studies. During one of the 

field studies, shell, sediment, and water samples were 

taken for analysts of selected metals. In a laboratory 

study, the ability of the shell material to adsorb cadmium 

was investigated. 



I I • LITE RAT URE REV l E W 

Crabs are this nation's fourth most valuable fishery, 

s~rpassed only by shrimp, salmon and tuna (2). Approximately 

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

(Callinectes sapidus1 and, of the blue crabs landed nation-

ally, 50 percent are taken from the Chesapeake Bay area (2). 

This means that between 50 and 80 million pounds of crabs 

are harvested from the Chesapeake Bay area each year (Table 

I) (3). 

Along with this valuable industry comes a major waste 

disposal problem. Approximately 70 percent, by \'/eight, of 

the crab harvest becomes waste material (3}. This solid 

was t e i s pr i ma r i ly the i n e d i b 1 e s he 1 l and v i s c e r a 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 (3). In ~irginia, over 55 percent of the annual 

crab scrap is generated in the fiv.e months from June through 

Oct o be r f F i g u re 1) . l n M a r y la n d , th e s e a s o n a 1 g e n e r a t i o n o f 

scrap is even mpre pronounced, with BB 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 

p o u n d s o f c r a b s are p r o c e s s e d a n n u a 11 y . Th e V i rg i n i a i n d u s -

tries process approximately 66 percent of these crabs, thus 

4 
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TAB.LE l. :P0JsAL ANNUAL BLUE CRAB. LANO\I(NGS I1N POUNDS FOR V1l'R~ 
GitNt~iA AND MA%Y;LAND, B\Y MONiT,H, AND ESTI,MP,TED S0LitD WA,SiT1E .GEN.: 
ERA,TrED, 1;960 - 19,78 (FROM REFERENCE 3l). 

Mon,th 

Se p,tem b .. e r 5,,\06 9 ,.5.$ 9 4,2·1)5.,256 9 ,,2 84,,845 

Oc,tob.ef 4; .7.q,5 336 , ' . . 3.,047,887 7,8:24, 2,23 

Nov,embe r 2,2·02,381 896.,\09 9 3, o 9·3,,4ao . . . ' 

D.ecember 4,1[99,626 99.,13 .. 3 4 2·98 }59 , . •. , 

Jan.ua:r;}". 2,71.05.,689 T,133 2.,],06,8:22 

Fe·orua,ry 2 , 04 o, 5,1,0 7.9,3 2, ff4',l, 303 

Ma,rch 1 ,40·2, 4'38 l,384 ,.,403,.822 

Apri'l 2 ,A02, l,27 3,]7, 9q,2 2,780 ,.099 

May 3,652 ,32.8 l,159.,0.42 4 , 8,ll , 3q.o 
i.1 u n.e 4 , 617.7 , 8 6 0 3 ,028,}4'7 7 ,]06 ,,00'7 

ilWl:Y 5., 3tl7, 4 9fl 5 ,.08f,]3,l l,0,,4O0., 222 

Augus,t 5,,6.66.,528 5,, 124 , 6:7,p }0 .79q ' . 
,;20'.4 

·- . •"_'• ·. . . . . ... . - . . . .. .. - . . -· -- ... ------------------------------------------------------------. - ·- - ,_ .. - . .. . . •.•. . . 

* T,o.tafl SG rap 

**1T1otafl Meat 

44,:11'2,903 

30,8'7,9,032 

9,925 ,4.03 

23·,034 .. ,2'53 

1'6, t23, 977 

5 , 1'8'2, 7,0'7 

67 ,1'4;7, li56 

4'7.,00J,,009 
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p r o d u c i n g 6 6 p e r c e n t o f th e c r a b s .c r a p , w h i le th e M a r y la n d 

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 Maryland, or approximately 10.5 mil;.. 

lion pounds per year, is producad by the processors located 

i n the 3 5 0 s q u a re m i le s d u e we s t of a l i n e ex t e n di. n g f r om 

Cambridge to Stockton (4). 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-

t i o n an d off s h ore d i s p o s a 1 . Th e a d v a n t a g e s a n d d i s a d v an tag e s 

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

processing wastes is also described in the final section of 

this chapter. 

Burial/Landfilling 

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 amp'le land suitable 

for sanitary landfills or landfills licensed to accept pu,-

trescible matter are available. 
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Howev,er, it has been founcl tha,t crab scrap fs a v.ery 

d•i•ffi'cuilt ma;ter:ilal t9 l 1andfill. T,he lldfi1p 11 from. the trans-

port tru.ck causes i,nsec:t .;. and odor prob1l:ems a,l,ong t:he ro.u,te 

tp the land;fill (SJ ancl has altena,fed many commun,ittes. Jihe 

odor genera,ted by c•r:a'b scrap has be.en a ma;j·or prob:le111 for 

landfill personnel who must rema;im a,t the land'.fill s,i,te ,for 

ten ho.urs .at a tlme .(t6:}. EVcen tti.Ough the sc•rap comes i,n,to 

the 'land'.f.ill fres:h an.d ,i,s immed,iate:ly cov,ere·d, the v.o:}a,ttte 

gases .produced du,ri,ng th.e decomposifi,on of the c•rab mea,t 

cause crackiing o;f t·he co.v.er ma,teri•al, reswl tiing i;n o.dor prob-

lems ('4). 

Another ma.Jar probilre111 w,ith cra1b scrap d,i,sposa,l a,t land;;. 

fills ,iis the la,r:;ge vci;l,umes ,iinvoil;ved,. One ltand,fi.ll ,;in 

Somerset ~oun,ty, Ma:ry+~nd .es,t,ima\ted tha,t they w.o.ufld, be re-

qu,i1:red to accept '700.0 c.ubtc yar:ds of crab sc,rap tn 1'98.0 (,6,). 

"Tih,i•s annu.al v.o,l 1ume wo,wld ma 1rkedil 1y dec.rease the us.e.fu,l •Mi;e 

of mos,t l:andfi lls i,n the vtc.itntty of cra,b processors,~ A,1,so, 

ttie ;,n,term,itten,t cover for th,ls vo,11ume of scrap requ1imed the 

ex•penslv,e hauli1ng of ex,tra cover ma;teri1a:l wh,tch., im turn, 

pslac:ed an a.<id;i,ti.ona•l tax b.urden on the county r:esi,dents (,6.). 

George M,iles, supe,rvisor of Somerset Goun,ty .land'.flll, 

has sta,ted, "'I1n Som.ers.e,t County we wo.uil:d apprecia,te any a,l..; 

terna,tiwe to d,fsposall i,n our 1.andfil'ls11 (t6.'). Other munii,ciipa',1 

and p ri'va,te 'l 1andfi l l ope raito rs a•re s u,r.e to sh.are th,i's po s i.;. 

r;,o n. 
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L.and Application 

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 (4): Unfor-

tunately, the majority of the crab scrap is produced after 

the farmland has been planted (Figures l 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 

(4). If allowed to remain 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-

quires large areas of agricultural fields away from residen-

tial areas. The current expansion of residential housing 

into agricultural farm land may therefore preclude this meth-

od of disposal. 

Crab-Meal Production 

This is the most recently developed disposal technique 

and is more a resource recovery technique than a disposal 



method,. It iin.v,o?lves the dehydra1tton and puflverlza,ti,on of t:he 

sc,rap to form a crab:-meal wh•itch is s.o•l•d for use as a prote,iin 

s,uppilemen,t p.owltry need. 

foi l9P?,9, when cY:ab.;.meafl prtces were Mgh ($146 per ton,) 

and energy costs r-e:l 1a,tive1ly low,, th+s metho.d of d,lsposarl/ 

resou,rce recovery· wa•s not on,ly env:ffonme11,tally sound, but 

wa,s a:Vs.o p.ro,fita'b,11e (.1.).. ,Howev,er, sim.ce energy cos,ts 'hav,e 

i,ncrea,s.ed an.d c:rab:-meal pfi,ces haNe dec,reased t.o a }ev.eil of 

$'1!00 per {on i,n 1982, th,i1s method ,;,s no longer profltabfl'.e (l). 

T1h,is dec,r-ease i,n th·e. price oif crab".".me.al w.as requfo·:ed s.o tha,t 

crab ..;rilea11' wouffid rema,im c ompet,i t,;.ye w1i,th the g1ra;.i;n s us e.d im 

.powlrtry feeds.. T'he pri 1ces of thes.e gra,,ims had decreased 

ma,rk•ed'l':Y in li98'1 and l9.82. Anothe,r po,im{ o.f competition be..; 

tween crab.;.meal and f:eed gra,ims is the consls,tency of suppfl.y 

(l)_. 

lt has .alwaJ,s been d;i,f.'f,i,cu,lt for crab-meal process.ors 

to provide the producers of poultry feed w,tth a cons,i;stent 

supp"l:Y. of crab..;mea,l because the production of crab scra,p i·s 

so v.ariabile from yea,r to y,ea,ri a,nd season to season. liMs 

yea,rly .and s.easonafl va,r,fa•b·ility is a:lso s.e.en i,n g,rai,n produc . .;. 

ti:on, bu,t most farmers have s.o,lved thiis prob,lem b.y form,i,ng a 

g,ra,im co.;..operativ.e to store girai,n until it was needed. lt 

f,Ollows tha,t crab.;.meal proces,sors should b.e able t.o remedy 

the,i'r supply probfl:erns by f,orm,iing a sim,ilar co..;opera,five for 

st o r a g ,e of c r a b :- me al (1 ) . 



I1n a;reas where thene a.re no c,r:ab.;me,rl productton factl-

ft.i1es, th,i,s .d•isposal ,tech_n,ique is not feas,i1b 1lie. W•i'th curren,t 

h,igh imterest ra,tes and cons,t·ruction and machimery costs., the 

,presen,t pri•ce .of the crab..;mea:l does not come cl,ose to war-,., 

ran:t+ng the constructt.on o,f new factl ities Cl}. 

Gur:rentl.y., So.uth Ga·rofl+na i:s the onily sta•te wh,i1ch +ssues 

Na,t•iona,1 Pofllwtant D,i 1scha,rge El im•iina,tiron S:Y•Stem (:NPDES} per-

m,i,ts for con,trolled dump,i1119 o.f crab scrap (5•). T1he;Y affl'ow 

sev,eral crab processors "to dump a•t des,i!gna;tE!d water aireas iin 

the v41c,im;i·ty. possess,i;ng adequa·te detrt·h, flow and/or ma:r·ime 

li;f:e to adequa,te,ly absorb the solids an.d1/dr haYe a· benefirc.i1al 

impac,t upon the surround,i;ng ecos,ystems" .t5). Accord,i1ng to 

John Qh,landit, of the Gha,r1tes.ton offi•ce of Uie S.ouith Ga1roli 1na 

Depa,rtment of HeaJth and EnvAtronmen,ta•l Go11;trol (SGDHEC), 

there a,r:.e no specific regu 1latory. cri:t.erfa or standa·r:ds gov-:-

ern,img site seiliectio.ns for the off shore d;;,sposal of c,rab 

scrap. J1h.e decisi,on to allow crab scrap i:lump,i1ng .;,n a pa,rtirc-

wlar a•rea .;s 1:eft to the d,iscre,tion of the SGDHEG agent (17). 

T1h,i,s has been a major step towa•rd so•lving the dd1sposal 

prob)lem. Even though a NPDES permit is requ,i,red, an Env,tr:on-:-

mental Protecti1on Agency (EPA} ocean dumprfng per:m;it ;:s not. 

Th,i,s is because f;,s:h was,tes a,re excliu.ded fr:om tne FedeH·al 

o.cean dump,iing an.d .permlt requir:emen,ts. and fls;h wastes a,re 
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defined by the EPA as the returning to the sea of any unadul-

terated (without additive) seafood wastes t8}, 

Arguments in support of this disposal method center 

around the fact th~t it returns nutrients to nutrient defic-

ient portions of the sea for support of marine ecosystems. 

The contention is that the process recycles products taken 

from the $ea in a manner similar to the natural pro~ess of 

death and decay in the sea (8). 

Section 74 Seafood Processing Study Executive Summary 

(9) was the only research found which addressed the environ-

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

vironment. This study mainly addressed the direct pipl_ng of 

seafood wastes from the ~rocessing plants into the adjacent 

waters. This differs greatly from offshore disposal, but 

w il 1 be a d d re s s e d f n th is s e c t i o n , a s i t i s a p p a re n t l y th e 

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 circul~tion patterns and a heavy volume of proces-

sing activity. The negative impacts experienced in this 

area were high ammonia, hydrogen sulfide, and phosphorus con-

centrations, low dissolved oxygen concentrations, large 
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accumulations. of wastes, and some floating matter (9). 

The Cordova sites exhibited better circulation pat-

terns than those seen in Dutch Harbor, however, they were 

sti l1 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 

d e b r i s w a s o b s e rv e d . T he a c c um u 1 a ti o n o f w a s t e s e em e d to be 

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

spite these waste accumulations, Cordova's water quality was 

generally goo~ (9). 

In evaluating the Alaskan studies, the U. S, Fi sh 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 Scrap 

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. 
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Shell 

The exoskeleton 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 mem~ranous layer {Figure 5) (10). 

The epicuticle is the outer layer and is the only layer 

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

of l i p o - p r o t e i n . I t i s no t a s he a vi ly ca 1 c i f i e d a s t h e 

other layers and retains some flexibility (10). 
The exocu.ticle and endocuticle layers are similar. 

Th e y b c th co n ta i n m at r i x e s of c h it i n ,.. p r o t e i n m .; c r o f i b r i 1 s . 

These microfibrils are arranged in such a way as to impart 

great strength to the shell. Both 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 (100. 

Viscera 

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 (lo}. 



Figure s~ T,ransverse section of a crab 
cuticle (,t:rom reference 101). 



19 

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 eg~ masses are bright orange, spongy and are 

found under the apron on the ventral surface of the female 

(Figure 6) . 



····V:···••. 
~pr:bn. 

rigur,e 6. Abdomen of a female blue cnab, Ga,rn;; nec:tes 
sap.i dus, wi,th an egg mass beneath th·e · 
apr,on. . 



S,ites A, B, and C were llocaited ln the Hamp/ton Roads a,rea 

o:f the Chesapeake Ba:Y. T,hiis a•rea .;s 'lrocated jus,t i,ns.i;de the 

mou;th .of fhe C!hesapeake Ba:Y, nea,r V'i,rg•imii,a Beach and Norfoil1k, 

Yi!rgd!n,i!a. r,h,i1s a,rea wa•s chosen so that :three sites .couflid be 

se,liec'.te.d wh,fch wowl,.d va·ry w,ide,ly .;,n salim,ity, y,e•t s·f•ill b.e i,n 

c,l!ose proxdmlty to one anothe,r. these s•ites were used :f,or 

F,i1e,l 1d Study I . 

s.ites D, E, and F were lroca1t.ed i,n the Corrotoman R<i·ver, 

wh,i,ch .feeds tnto th.e Rappahannock .R,f.ver, T:h,i's a;rea i1s l!oc.a,ted 

nea,r I1rv,i,ngton., V•trg,iin,fa,, and is ap.pro•xtma,te,l,y l0O kilometers 

icnside the mou,th o,f the Ghesapeake Bay (Ti,gure '7'). ·T1hes.e 

s,ites we,re used for both f:i!e'l'd Stud,ires II and II1'. 

Im o.rder t.o ch a,ra cte ri z.e co nd•iti on s a,t each s,i te, 

obse.rva,t,ions were mad.e, measuremen:ts were ta>ken and ana1lyses 

were i:iert:ormed. Among the data c0ll1e.cted were date, fime., 

wea,ther and sea conditi,ons, times o'.f tides, depth, ty.pe oJ 

sed;i,ment, curr:ent v.e1l 1ocitJ, sa;lfn,ity, Secch,i read;i,ngs, pH,, 

wa,ter temperature, d1issoilved ox,y.gE:n (iD .. 0 .. ), organ•i'C nltrogen, 

ammon,i,a (1NH 3), n•itri;tefnitrate ('N0i+:No3.), alikali,n,ity, t.otal 

organ,ic ca,rbon (li0C), turb,td:ity, lea):i (•Pfo)., a,rsen,i1c (As}, 

mercury (iHg;), cadmf.um lCd1), and z,i1nc (Zin). 
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Figure 7. Map of the Chesapeake Bay, showing field 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 SJ. Two crab scrap 

c o n ta i n er s we re a n c ho re d i n l i n e w i th a n d bet we e n n a v ig a t i o n -

al marker numb.er three and the tip of the Lynnhaven sandbar. 

An empty control container was anchored ten meters (mJ 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 

Site B was 150m due west of the tip of Willoughby Spit, 

Norfolk, Virginia (Figure 9). Two crab scrap containers were 

anchored midway between the navigational marker and th~ Hamp~ 

ton Road Tunnel Bridge. An empty control container was an-

chored lOm due north of the crab scrap containers. 

Th,is site ,..,as chosen for its moderate salinity of 14 ppt, 

i ts m o d e r ate - t o - h i g h t i d a l v e l o c i t y , a n d i ts f i rm mu d b o t tom . 

Site C 

Site C was in the Lafayette River in Norfolk, Virginia 

(Figure 9). Two crab scrap containers were anchored midway 

between the Granby Street Bridge and the Willow Wood Bridge, 

l5m offshore. An empty control container was anchored lOm 
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north.eas,t of the crab scrap <::on,tai,ners, 

:T1h,i,s stte WqS chosen ,for its low saHm•i ty o,f ll p.pt, 

its mo.der:a,te t,irdal v,eJlioclJy? and its mu.ck: bottom. 

SJte. D 

S,Fte D was fn the Gorro\toman Rfver, nea,r Ra,r Ro,i,nit. 

T,wo crab scrap conta,imers were anchored 'll5m northeas,t of na,v . .;;. 

tga,ttonal marker R·2 ('.Flgure 10'\}. No c9nt,rofl contadn1er wa,s 

p1l:aced a,t th,is s,ite. 

J,h,i's site was chosen .for its tow c.urrent ve:locity a,nd 

its re1l1atively s ha,1 tow depth .of ap,pro1xtma,te1ly 4 .. 5m. 

Si',:te E was i,n the G.orrotoman R,i;ver, near Ta,yl:ors Greek. 

Two c.rab scrap con,ta4mers were anchored 30m east .of naviga~ 

t·io.nal marker R4 (:Fig,ure 10.). N.o con,t,rol conta,i,ner was plac~ 

ed a,t tM\s site. T1h,is s,ite was chosen for its low current 

v,e 1locd.ty and its depth o:f approXimate'l\Y· 6.0m. 

S,ite F was just imslde the mou,th of the .Corrotorna,n 

R,iv,er. T,wo crab scrap con,tasimers were anchored mldway be.~ 

tween navtga,tional rna,rk,eri M2 and the western shore'line. NO 

con,t,r,oil contafner was p'laced a,t th,i•s site. 

T1h1i's site wa•s .chosen for its low.:.;;.to~moderate curren,t 
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Figure 10. Map of the Corrotoman and Rappahannock Rivers, 
Virginia, Site D, Site E, and Site F. 
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velocity and its depth of approximately 10 m. 

Scrap Containment Devices and Placement 

Type 1 

The Type 1 scrap containment device was designed to al-

low 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). 

Materials 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 (42 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, B, and C. Two were used for scrap 

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

Type 2 

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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Figure 11. Type l, Scrap·containment Device. 
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d,tameter were drilled a,t 5 crn i,nterv.aVs im the sldes o;f a 25 

Mter (:L) ca,rbo:Y (.Ftgu:re 12'). A l2 cm squar:e db.of'! was cut 

ln the s,i1de, liea,v.,iing one corner a•ttached to act as a Mmge. 

=nwo 2.5 cm d,tameter ho,ltes wer:e dr,il11ed im the bottom to a:1-

1:ow wa,te,r t.o d,raiin as th:e devic.e was .retr,ile.v.ed from the wa,te,r. 

F";i1berg1las scneen 1iing was sewn w,i,th ny,lon f,i 1sh,tng liine to 

form a tfgh1t;..fi tt•img. sack errc,1,os,img the ca,rboy.. T,he sack 

wa:s des•iigned to ttgh,tly covier an lio 11{es an.d t.he door:,. an.d 

was fas,tened w,ith a drawstri1ng to 'the h.an.d 1Ves of the ca,r.bo:Y 

{,F'igu,re 1'2J. Tih1i1s filbergfl,as scre"en,img h.a.d .4·2 squa,res per 

squa1re cm. T,h,irs rnes:h a,l1towed on:ly. pa,rt,itcT1es smallter than 

:1:.5 l:>y l.7 m;illfmet.ers ~mm1) to escape. 

T1he anchorimg s,y.stem cons,i 1sted of tw.o ,r. 5 kcflogram tkg.) 

base we•ights a,t each s,ite. T:hes.e base .wetghts were a'ttached 

to the two ca•rbo:Ys by a sii1ng:le 1,eng,th Of lim.e equ,iN..a·l'en,t to 

the ma•x•imum dep,th at e.ac.h site, s.o tha,t the achor rema\ime·d 

i,n p1l;ace duri1ng conita;i,ner re,tr,ire.v..a'1 (Figure 13). One add,i~ 

ttona1 l.5 kg wetght was a,t,tached to the ne.ck of each car-

boy. Tihes.e wed:ghts were exerciese wei1gh,ts made of Orbi tron., 

a wh,ite plastic, and filled w,fth sand. 

"PWo ca·rboy,s wef'!.e ti1ed together and P'l1aced a,t eac.h of 

the three sites: S,ite D, E, and F. A "li<ne a,ttached t.o 

these carboys lead to .a flat, squa,re p,tece of whttg s,'ty,ro-

foam a,,t the wa,te,r's su,rface wh•i'ch served as the ma,rk·er float. 

Amp,le li,he was us.ed be,tween the ftoa,t and th.e ca,rbo:YCS t.o pre . .;. 
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Figure 12. T;Ype 2, Scr:ap Gonta,inment Devxice. 
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v,ent the submergence of the fl;oa,ts a,t n,igh t,ide. 

Scnap Prepa,ra,t,ion and .0eposit,i;on 

mhree for:ms of crab scrap were used i1n the fie'1 1d stud'..-

•i1es,: lmose .. , coa,ted, and uncoa.:ted1• Tihe toose scr:a;p w.as ta!ken 

d,i,rect2ly fo~om the 1n~oces:siing ptant and no,t al'tere.d i1n any 

way. 

Tih.e coa,ted and un<:oa,te.d sc,rap were prepared as t:0111\ows. 

lo.os.e scr-ap wais g,round' .;,n a meat 9:ri'r1der usimg a 0 .. 25~-,i,nch 

cu,ttlng pfl 1a,te. lihe scrap was Hren wetghed iin,to 500 g:ram (,gj 

quan,ti.ti(es. Tihese wer-e for:med1, by hand:, imto scrap ball's .. 

Some of the sc,rap b.all s were sp.ra:}'ed wlth a coa.•ti 1ng. of 

a one percent, ('.by Meigh,t}. so 11'u,tion of .low Vi,scosi,ty. l(e'l1g,im 

{l.:;V~, l<'etlico, Qhicag,o, IlliHfo,i 1s}, an a,1:g,i1na,te. T1h,i 1s was foil.;. 

towed by a spra:Y of a, f.fve percent, Lb:Y wetgh;t) so 1luti:on of 

ca1lci;um ch,lori,de (Ga Gt2) ;,n d,fstillred, delomi zed wa,te r. Trh e 

GaGl2 sofl;u,t/ion causes the a:lg.iinate to .gefl. ATt.er ai1r dry,;,ng 

for 30 mi,nutes, the coat~d scrap ba,lls were dry enough to 

hand1le. 

iFhe reacti'on wh,i;ch occu,r.s between the a1lg,ima,te ('Na 2Afl'g") 

and t.he GaEH2 to cau,se gelli1ng is as follows: Na 2ktg + Ca'Gl 2 
= .GaArl.g + 2Na+ + 2Gl :-- . T,he CaGl 2 reactton occu,rs flrst w.Wth 

th.e outer la:}'er of a\lg.ima;,te moilecu,les an.d th.en s1'owly pr:o;;. 

ceeds to th.e inner la,y.ers .;f adegua,te GaGl2 is app1lied. T1he 

u,se of sprays as opp.osed to other metho.ds of app:li,ca,ti;on 
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prevents the trap p,iin g of u nge,11 e d a1l.g,i;n a,te be n.e a,th the .9 u,te r 

a'}g,i,n a,te co a,ti,n g. 

Fi~v.e coa,ted scrap ba:lls we;re pffaced iin orie scrap con.;.;. 

ta•imer at each stte f,or each of the thre·e fteil,d s;tud;,fes (l., 

11', and llI).. Ftve uncoa,te.d s.crap b.alls we.re pfl,aced i1n one 

scrap c.onta,iiner a;t each site for Fi,e 1l:d Studl.es I and I·L A 

25.0.0 g moun.d o:f Voose scrap was pmaced· .;1n. on.e scrap conta,imer 

a,t each scit.e tn F•ie:ld Stud:Y Ill. 

T1he cond,iti:on of the cra·b scrap wa,s v:i,sua'lly observed a,t 

each site on ea.ch sampli;ng da;te. "Phese observations were 

made t.o determ•i,ne the .e·x,tent O•f a_egr_a:da::t:idn a,nd'/or d,fsper;.;. 

si1on o,f the crab scrap. Observa,tions were rriade a,t Site A on 

May 2 and 15, l\98'2, and .at s;ites B and G on May 1, 2; an.d 115, 

1'9.82, im Fi:eld S{u.d;}' I. Observa:ti,ons were made ait S,i'te D, E, 

and. F on June 5, 6, 115, and 27, 1'982, •i 1n. Field Stud:Y IL and 

J u,ly 17, l9, 2,1 , and 2·3, 19 8 2 i1n F•iie·l'd S,t u dy II.I. 

Sampeli,ng p:r,ocedures 

T"he water a,t each site was samp'1"ed using a Van Dorin 

samp;liing b.ottle.. Ea.ch sarnp,le was taken at a depth orf 0.5 m 

f~om· the bottom to a.vo,i,d entra.i%iing sediment w.•it·h the wa:ter 
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sample. After sampling, the water was placed in appropriate-

ly marked sample bottles. Water samples were taken from Site 

A on May 2 and 15, 1982, and Sites Band Con May 1, 2, and 

15, 1982. Water samples were taken from Sites D, E and Fon 

June 5 and 27, 1982. 

Sediment Sampling 

Bottom sediment samples were taken from each site using 

an Eckman dredge. These samples were removed from sediment 

which had not come in contact with the dredge, in an effort 

to prevent contamination from the dredge. Sediment samples 

were taken from Sites A, B, and Con May 2, 1982. Sediment 

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

1982. 

Scrap Sampling 

The containment d~vice was raised to the surface and 

once the water drained from the device, it was opened and a 

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

sampled with a polyethylene cup to avoid possible contamina-

tion. Scrap samples were taken from. Sites D, E and Fon June 

5, 6,15, and 27, 1982. 
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Tank Studies 

Tank and Ambient Conditions 

The tanks used in these studies were 114 L (30 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 1 ids were equipped with 

ports for sampling and venting (in the aerated tanks). The 

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

Ta n k s , l i d s , a n d a 1 1 a e r a t i o n tu b i n g a n d st o ne s we re 

washed thoroughly with Alconox and water and then rinsed 

with tap water and distilled, deionized water. The tanks 

we re t he n p l a c e d o n la bo r a to r y ta b le s i n a lo c at i o n o u t of 

direct sunlight and away from windows to reduce temperature 

variations. Each aerated tank was equipped with rubber tub~ 

in~ and a single ctrarse aeration stone for aeration. The 

laboratory central air supply was filtered through glass 

wool filter before being introduced into the tanks. 

Tanks A, B, and C 

Ta nk s A , B , a n d C we re u s e d i n Ta n k S tu d y l a n d a l l 

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

was filled with 100 L of tap water. Aeration was begun and 

continued for 48 hours in order to dissipate the chlorine 
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Figure 14. Configuration of the tanks and lids used in the Tank Studies. 
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residual, saturate the water with D.0., and allow 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 from 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 ~bove the 

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

the tanks were allowed to sit undisturbed for 48 hours to 

allow the sediment to settle and the systems to equilibrate. 

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 centigrade (4°c) during transit to the 

Food Science and Technology Laboratory in Blacksburg, Vir-

ginia, where it was stored at 4°c. Three hundred grams of 

this raw scrap were dropped into Tank A. 

A compacted scrap bl~ck was formed by cutting 300 g of 

the 11 as received" scrap into pieces smaller than ten cm 

square. Half of this cut scrap was placed in a cylindrical 

steel cell, three inches in diameter and eight inches 
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deep with small holes, 0.2 cm in diameter, in the sides to 
allow air and liquid to escape. A force of 27,600 kilopas-

cals (4000 pounds per square inch (psi)) was then applied 

with a piston to compact the scrap. Pressure was released 

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

cylinder, on top of the other s~rap. The same pressure was 

reapplied. During compaction, approximately 60 milliliters 

(ml) of fluid was lost. The wei.ght of the scrap, after com-

paction, was 163 g. This compacted block was 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 gel. This 

compacte~, coated scrap block was then aropped into Tank G. 

G o ate d s c r a p b a 1 ls we r e .f o rm e d by t h e s am e met h o d u s e d 

to prepare the coated scrap balls 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. 

An a l y ti c a 1 0 b s e r v at i o n s 

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

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

a tu re , D . 0 . , tu r b .; d i t y , BOD 5 , T O G , p H , a n d N H 3 . T h e w ate r 

samples for these tests were removed from the tank with a 
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100 rrpl p,iipe,t. Tihe s·amptl1es, unfl:ess otherw,i!se speci,fi'ed,. we.re 

nemo.ved im such .a wa:y as to be represen,tati,v.e of the wate.r 

cotl:urnn. T1h,,i,s was accomp!li;shed by s.tartimg to remove th.e sam-

.pfl1e near: t'.he bottom of the tank and then s.1low1l\Y pwl N,ng the 

p,i;pet up thr:ough th.e tank at a cons:tant ra,te so that fhe p1i'P;.;. 

et was f:wll when it r.eached the surface. 

Tih.e measu.rements t:or Tank Stud:Y ·II wer:e made on da,ys 0,, 

l, 2, 3, 5, 7, 9, ll, 13, 116, l91, 22, ?·9, and 36 • .T:he pa,ram;.;. 

ete r:s mea,s u,r:ed were NH3, org ami c n;it·rogen, oxi•d,i zed n,ttrogen 

(1NO~ + NO~;), T!OC, 0.0., pH, turbtd1ity, an.d wait.er: tempe,rature. 

T:he waiter samp:lies f:or thes.e tests were removed from th.e tank 

w,i:th a TOO mil p,tpet~ t,he sampiTes, u nil:ess otherw,i se spec,ifi'ed, 

w.er:e r:emoved as pr:ev•i'ously descr4,bed. Samp:les for tur:b,i:d,ity 

m.easurements were ta:ken .from the bottom and upper portiions 

of the tank•s when the tanks visually e.X:Mib,ited tur.b,id;ity 

Sensory. O.bserva,t,iions 

Tihe sensory ooserva,tions made duri,ng Tank Stud.y I we.re 

made da,iol'y. f:or 17 da.ys for tank·s A and B, and tor 36 da1s 

t:or Tank CL T1hes.e observa,ti,ons were the appea,rance of the 

scrap, th.e odor: of tf1e wa,ter, and the color and appearance 

of t.he wa,ter. 

1ihe sensory obse,rvattons made dur,i 1ng, Tank S,tud:Y I1 were 

ma.de on days 0, l, 2, 3,, 5, 7, 9, ll, 13, 1'6, 1:9, 22, 29, 



and· 36. T,h.e q bs ervaztlon s irnc:l,uded the a ppea,rance of th.e 

scrap, th.e 9dor o,f the wa·ter, flo·a,tiH1g ma,tter, b,i'oilog,iica,l 

growth, an.d t.be coflmr and a1ppea,rance of the wa,ter. 

T>:he fi,ve'."'da;y b,tocliem,iica'l ox,y.gen demand (rB00 5} <Jf the 

g rpund scrap and .al:g,i,na,te w.a:s a nail;y,zed us,img. bo,th seawa,ter 

(from the .Gorrotoman Rd,v.er) and d;iliu,Mion wa,ter as dif·ltuen,ts. 

Tthe d,i 1l1u,t.fon wa;tet'! u,sed i1n th,is s,tudy was the same as the 

d,i·l1u,t.i1on .wa,ter used i 1n th.e B0D 5 ana'l;J•Si;s perf.ormed im the 

Tank S,tud·.te s. 

Anaffys,i'S of the chem,i,cal oxy.gen demand ,(:GOO!) of the 

ground, sc,rap and a2l:giima,te w .. a'.s performed usimg onily d;i,st,illed 

wa,ter as th.e d,i liu,t:i:on med:i,um. Seawa•ter was not used for the 

G0.D anafli;Y,s:;,s becaus.e S•ta•ndard M.e,thOds (11) i'nd,ica•tes tha1t 

the GOD ana.lly.sfs i's not accura,te when the samp;lie has a. sa•lim~ 

ity grea,ter than two pa,t'!ts pe•r tho.us and (ipp•t). 

For the anafl 1y,s,i;s of 80D 5 im th,i 1s study .. , th.e Hach. Mano'."' 

met·r;ic 80.D appa,ra,tus wa:s us.ed. A detaklied ~xp 1lcana,tion of 

the Hach .procedure may be found ;,n Append,fx A. P,rede,ter-

m;i,ned we,tghts of the ground crab sc•rap were placed ln each 

of the BOD bottles an.d then l157 mil of .efther seawa,ter o.r 

d,;11uttton wa,ter was ad.ded. The amounts of scrap used weY?e 

0.1, 0 .. 2, 0.4., and 0.5 g wh.en seawa,ter w.as used and 0.1 and 

0.4' g when ddl1utton wate.r was used. 
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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 

Methods was used for the analysis of COD in this study (11). 

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 Liptak~ Study 

The adsorptive capacity of crab shell material for Cd 

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

cleaned with Alconox and water, a 50 percent hydrochloric 

aci.d (HCl) solution, a 50 percent nitric acid {HN03 ) solu-

tion, and then rinsed three times with distilled, deionized 

water. 

Twenty-four 300 m~ BOD dilution bottles were arranged 

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

pace were placed in the BOD 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 i.n each of three bottles, 

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

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

three bottles. A two milligram (mg) per liter solution of 

Cd was prepared with seawater from the Rappahannock River; 
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and, ZOO ml of this solution were placed in each bottle. 

The 24 ~ottles were then stoppered and shaken for eight days. 

Ten ml aliquots were removed from each bottle after one, 

two , f o u r , s i x , a n d e i g ht d a ys o f a g i ta t i o n . E a c h al i q u o t 

was acidifi.ed with 0.1 ml of concentrated HN0 3 and analyzed 

for Cd using an atomic absorption spectorphotometer in the 

flame detection mode. 

All Studies (As Applicable) 

Methods of Measurement and Analysis 

Information cnncerning the weather conditions and tides 

was obtained from the United States Weather Service. The 

Weather Service continually broadcasts weather and tidal 

information on certain frequencies in the coastal areas. 

Depth was measured using a sounder. Th.is sounder was 

made of nylon line which was marked in half-meter increments 

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

lowered slowly into 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 (Gurley Corporation, Troy, New fork). These measure-

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

depth at the site (except Site F, where it was taken at a 

depth of 4 m). This depth at each site was used in an 
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effort to obtain the most representative current velocity at 

the sampling time. 

Salinity was measured using a Yellow Springs Instru-

ments Salinity, Conductivity and Temperature (YSJ.,.SCT) meter 

(YSI, 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 di.ffer 

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 line marked in half-meter increments was 

used. 

The pH of the water was measu.red using a Fisher Model 

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

in the field 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 pH readings in the Tank 

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

Water temperature and 0.0. were measured using a YSI 

0.0. and temperature meter (YSI, Yellow Springs, Ohio). 

This instrument was calibrated in ambient air before use. 

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

pound lead weight. At Sites A, B, and C, the 0.0. of bot-

tom water samples was determined. For Sites 0, E, and F, 
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D.O. readings were taken at depths of 0.5 and l m, and l m 

interyals thereafter. 

The alkalinity analysis was performed in the field and 

laboratory according to Section 403 of Standard Methods (11). 

The remaining measurements and analyses were conducted 

using samples which were taken from the field sites 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 ~e 

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 

analyses were performed. All equipment was calibrated in 

accordance with manufacturers specifications. 

Samples to be analyzed for ammonia and N02 + N03 were 

p re s e r v e d w •i th O . 2 m 1 of 1 m o 1 a r ( M) H C l p e r 2 0 0 m 1 o f s am -

ple. This preservation technique was suggested in the man-

ual provided with the Orion ammonia probe. 

To me a s u r e th e ammo n i a co n c e n t rat i o n , 1 0 rn l o f s am p le 

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 11 actual 11 ammonia concentration in mg/Las N 

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

for the N0 2 + N03 levels (12), 0.2 g of Devarda's alloy was 

placed in a 25 ml glass vial with a screw top which contained 
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10 ml of ~ample 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 for 

ten minutes to allow the sample to e~uilibrate. A stir bar 

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

reading in mg/Las N (reading= total ammonia concentration 

= NH 3 + N02 + N03) was taken while the solution was stirred. 

The N02 + N03 concentration in mg/Las N was calculated by 

subtracting the 11 actual 11 ammonia concentration reading from 

the total ammonia concentration reading. This difference 

was the amount of NH 3 which had been produced by the reduc-

tion of NO~+ N03. 
Samples to be analyzed for organic N were preserved 

with 0.2 ml of concentrated sulfuric acid (H 2so 4) per 200 ml 

of sample as suggested in Section of 4208 of Standard Methods 

(11). The concentration of organic Nin mg/Las N was de-

termin~d by first analyzing for the total Kjeldahl N (TKN) 

in the sample. This was done using the micro Kjeldahl pro-

cedure as described in Section 4208 of Standard Methods (11). 

The organic N concentration in mg/Las 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 B0D 5 using the method outlined in Section 507 of 
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St a n d a rd . Met h o d s (.1 l ) . Th e s e e d f o r t h e d i l u t i o n w a t e r u s e d 

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 were preserved by the 

addition of 0. l ml of concentrated phosphoric acid (H 3Po4 ) 

p e r 5 0 ml o f s amp le ( l l ) . Th e s e s a mp le s w e re t h e n a n a ly z e d 

using an Oceanographic TOC analyzer (Oceanographic Instru-

ment Corporation, College Station, Texas), 

Water samp.les for the analysis of selected metals were 

preserved by adding 1 ml of concentrated HN0 3 per liter of 

sample (11). These 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 1 eve 1 s . The sediment was p 1 aced i n a 

cardboard box and pla~ed 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-

trifuge tubes. Thirty ml of 0.5 M HCl 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-

o l u t i o n s p e r mi n u t e ( rpm ) f o r th re e m i n u t e s . Th e s u p e r n a -

t a n t \'I a s t h e n a n a ly z e d f o r C d , Z n , H g , P b , a n d A s u s i n g t h e 
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atomic absorption spectophotometer. 

Shell samples taken in Field Study II were processed in 

the following manner. The shell was rinsed with a 0.5 M 

NaQH solution to remo~e any residual tissue. It was then 

rinsed five times with distilled, dei.onized water a~d 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 analysis, 1,0 g of dry 

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

HN0 3 (Ultrex, Baker Chemical Company, New Jersey) were added. 

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

and heated until the liquid evaporated. Once 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-

til a reflux condition was reached. Refluxing was allowed 

to continue until the solution had evaporated. The watch 

glass was then rinsed into the beaker with 2 ml of 0.5 

percent ultra pure HN0 3 . This liquid was poured into a 

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

with l ml portions of ultra pure HN0 3 which were also poured 

into the graduated tube. An additional 3 ml of 0.5 percent 

ultra pure HN0 3 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 analyzed within one 

week for Cd and Zn. 



IV. RESULTS 

The results of the four major areas of this research 

are covered in individual sections of this chapter. The 

first section contains data from the three field studies. 

The second section contains the results of the two tank 

studies. The third section contains data from the analysis 

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

fourth section contains data obtained -:from -the:1Cd 'adsorp--

tion study. 

Field Studies 

These studies are presented in the sequence in which 

they were undertaked. For each field study, the sites are 

first characterized by weather, tidal, and water quality 

data. This site characterization is followed by a descrip-

tion of the appearance. of the ~rab scrap. In Field Study II, 

the concentrations of selected metals present in the water, 

bottom sediment, and scrap shells are also given. 

Field Study I 

Characterization of Sites 

The characteristics and water quality data for each of 

the three sites used in this st~dy can be found in Table II. 

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

tai~ed only trace amounts of total organic carbon, selected 
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Siite A S:Ete •B Siite C 

:Date Sampled 51//l/,82 5:/'15'.l'.82 5~mi/82 5/2//82 5tl5,';8l 51/'li/82 5121/.82 5/1,15,'82 

T•irne Sampled moo 1630 :15,50 1310 1945 195,0 1'430 11830 

Sky Gcmdittions Gldy Clear G·lear Ra.in Clear G·lear Stmy Clear 

Seas iGhpy Ghpy Ghpy. Gatm Ga:lm caqm Ga,lm Ga1lm 

·r:ime of the T1ide, EST 

Hi'gh. 05'A0 1528 lv7,1'4 118l3 1528 Wl4 1,813 1528 0, 
0 

L:ow 120,3 2lii7 1!102 ·1'203 .2,12,7 2323 l203 2,1,w 

Depth .(m) 3.,0 5.2 3,.2 2.8 2.5 2.5 l.5 2.0 

Veloci:ty (m/:sec) 7.8 9.6 6:,0 

Sa11;; niity •(i!Jpt,} 20.0 18.6 ,i.g,_ 2 ,13:_,g 1'4.2 ,,;2 .• 0. 10,.8 10.,6 

Sec.chi· (in} l.5 3/0 l••.2 .,.,2 , .. o 0.8 0.5 0~5 

Surfface pH 8.2 8.3 8~2 8.2 8o4 8.2 8.0 i/1. 2 

Water Temp. ( 0 c,) 15 18 ff8 16 18 w 18 22 

D~o~ '(mg;ll.;:) 9,.0 7.0 9.,3 7.9 8·.2 8,;8 1.6 77.0 



Table 11. Continued 

Site A Site B Site C 

Organic N (mg/Las N) <4 <4 <4 <4 <4 <4 <4 <4 

Anmoni a (mg/Las N.) <l <1 <l <1 <1 <1 <1 <1 

N02 + N03 (mg/L as N) <1 <1 <l <l <l <l <l <l 

Alka. (mg/Las N) 70 71 70 

TOC (mg/L) <lQ ll. 9 ll.5 <TO 12.2 11 .6 14. 5 12 .2 
01 

Turbidity (NTU) 3.7 3.8 3.8 3 .1 4.5 7.2 5.8 8.8 
_, 

Metals 

Lead (mg/L) <50 <50 <50 <50 <50 <50 <50 <50 

Arsenic (mg/L) <0.5 <0.5 <0.5 <0.5 <0,5 <0.5 <0.5 1.4 

Mercury {mg/L) 2.3 2.0 2.2 0.4 0.2 0.3 0.9 6.2 

Cadmium (mg/L) <0.002 <0,002 <0.002 <0.002 <Q.002 <Q.002 <Q,002 <0.002 

Zinc (mg/L ). <Q.005 <0.005 0.013 0.008 0.010 0.036 0.037 0.041 

Bottom Type Sand Mud Muck 
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metals,. an.d nti trogen c.on,ta)i,n,img compounds. Tche c oncen,tra_.-

t,ions of T10G 1found at the sites ranged from 10 to T4.5 mg/l. 

J,he \concentra,ti'ons of am1116n,i'a, oigan,ic: n,it·rogen, N02 + N03 
were a,H bellow the cle,tecticlle lirn,its of 1 mg 1/iL for ammon,ia 

and N02 + No; .and 4 mg,f,L -F,or organ,i,c n,it·rogen~ (T,he concen-

tra,fi,ons of Pb,, As, Hg;, and G.d wer,e ·less. than 5.0 mgf,L; lress 

than ·1.5 mg/,h; less than 6.3 mg/1!.:; less than 0.0·42 1119,/,t.:, re ... 

spectiw,eliy.) :nhes.e da,ta i;nd,fca,te tha1t the wa,ter a,t the 

three s•ites was of good quality. "fhese da,ta a:lso show tha,t 

wa,ter dep,th and curren,t v.eilioci ty were .v,a,ri'abile. 

Appea:ra,nce of Scrap 

T1he im,i tta:l (a,fte•r 24 hours) ;:nspec:tion a,t Site A wa:s 

impracti1cal due to adv.erse wea'ther .cond:it•iions .. 

At Sdte B, a,fter 24 hours o.f exposure, three of the f,i,ve 

uncoa,ted scrap b.a:lls h.ad separat~d i1n,to smaff·l p,i1eces, ,wh,ilie 

two were in1ta.ct. Tw.o of the five coa•t.ed scrap balls nad 

sepa,ra,ted .;,n,to haJves whi:ch w.ere s,t,i•ll we,ll compressed. 

T'h r.ee. were i,n;t act. 

At S,ite e, a,fter 24 ho.u,rs o•f ex,posu•re, .all of the un.;. 

coai,ted scrap bail ls were still i:n•tact. Two .of the ~oa,ted 

sc•rap b.a'1ll;s w.ere i'n·tact., while two had sepa,rated i,nto ha11'v.es 

and one was m,is:sing. 

Ml th,ree s.ites were i,nspected 13 days after the i,n,i--

tiaT (,24 hou.rs.) i,nspecticon. At Site A and Site B the con~ 
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tai;nment i:levtc.es c.owld not be l:oca1ted. Tihe c.ontrofl conta,im-

ment deviice Wh,i!ch ha.d been placed a,t S'ite B was found 5.0 

yair:ds. from its ortg.,imafl posi tiron and had become en,tang;l,ed iin 

s.unken wreck·age. T1h\ts seemed to i,nd,i;ca,te tha,t st·r:ong t·ifdal 

curren,ts may ha,ve re:loca\ted the o,ther contai,nment dev•i,ces. 

T,he conitai 1nmen,t devtces were .found to be i!n place at s.;,te G .. 

No s.crap was fo.und tn e,ither dev•i,ce and the b.ott.om of both 

de.v•iices ha.d b.ecome f•illed w•i th a two.;;,imch la:}'er of mu.ck. 

Filefltd Stu.dy. II 

.Gharactertza,M:on of S•ites 

T1he character•is,ti:c:s and wa,ter quaFity da,ta for e.ach of 

the thr.ee sites used H1 th,is study; can b.e f,ound iin Tabil'e III. 

These cl.a.ta •iindlca.,te tha,t the wa,ter a;t the three sites con-

taiine.d trace .amounts of to,ta.1 organtc ca,rb.on, se:lected me·t-

a}ls, and n·i:trogen.;.contai:n.;,ng. compounds. Tihe conceritra,tfons 

.of JOG at the sites were cons,istentl'y bell10W the leve,1 .of TO 

mg/L. T1he concen,tra,titons of organi1c ncit·rogen., ammoncia, 

an.d N0 2 + N0 3 we.re afll be\l:ow detectable limd ts. T!hese da,ta 

i,nd•ica,t~ that the wa,ter at the th.ree sites .was of good qua 1l-

ity. T·he stte depths a•t the sites ranged from a .low of 4.,0111 

a,t Site D to a h,igh of T.0 .. 5 m a,t Site F. T1he sa,lincity at 

each of the sites rema,tned' nea,rly constan,t at lll- ppt. Ftg-

u•res ·14, 15, 1'6, 17, 18, a!nd 19 show tha,t tempera,ture and 

dlssoll·ved ox,ygen vari'ed w•ith d~pth a•t the th·ree sites. the 



Date SampTed 
·Mme Sampled 
Skt Gondi;tfons 
Se.as 
Nme of T,ides 

H,igh 
LlOW 

Depth (m) 
l"emperatur.e. 
Dfssotved, Oxygen 
µ,H 
Sa•rn niity ·(1ppf) 
S.ecchi (m) 
Vetoci,ty {m/sec:) 
Organic N (mg/Las N~ 
Anmonia (mg/L as Ni) 
NQ; +. NOj (mg/l.: as N•) 
M ka. (mg½l. .as GaG03;) 
TOG (mg,"L\) 
Tu rbfd:Hy (,NTU,) 

Bo.ttom Type 

SH.e. D. 

6151/;82 6/217//82 
lfrl5 1'230 
P.Gldy GJdy 
Gailm S·l'.Ghop 

1636 ·1642 
2300 1024 
4.5 4:() 
Fig.l9 Fig.16 
Fig·.15 ,fig .16 
7.7 8.3 
T4.0 13;8 
l.ZO l 
0.9. l .2 

<4 <4 
<:l <l 
<'l <l 
5l.8 5.0,0 
10 TO 
2.7 3.,2 

Muck 

~j1t.e 

f/§/82 
W3P 
P.G'ldy 
Ga1lm 

1636 
2300 
6,0 
!Fig.lr? 
Fig.W 
'J;.5 
lA:O 
l.O 
i2. 2 

<4 
<,l 
<:l 
50./4 
TO 
,1.7 

Muck 

E Sjt:t~ F 

6/;217f82 ~1§/82 6/2//1/82 
1W45 1830 10-40 
P.G:Tdy· .pJJdy P,Gldy 
Ga1lm Gailrn Ga,lm 

1642 1636 16;42 
1024 2300 1024 
5~0 lo.5 HLO· 
FfgA8 Figj,l9 Fig;.20 
Fi g'.;18 ffg .• lt> Fig.20 
8.0 7. 5 7.8 01 

'1'4 .. 3 T4.0 T4.2 
l 1.5 l.2 
2.2 4.2 0.9 

<4 <4 <4 
<1 <J <,i 
<·l <:l <1 
49.3 50.,2 49.7 
10 ,,o 110 
3.7 ;l·· .• 9 3.3 

Muck 
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Figure 15. Water temperature and dissolved oxygen variations with 
depth at Site D at 1615 hours on 5 June 1982. 
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A Dissolved Oxygen 
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Figure 16. Water temperature and dissolved oxygen variations with 
depth at Site D at 1230 hours on 27 June 1982. 
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.t.. Dissolved Oxygen 

• Temperature 
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Figure 17. 
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Distance Below Water Surface (m) 

Water temperature and dissolved oxygen variations with 
depth at Site Eat 1730 hours on 5 June 1~82. 
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Figure 18. Water temperature and dissolved oxygen variations with 
depth at Site Eat 1145 hours on 27 June 1982. 
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A Dissolved Oxygen 

• Temperature 
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Figure 19. Water temperature and dissolved oxygen variations with 
depth at Site Fat 1820 hours on 5 June 1982. 
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Figure 20. Water temperature and dissolved oxygen variations with 
depth at S.ite F at 1040 hours on 27 June 1982. 
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most drastic variation in D.0. 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/li while at a depth of 4,5 m, the D,O. was l .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 balls, both coated an~ 

uncoated, had disinter.grated. 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 

cont~ined only shell material. 

The concentrations of selected metals can be found in 

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

were found in the water, sediment, and shell. 

The concentrations of Zn in the sediment increased by 

less than ten percent at the three sites from 5 June 1982 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 a 11 sites over the ten day per-

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

was at Sit.e F where the concentration of Zn was 1.5 mg/g. 



T1ABUE I\V,. THE G0NGENliRATff0~S ()F VARIOUS ,MFPAl.l:S 1E0UND;IN THE 1WAlER,, SEDIMENT AND. SHEU!.: AT S'IffES 
D', E ,. 'AND F ON SEIJEGTED DAYS IN .JUNE OF l982 . 

S'IifE 
615 61/,6 §/115 

D SiifE E SI:TE F SiffE D SiffLE SlffE J~ S·HfE ,D S·HfE E S'IffE F 

WATER 
Pb(mglL) <50 <50 < 50 <50 <50 <50 <50 <50 <50 
As,(,mg½L) <0.5 l.3 <0.5 <0.5 5K0 k4 0.6 0.7 1·.4 
Hg{mg/l) 4.1 <0~2 <Q,.2 0.3 <0.2 <0.2 <0.2 <0.2 <0.2 
Gd(mg/L) <0.002 <0.002 0.003 o~oos 0.0.05 0~006 <0.002 <0.002 0.004 
Zh(mg/;l!} 0~010 0:005 0.005 01014 0 •. 007 0."076 '0 .•. 015 0.003 0~010 

O'\ 
N 

SEDIMENT 
f?b(mg/g.) 0.,0013 0.:0016 o.oow 0;0013 o.oow 0;0.016 
As(mgf.g,) 0. ,152 Oo:lr70 0.230 0.'1'46 0~·223 0.242 
Hg(mg/g,) 0~004 0;007 0.0.06 0:003 0.004 0;006 
Gd(mglgl) ,O;OJB 0'.024 0,'029 0.030 0;053 0.027 
.ZnHng/g,) 3:63 4.36 4;52 3.95 4,t62 4.186 

SHEL!L 
Gd(mg/91) 0.,009 0.009 0.,101 0.009 0,.007 0.009 0.005 0.005 o,.Q07 
,zn(mg/ig) 2.c6 2.4 2.3 2.1 2.2 2.5 l.2 0.8 o, .. a 



. ©I,;,." ..:.11• -=.L.l.L.,.;.;;. 

615 6/,6 /6/15 615 

$ife l 
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$ite i 

·.11111\Water:(mg½b}• 
enShell·.(1~gig1). 
aseoim~nt (fJ-lgfg) 

6,1§ 6t6 6115 

$ite 
Ffgur:e 211. Goncentrations .of Gd and Zn found in the water, sedjiment and shelil at. Sftes. D, E, and F. 
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T:he concen,t·rat•ion of Gd i1n the cra·.b she'l 1 a:lso showed a def-

im,i te, bu,t not as dras•tlc a decrease. T1h'i's decrease ranged 

:f,rom app.roxima•te,ly 2·5 percent a,t Site F to 5.0 p.ercen;t a:t 

S,i te E. 

lihe conc::en,tra,tion of Z·n ,in the wa,ter, a,t the t:hree sites 

rema,i,ned constant a\t 0.2 mg/d.:. T,he concentration of .Gd at 

.each site imc re as ed by a•t tea st 5.0 percent f:rom 5 June 1198 2 

to 6 June li98·2, b.ut then deer.eased back to the l1e.ve 1l,s meas~ 

u,red on 5 Jun.e by 115 June l\98'2. T,he ma1ximum concen,tra1tton 

of G.d measure.d im the wa,ter was 0.005 mg1/1L. 

The th.ree sit.es used ;,n thts studJ a,re the same as 

t:ho.se used i,n F•i1e'1,d S•tuci:Y Il. lhe site characteri•sttcs and 

waiter quality da·ta ma,y be found ;;n Tab 1le Ill. 

A'ppea,rance of Scrap 

A;fter two days of ex,postH~e, all o.f the scrap ballis at 

ea.ch site 'had d,i•si,nteg•rated and .approxima:tel:y 50 peicen•t of 

the tissue rema,imed. T1he ung,r:ound, uncompacted scrap at 

eac::h site was s•til·l trltact w,ith 75 percent of the tissue re;.. 

ma,i,n,i,ng after two .days. At the end· of four days of ex,posure, 

on:ly 30 percen,t of the tissue .from the scrap b.alls rema•tned. 

Whereas, after fou:r days, approximate'ly 5.0 percen,t of the 
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tissue remained on the unground shells at each site and the 

i n te g r i t y o f the s h e l l mate r i a l Se e me d t o h a v e b e e n d i mi n i s h -

ed. After six 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 shell material ap-

:ipeared "pitted" as if something had been removed. When 
. 

finger pressure was gently applied to the shell, it crumbled 

easily. 

Tank Studies 

Tank Study I 

In this study three different forms of crab scrap were 

immersed in tanks of aer-ated, dechlorinated tap water. 

Tank A contained loose scrap, Tank B contained compacted 

scrap, and Tank C contained compacted, coated scrap. Both 

analytical and sensory observations of change were made. 

Sensory ObservatiQns 

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

and the co1or and appearanc~ of the water were the sensory 

observations made. These observations ware made daily an~ 

a detailed listing can be found in Table V. 

In comparing the three methods of scrap preparation 

through sensory observations, the following information was 



TABLE V. SENSORY OBSERVATION MADE DURING TANK STUDY I. 

--_-_-_-_ -_ -----~-=-=-=-=--============================================================================= 

TANK A 

COLOR AND APPEARANCE OF TltE WATER 

TANK 8 TANK C 
--------------------,---------------------------------~---
Day O The water became turbid upon 

addition of the loose scrap 

Day 1 Clarity of the water had de-
creased significantly. 

Day 2 The water within one inch of the 
scrap had taken on an orange-
yellow hue. 

Day 3 The bottom two inches of water 
was orange-yellow. 

Day 4 The water was extremely turbid 
- 9 throughout the tank, but the 

color had disappeared. 

Day 10 The turbidity ag!J lomerated and 
be!]an to settle. Water clarity 
had increased markedly. 

Day 11 The water appeared very clear. 
- 17 

Day O The water was very clear after 
addition of the compacted scrap. 

Day 1 Water clarity decreased rapidly. 

DAY 2 The water was translucent. 

Day 3 The water clarity continued to 
- 4 decrease. An orange-yellow color 

had appeared. 

Day 5 The water was still translucent, 
- 9 but the color had disappeared. 

Day 10 Visibility was increasing daily. 
- 17 

Day O The waler remained clear after 
addition of the scrap. 

Day The water was slightly turbid. 

Day 2 Water clarity was moderate. 
- 3 

Day 4 The water was translucent. 
- 24 

Day 25 Water clarity was increasing. 
- 34 

Day 35 No odor was detected. 



TABLE V. CONTINUED. 

TANK A 

DayO No detectable odor was noticed. 

Oay Slightly offensive odor was 
detected. 

Day 2 Odor had become very offensive. 

Day 3 Putrid odor WdS noted. Began 
to smell like 'natural' gas. 

Day 4 Odor decreased. 

Day 5 Odor continued to decrease. 
- 9 

Day 10 No odor detected. 
- 17 

ODOR OF THE WATER 

TANK B 

Day O No odor was detected. 
- 2 

Day 3 Offensive odor was noticed. 

Day 4 Odor decreased 

Day 5 Odor .continued to decrease. 
- 9 

Day 10 No odor was detected. 
- 17 

TANK.C 

Day. 0 No odor was detected. 
- 3 

Day 4 Only a slight odor was detected. 
- 24 

Day 25 The odor was slight, no offensive. 
- 34 

Day 35 No odor was detected. 



TABLE V. CONTINUED. 

TANK A 
APPEARANCE OF SCRAP 

TANK B TANK C 
---·-------------------------------------------------

Day 0 

Day 
- 2 

The majority of the scrap sunk Day 0 
inwned i ate ly and only a few small 
swi,rnnerets floated on the surf ace. 

Most of the scrap remained on the Ody l 
bottom of the tank. A few swim- - 16 
mere ts were sti 11 floating. 

Ody 3 All scrap had sunk. Nothing 
-; 16 fl oa ted . 

The compacted scrap bloc!( broke Day 0 
in half as it sank, but each half 
remained intact. Some small pieces 
of scrap floated. 

The compacted, alginate- coated 
scrap block was placed in the 
tank. It maintained its structural 
integrity, but appeared to be some-
what buoyant in the currents created 
by the a era ti on. 

Some small pieces had broken away, Day l The block remained in one piece. 
but most of the scrap remained in - 24 
two large pieces. No floating mat-
ter was noted. 

Day 17 The tank was cleaned and the 
scrap was examined. Only shell 
remained. 

Day 17 The tank was cleaned and the two Day 25 All visible surfaces of the block were 
halves examined. There was very - 32 covered with biological growth. 
little meat remaining on the shells. 

Day 33 The biological growth had begun to 
slough off. 

Day 34 The block had split in half. One sec-
tion had broken up completely, while 
the other maintained its shape and had 
begun floating. Gas may have been trap-
ped beneath the alginate coating. 

Day 35 The scrap sunk. The gas had apparently 
been released from the block. After the 
tank was cleaned, the scrap was examined 
a11d only shell remained. 

0) 
co 
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obtained. Water quality, in the forms of odor, clarity, and 

color of the water, was more severely impacted in Tank A 

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

The odor in Tank A was first detected on Day 1, reached 

its peak on Day 3, and was undete~table a~ter Day 10. In 

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

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

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

Tank B. lank C exhibited only a very mild odor from Day 4 

to Day 34. This odor was never offensive. 

The clarity of the water in lank A began decreasing 

im media te ly a f t er add i ti.on of the s c r a p . Thi s de c re a s e d 

clarity continued until Day 10, when particles in the water 

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

Day 11, the water a~peared to be very clear. On Day 2 and 

3, in lank A, the water 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 Day l and continued to decrease until Day 4. On Day 

3 and 4, an oran9e-yellow color was present around the 

scrap. Afte•r Day 9, the water clarity began to improve. 

At no time was the \vater clarity as poor in Tank Bas it 

was in Tank A. Water clarity ;.n Tank C began decreasing on 

Day 1, but was not translucent until Day 4. The water re-

mained translucent until Day 24 and then began to clear. 
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The water in Tank C was always clearer than the water in 

Tanks A and B. 

Analy~ical Observations 

Analytical changes in the water quality of each tank 

were monitored daily for the first six days of this study. 

The parameters analyzed were water temperature, dissolved 

oxygen, turbidity, 800 5 , TOC, pH, and NH 3 . Figures 22, 23, 

24, and 25 present NH 3 , turbidity, TOC, and Boo 5 data, re-

spectively, for the three tanks. The values for pH, 0.0., 

and temperature remained almost constant in all three tanks 

over the first six days. 

The NH 3 concentrations in each of the tanks followed 

the same general trend; that is, it increased sl.owly for 

the first three days, increased rapidly from day three to 

day five, and then leveled off or decreased slightly on day 

six. On all days, the NH 3 concentrations found in Tank A 

were approximately twice those found in Tank Band four 

times those found in Tank C. The initial NH 3 concentration 

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

The maximum NH 3 concentrations measured were 33 mg/L for 

Tank A, 19 mg/L for Tank B, and 6.8 mg/L for Tank C. 
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Figure 22. Daily variations in the concentration of NH3 in the 
water in Tanks A, B, and C during the first six days 
of Tank Study I. 
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Turbidity 

The turbidity in each of the tanks was found to follow 

th~ same trend through day four. It increased from day zero 

to day tw.O, decreased from 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 decrease~ or lev-

e 1 e d o ff i n Ta n k s B a n d C • Th e t u r b i d i ty i n T a n k A w a s a 1 -

most twice that of Tank Band four times that of Tank C, as 

was similarly noted for the NH 3 concentrations. The initial 

turbidity in the water used in the three tanks was less than 

1 .0 NTU. The maximum turbidities measured were 33 NTU for 

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

TOC 

The TOC concentrations in all three tanks followed sim-

i 1 ar trends. TOC levels sharply increased on day one, 

sharply decreased on days two and three, and then changad 

relatively little after day thr~e. The only deviation from 

this trend occurred in Tank Bon day five and was so drastic 

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

tial concentration of TOC in the water used in the three 

tanks was less than 1.0 mg/L. Tha maximum TOC concentra-

tions measured were 41.5 mg/L for Tank A, 19.4 mg/L for 

Tank B, 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 of Tank Study I. 
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Figure 24. Daily variations in the concentration of TOC in the water 
in Tanks A, B, and C during the first six days of Tank 
Study I. 
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Tank A and Tank Beach exhibited the same trend in B00 5 

changes wi~h the values for Tank A being much greater than 

those for Tank B. The 800 5 level of Tank C did not change. 

It remained less than 12 mg/L. The initial concentration of 

B00 5 in the water used in the three tanks was less than 12 

mg/L. The max~mum values were 13P mg/L for Tank A and 

36 mg/L for Tank B. 

Tank StudyII 

In this study, coated scrap balls were immersed in tanks 

simulating four different environments. These environments 

were aerated saline water with nb ~ediment in Tank D, aerated 

saline water with sediment in Tank E, nonaerated saline water 

w i th s e d i men t i n Ta n k F , a nd no n a e r a t e d s a 1 i n e w ate r w i th no 

s e di me n t i n Tan k G . Bo th s e n s or y a n d a n l y ti ca l obs er v a ti on s 

of chang~ with time were ma~e. 

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. Daily variations in the concentration of in the water 
in Tanks A, B, and C during the first six days of Tank 
Study I. 
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116., 119, 2,1, 29, and 36. Table VI pro,v•i:des a de•ta,iled ll;stj,ng 

o;f .the.s.e sensory observa0ti1ons. 

ln compa:rimg the fo.u,r d•i~ff:e.rent mairtne en,.v,fronments, it 

was obs.erved tha•t t'.he two aera;ted envl,ronmen;ts wer.e impacted 

s,imdl:a\rlcy by the add;i,ti\on of crab scrap. T1h.e two nonae.ra,te~ 

env•h:onmen,t:s were ,impacted i:n v.ery d,if•f,eren,t .wasy\s. 

Ap.p .. ear.an:ce .. oJ .S:crap. 

Tthe afl,g,iin a,te coa,tfn.gs ha.d sloughe·d o:fJ th.e scrap iin each 

o;f the four tank•s by Ho.ur 4. By Da,y 1 , aIM t·he s,cra p had 

d\is.as,sod,a•ted, bu,t iit was remaA,n,i,ng fn. a d,i,s,t•i,nct mound .iin 

each ta.n'k. T1h,ils d,i,s,tln;ct mound of s.crap r:ema,i,ned iln T:ank·s D 

and E for fhe durati,on o:f the e,xpe.ri,fuent. lhe only changes 

'be,i1ng a reduct,fon i;n s,iz•e wiit.h time and the forma,ti:on of a 

ma,t o:f b,i,o,log,tcal ma 1teriaT over tli'e mound. T,he mounds i'n 

Tank·s F and G both began produ~,iing gas wh•i,~h ca•rri\ed scrap to 

the wa.ter's sur,face and caused Ft to flpa•t .and then la;ter, to 

sdnk.. T,h,i;s movement of scrap through the wa,ter co 01:umn caused 

the scrap to be d,is•persed throughout the tanks. ln Tank, F, 

a,H. the scrap had fall 1en ou:t of the wa,ter coi1,umn by D.ay 1'1 

and no f'ltoa,t,i,ng scrap was seen from Da,y ,1:1 to Da,y 36. Scrap 

con,t 1i,nued to float in rank G up through Da:Y 3.6. 



TABLE VI. 

-~- ---------

TAtlK D 
~---·------------------

The water was a murcky yellow-
green and was no l unyer lrd11s-
paren t. A foam. hdd begun to 
tonn on the wattr's surface. 

lJay 2 The scrap 11as visible and the 
foam hdd decreased. 

Day 3 The Wdter cleared considerably. 
The scrap was visible. Small 
amounts of foam were noted. 

ll,1y 5, The turbidity was detr~dsi11y 
7 I 9 No fo•m WdS present. 

Ody 11 The tank was again transparent. 
Foam was 110 t present 

Day 13 The clarity of the water was 
& 16 improvi11g. 

D•y 19, Water was completely cle•r. 
22, 29 
& 3ti 

SENSORY OBSERVATIONS MADE DURING TANK STUDY IL 

COLOR ANO APPEARANCE OF HI( WAHR 

Day 1 The water was murky and yellow-
green and the scrap was not 
visible. 

[Jay. 2 Fodm had begun appearing on the 
water's surface. The water had 
cleared slightly. 

Day l The water was turbid but still 
transpJrent 

Day 2 The surface water was still 
transparent, but a water 
layer 4 cm in depth over the 
sediment had turned very black. 

Day 3 Fo.im had filled tt,e entire area Day 3 
above the water apprnximately 

The black zone increased to a 
depU, of 5. cm; 

10 cm, and had seeped out of the 
tank. Turbidity was decreasing. 

Uay 5 Foa;11 was escaping from the tank. 

Uay The foam had decreased markedly. 

Day 9 Water clarity was increasing. 
Tl,e foam had decreased further. 

Day 11, The foam was completely gone and 
13, & the water was clearing. 
16 

Day 19 The wdter was completely clear. 

Day 22 The water remained clear. 
29 & 
36 

Day 5 Black zone was 8 cm deep 

Day 7 The turbid i ty had increased. 

Day 9 The color stratification had 
begun to disperse. 

Day 11 Water color stratification was 
not detectable. 

Day 13, The turbidity. was steadily in-
16, & creasing. 
19 

Day 22 The water had turned.reddish-
hrown. 

Day 29 The water. was turbid but clear-
& 36 1ng. It was reddish 0 brown. 

Day I The water had stratif!ed. 
& 2 The upper water was dear 

while the lower lo.cm.of 
water were very turbid. 

Day 3 Dark water was noticed 
around.the edges of the 
scrap. heap. 

Day 5 The ho Uom 1 O cm of water 
& 7 were turbl d and black. 

Day g 

The supernatant water was 
clear. 

The water had bt<Jun to 
destratify. -

Day 11 The water was very tur-
bid. No turbidity 
stratification was noted. 

Day 13, The tu1·bidity.was in-
16, 19, creasing slightly. 
22,&29 

Day 36 The turbidity appeared 
to have deer-eased. 



TABLE VI. CONTINUED. 

·---· ----· -----------·--------

llour 4 

Day 2 

Day 3, 5, 
7 & 9 

Day 13, 
16, 19, 
22, 29, 
& 36 

----------~-------
SCRAP APPEARANCE 

TANK£ TANK F 

-----· --·-- -·----- --------·------------. -·--···------------------ ----~------------~-
The alginate coating had 
sloughed off. 

The scrap was not visible. 

The scrap completely dis-
associated. 

tlour 4 

Day I 

Day 2 

lhe alginate coating had 
s louqhed uf f. 

The 5Cl~p WdS not visible. 

llour 4 

Day 1 

The scrap was totally dbas- Day 3 
socialedbut the majority of 
scrap r~mained in one mound. 
A few particles wen, suspended 
In the water column. 

The alginate coating had Hour 4 
s louyhed off. 

The scrap had totally di sass Day l 
sociated, but ren1ained in 
one mound. Gaswas occasion-
ally re leased from the scrap 
to the surface. 

The scrap mound and the sedi- Day 2 
ment both released large bub-
bles of gas. Some scrap and 
gas were trapped by a scum Day 3 
which had fonned at the water's 
surface. 

The coating had sloughed 
off. 

The scrap was in a mound 
where. the scrap l)d I I had 
been and small sections. of 
lhe coating were pre~ent. 

Small pieces of floaUng 
scrap· we,·e. noticed. 

Black color appeared in the 
water around the snap mound. 

The scrap remained in adoound,Day 3, 
but the s I ze of the mound was 7 & 9 
slowly decreasing. Only shell 

5, The scrap remained in a mound 

and biolo9lcal mat remained. 

The shell remained in a 
mound covered by a mat of 
biological material. 

Day 11 

Day 13, 
16, 22, 
29 & 36 

but the size u f the mound was Day 5 
slowly llecreasing. 

All tissue appeared to be gone. 
Only shell and a biological 
mat remained. 

The shell remained in a mound 
covered by a mat of new bio-
logi ca 1 ma teri a 1. Day 7 

Day 9 

When the scrap ,·eached.·the wat-Day 5 & 
er' s surfdce, the gas escaped 7 
and the scrap began to fa 11, 
but it did not return to the 
sediment. A band of suspended 
scrdp fonned in the water be-
tween the turbid and clear lay-
ers of water. 

The scrap was moving vertically 
throu9h the water column. 

Most of the scrap remafoed sus- Day 9 
pended somewhere in the water 
column. 

The scrap was moving verti-
cally through the water 
column. 

large amounts of floating 
scrap were present, with 
strands of scrap whtch hung 
from the water'.s surface. 

Day 11,13,No scrap was floating or suspenc 
16, 19; ded in the water column. Day 11, White biological mats were 
22, 29 & 13, 19, floating on the water's sur-
36 22, 29, face. Floating scrap was 

& 36 present. 
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Day 0 
I, 2, 
3. ~. 
7 & 9 

Oay 13 
& 16 

Day 19 

No floati11g scrap detected. 

The mat of new biologicol mdter-
ia l which had formed over the 
scrap mound began floating when 
d gas but,blebecame trapped be-
neath it. 

The biological mat was floating. 

The biological mat sunk. 

Oay 22 No floati11g material detected. 
29 & 
36 

FLOATING MATTER 

Day 0 
l, 2, 
3, 5, 
& 7 

No floating scrap was observed. 

Day 9 Sma 11 bits of floating scrap were 
detected. 

Day 11 No floating scraps were detected. 

Day l3 A floatingmat of shell .and bio-
& 16 logical matter was observed. 

Oay 19 The floating mat had sunk. 

Day 22 No floating matter detected. 
79 & 
36 

Day 
& 2 

Smal 1 particles of scrap were 
floating on the surface. 

Scum fanned on the surface anct 
contained trapped gases and 
scrap. 

Day 5 Scum and scrap were floating on 
& 7 the water's surface. 

Day 9 

Day ll 

Day 13 
16, 19 
22, 29 
& 36 

Large amounts of scrap were 
floating on the surface. 

White biological mats were found 
on the ,water's surface. No scrap 
was floating. 

No floating scrap. The area of 
the scum layer decreased. White 
bfological mats floated on the 
water's surface. 

Day 1 

Day 2, 
3 & 5 

No floating mate ri a 1 
present. 

Small pieces of scrap 
were floating. 

Day 7 large amounts of float-
ing scrap were.detected. 

Day 9 

Day ll 
13, 16 
19 & 22 

Day 29 
& 36 

Strands of scrap were 
hanging down from the 
floating scrap. 

Scum and scrap were 
riresent on the water's 
surface. White l>iolog-
i ca 1 material had. fom,ed 
on the .water's surface. 

Floating ma ts of mixed 
scrap and biological 
material had begun to 
sink. 

ro 
0 
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Day 0 

Ody 2 

TANK 0 

No attached biological growth 
detected. 

Biological growth was noted on 
tdnk walls. 

BIOLOGICAL GROWTH 

Day 0, No attached biological 9rowth 
1 & 2 was detected. 

Day 0 
1,2,l 
5,7&9 

No attached biological growth 
detectable. 

Day 0 
2, 3, 
5, 7 
& 9 

No biological growth was 
detected. 

White biological growth was noted Uay 3 A small amount of biological 
growth was 110ted on the walls 
of the tank. 

around the edges of the scrap. 

llay 5 A mat of t,iological growth t1ad 
formed over the scrap and lank 
bottom. 

Uay 7 The.mat continued to increase in 
& 9 size. 

Day 11 The mat began floating 

Day 13 Biological gorwth had reestab-
lished on the shell. 

Day 16 Biological growth on shell con-
19 &22 tinued to increase. 

Day 29 The density of the t,iological 
material on the walls of the 
tank had begun decreasing. 

Day 36 Very little biological material 
on the walls of- the tank. Bot-
too, mat of biologicdl material 
had also decreased. 

Day 5 Biological growth on the tank 
walls had increased slightly. 

Day A biological mat had fonned over 
the sediment and. scrap. 

Day 11 The biological growth on the tank 
& 13 walls was increasing. 

Day 11 The first biological growth was 
detected. White biological mats 
appeared on water's surface. 

Day 13 The area of the white biological 
mats increased. 

Day 11 White mats of biological 
ma teri a 1 had fotmed on 
the water's surface. 

Day 13 White mats of biological 
16, 19 material were present 
22 & 29 at the water's surface. 

Day 16 The biological growth on the walls Day 16 
of the tank had increased signifi-

Green biological·material was 
de tecled on the tank wa 11 s. 

cantly. 

Day 19 The biological growth on the tank 
22, 29 walls was decreasing. 
& 36 

Day 19 Green biological material had 
f_onned long streaks on the walls 
of the tank. Brown streaks had 

Day 22 
29 & 
36 

al so fonned and the white mats 
were st i 11 on the water's surf ace. 

The wal]s. were .completely covered Day 36 
with red, green, and brown bio-
1 og ical material. 

A few green and brown 
streaks. had fonned on 
the tank wa 11 s. White 
biological .material was 
present at the water's 
surface. 



TABLE VJ. CONTINUED. 

---~-·---- --------· ----------------'C.===== 
ODOR OF TH£ WATER 

- --------~--··--•------------ -------------
Uay A fishy odor. WdS dt:tec led. 

D•y 2 Tl,e fishy odor had decreased. 

Day 3 

Oay 5 

Day 

Day Y 
11 & 
13 

The odor hJd increased liut re-
,~111l>lcd that of ar111,onia. 

lhe ammonia odor i11credsed. 

The arr111onid odor was very strong. 

The an111011ia orlor was decn,as ing 
markedly. 

Day 16 The odor was completely gone. 

Day 19 tlo odor de tee ted. 
72, 29 
& 36 

-·-·---·-----------

Day A fishy odor was detected. 

Day 2 The odor increased. 

Day 3 A s trnng ammonia odor was detected 
The fishy odor. was gone. 

Day 5 The anrnon i a odor increased. 

Day The dllll100 id odor was very strong. 

Day 9 The a11111onia odor had decreased. 

nay 11 The an,nonia odo,· was decreasing. 
& 13 

Day 16 The aninonia odor was completely 
gone. 

Day 19 No odor was dr,tected. 
22, 29 
& 36 

!!,NK .£ 

Day A fishy odor was detected 

Day 2 A slight sulfur odor was de~ 
tee ted. 

Day 3 

Day 5 

Day 7 
9 & 11 

Day 13 
16 & 
19 

Day 22 

Day 29 

Day 36 

The sulfur odor had. increased. 

A strong sulfur odor was detec-
table. 

The sulfur odor had become 
stronger. 

The sulfur odor was bein9 re-
placed by another equally 
strong odor. 

The odor was still strong but 
longer sulfur-like. 

The intensity of the odor in-
creased. 

no 

The .odor had.decreased, but was 
st i 11 offensive. 

Day 
& 2 

A fishy odor was detec-
table. 

Day 3 The fishy odor had dis-
appeared and a sulfur 
odor began to develop. 

Day 5 
I, 9 
11, 13 
16, 19 
& 22 

A strong sulfur odor was 
de tee tab 1 e. 

Day 29 The odor had changed 
from su !fur to an odor 
similar to that of 
sewage, 

Oay 36 A s tronq su 1 fur odor was 
again detectable, 

00 
N 
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Odor of the Water 

In Tanks D and E, a fishy odor was first detected which 

later developed into an a.mmonia odor. This odor peaked by 

Day 7 and then decreased until there was no detectable odor 

after Day 1~. In Tank~ F and G, the initial odor was also a 

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

sulfur odor. In Tank F, the sulfur odor persisted until Day 

13 when another equally strong odor replaced it. This odor 

remained until Day 36. In Tank G, the sulfur odor remained 

until Day 29 when it was replaced by another strong odor. 

The sulfur odor returned by Day 36. 

Floating Matter 

The only floating matter observed in Tank D 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 until 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 on Days l and 2. By Day 3, a scum had formed over 

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

The scum persisted and be Day 11 it contained white biolog-

ical mats but no scrap. The scum and biological mats re-
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ma,i,ned t·hrougfr Da;y 36. 

I1n Trank G, small pa•rti1cl:es o.f flioa,t,img scrap were .ob-

s.erved on Da . .ys 2, 3, and .5. B:Y Da.y 7, l;a,rge amoun,ts of 

scrap w.ere floa,fiing anci on Da'.}' 9, strands of scrap hangi:ng 

d.own f•rom the wa,ter's su,rface had formed. A scum liay,er .and 

mat of wM te b,i·o'ltogd:cal matter had for:med on the w.a~ter 1 s 

surface b:Y Da.y 11 and these l,ayers pers,iisted through Day 3.6. 

Btolo.gtiica;l Growit;h 

T1he fh~s•t foi:o:liogtcal g,row,t:h to appea:r i1n Tank•s D and E., 

on Day. 2 a.n.d 3, r,espectiNelly, was on th.e. w.alls of the tank,s. 

T1h,ts wa:s fo,ll'owed b.y the 'forma,t,i:on of bio1l:og,itcal mats o.v,er 

the sc,rap mound,s. Wh·i te b,io•l'og,i,cal grow,th was seen i,n bo,th 

tank,s. 

I,n Tanks ,f an.d G, no b,i:ol'ogtcal gJ:ow,th was visi1b:l,e un.;; 

ti.l Da.y ll, when w.h,i te bi1o'liogi,ca1l ma1ts beg,an to form on t.he 

.w.a1ter 1 s surface ,i1n bo:th tanks. Gr:een, brown, and red 

streaks of b,foilogtca1l growth began to f.orm on the w.alls of 

T:ank F on Day l6 and by Da,y 22, the t.ank wa:11 1s were com-

p:1,e,telly cov,ered w,ith t,,;;oflog,ica,l ma,teri1a1l. These streaks 

were f.iirst seen fn Tank G on Day 36. 

T'h.e wa,ter i1n Ianks D and E turned a murky y,ellow.-g,reen 

by Da.y l. A foam appeared on the wa•ter 1 s su,rface i1n Tank D 
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on Dai 1 .and tr.aces of th.e foam rema,i,ned until Dai;Y 5. Im 

tank E, the .foam ftrs:t app.ea,re'd on Day 2 and by Day 3, a 

6 cm lai,er: had formed ab.ave t·he water's sur:face. By Dai;Y ll, 

the f,oam had d:i:sappea,red. Tihe wa,ter cl,arfty iin b.oth tank•s 

had begun improviing by Da,y 3 and by Da,y 1:9, the water was 

a:s clea,r as b.efor:.e the scrap wa;s added. 

I1n T·ank•s F .and G, the wa\ter remai1ned c:l1ea,r nea,r the 

su,rface, bu,t became bl1ack and turb,i,d .a,round the scrap. 

T1he .wa;ter iin both tank•s rema,iined s tra,t·i1fted w,ith respect 

to turb·id,i'ty until Dai 9. A•ft~r dest·ra,tifi,ca,ti1on wa•s com-

p1l:e:te, on Day 11, the wa 1ter im bofh tank·s be.came more tur:.. 

btd, W,i t:h the water i1n T·ank F becom,img redd;i,sh-br:own by 

Da,y. 2'2. 

Ana:lyttcal changes im the wa,ter quatify of each tank 

were no•ted on day O., 1, 2, 3, 5, 7, 9, 'll, 13, 1'6, J9, 22; 

29, and 3.6. Trh.e pa;rameters analyzed were pH, d,i 1sso1lved 

oxygen, temperature, turb,i:dcity, NH 3 , No; + N03, organ,ic 

n,itrogen,and "rOG. Tih.ese da,ta, w,ith the excepti'6n of tern:.. 

pera•ture, a,re presen,ted graph,i;cally ;in Fi,gures 25 through 

39. 
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Nitrogen Containing Compounds 

Changes in the concentrations of the three different 

nitrogen forms in Tanks D, E, F, and G can be note~ from 

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

summarized in Figure 30, 

In Tank D, the NH 3 concentration increased from less 

than l mg/L to a maxtmum of 62 mg/L by Day 7, It then de-

creased in an almost linear fashion to below the detectable 

concentration of l mg/L by Day 16. No NH 3 was detected 

after Day 16. Organic nitrogen was detected on only four 

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

detected above 5 mg/Lin Tank D. The NOi + No; concentra-

tion varied somewhat erradically. A concentration of 2 mg/L 

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

than l mg/Land remained there until Day 9. From Day 9 to 

Day 36, the concentration of NOi + 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 NH 3 concentration increased to 25 mg/L 

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

5, the NH 3 concentration began increasing and continued to 

increase throughout the study, reaching a high value of 
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6 2 mg / L on D a y 36 , th e la s t s am p 1 in g d ate . 0 r g a n i c n i t r o -' 

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 l mgfl on Day 5. Organic nitrogen was not detect~d 

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

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

Day l9 , w he n i t f el 1 be 1 ow 1 mg / L . Th e NO 2 + NO 3 co n c en -

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

all but three sampling dates, 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/Lon Day 1, 

then decreased to approximately 25 mg/Lon Day 2, and then 

increased slightly on Day 3. From Day 3 to Day 7, the TOC 

concentration remained constant and after Day 7, it began 

to s t e a d i l y de c re a s e . I n T a n ks F a n d G , th e c o n c e n t r a ti o n 

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

Following this sharp increase was a sharp decrease. After 

Day 7 the concentration of TOC varied erradlcally, increas-
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i,ng and decrea:siing tw,i;ce before reacfoimg a. lieN,e'l neairly 

eq ua'l to the iin 1ft'isa:l liO.G c:on ce ntra,t.; on. 

T,he pH data f.or Tanks o, a•nd E .;,s pr:esented iin Figu•res 

35 and .36, respect.i 1vely~ As noted .frorn th.ese figu,r:es, fhe 

pH da,ta for th.ese tank•s a,re almost i;dent.tcail. ·nt1ey show a 

s,light decreas.e fr:om 7..9 to 7.4 on Day l, followed by a;n 

inc,rease to 8 .. 2 by Day 5 and a lev,eTtng off. 

T1he pH da:ta for Tan'ks F and G can be found i,n Fi;gu:res 

36 and 3'7, respecti,ve:ly.. T1he pH da1ta for these tank·s wa,s 

almost iden,nca1l aslso. T1hese pH values dec•rease from 7.8 

and 7.5, res,pectJ,ve'ly, to v .. atues of 6.7 and 6.9 by Oa,y 5. 

A v.ery .s,i:ow i 1ncrea•si;ng trend was ex,h.,i,blted unittl Day 29, 

when the pH of t·he water i,n .. each tank d,ropped to almost 6 .. 0. 

A return t.o pH val,ues of approx,imate\ly 7.0 was observ.ed by 

Day 36. 

r,he pH va,1,ues i,n the aera,ted tanks ranged from 7.5 to 

8.2, whtle the pH val;ues i,n the nonaerated tanks ranged 

f. r om 6 . 7 to 7 . 8 . 

Figures 35 and· 3.6 al'so provide the 0.,0. da•ta t:or Tanks 

D and E, r:especti've 1l\y. T:he 0.0 .. concentra;t,i•.on ;,n. ea.ch tank 

i:lecreased from ari im·itlal val'ue of 5.9 mg/,L to a low of 4.5 
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Figure 35.. The variattons in the turbidiity, pH, arid thE! dissolved 
pxygen concentrat,ions in the.water in Tank Don the 
sampl,i ng days of Tank Study N. 
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mgi/L on Day l. Nft~r Da.y 'l, th.e D.O .. c.oncentrati:on began 

to i,ni::re~~e until i,t reach.ed a consta:wt value of approx,i~ 

ma:tefl,y 5. 7 nig1/1L on Day 5. 

T,ank:s F and G were b.oth i,ntended to be anaerobtc tanks 

and the da,ta im F•igures 37 and 38 show tfra,t t,Ms was 

aCh,i;eyed. I1n Tank F, the D.,o. concen,tra,tion dec,reased to 

beil:o.w .de .. tec ta·b:l"e 'limfts w,ith,im one da,y, .and rema,i,ned there 

t:hroughou,t the study,. Trhe D.O. 1:ev.e,l im T:ank G decreased 

to aibou,t O mg"/!L w,ith,im three da:y.s. 

T1h.e turb,i,dkty da:ta for Tank D and r,ank .E can be 'fio.und 

im Fitgures 35 and 36, r:espectiV,el,y.. T,he ,turbtd,ity in li.ank 

D i1ncreased from 2 Nit,u to .22 NmU by Day l, dec•reased to 6 

N,T,U by D.ay 3, then iincreas.e.d to l3 NiT:U by D.a\Y 9. B:Y Day ll, 

the turbi;d:ity had decreas.ed to a va:l,ue of 2 Ni'JiU and rema•iined 

a,t or be:l1ow 2 Nff!U until Day 36. T,h.e iintttal turb,idlty i,n 

ta:nk E was 17 wru. Tihe tu,rb,id,ify .decreased to approxJmately 

JO NiTiU by Day 2 an.d rema,i,ned a,t th•is ,po,iin,t until Da,y 13, 

when it decrea,sed tp 2 Nff,u. From Da,y 13 to Da.y 36., the 

turb,id;ity rema•i'ned a,t or beilow 2 Nff,LJ .. 

F•i:gures 39 an.d 40 contaim the turb,idity. data f.or Tank,s 

F and G, respect,iv.ely. Bo,th tank's bec.arne sJra,fifted, w·ith 

respect to tu,rb,i 1d,ity, a•fter ab.ou 1t one day. They rema,i:ne.d 

stra,tified, w:; th th'e water nea•r the surface of the tank 
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be,im.g l:es•s tur:b,i 1d than th.e water nea,r the 1bo:tt.Om of the tank, 

unt,tl Day l3. A:fte,r de s1tra,t,ifica,t,i1on o.cc urred, the tu-rib,ic.d-

i:ty iin.cre.a:sed ma•rk•ed:ly i,n rank ,F, to a ma•xti'mum of 60 NiTU on 

Da:,1 l9 and then decreas.ed to 24 NmU b;Y D.a:Y 2.J. A'.fte.r Da.y 13, 

th~ turb 1id,ity im Tank G ;·,ncneased on,l1y s·M,gh,tl'.y. 

O•xy.gen D~mand Study 

An ana 1lysis of the scrap's BOQ5 was perfor:med us,i1ng 

bo,th seawa,ter and B.OD d,i 1,uti 1on wa;ter as d,il,uents. Tabil'e Vill 

presents the data obt.atned when seawa;te•r was used iin the 

anafl,ys,ts and Tab'1'e v,tn presents the da.,ta obta,i1ne'd whe.n BOD 

d,il 1ut,i1on wate•r was use.di. T,he averag~ va1l,ues and ranges o.f 

B0D5 v.fl,ues fo.r each d,il1uen,t were s,im•i·l1a•r. Wh.en seawa·ter 

was used, the range o,f aNerage vail1ues was 14(5 to 24'4 mg BOD5 
per g of sc•rap and, when d,il1ution wa,ter was .use·d, the r.ange 

was 1'6,7 to 255 mg BOD5 per g o.f scrap.. It showl 1d be noted, 

howevecr, tha,t the B0D5 exerted per gram of s.c'f!ap decreas.ed 

as th.e amount of sc:rap used iin the anaTysts •imcrease.d. 

An a na hys,its of the a,ltgii,na,te"' s BOD5 was alis o pe rf:o rimed 

us,i1ng b.oth seawa,ter an.d 80.D d1fliuti,or, wa,ter as d,i"liuents. 
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Table VI+L ·.R~Sul:r;s OF THE BPRs ANAlYSJS QF GROUND GRAB SGRAP .USING 
S.EAWATER AS THE TESTING MED!:UM 

Arnoun:t of Sc:nqp 
.. Ana,l:Yzed {g) 

a~r 
Q.2 

o~4 
o~5 

257, 25,6., 

225, 230 .. ' 
,VZ3, W1l, 

144, 146, 

2,19 

2'19 

,w11 

148 

Aven.age 

244 

225 

W2 

T46 

Range o-f 
Av.g •. Values 

146-244 



fABl.:E V,M!L RESU_L:TS, OF THI 80D5 J\NJl.1.:Y§JS OF GROµND GRAB SGRAP US·I NG BOD 
DIL:UTdON WA"fER AS THE "f'ES;fi!NG MEDIUM 

Amcrnnt of S.crap 
_ Ana,lJzed .('g)) 

o~ l 

0.4 

252 252 2,za ' - - - , 
lfrl , 162, 14:1 

180, 200, 169 

Avenage 

25.5 

lfr7 

Range of 
Av.g,__ va,lues 

l fr7:..255 
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Table IX presents the data obtained when seawater was used 

in the analysis, and Table X presents the data obtained 

when BOD dilution water i•tas used. The average values and 

ranges for the BOD data w~re relatively low. It appears 

that t~e BOD 5 of the material was less than 20 mg/g. 

COD Analyses 

Analysis of Scrap 

The analysis ~f the scrap's COD was performed using 

deionized, distilled water as the diluent. Table XI pre-

sents the data obtained in this analysis. 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 range~ from 430 mg of COD exerted per g of alginate 

to 403 mg. The overall average was 417 mg. 

Cadmium Uptake Study 

This study involved the addition of differing amounts 

of crab shell to a 2.0 mg/L solution of Cd in seawater. 
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TABLE IX. RESULTS OF THEBOD5 ANALYSIS OF ALGINATE USING SEAWATER AS 
THE TESTING MEDIUM 

Amt of Alginate Range of 
Analyzed (g/L) mg B005/g of Alginate Average Average Va1ues 

2.5 20, 18, 16 18 12 ... 18 

5.0 13, 13, 9 12 
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TABLE X. RESULTS OF THE BODS ANALYSIS OF ALGINATE USING BOD DILUTION 
WATER AS THE TESTING MEDIUM 

Amt. of Alginate Range of 
Analyzed (g/L) mg BOD5/g of Alginate Average Average Values 

2. 5 14, 12, 12 13 8-13 

5.0 9, 9, 7 8 
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T'ABJ.:E ~ff. RESUETS OF THE GOD ANAEYS}S OF GRO.UND .GRAB S.GRAP 

Amount of Scr:a.p 
Ana 1l;Yzei:I {'91). 

0.05 

o~ 10 

mg .. GOD/4.g o:f: .. Scr:ap. 
.. . 

397, 355, 349 

Average 

4'13 

367 

Range in 
Rep.l~tcate N.alues 
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rABuE x,ItL RESULTS OF THE .GOD ANAl.:YSI~s OF Al.:GINATE 

Amt. of Mginate 
Ana,ly:zed .(,g/4L;), mgd~ODZ,9 .. of Algi.nate 

, " , -- --- - ,,_ --- -

0.5 

l.O 

42LI-, .4,1 o, 4,1 a 
42:9, 430 

4'1'4, 408, 403 

407,, 4{6 

Rang~ in 
Averiage Rep:licate ... Values 

422 

403~4BO 
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These solutions were sampled on Days 0, l, 2, 4, 6, and 8, 

i.n an attempt to determine the adsorptive capacity and the 

rate of adsorption of Cd by the shell material. 

Figures 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. With 0.5 g of shell present, only 27 per-

cent of the Cd was remov~d by Day 1, whereas when 32 g of 

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

It should also be noted that all of the systems reached 

equilibrium wi.thin eight days, except those which contained 

only 0.1 g and 0.5 g of shell. 

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

; n g q u an t i t i e s o f s h e l 1 a fte r e i g h t d a y s . 
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Figure 41. Uptake of Cd by crab shells over an eight day period. 
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VI. DISCUSSION 

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

chapter. The fi.eld studies will be discussed, followed by 

the tank studies, then an analysis of the oxygen demand 

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

will then be discussed jointly in an effort to relate the 

information to the problem of crab scrap disposal. 

Field Studies 

Field Study I 

Because equipment was lost during this study, no specif-

ic data concerning scrap degradation were obtained. However, 

valuable knowledge 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 less 

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 all.owed one weight to always 

remain on the bottom. This knowledge was then applied 

1 1 9 
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in 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 noticeably alter the degrada-

tion rate of the scrap ball. 

The scrap was examined on Days l 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 Zn in the shell decreased 

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

these metals were being released to the water and sediment. 

Howe~er, the impact on the water and sediment was not detec-

ted due to the relatively small contributions of Cd and Zn 

from the shell. 

Field Study III 

An approximation of the rate of tissue loss from both 

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

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

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

balls to be lost from the containment devices. Approximately 
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85 per.cent ocf the 1:oose scrap ti .. ssue, wh,i,ch had been attach.ed 

to ttie shell, was 1,ost alf,ter s,ix day,s. Tili.ere a,re se,v.era1l 

ph_y .. s;ircal, b,i,o'l:ogJ,cal,. and chemtca'1 factors wh,ich mtght lia+V~ 

a,ffected t:he r.ate o;f fi,ssue l 1oss. 

One pfl:ts,i,ca·l factor i 1s the t•i,dail current.. As the wa,ter 

flowed. through the conta,i,nment decV,tces, •it produced f·r•i'cti,on~ 

all f;orces on the ex,terilor surfaces o:'f the sc·rap. T,h,i 1s c.on-

tr,iibuted to th.e degradati:on oif th.e coa,t,img and th.e scrap 

ba1ll. T11ie moN,i,ng wa•ter ail'so pro.v•iided a mode oJ t·ranspo.rt 

for the scrap pa•rti1cl:es. T·he scrap was aflso a•ffected·b_y a 

physd:cal force wh,tch was create.cf du ding ea~ch isn spe c:t,ton .. 

Each time a de.v,ice was ra,ised or l1owere'<l, wa,te,r wo.wl\d· b.e 

forced· im,to or ou,t of the conta,i•ner. T1his wa,te•r crea;ted a 

fl,ushiiing act,ion anc:I c.au.s.ed the 1:os·s of a sign,if.iican,t po.rtion 

o,f t'.fssu.e upon each iinspeCtion. 

T1he bitoflogd,cail processes actiing on the tissue we.r.e a,t;. 

tr•ilbuted to the organ,i,sms wh,i 1ch were smail 1 enough to en,te,r 

the conta,i,nrhen.t de,v,icces., i.e., mi,cro,im.ve,rtebna,tes, bacteri,a., 

an.d fung,i. T1hese organ,i,sms matY ha,ve .b.een need,i,ng on fhe 

scrap. A new supp,ly of organtsms was cons,tantly pro.vi 1ded' by 

the ti:dal current. Some macro.im.vertebra•tes were also found 

fns.ide the contatnment d~vtces. T1hes.e were maii,nly isopods, 

amph:i,pods, and ma,ri:ne worms. 

Th.e corrosiv.e chemtc.a,1 na,ture ocf the sa,M,ne water rna.y 

h.a.ve con,tri,buted to th.e .de.gradatton q,f fhe ailg,i,na•te c'oat,i;ng 
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and the p,i ttiing seen i,n the whmle crab s·he1lls. 

T,ank Studtes 

Tta n k. $;tud.y . I 

r,n. th,i's portlon o;f the w.ork, the i1mpact o,f three me1thods 

o;f crab scrap preparaitton on, wa,ter quafl<ity were stud;i1ed. 

Raw, uncompacte.d scrap was useg im Tank. A. lt was 

thought that thcis f:or:m w.o.wN:I crea,te the greaitest i,mpact on 

wa,te,r: qua,lity and woufl,d be the l!east a cce pta bl:e t:or offshore 

d,i sposafl. 

T1he scr:ap i,n rank B had been compacted. During t,he com~ 

pac,t,iion p.rocess, mu.ch o·f th.e liiqu,i·d i,n th.e scrap was remo,ved,. 

·T,hds ·li:qu,td undoubted,l:Y conta,imed a consi1derab,lie amount of 

organ,i<c ma,fter and was one of the 111atn components o,f the 

scrap responsi 1b'lie for the de:terilora,tton of the wa,ter qua'li 1fy 

i1 n T·ank A. 

Tihe sc•rap ;,n Tank C had been both compacted and coa,ted 

w•itli an a1l1g,i,na,te geT. r,n th,is process., litqu,,i,ds were removed 

from the scrap and then the r.ema,imde.r of the scrap was 

encased i,n a'1'9 1imate. It was expected1 tha,t th,i s coaitiing 

woLJ;l:d encase the M ss.ue and. de.c:rease the degrada,ti'.on ra,te of 

th~ scrap. Scrap i:n thiis form was expected to produce less 

of an i1mpacf on wa,ter qua,lity and be the mos't ac:cep,tab'11e 

form for o•ffs·hore dWsposa,L 
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The observed impact of the scrap on the water quality 

in each of the tbree tanks corresponded well with the ex-

pected impacts. Tank A exhibited concentrations of NH 3 , 

TOC, and BOD and turbidity that were at least four times 

greater than those in Tank C and twice 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 first placed in 

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

placed i.n a denser liquid, such as seawater, it might not 

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

Day 34, due to organic decomposition and gas production 

within the alginate coating. 

Tank Study II 

ln this portion of the work, the impact of alginate 

coated scrap on four different simulatfd marine environments 

was studied. 



124 

Tank D, which was aerated and did not contain ~ediment, 

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

haved almost identically, which indicates that the presence 

or absence of sediment did not mar~edly 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 re.fleeted in the data for turbidity, 

d .i s s o 1 v e d o xy g e n , a n d ni t r o g en - co n t a i n i n g comp o u n d s . 

Th e re we re ma r k e d d i ff e re n c e s co n c e r n i n g t h e n i t r o g e n .-

containing compounds in the aerat~d tanks, Tanks D and E, 

and in the non~aerated tanks, Tanks F and G. In the aerated 

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

fying bacteria. These bacteria converted the ammonia to 

No;+ No;. The nitrifying bacteria could not function in 

the non-aerated tanks due to the anaerobic conditions. 

Therefore, the ammonia levels remained hi.gh and only very 

small amounts of No;+ No; were detected. 

The cycling of these nitrogen-containi.ng 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 from the conversion of organic nitrogen to 

ammonia under aerobic or anaerobic conditions. Ammonia is 
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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 + NO 3, consuming the available 

oxygen. The reduced oxygen concentration may also initiate 

a fish kill and severely affect other aquatic organisms. 

The NH 3 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 NH 3 and organic nitrogen release from the sediment. 

The NO 2 + NO 3 concentration was lower in Tank F 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-

version of NH 3 to NO~+ NO 3. The No;+ NO 3 concentration 

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

ous BOD 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 could be explained by the fact 

that, with sediment, there would be a larger and more stable 

anaerobic microbial population in Tank F than in Tank G. 

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

bidity due to the increased numbers of organisms in the 

water column. 

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

exhibited a strong oxygen demand. Tank F was anaerobic 
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after one day, whereas Tank G remained aerobic until Day 3. 

The sensory observations supported and expanded the ana~ 

lyti cal data. It was noted that in a 11 the tanks the al gi -

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 D 

and Tank E by Day l1. 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 

BOD Ana.lyses 

The B0D 5 of the scrap varied from 141 to 278 mg per g of 

scrap. The actual value o~tained for any given analysis was 

dependent upon the amount of s~rap analyzed. The less scrap 

analyzed, the higher and the more variable the values. 

The higher values could have been due to the fact that the 

larger samples seemed to have a higher shell-to-tissue ratio 

and therefore would exert less 300. The greater variability 

could be attributed to the inaccuracy of both the B0D 5 
testing procedure, the weighing· of such small amounts of 

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

as heavy metals. 



T,he 8~05 of th.e ailigfna,te va,riiea. from. 7 to 20 mg. of 8005 
pe,r g. of a,lg,i1nate. ·T1he va,rta'b,ility noted in th.•iis ana;lcy.s,is 

can be con,tr,i1buted to the va:ri,abflity whd1ch i1s i,nheren,t t· .. o 

the BO o5 test. I,n compa,r·im g the resuflfts of the a nai1';y.se s 

us,i,n g s e.awa,ter wiith the an ail1;y.ses tJscimg BOD dJl•uti,on water, 

it was .found that the•re were no mator d,i.ffe.rences beJween 

the two methods. 

Jihe GOD of t:he s~rap .variied .f•rOITI 349 to 411 16 mg of 

pe,r, g of scrap. Tih,i1s va,ria,t•iron was aniso thought to be 

tr,ib.utab1l1e to f·l,uctuattons iln the shell-to-:-•t•i'ssue ra,t•i:o 

Whii,ch was seen ;,n samp1les that d,i.ffered in s,i,ze. 

GOD 

a,t;. 

Tihe GOD oJ the a,l;g,i,na:te vairiied from 403 to 4'30 mg o,f 

GO.D per g o:f scrap. T,h,iis •i's qµfte si111,il,.a:r~ to the GOD of 

th.e s cfap. 

T,he 8005 and GOD .of the scrap we,re reported i:n rang~s 

to tak•e .;,n,to. a.ccoun:t th.e va•riiab,ility im the she,l'l.;.to-ti:ssue 

of crab scrap. T1h,i 1s sheff'l~to:'"tissue :ra,ti10 o:f: th.e scrap fs 

dependent on the season of t.he y,ear, the a,rea wh,h:h it iis 

from:, an.d t:he p.i,c•kiing process used. If the sc,rap i•s .fr.om 

an a:rea ha,v~img wa,ter Of a htgher sa,lln,ity, the crab sc•rap 

.prC>duced in the spriing w,ill possess a much lowe.r sheill~to-

t•i'ssue ra,tio. lih.,i:s i·s due to the f,act tha,t the t:email 1e re.;. 

qu,i 0Y!es hlgher s.a,1 i1n,ity wa,t:ers to properly deve'lop her egg 



masses and these a,re developed t,n tlie sprt,ng ('Z). 1T,hes:e 

egg masses a,re dii,sca,rded Weith tfre sc•rap wh,tch, tn ,tu:rh,, tow-

ers the sheffl""'.to~ti;ssue ra,tito.. lth.e .ci?ali p,iick,img process 

tha,t is used can a0l?s.o aff!ect the sheill~to..;t,fssue ·ra,tJ,o of 

the scrap. Grab p,itcki,ng can b .. e e,ithei? hancl p,tckimg •O•f the 

en,tiire crab oJ-: me.chan,iica,l p,i,ck,img o;f a,ust t:he crao claw,. 

Han.d p,i,cki;ng i;s usua,111'.y th.e mos•t etff:i!<::t,en,t an.d pfoduces fhe 

l'argest she:ll-to-,t.issue ratto. T,h.us,. due to the h,i,gh va,r•i1a"'.' 

b•il,i,ty o~f cra·b scrap., no one GOD o~ B0O5 va,l 1ue can be as-

s,; {g n e d to i t . 

Tih.e purpose o,f t,M1s s tuciy was to aete,rm,iine i.f the .s,hetl l 

rna;te,ri1afl •i,n• the crab scrap .w.oufl1d adsor:b Gd. The da,ta imd;t~ 

ca,te d th at .crab s·hell ,i,s an e,xce'll,en·f adsorbent fo.r Gd:. 

Tih.e ma,x,i,rnum .amount .of. Gd adsorbed per g of she,tl was 

0.564 mg. :T,hii 1s was obs.erved i,n a b.at.ch rea.ctor wh~i'ch con..; 

ta•i,ned onfl;Y .0.5 g o,f shell and 2 mg'l',l of .Gd. T1he 0.564 mg 

o,f C.d was ads.o.rbed b.y Da.y 8. Howev.er, thts va'kl,ue probab,ly 

under:estima,tes th.e adsorptd1ve capac:fty o•f the shell bee.a.use 

equflNir,i11Jm had not been reached by the time the samp\l:e was. 

sa c,ri fi'ce d 

I,n th'e b.atch reac:tors wh~i:ch c6nta,i1ned more than 2 .0 g 

of she:ll, each S:Ys,tem rea.c:hed equ,iliibrtum by Day 6. Iin afll 

o:f thes.e react.ors, e,xcept the one con,ta,i,n,i,ng 8 •. 0 g .of shezl'l, 



equ;ili1bris:um was reached· a,fter 9.0 percent o{ th.e a.y.a,i>tabile 

Gd had been remo.ved .f.nom tlie soilcuti1on. T•he ma:x•tmum percenit-

ag~ r:e1110Na,l was 98 .pe.rcenit, an.d th,is e.fftc•i,ency .was observ.e.c:I 

im both the ba,tch reactor con•ta,i,n•i"ing 11,6 .. ,0 g of shell and the 

on.e con,ta,i,n,i,ng 32. 0 .g o,f s'he'll. 

r,n the th,ree ba,tch reactofs whi1ch a,.tta,imed eq u,i }tb rt,um 

(4.0 91, 16 .. 0 g,, and 32.0 g o,f shell), .t·he amount of G·d re-

madin:i'n g icn the s o,l,u:t,iion a,t eq u,i li,b r•i,urn ran gec:1 fhom O ~.Ofll mg 

and.O.O:l9 mg.,, wfoi 1Ch was equ,ivatleri,t to 0.0'7 mgf,l to O.lJ mg'/ll. 

Recommended Diisposal Procedure 

After ;invest•i1ga,fi1ng the iind,hvrtduasl a,reas of concern, 

the en,tiire offshore d,i;sposal procedure must be considered. 

I,n order to accompli'sh th:is., a proposed d;isposa'l procedu'.re 

i1s out·l i1nea be,1 10.W an.a the reason,i,ng, behiima each st~p ts 

A\fte.r the c·r:a.bs a,re p,i,cked, it ;,s r.ecQmmended tha,t the 
2 scr:ap b.e ground imt.o p,ifeces srna,ller than 0.6 cm • lih,is 

gri1nd;img process reduces the vo 1liume o,f the scrap b:Y appro•x:-,-

tma,te'l\y a t:actor of fi 1v,e and therefore makes the scrap 

eas•ie,r to t·rans'.port to the dls;posa•l s•i:te. 

FolliOW•i'ng the g,ri,nd,i,n.g process, the scrap sho.ufl 1d; b.e 

a.,How.e.d to f:a 1ll from th.e gr•ilnder •i1nto seaJiablte corita,;.ners 

f,or tra.nsporL T,he sc·rap must be sea,l'ed im s.ome way duriing 

transport to reduce the o.dor as,socJa,ted w,i1th the scrap. It 
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fs sugges,ted, tha,t an a,lg1i,nate gel be used .fo.r sea;Fi 1ng the 

su r;f:ace of the scrap ien the r.e us abllie con,ta,ime r be+fo re the 

li:d· ; .. 5 •put im .p,lace. T,hd1s reusable con,ta,imer c.0U1ld then be 

·ho}i1s,ted on,to a boa,t qr ba1rge and tak.e.n to th.e dJsposail si,te 

wher:e ,the con,ten,ts wo.wld b'e dumped. 

A.fter dump,i,ng, ;,,t ts e•xpected t·hat th.e ground crab 

scrap wowld s,i1nk. As fh.e grouna scrap si,nks th•rough the 

water, some o,f ;the 'lfess dense pa,rtt,cles .of ti'ssue wo.wtd be 

transported from th.e d,i 1s posafl s,ite by the curren,ts, wh,il:e 

th.e more .dense p.art,N;,11es oJ she'll wowld, .s,iink to the bot:t:om,, 

Tih,ifs dJspersion oJ ti,ss,ue 'r'lou:l,d decr:.ease the amoun,t of 8.00 

and GOD .exerte.d at the c:M\sposal s,fte. Tihe amount o,f: t,tss:ue 

d,i;spersed and·, thus,, the decrease iin BOD and GOD ,reailized 

w.ouihd be d;fo~.ect'liy propofti;onafl to th.e veil'oc:ity of the cur-

ren,t .at the d,i,sposa,l s,ite. 

G.ame mus•t be ,taken th,ro.ughout th•i1s cflsposafl proce·dur.e 

to assure that the crab scrap does not b~come con,tami,na•ted 

w,itth Gd. lihe sh.el'l im the s•crap r:ead,H,y adsorbs Gd and 

couHd re:l;ease it as the shell degraded ;,n 1:he aquat.ic e.n-

v.fronment. If .contam•imaititon., uptake, and •re,1:ease of .Gd oc-

curre.d•, th~ ecosys,tem at the d,is·p.osal s,ite c.owld b.e severe,ly 

impacted,. 

P·roper management .o.f the offshore d,i,sposal system i"s 

the k•ey fa'ctor to its en.v,i;ronmenta,l success. T1he scrap 

prepa,ra,tton process must be ca,refuilly .con,t·roilled. T1he d;i 1s-
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posal si,tes must be prope,rTy chosen cons,i 1deri,ng the curren:t 

ve':l'oc,i,ty, dept·h,, rriix,img act,ton, and D .. O. concentra,ti:ons. 

P,roper r.a.,tes 01f scrap app,li1cat,i 1on mus,t be assi,gned to eac:h 

d~YS;pos al site to pre+Ven,t dete ri'ora,ti;on oif th.e ecosystem. 

Ga,rel,wl mpn,itortng oif the d*s,pos;afl process and water qua,l,fty 

a,t th.e d,tsposa,1 s,i:te"s ,;,s req u1fo~ed. If thes.e p r.oper manage.;. 

ment p noce du res a1re im sti,t·ute d:, it wo.u1l:d appea,r th a,t cra.b 

scraps may b.e d,isposed oif act sea. 



VI. SUMMARY AND CONCLUSIONS 

Among the problems associated with the offshore disposal 

of crab scrap are the odor, volume, and handleability of the 

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

and the impact of the waste on water quality. Crab scraps 

exert a relatively high oxygen demand, release ammonia and 

oxidized nitrogen during decomposition, and have a high 

affinity for heavy metals. 

After identifying these problems, 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 ~ossible 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 include 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 

BOD liquid waste. 

Another 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 

sealed with an alginate gel to reduce odor and then trans-
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ported tQ the d:tsposa'l site, T,he ailgii1na,te was 'found to 

ha,ve a ltow BOD 5 and woufl1d there.'fore, probably not ln~rease 

the oxy.gen de111ani:I a,t the d;t,sposan s,ite. 

T,he gr,ouhd cr,fb scrap wowli:I .produce a l;ess severe 

fmpac•t on the wa,ter qua,lity than w·o_wld who:1'e scrap, Thd,s i,s 

b~cause, as th.e .gro.und scrap si,nk:s· through the water, some 

of th_e less _dense pa1rt,fclres o,f t•fssue w.o.ml,d be transpo.rtei:I 

f,r:.om the d,i-spos·a1l s,i•1te by the curr-en,ts. T1he d}spers,i,on 

of ti,ssue w-owld decrease the amount of ammon,ia and ox"td;; zed 

n,itrogen produced an.d the ampunt o,f BOD exerted a,t th.e 

dttsposal site, t;h_us r:educ,img the -impact of the sc:rap on the 

waiter qua1lity .• 

Im concl,usion 1, the foill,ow~img s,ta,temen,ts can b_e made: 

1. Se.veral potent,i;a;l wa,ter quali'ty problems a-r:e as•so-

cia,ted- w,it-h the offshore d,i,sposal oJ crab scrap,. 

T·he-y a,re the she'll rna,teri a,1,s_ a,ff·imi ty for heaNy 

met-_a,ls, the h,i!t}h o-x,y.gen demand exerted b:Y the scrap, 

and the production ,of p.oten,t·i•~iFly to-x,i,c amoun,ts oJ'. 

amnfon,isa. and oxi1i:Mzed nttrogen. 

2. T1he grlnd'.i,ng oif the er-ab scrap r:.edu_ced the vo,liume 

and e1l'·imimated the pr,oblem 0 1f f:l,oa,ti 1ng scrap. 

3. lihe alg,i•na,te ge'l used to sea:l the s.crap and prevent 

od·or prob'1 1ems d,id not add appreciab)ly to. th_e short 

term ox1,gen demand of the _crab scrap. 

4. T1he a·lg,izna,te .gel coa•fi:n•g di'd not appreciab,ly d~,l;aw 
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th_e degnada-tiion oJ .the griound scrap because t'.he 

a,lg,foia•te coatfiing 1:os•t its imtegrtty and was readril\y 

d,i,spersed iin the s-a:l ime en,y,i,ronrhent, 

lt i 1s there:f:ore be,1;·,eved tha,t crab s.craps ma,y b_e d;ts~ 

posed o,f im ma,rime env•iironmen,ts provtded that apprqpri:a,te 

dlsposal s,ites a•re seilected and prope-r·l\Y manage.d,, i.e., 

ca•re-fwl mpn,itorm1g o;f d,isposa 1l techn,i'ques and wa,te,r q,ual'Jty 

azt the ddsposa 1l s,ites. 



v,r I • RE.COMMEN DA1T}ONS 

T,h 1iis res.ea,rich lia's answered many o,f th~ quesit,i'.ons .c.on-

cer:n,i,ng tfr.e impact o,f crab scrap on an a·q,ua,ti,c enN,lronment. 

How.ever, as •i1n any reseM~ch, more questions were ra,i,sed. 

Tihese questiions s1howlrd b.e address~d through furth.er r:esea,rch 

and the author w:tsh.es to re.commend tlie foillow,iing: 

l. Further: study ;,n,to the 111eta1ls adsorpt.ion capacdty 

o.f cra:b shells. 

2. Iinves,t+ga,tton of the ef;fie ct of a.ccumu1lated crab 

shell on ben,th,irc organtsms. 

3. DeNetopmen,t o,f a compute,r mod~,1 to assiEs;t im se 1lzec.;; 

td,on of crab s.crap dtsposal s,ites. 

4. A f.i,erlid study prtor to, dur•i1ng, and fa,11 1owoi,ng a 

lta,rge.;;scafle dump,img of gr:ound crab scrap .at a d,i,s~ 

po.sal si,te. 
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HACH MANOMETRIC BOD APPARATUS 

Principle o.f Operation 

A measured amount o.f crab scrap is placed in one of the 

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

is then placed on the stirring apparatus and connected to a 

closed end mercury manometer. Above the crab scrap solution 

is a quantity of air which contains 21 percent oxygen (13). 

Over a period o.f time, bacteria in the solution utilize oxy-

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

thus dissolved oxygen is consumed frtim the sample. The air 

in the closed sample bottle replen.ishes the utilized oxygen 

which results in a drop in air pressure in the sample bot-

tle (13). The pressure drop is registered on the mercury 

manometer which can be read directly 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 organic 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 hydroxide into the sam-

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

contact with the sample (13). 
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Organic 
N (mg/L as N) 

NH 3 
(mg/Las N) 

D.O. (mg/L) 

Temperature 
(oC) 

Turbidity 
(NTU) 

pH 

TOC (mg/L) 

80D5 (mg/L) 

TABLE A-1. WATER QUALITY DATA FOR THE FIRST SIX DAYS OF TANK STUDY I 

A 11 Tanks 

3.0 

1.0 

8.2 

23 

0.4 

7.0 

1. 3 

12 

Day l 
Tank 

A B C 

- - -

Day 2 
Tank 

A B C 

21 l.7 l.O 

5.5 3.6<1.0 8.9 4.4 2.3 

6.2 7.6 80 7 .6 8.1 8.2 

23 23 23 22 22 22 

17 5.0 1.8 22 9.2 3.8 

7.0 7.0 7.0 6.9 5.5 6.5 

42 19 9 20 14 6 

84 36 <12 53 23 <12 

Day 3 
Tank 

A B C 

14 2.2 l.4 

11 4.4 2. 1 

Day 4 
Tank 

A B C 

19 4.8 1.0 

22 13 5. 3 

Day 6 
Tank 

Day 5 
Tank 

A B C A B C 

24 1.7 l.O - - -
33 19 6.8 29 19 6.4 

8.2 8.4 8.4 8.1 8.4 8.0 8.2 8.1 8. l 7.88.18.1 

22 22 22 23 23 23 21 21 21 21 21 21 

18.5 7.5 3.6 22 15 5.6 30 12 6.3 33 13 6.5 

7.5 7.7 7.6 7.2 7.5 7.6 7.5 7.6 7.6 7.7 7.97.7 

19 13 6 21 15 5 22 28 5 25 17 5 

46 27 <12 130 34<12 41 28 <12 75 35<12 

...J 

+'> 
_.,J 



TABLE A-2. WATER QUALITY DATA FOR THE FIRST SIX DAYS OF TANK STUDY II 

TANK D T8NK E TANK F T8NK G 
DAYS Reported in mg/L as N Reported in mg/Las N Reported in mg/Las N Reported in mg/Las N 

NH3 N02 + N03 Org.N NH3 N02 + N03 Org .N NH3 N02 + N03 Org.N NH 3 N02 + N03 Org.N 
0 <l <l <4 <l <1 <4 <1 <l <4 <l <l <4 
l 22 2 2 13.5 3 <4 2 <1 <4 7.6 <l <4 
2 25 <l 4.5 23 <l 18 26 <l 26 25 <1 12.5 
3 33 <l 4.8 31 <1 5.7 15 

...... 
<l <4 19 <l 8 ..::,. 

N 
5 45 <1 <4 41 <l 4 19 <l 8 5.8 <l <4 
7 62 <l 57 3 37 2 4.6 19 2 
9 59 9 <4 61 3 <4 40 2 11 24 4 <4 

11 37 5 3.3 55 <l 7.5 52 <l 11.8 24 <l 2.9 
13 13 20 2. 1 40 12 <4 52 <l 6.3 27 <l 2.7 
16 <l 29 <4 13.5 23.5 <4 51 <l 10 31 <l 6 
19 <l 17 <4 <l 17 <4 61 <l <4 50 <l <4 
22 <1 27 <4 <1 25 <4 63 <l 1.8 53 <l 4.8 
27 <l 22 <4 <l 14 <4 64 <l 3.2 56 <l 8.3 
36 <1 33 <4 <1 13 <4 62 6 1. 7 63 9 2.9 



TABLE A-2, CONTINUED 

TANK D TANKE TANKE I8NK G 
Days TOC Tempebature 0.0. TOC Temper;ature 0.0. TOC Temper;ature 0.0. TOC Temper;ature 0.0. 

(mg/L) ( C) (mg/L){mg/L) ( C) (mg/L){mg/L) ( C) (mg/L}(mg/L) ( C) (mg/L) 
0 10 26 6.0 10 26 5.8 10 26 2.6 10 26 5.0 
1 30 26 4.5 20 26 4.4 17 26 1.0 10 26 3.6 
2 26 25 4.9 32 25 4.8 15 25 l.O 79 24.5 3.6 ....... 

3 28 26 5.3 22 26 4.6 77 26 1.0 13 26 
..p 

1.0 w 
5 28 25 5.3 26 25 5.6 49 25 1.0 12 25 1.0 
7 28 26 5. l 26 27 5.4 24 26.5 1 ,0 39 26 1.0 
9 27 27 5.6 21 27 5.6 24 27 1.0 53 27 1.0 

11 20 27 5.5 20 27 5.5 27 26 1.0 27 26 1.0 
13 17 27 5.4 14 27 5 .1 13 27 1.0 20 26 1.0 
16 16 27 5.5 14 27 5.5 27 27 1.0 19 27 1.0 
19 16 26 5.8 13 26 5.8 25 26 1.0 17 26 1.0 
22 16 27 5.7 13 27 5.7 21 27 1.0 25 27 1.0 
27 15 27 5.8 21 27 5.6 17 27 1.0 19 27 1.0 
36 17 27 6.2 17 27 6.2 17 27 1.0 17 27 1.0 



TABLE A-2, CONTINUED 

TANK D TANKE TANK F TANK G 
DAYS pH Turbidi. ty pH Turbidity pH Turbidity (NTU) pH Turbidity (NTU) 

(NTU} (NTU) Surface Bottom Surface Bottom 

0 7.8 1.2 7.9 17 7.5 5.0 5.0 7,8 0.9 0.9 
l 7.5 21 7.4 15 7.2 4.4 4.4 7.5 l. 7 4.7 
2 7.9 15 7.8 11 7.4 3 .1 13 7.9 1.1 52 
3 7.9 5.5 7.9 10 7. l 3.9 17 7.4 1. l 43 
5 8. l 8.0 8. l 8.4 6.7 3.7 10 6.9 1.5 7.4 _. 

.p,. 

7 8. l 8.5 8.2 8.5 6.7 3.7 17 6.9 2.0 18 .p. 

9 8.0 13 8.2 8.0 6.8 8.4 28 6.9 2.6 12 
11 7.7 1.5 8.3 9.5 7.0 25 7.0 5.0 17 
13 7.8 1. 7 8.2 2.2 7.0 13 7.0 6.0 
16 8.0 1.4 8.2 1. 7 7. l 40 7. l 6.7 
19 8.2 1.0 8.2 1.3 7.3 60 7. l 7.5 
22 8.3 0.7 8.3 0.8 7.3 7. l 
29 8.4 0.5 8.3 0.5 6.3 29 6.5 12 
36 8.3 0.4 8.4 0.7 7. l 26 7.6 10 
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by 

Teresa Anne K,ramer 

lih~ dii sposa,l of crab processimg was,tes h.as become a 

ma;j:or p.rob)l:em im the coastal areas o:f'. V<i,rg,fnciia and Ma,ry:l,and. 

Im address,i:ng th,i,s prob1Vem, the crao pro:cessors ha,v~ c.on-

Siidered severa:l dlfferen\t cra.b scrap d,isposal techn,iques. 

One ,of thes.e techniques was the offshore d,i'sposa:l of the 

cra.b scrap,. T,he obJe.ct!itVe of thris study was to eva,'liua,te 

the pr:ob,liems assoc,i,a,ted with th,fs d,isposal techn,ique arid to 

deve,rop a means of h an.cm tn g the crab scrap w.h i ch wowld 

m~1n,imlze th.ese prob:l,ems. 

]he scrap was .found to exert a h,i,gh ;,n the range 

of 1146 to 255 mgfg, and a h,i,gh C.OD, tn the range of 349 to 

4·'l6 mg/g. In addtt•ifon, ra,fher h•i 1gh leve'l's of ammon,i1a and 

ox,i'd,ized nitrogen were produced duri,n.g the decomposiiti'on 

()f the s era p. Ai}s 6, the shell ma,te.ri:al im the scrap was 

t:ound to have a h,i'gh a,ffiin,ftJ. for cadmi'um present tn tlie 

ma,ri\ne environment. 

T,he reswlts therefore i,nd,ica,te.d th.a,t .;f improper'l,y 

managed, the offshore dump:i,ng o,f crab scrap c.o.uld cause 

severe wa~ter quality pr-ob,1,ems. However, tf dfsposal s,ites 



were properly selected and regulated, it appears that 

offshore disposal of crab scrap could be an environmentally 

sound disposal option. The recommended handling procedure 

involves the grindtng of the scrap to reduce the volume 

and the sealing of the scrap with an al~inate gel to 

reduce odor problems. 


