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ABSTRACT 

I n  NoveMher 1978, specimens of oysters (Crassost rea v i rgi n i ca) , c l ams 

(Rangia cuneata) , crabs (Ca l l i nectes sapi dus) and water and sedi ment sam-

p l es were col l ected from Ca l cas i eu Estuary , Lou i s iana . The concentra t i ons 

of cadm i um ,  chrom i um and l ead were determi ned i n  the samples w i th an i n - · 

duc t l ve l y  coup led argon p l asma d i rect read i ng emi s s i on spect rophotometer . 

Crab c l aw musc l e ,  g i l l  and carapace t i ssues were anal yzed separate l y .  Oy-

sters and c l ams were separated i nto shel l and who l e  soft t i ssue samp l es 

wh i ch were anal yzed separate ly .  The concentrat ion order of  the meta l s  i n  

crab carapace and i n  oyster shel l s  was s i m i l a r  to that of the sed imen t s ,  

(Pb>Cr>Cd) . The sediments and exoskel etons seem to be ind i ca t ive of long-

term cond i t ions and/or of an adsorptive concentra t i ng mecha n i sm be i ng pre-

sen t .  Concentra t i on order of the meta l s  i n  water samp l e s ,  i n  crab c l aw 

musc l e  and gil l t i ssues , and i n  c l am who l e  soft t i ssues were s i m i l a r  

(Cr>Pb>Cd). These f i nd i ngs suggest that soft t i s sues of c l ams and crahs 

are i nd i ca t ive of the short-term ava i l a b i l i ty of these meta l s  to the b iota 

and/or the pr�sence of an absorptive concentrat i on mechan i sm .  I t  was ex-

pected that oyster soft t i ssues wou l d  provide s i m i l a r  resu l t s ,  however ,  

they d i d  not. Resu l t s  show that C .  sapi dus , R .  cuneata and C .  v i rg i n ica 

don ' t  concentrate cadm i um ,  chromium and l ead un i form l y  i n  a l l  anatom i ca l  

body reg i ons. Concentra t i on of these meta l s  seemed to be ev i dent i n  the 
, 

estua r i ne food cha i n  i n  wh i ch crabs , i n  most case s ,  concen trated meta l s  to 

greater extents than d i d  c l ams and oysters. The poss ib i l i ty of a syner-

g i s t i c  mecha n i sm concentra t i ng meta l s  i n  each ,species was noted. Concentra-

t ions of cadm i um ,  chromium and l ead were i ndependent of body we i ghts .  

v 



INTRODUCT I ON 

The consequential results of man's increasing industrial ization on 

estuarine and marine environments cannot be accurate l y  ascertained w i th

out extens ive research on the organisms i nhab iting these env ironments . 

The d ischarge of heavy meta l s  into these environments has become of some 

concern to many authors (Wo l fe and Rice 1 972, Bryan 1971, Brooks and 

Rumsby 1964). The monitoring of metal concentrations in estuarine organ

isms can serve severa l purposes. The resul tant concentrations can be used 

as I n d icators of existing cond i tions and serve as h istory of past condi

tions . Present day research can serve as reference points for future re

search p rojects. The potent i a l  danger to pub l ic health by consumption of 

contaminated anima l s  may be l essened by frequent monitoring of the degree 

of contamination in these a n i ma l s .  The monitoring of metal concentrations 

I n  estuarine organisms can serve as va l ua b l e  information in the under

stand i ng of the cycl i ng of trace meta l s  in an estuary. 

Not a l l  aquatic organisms concentrate heavy meta l s  to the same extent 

o r  I n  the same manner (Jackim et a l . 1 977, Bryan 1971). The determi nation 

of existing cond itions in an estuary w i th respect to trace meta l s ,  may 

therefore,  be facil itated by comparisons of the trace metal concentrations 

Tn several species. Many aquatic organisms do not concentrate meta l s  un i 

formly I n  a l l  anatomica l regions of the body (Wright ·1 977, Hutcheson 1 974, 

Segar et a l .  1971). For examp l e ,  some mol l uscs accumul ate concentrations 

of meta l s  In the shel l which are very reminiscent of s im i l a r  concentrations 

t n  the su rround i ng waters; however, soft ti ssue concentrations of heavy 



metal s  are more s imi lar  to metal concentrat ions I n  the sediments (Segar et 

a l . 1971). The determina t i on of trace metal content I n  separate anatomi

cal regions-of I n d i cator organ isms , therefore, wil l g i ve a more compl ete 

I n s ight of ext s t i ng condl t tons in an estuary. 

I n  an effort to more fu l l y understand the exist ing conditions with 

respect to trace meta l s  I n  C a l ca s ieu Estuary, lou t s l ana , concentra t i ons of 

cadmium, chrom i um ,  and l ead were determined in  the b l ue crab , Cal l i nectes 

sapl dus ,  the eastern oyster, Crassost rea virgtntca, and an estuar ine c l am,  

Rang l a  cuneata. Separate ana l yses on carapace, g il l ,  and musc l e  ttssues 

I n  the b l ue crab were conducted for each of the three meta l s .  Oysters and 

c l ams were ana l yzed on the basis of concentrations of these meta l s  i n  she l l  

and whol e  soft body pa rts . Compa risons were made among concentrations of 

each metal In different anatomical regions of each anima l , concentrat ion 

differences among different spectes from the same l oca t ion and of the same 

spec i es from different loca t ion s .  A series o f  compa risons were a l so com

pleted among metal concentrations found In the sedt�ents and water, and 

thos� found in the crab s ,  c l ams , and oys ters . 
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L ITERATURE REVIEW 

The monitoring and control of heavy-metal pol l ut i on ,  part i c u l a r l y  in 

the aquat i c  envi ronment,  has become very important i n  recent years and i s  

the subject of a great deal of research. Man ' s  i ncrea s i ng release of 

wastes l nto the aquatic envi ronment may have a tox i c  affect not only on 

aquatic f l o ra and fauna, but a l so on man (\./at l  ing and Watt Tng 1 976) . 

Metal s  such as l ead, chrom i um ,  and cadmium exert the i r  major effects 

on the envi ronment by v i rtue of their accumulated envi ronmental stock 

(Hobbs and Pearce 1 97�) . Hence they are referred to as stock chem i ca l  

pol l utants . Some features of "stock" po l l utants are: 

1) Non-deg rada b l e  or on l y  s l owly degraded chemica l s ,  which persist 
i n  the envt ronment .  Each increment of the stock may be conside;ed 
harml ess until a thresho l d  i s  reached. 

2) They tend to be i nvisib l e  in the i r  effects up to the i dent i f ied 
thresho l d .  The danage caused by the stock i s  i rreversib l e  s i nce 
the thresho l d  i s  rel ated to exi s ting stock a l ready present in 
the envi ronment and non-recovera b l e .  

3) They have dir�ct biolog i ca l  effect s .  

4) Observed damage tends to occur on l y  after curtaln thresho l ds have 
been reached, because th� observance of the causal �echan i sm i s  
compl ex. 

5) Public action i s n ' t tc-ken because tf:ie pol l utant is "invisible" 
and unnot i ced unt i l  the thresho l d  is reached . Indiv i dua l s  are 
una b l e  to mon i tor their own consuMpt ion of pol l utants . 

For these reasons,  heavy meta l s  shou l d  be continuous l y  moni tored and if 

necP.ssary, res t r i c t i ons shou l d  be p l aced on the amounts of metal entering 

the envi ronment by the actions of man. 
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Toxicity to Humans 

I t  has been establ l shed that certain el ements present at t race concen

t ra t ions rn human t issues a re essen t i a l  to hea l th ,  and others have no ap

parent physiolog i ca l  function. E l ements In either category may be toxic at 

unnatural exposure concentrations. I n d iv i dua l responses to a g iven expo

sure l evel may very sign l f l cant l y; thus a deslgnat.ion of a "tolerable" l ev

el of exposure i s  often d iff icult (Lel and et a l .  1 974) . A heavy metal t s  

considered toxic if i t  Impairs growth , reproduction o r  metabol ism of an or

ganism when suppl ied above a certain concentrat ion .  

The most Important mechanism of  toxic act ion of  meta l s  is thought to 

be the poisoning of enzyme systems (Pr i ng l e  et a l .  1968) . I t  appears 

l ikel y  that a l l d iva l ent transitlon meta l s ,  as wel l  as other e l ectronega

tive meta l s, are poi sonous by virtue of their react iv i ty with proteins and 

espec ia l l y  with enzymes (Passon et al . 1 961 ) .  At very high concen tra t i ons 

meta l s  actua l l y  act on surface t i ssues as protein prec i pitates (Bryan 1 971 ) .  

Metal �organlc compounds may be either more toxrc than the metal ion o r  

much l ess so. Bowen (1966) d i v ided el ements into g roups with regard to 

their pol l ut ion potent ia l s. The very h i gh potential pol l utants group, as 

based on the toxicity of their meta l l o-organ l c  compounds formed , l nc l uded 

cadmium, chromium and l ead.  

Lead 

Popu l at ion exposure to l ead by ingestion of water and foodstuffs and 

by other sources has been extensive l y  stud ied . Most research on l ead 

poisoning has been restricted to cases invo l v ing occupational overexposu re , 

l ead-based pa l nts be i ng I ngested by chil dren,  i mproper ly  l ead-gl azed 



earthenware vessel s ,  disca rded battery cas ings , and f l  l ic i t l y  disti l l ed 

whiskey (Committee on Biolog i ca l  Effects of Atmospher i c  Po l l utants 1 974 ) . 

I n  most l nstances however ,  food and beverage prov ide the l argest sources 

of l ead for man (Goyer and C h i so l m  1 972 ) .  

The human capac i ty of l ead is enhanced by I nha lation of af rborn l ead 

part icl es ,  eat ing food contaminated with l ead, and drink ing from pottery 

and other uten s i l s  contain ing l eecha b l e  or ext ractab l e  lead (Goyer and 

C h isolm 1972) . 

U . S .  cit izens had concentrat ions of l ead substan t ia l l y  h igher than 

those found In any other part of the worl d  with the except i on of Hong Kong , 

and ft was concl uded that l ead exposure in the U . S .  from 1952- 1957 ex

ceeded the abil ity of the human body to excrete a l l  the l ead absorbed 

(Metca l f  1 971 ) .  

The most prominent adverse effects of l ead i nvolve three organ sys

tems: the nervous system, the hemopoietic system, and the excretory sys

tem. Neural t issue t s  very sensit ive to l ead. Lead encepha lopathy, a 

swe l l ing of the bra in , can occur when l ead content in the brain is rel a 

t ively smal l .  Lead can produce degenerat ive changes in the peripheral 

nervous system and Interfere with the transmis s ion of nerve Impul ses . The 

maln Inhib itory effect on vascu lar  t issue by l ead is thought to be due to 

l ·n h l b l tfon of hemog lobin product ion in red b lood cel l s .  Renal ab i l ity to 

reabsorb smal l organic mol ecules such as amino ac ids , g l ucose, uric acid ,  

c l t r ic acid and phosphate i s  decreased by l ead contamination. The recog

nized c l inical effects of l ead poi soning i n  man I nc l ude anem i a ,  and syn

dromes of acute and chronic encepha l opathy, peripheral neuropathy , l ead 

nephropathy and acute abdominal col ic (Goyer and C h isolm 1 972) . 
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Chromium 

Rel a t ivel y  l it t l e  is known about the transfer of chromium from a ir ,  

to water, t e  l iving sys tems , etc . No w i de-sp read epi demics invo l v ing the 

general pub l i c  have been publ icized. 

Chromium i s  an essential e l ement in the diet of some anima l s  inc l ud ing 

humans.  I t  is s i mi lar  to other metals which are known to be benef i c ia l  In 

low concentra t ions and harmful at  h igher concentra t ions (Sm i th 1 972) . 

Chromium compounds are very useful and are widely encountered in i n 

dustry. The uses of chromium include p l a t i ng industries, an a l loy ing e l e

ment I n  steel product ion and.s ta in l ess steel making, manufacture of chro

mate p igment s ,  chrome tanning of l eather, and as add i t i ves to water to pre

vent corrosion. 

Un l ike l ead and several other metals , the val ence state of chromium 

I s  of cons iderab l e  importance to its ' toxic ity. I t  i s  probab l e  that a l l  

I somers of chromium a re toxic Jn suffic ien t l y  h igh concentra t ion s ,  however 

the hexava lent form is by far the most important I somer w i th respect to 

chromium toxicity (Smith 1 972) . 

I n  biological systems chromium is oxidized to i t s '  t r i va l ent state, 

thus the trivalent i somer t s  ch iefly ava ilabl e through I nges t ion of ani

mal s conta i n ing chromium. Triva l ent chrom i um ts cons idera b l y  l ess toxic 

than hexava l ent; I ts toxicity appears to be restricted to parenteral adm i n

istration (Comm i ttee on Bio l og i ca l  Effects of Atmosphe r i c  Pol l utants 1 974 ) . 

Knowl edge of the harmful effects of hexava l ent chromium is derived 

a l mos t  entire l y  from cases of occupational overexposures where the effects 

are main l y  on the respiratory system and skin (Committee on B i o l ogical Ef

fects of Atmospheric Pol l utants 1 974 ) .  Derma� l t l s ,  skin u l cerations and 
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cancer of the respiratory t ract has resulted from chrom i um overexposure 

(Smith 1 972 ) .  

I t  would seem that monitoring of b io logical organisms wou l d  g ive a 

general out l ook on environmental chromium content despite the fact that few 

data are avai l ab l e  on the total eco l og i c  cycl ing of chromium in the environ

ment .  

Cadmium 

Cadmium has been known to be tox i c  to humans s i nce 1858 (Fasset 1972 ) .  

Cadmium poi soning has been iden t i f i ed a s  the cause of the epidemic out

break of 1 1 1 ta i-ltal11 d isease ·among the cit izens of Toyama Prefecture, 

Japan beg i n n ing in 1 939 (Organization for Economi c  Cooperation and Devel op

ment 1975) . Approximately  1 00 peop l e  d i ed from inges t i ng cadmium pol l uted 

rice. Condit ions of ma l nutrit ion are thought to have a l so con t r ibuted to 

the fatal effects of the meta l . 

Cadmium is a rel a t ivel y rare el ement in the earth's crus t .  Drai nage, 

microbial activit ies and pH are of major importance I n  determin ing l ocal 

concentrations (Fasset 1972) . I ndustrial uses of cadmium include el ectro

p l a t ing indus t r i e s ,  I n  the production of p igments and rel ated chemica l s ,  

p l a s t ic stabi l izers , a l loys and sol der ,  n i ckl e-cadmium batteries and pes t i 

cides. 

The acute effects of o ra l  i ngest i on i n  man are I mmed i a te nausea and 

vomit ing which can occur at l evel s a s  sma l l  as 1 5  mg . of total body cad-

mium. There have been a considerabl e number of epi demics of acute nausea 

fol l owing the use of cadmium-p l a ted a r t ic les  as food containers (Fasset 1972 ) . 

The organs usua l l y  noted to s ign ificant ly  accumu l ate cadmium are the 

kidney and the l iver,  with the k i dney usua l l y concentrat ing the greater 
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amounts. K idney fa i l ure Is a known resu l t  of cadmium I ntoxicat ion , spec i 

fica l l y  proteinur i a ,  g l ucosuria ,  impaired concentrating abil ities, I mpaired 

acid excretion,  and others (Fassett 1972 ) . 

Toxic ity to Aquatic Life 

Heavy meta l s  have l ong been recognized as ser i ous pol l utants of the 

aquat ic environment , w i th deleterious effects on the associated organisms. 

I t  appears that the range of tox i c  concentrations of hexava l ent chro

mium in marine anima l s  beg i ns at concentrations of 1 mg/1 , ( 1  ppm) in wate r .  

The actual concentration depends o n  the sens i t iv ity o f  the concentrating 

methods and on the species of anima l s .  For exampl e ,  nere l d  marine worms , 

ra inbow trout, and swimm i ng crabs showed toxic symptoms at water concen

trations of chromium of 1 ,  2 . 5 ,  and 50 mg/1 (ppm) respectivel y  (Comm. on 

Biological Effects of Atmospheric Pol l utants 1 974 ) .  Oysters , Crassostrea 

v l rgin l ca ,  exposed to . 1  ppm chromium (as a chromate sal t) for 20 weeks ex

hib ited a 1 4% morta l ity , with the h i ghest morta l ity rate occurr i ng within 

S-8 weeks (Shuster and Pr ing l e  1 969) . I t  is apparent that oysters , f_. 

v l rgin ica, can accumu l ate cadmium to l ethal doses (Shuster and Pringle  

1969 ) .  At water cadmium l evel s of  . 1  and . 2  ppm, a l l oysters d ied when a 

body concentration of approx imatel y  1 00 ppm cadmium was reached , w ith 

highest mortal ities occurr i ng dur ing 9-12 weeks . 

Oysters , f.: virgi n ica,  s ubjected to h i .gh seawater l eve l s  of l ead (0 . 1  

and 0 . 2  ppm) had a general atrophy of t i s sues near the term i nation of a 

1 0-week experimenta l per i od (Shuster and P r ing l e  1 968 ) .  The tissue atrophy 

was particu l a r l y  evi dent regarding the gonadal t i ss _ue of the oyster. 

Several meta l s ,  inc l u d ing copper and cadmium, have been shown to inhi

bit z inc meta l l oenzymes invol ved in the she l l  metabol ism of C .  virgtn i ca .  
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The shel l s  of oysters I n  areas contaminated w i th meta l s  are s i g n i f i cant l y  

thinner than control oysters (Fraz ier  1 976) . Al though th i s  effect may not 

be a d l rect·consequence of metal l etha l i ty ,  thi s  subl ethal response can 

effect the ecolog i ca l  d i s t r i bu t i on of the oyster by perm i t t i ng I ncreased 

predat i on by oyster d r i l l s ,  bor i ng sponges , and b l ue crabs .  

Several factors I nf l uenc i ng tox i c i ty of  meta l s  to estua r i ne an i ma l s  

were I nd i cated by Bryan ( 1 97 1 ) :  

1) The form of the metal i n  the water and how eas i l y the metal can 
di ssoc i ate and g i ve up metal to the absorpt i ve system of an an i 
mal . Prec i pi tated meta l s ,  or those adsorbed aren't necessar i l y  
l es s  tox i c  to organ i sms; 

2) The rate at which the meta l s  are absorbed; 

3) Synerg i st i c  effects , for examp l e ,  one metal i ncrea s i ng body 
poros i ty ,  wi th another be i ng absorbed more readi l y; 

4) Sa l i n i ty or t i da l  changes i ncrease or decrease the rate of metal 
absorpt ion depending on the an ima l  or meta l .  

B l ue crabs, Cal l i nectes sapi du s ,  began to d i e  a t  some po i nt for three 

temperature-sa l i n i ty reg i mes i n  whi ch cadmium was present .  The res u l ts of 

+2 exper tments at d i f ferent temperatures and sa l i n i t i es at 1 0  ppm Cd show 

that crabs concentrate cadm i um more rap i d l y  l n  the g i l l s  at  l ower sa l l n l -

ties (Hutcheson 1 974). At l ow sa l i n i t i e s ,  rate of uptake i s  proporti onal 

to temperature. I t  l s  thought that crabs are hyperosmo t l c  at l ower sa l i n i -

t _les , and wou l d  have to expend more metabol i c·energy to ma i n ta i n  an osmo-

t i c  gradient. Thus , l ess energy wou l d  be l eft to control , through act i ve 

expu l s ion ,  Infl uxes of heavy meta l s .  After a thresho l d  l evel of approx i -

mately 80 ppm. cadmi um i n  the g i l l s  l s  reached, morta l i ty ensues . I t  has 

been suggested that there i s  a fatal di srupt ion of an essen t i a l  phy s l o l o-

glcal process at the g i l l s .  

The effect of sa l i n i ty on acute tox l c i ty of mercury, coppe r ,  and 
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chromlum for an estua r l n e  c lam ,  Rangl a cuneata,  was stud t ed by O l son and 

Harrel ( 1 973) . I t  was found that sa l ts of each of the meta l s  were tox i c  

to R. cuneata a t  a l l  sa l in l t ies at some concentrat ion. Genera l l y ,  the 

more sal ine i n  the environment , the l ess toxic the meta l s .  At'water sa l -

fn l t les  of <1  ppth (freshwater) copper and chromium were very toxtc , w l th 

concentrations of < 1  ppm being l e tha l to ha l f  the anima l s  tested with l n  

48 hours. At a sal inity of 22 ppth chromium was found to be the l east 

tox t c  metal tested, with concent ra t ions as high as 86 ppm be l ng required 

to lnduce 50% mortal ity in the c l ams tested. 

Accumul a t ion of Meta l s  i n  Estua r ine Organ isms · 

The accumu l a t ion of heavy meta l s  in estua r ine organisms has ·been wel l  

documented. I t  has been recogn ized for some t i me that the concentrat ion 

of meta l s  ts s i gnt f t can t l y  higher in marine organ isms than in the sur-

rounding waters (Brooks and Rumsby 1 964, P r ing l e  et  a l .  1 968) . Mo l l usca 

are abl e to concentrate chem i ca l  materia l s  up to many hundreds of t imes 

that l evel found In their environment .  Estuar ine crabs have a l so been 

shown to concentrate trace meta l s  (Hutcheson 1 974, Wright 1977) . 

Severa l pathways by which mar i ne anima l s  concentrate heavy meta l s  

have been suggested ( B rooks and Rum�by 1 965): 

1) Particulate ingestion of suspended material from seawater. 

2) I nges t ion of el ements v i a  their preconce�trat i on In food mate r i a l . 

3 )  Comp l ex i ng of meta l s  by coord i nate l inkages with approp r i ate 
organic mo l ecu l es .  

4) The I ncorpora t ion of these metal ions l n to physiologica l l y  tm
portant systems . 

These pathways invo l ve the process of absorpt ion across a general body 

surface. 
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Aquat i c  organisms a l so adsorb trace meta l s  onto the i r  body surface, 

a process d i st i nc t  from absorption. The concentrat i on of cadm i um In the 

exoske l eton of crabs l s  thought to be ma i n l y  due to adsorpt i on , w i t h  a 

certa i n  maximum l evel be ing reached when a l l  available  act i ve s i tes are 

f i l l ed (Hutcheson 1 974) . The accumu l a t ion of l ead in the perlostracum 

of the c l am, Myt i l us edu l fs ,  i s  thought to be ma i n l y  an adsorptive pro

ces s ,  with the ag� of the she l l  affec t i ng the amount of ava i lab le  o i nd l ng 

sites (Sturesson 1 976) . Metal uptake by exchange, for exampl e  onto the 

mucous sheets of oysters , has been hypothes i zed (Brooks and Rumsby 1 975) . 

Many organi sms act i ve l y  transport met a l s  i nto the i r  bod i es from the 

surroundi ng water (Wr i gh t  1 977,  George and Coombs 1 977) . 

Envi ronmental Factors Affec t i ng Metal Uptake 

The envi ronmental concentra t ion l evel to wh i ch various species may 

be subjected wi l l  resu l t  I n  d i f ferent uptake rates as wel l  as concentra

t i on l evel s atta i ned , dependi ng on the dura t i on of exposure (Pr ingle  et 

a l .  1968) . The concentrat ion and uptake of meta l s  I n  estua r i ne organisms 

I s  d i rec t l y  I nf l uenced by the concentra t i on of these meta l s  In the waters 

(Bryan 1971 ) .  Stud i es on · the ame r l can oyster,  C rassos� v i rg l n i ca 

(Pr i ng l e  et  a l .  1 968., Shuster and P r i ng l e  1969 , Kopfler and Mayer 1973, 

Hugget et al . 1 97 3 ,  Frazier 1976, Zaroogian and Cheer 1976) , the common 

b l ue musse l ,  Mytll us edul is (Phi l l i ps 1976 a , b, ;  Chow et a l . 1976; 

Sturesson 1976; and Gol dberg 1 975) , Rangia cuneata, an estuar ine c l am 

(Ol son and Harrel 1 973) , b l ue crabs , Cal l i nectes sapi dus (Hutcheson 1 974) , 

and the shore crab , Carc i nus !!)_�� (Wr i ght 1 977) , . have a l  1 shown i ncreased 

metal concentra t i ons i n  the an.f ma l s  w i th i ncreased concentrat ions of meta l s  

I n  the water and wi th Increased exposure to the water. 
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Sediment l eve l s  of meta l s  are not a perfect predictor of b i o log i ca l  

tissue l eve l s ,  b u t  do I ndicate the re lative trend I n  ava ilab ility of 

meta l s  to b iota (Frazier 1 976) . H i gher metal concentrat ions ln  sediments 

of s imi lar  par t ic l e  s ize do I nd i cate greater b toava l l ab l l i ty Jn estuar ine 

orga n i sms .  

The Importance of  che l a t ing agents Jn the uptake of  trace meta l s  by 

aquat ic orga n i sms has been s t ressed (George and Coombs 1977) . I t  was 

found that natura l l y  occurr i ng and synthe t i c  che l a t ing agents fac i l i tate 

the uptake of cadmium I n  Myt i l us edu�, the b l ue mussel . The presence 

of natural and synthetic che l a t ing agents produced a doubling in both the 

rate of accumu lation as wel l  as the f inal  t issue concentrat ions ach ieved. 

The h igher concentra t ion of l ead i n  the digest ive g l and and g i l l s  of oysters 

I s  thought to be due to the presence of many che l a t i ng orga n i c  l igands t n  

these t issues (P r i n g l e  et a l .  1 968) . The hypothesis that metal i s  trans

ported across cel l  membranes on ly  after being comp l exed into organic l i

gands rather than as s impl e  organic species t s  supported by these f indi ngs . 

Gol dberg ( 1 957 ) , has conc l uded that in genera l , re lative enri chments for 

var ious el ements I n  the marine bfosphere fol l ow the order of stabil i ty of 

compl exes formed with a number of organic l igands . 

Jn addit ion to l evel s of concentrat ion of meta l s  in the environment 

and the presence of l igands ava i l a b l e  for che l a t ion a l ready mentioned, 

other environmental factors wil l affect the accumu l a t ion of meta l s  Jn es

tuarine an ima l s .  Thermo-sa l i ne reg i mes ex i s t i ng i n  an estuary wi l l  a l so 

affect metal accumu l a t ion in estua r ine a n i ma l s .  

Cadmium concentra t i ons i n  estuarine mussel s and crabs are grea t l y  affected 

by differences in water temperature and sal inity reg imes (Hutcheson 1 974, 

12 



Jacktm et a l . 1977,  and Wr i ght 1 977) . In four species of estua r ine b l -

valves tes ted , I t  was found that a decrease I n  water sal inity from 30 ppth 

to 20 ppth, caused an I ncrease i n  cad m i um uptake of between 24-400% by a l l  

species tes ted . Wr i ght ( 1 977) found that cadmium accumu l a t ion by the hae-

mol ymph, g i l ls and carapace of the shore crab, Carctnus maenas , was s t g n i-

f t cant ly  h igher in dil ute seawater.  There was no s i gn i f icant sa l in i ty ef-

fect noted for hepatopancreas or musc l e  cadmium concen tra t ions . General l y ,  �,,,...---
I t  t s  assumed that metal uptake increases with decreased water salinit i es// 

(Jacklm et a l . 1 977) . 

I n  the b l ue crab , Ca l l inectes sapidu�, It was found that concentra t ion 

and rates of uptake of cad m i um were g reatest at l ow wa ter sal i nit i es and \ 

h igh water temperatures.  The maj or s ites of l oca l i za t ion were I n  the g i l l s ,  

hepatopancreas , and carapace. C l aw musc l e  was comparat i vely low I n  cad-

m t um content (Hutcheson 1 974 )_  Huggett et a l .  ( 1 973) suggest that a source 

of oysters from low sal inity areas wou l d  be potentia l ly more dangerous to 

those that consume them than oysters from higher sa l inity areas because of 

the effect of sa l inity on the acce l e rated metal accumu l a t ion.  A study in-

vol v t ng M .  edul is also found that as sa l i nity decreased , metal uptake i n -

creased general l y .  Lead was found to be a n  except.ton , as  sal inity decreased 

l ead concentra t ion a l so decreased (Phill ips 1976) . 

Besides the environmental factors mentioned, many organismal d ifferences 

wil l affect the rate and extent of metal accumu l a ted by estuarine an i ma l s .  

The sampl i ng of natural popu l a t ions w i th their h i gh levels of b io log ical 

var iabil ity causes d if f i culties Jn I n terpreta t ion of data for i dent i fying 

metal contam i nated areas (Frazier 1 q7�) . Much var ia t ion ex i sts  among ind i -

v ldua l s  in a g iven popula t ion of organisms . Huggett ( 1 973) found that 
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oysters from the same loca t i on often d i ffered In metal concentrat ion as 

much as 1 00% and occas i ona l l y  by 300%. Al though stat i st i ca l  computat ions 

are weakened , I t  i s  suggested that a samp l e  mean be taken and assumed to 

approximate the popu l a t ion mean. 

The body s i ze of an orga n i sm may affect I ts' metal uptake and con-

centratlon (Boyden 1 974 and 1977) . It was found for estua r i ne mo l l uscs , 

that metal concentrations can be either dependent or i ndependent of body 

s i ze .  When concentrat i ons are i ndependent of body s i ze ,  I t  i s  poss i b l e � 
calcu l ate mean concentrat ions for a popu l at i on .  When metal concentrat�ns 

are i n f l uenced by s i ze, the data may be cons i dered as ( 1 )  absol ute ! q ntl-

t i es or content i n  m i crograms, or as (2) a concentration (ug/g-l 
t i s  ue 

weight) . In the oyster, Ost rea !2.·• cadmi um concent rat ions were fo nd to 
\ 

be independent of body s i ze ,  whereas l ead was found i n  g reater concehtra-
\ 

t l ons i n  smal l er i nd i v idua l s .  It has been suggested (Boyden 1 977) that 

other spec ies of the genus Crassost rea may be expected to behave s i m i lar ly  

to Crassostrea g l gas.  I n  the mussel , �· eduli s  cadmium was i ndependent 

of body s i ze and l ead showed a greater concentra t ion i n  sma l ler  an i ma l s ,  

whi l e  i n  the c l am, Mercenar i a  mercenar i a, the exact reverse was found , 

l ead was i ndependent of body s i ze whi l e  cadmium was found to be more 

concentrated i n  sma l l er i nd i v i dua l s .  I t  has been suggested that when 

metal content i s  dependent on body s i ze ,  regress ion analyses for the 

species being compared should  be con s i dered . 

Spec ies d i fferences ex i st i n  accumu l a t ion of trace meta l s  w i th i n  a 

convnun i ty of orga n i sms . In a study i nvo l v i ng l ead uptake i n  three mol -

l uscan species,  the eastern oyster, the soft, and the hard-she l l ed c l ams , 

l t  was found that under the same expe r i mental cond i t ions , the oyster 
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accumulated trace meta l s  most effective l y  fol l owed by the soft-shel l ed c l am .  

The hard-she l l ed c l am was l ea s t  effect ive (Pring l e  e t  a l .  1968) . 

An a n imal's feed i ng mode , fil ter feeder versus deposit feeder ,  wil l 

affect cadmium uptake. The fi l ter feeders accumu l ate greater amounts of 

cadmium (Jackim et a l .  1977) . Surface s i l t l ayers of h i gh organ i c  content 

may be a major source of e l ements to deposit feeders in detritus-based 

food web s .  I n  turbul ent estuar i e s ,  these surface depos i ts may become sus

pended and be ingested by f il ter feed i ng organ i sms (Wo l fe and R ice 1972) . 

Bacteria , which may be f il tered from the water as food by mo l l uscs can 

accumu l ate meta l s  (Tornabene and Edwards 1972,  Doy l e  et a l .  1975) . B 

of these stud i es i n d icated that m icroorganisms cou l d  introduce meta l s  into 

the aquat ic food web. 

B l ue crabs , Cal l l nectes sapidu s ,  feed ma i n l y  on mol l uscs , 

crustaceans (Tagatz 1969) . The mol l uscs consumed Incl uded the estuarine 

cla m ,  Rangia cuneata and oyster spat of Crassost rea virgin i ca among others. 

I t  wou l d  seem l og ica l that crabs consum i ng mo l l uscs which had concentrated 

meta l s  wou l d  a l so tend to concent rate these meta l s .  

Estuarine anima l s  vary in their treatment of accumu l ated meta l s .  D i f

fering physio l og i ca l  activ i t ies of estuar ine anima l s  can affect their rate 

of uptake and extent of concentrat ion of trace meta l s  from the i r  environ

men t .  For examp l e ,  the amount of metal a n  organism accumul a tes is great l y  

affected by the amount of metal i t  can excrete per unit t ime (Pringle  et 

a l . 1968) . 

I n  a study Invol v ing rate of dep l e t i on of meta l s  in the eastern oys

ter,  C .  v i rgl n i ca ,  the northern quahaug, Mercenar ia mercenaria, and the 

soft-shel l ed c l a m ,  M .  arenaria, it was foun<l that l ead was depl eted at a 
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faster rate by the oyster than by the quahang , but at a s l ower rate by 

the oyster than the soft-she l l ed c l am (Pr i ng l e  et a l .  1 968) . The rate 

Qf excret ion of cadm i um i n  the b l ue musse l , Myti l us edul i s ,  was found to 

be e i ghteen t imes s l ower than the rate of uptake when exposed to seawater 

contaln i ng 1 ppm cadmium (George 1 977) . 

B l ue crabs were found not to experi ence any s i gn i f i cant loss of accu

mul ated or assoc i a ted meta l s  wi thin 96 hours when removed f rom water con

tai ning 1 0  ppm cadm i um and p l aced i n  uncontami nated water ( Hutcheson 1 974) . 

However, Wr ight ( 1 977) found the shore crab, Carc i nas maena s ,  lost 50% of 

the cadmium accumu l ated dur i ng a 37-day exposure per i od i n  1 1  days. Losses 

from the carapace and g i l l s  were important components of t h i s  reduct ion i n  

cadmium concent ration. 

Because estua r i ne anima l s  can't eff i c i entl y  excrete trace meta l s  as 

qu i ck l y  as they accumu late  them, many spec ies store and detox i fy the meta l s  

unt i l they can be excreted s l ow l y .  

The mussel , !!· edul i s ,  immobi l i zes the cadm i um i t  takes u p  by b i nd i ng 

i t  to a prote i n ,  t h i s  prevents i t  from i nteract i ng w i th essent i a l  enzymes . 

When the p rote i n  becomes saturated wi th meta l , toxic effects beg i n  to occur 

(George 1 977) . The h i g h  concentration of meta l s  I n  oyster soft t i ssue i s  

thought to be due to metal b i nd i ng proteins wh ich  may act as detox i fy i ng 

agents (Fraz i e r  1976) . 

The oyster,.£..  v i rgi nica,  can store l ead in  b l ood and ti ssues; they 

can't control the amounts ente r i ng the i r  systems , then l ose l ead when 

water concentrations are l ower (Bryan 197 1 ) .  Oysters can a l so store some 

meta l s  as granules i n  l eukocytes . 

The hepatopancreas l s  v i rtual l y  a temporary storage area for meta l s  
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l n  some b i va l ve mo l l uscs unt i l  the excess can be lost  to the b l ood or 

through d i ffu s i on from the body dur i ng low envi ronmental  concentrations 

(Bryan 1 971) . Segar ( 1 97 1 )  stud i 'ed the metal accumul ated by e l even spe-

c l es of b l va l ve mo l l uscs from the I r i sh Sea. I n  those organi sms wh i ch 

were d i ssected , gut and d i gest i ve g l ands contai ned the h i ghest concentra-

t i ons , man t l e ,  g i l l s and gonads conta i ned moderate concentrations and 

musc l e  and shel l contai ned the lowest concentra t i ons of al l trace meta l s  

tested i n  a l l  orga n i sms.  These f i nd i ngs may i n d i cate genera l i zed storage 

areas. I n  the mussel M. edul i s ,  the cadm i um concentra t i on i n  va r i ous 

anatom i ca l  reg ions usua l l y fo l l owed the trend of ki dney>v i scera>g i l l s  

>mant l e>musc l e  (George 1 977) . 

I n  the shore crab Carc i nas maenas ,  the cadmium concent ra t i on was 

h i ghest i n  the hepatopancreas , fo l l owed by the g i l l s ,  carapace , haemol ymph , 

and musc l e ,  respect ively  (Wr i ght 1977) . The hepatopancreas and gi l l s  were 

a l so found to be the major s i tes of cadmium accumu l a t ion i n  the b l ue crab 

(Hutcheson 1974 ) .  As prev iously  mentioned, the hepatopancreas appears 

to be a storage area for meta l s  i n  crabs as wel l  as many b i va l ve s .  

The l ead content i n  M .  edul i s  was found t o  be very h i g h  i n  the shel l ,  

surpassed onl y  by the g i l l s  (Chow et a l .  1 976) . Th i s  may represent a 

storage area for the metal i n  these mussel s .  

Estua r i ne Anima l s  as I n d i cators of Metal Pol l ut ion 

An estuary i s  a fl uctua t i ng system and stat i st i ca l  probl ems a r i se 

when determ i n i ng water qua l i ty w i th respect to trace meta l s  by use of 

d i rect water ana l y s i s  (Fraz ier  1 976) . Trace metal concentrat i ons wi l l  

f l uctuate w i t h  t i da l  stages , amounts of freshwater runoff and var i at ions 

l n  d i scharges conta i n i ng trace e l ements (Shuster and P r i ng l e  1 969) . 
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The use of sed i ment analyses as an a l terna t ive to d i rect water ana l 

yses can demonstrate loca l sources of contam i na t ion.  However many comp l i 

cat i ons a r i se when cons i de r i ng the phy s i ca l -chem i ca l  processes wh i ch con

trol the part i t ion of meta l s  between the aqueous overl y i ng phase and the 

sol i d  sed i ment phase (Bender et a l .  1972 , Fraz ier  1 976) . 

S i nce estua r i ne a n i ma l s  accumul a te trace meta l s  and can concentrate 

them, they are i n d i cators of ex i s t i ng cond i t ions i n  the i r  envi ronment . 

Many ma r i ne and estua r i ne a n i ma l s  have been used as i nd i cator organ i sms.  

The mussel , M .  edul i s ,  has been used in  many stud i es (Segar et a l . 1971;  

Gol dberg 1975; Al exander et  a l .  1976; Chow et a l .  1 976; Fowler  and Oregioni 

1976; Ph i l l i ps 1 976 a , b , ;  Sturesson 1 976;' George and Coombs 1 977; and 

Jack i m  et a l .  1977) . The ame r i can oyster,  f_. v i rg i n i ca, as an i nd i cator 

orga n i sm has been used by many authors (Pr i n g l e  et a l .  1968; Shuster and 

P r i ng l e  1 969; Kopfl er and Mayer 1972; Huggett et a l . 1973; Fraz i e r  1976; 

and Zaroog ian and Cheer 1976) . 

Estuarine mol l uscs are useful as  i n d i cator organ i sms because they 

f i t  gu i de l i nes for mon i to r i ng organi sms . Some g u i del i nes p roposed by 

Wat l i ng and Wat l i ng ( 1 976) are that i nd i cator orga n i sms shou l d  be p l en

t i fu l , sedentary,  access i b l e ,  of reasonable s i ze and of known taxonomy . 

Several other character i s t i cs of i nd i cator organi sms as well as preferred 

methods for samp l i ng have been proposed by Ph i l l i ps (1976) . 

Pel ag i c  crab s ,  such as the bl ue crab , f_. sapi dus , are less useful as  

Indicator organ i sms l a rge l y  because of the i r  mo t i l i ty .  B l ue crabs are 

known to have extens i ve seasonal mi grat ions (Tagatz 1969) . C rabs are how

ever a major seafood source of man and deserve atten t i on because of the i r  

rol e  In food cha i n s .  As prev i ous l y  mentioned, estua r i ne mol l uscs, i nc l ud i ng 
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oyster spat arid c l ams,  are a p r i nc i pa l  food source of the b l ue crab 

(Tagatz 1 969); i t  can be seen that these crabs may be an i mportant l i nk 

in the cyc l i ng of meta l s  back to man. 
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METHODS AND MATER IALS 

Descript ion of St udy Area 

The Ca l ca s i eu R i ver Bas i n  i n  southwestern Lou i s i ana i s  the state's 

l argest i ndust r i a l i zed area (Uni ted States Envi ronmental Protect ion Agency 

1972) . I ndust r i es i n  the l ower portion of the Ca l cas i eu R i ver Bas i n  are 

i nvol ved in the product ion of chem i ca l s ,  petrochem i ca l s ,  and petroleum 

products . Al l of these i ndus t r i es are d i scharg i ng waste waters i nto the 

Ca l ca s i eu R iver and i ts' t r i buta r i e s .  

The area stud i ed was the C a l ca s i eu Estuary (Fig. 1). I t  i s  def i ned 

as the area from the sa l t  water barr ier  north of the c i ty of Lake Char1es , 

to the G u l f  of Mexico, approximate l y  50 m i l es to the south. A sh i p  chan

nel , ma i ntained by the Army Corps of Engineers, connects the Gu l f  of Mexi

co wi th the Port of lake C ha r l e s .  Th i s  channel i s  nav i gated by s h i ps and 

barges of various s i zes and types and acts as a barr ier  between certa i n  

parts of the estuary. 

No d i s t i nct sal i ne regimes exist between the northern and southern 

portions of the estuary because of i rregu l a r  m i x i ng patterns due to l unar 

and wi nd-dominated t i des . Al though no c l ear-cut sa l i ne regimes exfs t ,  

the southern portion of the estuary , adjacent to the Gu l f  o f  Mex i co ,  ts 

usua l l y  cons i dered to be more sal i ne .  The Ca l cas i eu Estuary i s  rel at i ve l y  

sha l l ow and very produc t i ve .  Crabs , shel l f i s h ,  shr imp and f i s h  f lour i sh 

I n  t h i s  estuary and support a l a rge convnerc i a l  and sport fi shery. 
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F i e l d  Sampl i ng 

S i x  samp l i ng stat ions were chosen because they represented exce l 

l ent sources of a t  l east one of the spec ies chosen for study (Fig. 1 ) .  

The poss i b l e  presence of chem i ca l  po l l ut i on was not a cons i dera t ion. 

Each samp l i ng stat i on was v i s i ted once during November 16 and 1 7 ,  1 978.  

At each stat ion a dredge tow of approx i mately  2-5  m i nutes was taken for 

col l ec t ion of shel l f i sh .  A s imp l e  oyster dredge was used. C l ams of the 

spec i es Ranq i a  cuneat a ,  and oysters , Crassostrea virg i n i ca ,  were sorted 

and l abeled.  At l east  10 specimens of each species were col l ected . When 

crab traps were avail abl e a t  a stat i on ,  b l ue crabs, Cal l i nectes � i �  

were a l so col l ected . Al l spec i mens were put on ice and frozen for l ater 

ana l y s i s .  

Water was sampled by submerg i ng an ac id  washed and r i nsed 200 ml  

polyethyl ene bot t l e  at each samp l i ng stat i on .  Water sampl es were pre

served w i th the addi tion of laboratory reagent grade n i t r i c  a c i d .  Water 

temperature, sa l in i ty and d i ssol ved oxygen read i ngs were obtai ned us i ng 

a Beckman i n  situ potent iometer. Depth of col l ec t ion of each set of 

samples  was a l so recorded. 

A sediment sampl e  was taken at each stat i on us i ng a Peterson dredge 

grab . Al t water and sed i ment samples were put on i ce for l a ter determ i 

nation of trace meta l s .  

Trace Metal Determ i na t i on 

A l t metal analyses were conducted a t  the I l l i no i s  Natural History 

Survey , Urbana, I l l i nois by emiss ion spectrometry using a Jarrel -Ash 

Model 975 Pl asma Atom Comp . A rad io-frequency i nduc t i ve l y  coupl ed argon 

plasma was used as the source of rad i a t i on ,  The computer contro l l ed 
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s pectrometer was ca l i b rated u s i ng standard pure metal sol utions of cad-

mlum, chromi um and l ead. 

Al l water samp l es were unfi l tered and anal yzed for cadmi um ,  chrom i um 

and l ead by em i s s ion spectrometry. The procedures used fo l l ow those pre-

scribed by the U n i ted States Envi ronmenta l Protection Agency ( 1 974) . 

Sed i ments were ana l yzed for trace meta l s  accord i ng to methods used 

by Perki n-Elmer ( 1 976) . Total surface area of each sed i ment samp l e  was 

determi ned w i th ethyl ene g l ycol retention as descr i bed by Bower and 

Gschwend ( 1 952) , to e l i m i nate b i a s  when compa r i ng sedi ment meta l content 

between station s .  The meta l content for each sampl e  was then ca l cu l ated 

2 In ug/m • 

Shel l f ish were weighed and the i r  she l l l ength determ i ned before the 

shel l s  were removed.  Soft body parts were weighed i n d i v i d ua l l y  and frozen 

for l ater ana l ys i s .  Procedures used for determ i nation of cadmi um ,  chro-

m l um ,  and l ead were developed by D r .  Kenneth E .  Smi th of the I l l i no i s  Nat-

ural H i story Survey. A l l  samples were d i gested i n  a heated n i tr i c-

perchl o r i c  acid  m i xture, after be i ng thawed and re-we i ghed , by refl uxi ng 

under a fume erad i cator hood for approximate l y  three houri. The cool ed 

sol utions were d i l uted to 25 m l s  us i ng red i sti l l ed, po l i shed wate r ,  cen-

tri fuged and anal yzed by em i s s i on s pectrometry . Whole  shel l s ,  after be i ng 

measured were fragmented and random sampl es of 2 . 0  grams each were d i gested 

I n  the same manner as the soft body parts. 

Crabs were d i ssected after whol e-body wei ghts and measurements were 

determi ned. For each crab , t i ssue sampl es of carapace, g i l l  and c l aw 

musc l e  were removed and weighed, then frozen for ana l ys i s .  A l l  crab t i s -

sues were analyzed u s i ng the same procedure fol l owed for shel l f i s h  metal 
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determ i na t i on.  

Because organ i sms were not dry-ashed or oven�dr i ed,  the we ights and 

concentrations determined to be present represent the ·amounts of meta l s  

norma l l y  ava i l ab l e  to natural predators or human consumers.  

Sta t i s t i cs 

Al l statistics were computed i n  conjunction w i t h  the Computi ng Ser

v i ces office at the Un i vers i ty of I l l i no i s  at Urbana-Champa i gn .  Anal y

s i s  of var i ance was computed us i ng the SOUPAC stat i st i ca l  system and 

mul t i p l e  compa r i sons of the data were ana l yzed us i ng the Sheffe post

hoc test. 
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RESULTS 

Water and Sediments 

Data for water temperature, d i ssol ved oxygen , sal i n i ty and depth of 

col l ect ion of sampl es for al l stat i ons are l i sted in Tab l e  1 .  Depth of 

col l ec t i on of sampl es was fa i � l y  uni form, w i t h  values rang i ng from 0 . 9  -

1 . 8 meters . Temperature of water was a l so qui te homogenous w i t h  readings 

rang i ng between 20-24°c .  Stat ion 4 exh i b i ted a h i gher d i ssol ved oxygen 

readi ng than any other station ( 1 2 . 0  ppt) , the other stations were very 

s i m i lar  w i th respect to d i ssol ved oxygen . Stat ion 4 a l so had the greatest 

sal i n i ty ,  1 9 . 0  ppth, whi l e  station 1 had the l owest sal i n i ty found i n  the 

areas sampl ed ( 1 0  ppth) . Metal content i n  water samples by station,  i s  i l 

l us t rated tn F i gure 2 .  Stat ion 6 had the l owest concentrations of a l l  

th ree meta l s  tested. Cadm i um was l east concentrated and chromium was most 

concentrated i n  a l l  water sampl es .  

Sediment metal concentrat i ons (ug metal/gm sediment) , total su rface 

areas ,  and corrected metal concentrations (ug metal/m2 sediment surface 

area) are l i sted i n  Tab l e  2 .  A compar i son of sediment metal concentra

t ions (ug/m
2

) i s  i l l ustrated i n  F i gure 3 .  Lead .was found i n  greatest con

centrations i n  a l l  sediment sampl e s  i n  contrast to the values f rom the 

water samp les . · Cadm i um was st i l l  found i n  l east concentrations at a l l 

stations.  Stat ion 4 exh i b i ted the greatest concentrations of al l meta l s  of 

a l l  stations sampl ed. Stat ion 2 had the l owest concentrations of l ead 

and chromium of al l stat i ons sampl ed .  Cadmi um was found to be l east con

centrated i n  the sediments at stat i on 1 .  
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Table 1. Water temperature, diss olved oxygen, salinity, and 
depth of c o l lection of samples for 6 stations 
sampled in Calcasieu E s t uary, Louisiana . 

Station Temperature Salinity Diss olved Depth of 
(O C )  (pp th) 'Oxygen Collection 

( ppt ) Cmeters ) 

1 21.0 10 . 0  9 . 0  1 . 2  

2 20.5 1 8 . 0  9 . 2  1 . 1  

3 20 . 0  18.5 9 . 5  0 . 9 

4 21 . 0  1 9 . 0  12 . 0  1 . 9  

5 24 . 0  15 . 0  9.2 1 . 8  

6 2 4 . 0  12 . 5  9 . 0  1.8 
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Table 2. Metal concentration in sediments from 6 sampling 
stat ions in Calcasieu E s t uary , Loui s i ana . 

. Location Metal Metal concentration Total Surf ace Metal 
( ug/g. wet wt .  sediment)_ area (m2/g) Concentration 

(ugjcm2 l 

Station 1 Cadmium 0 . 190 0 . 2  
Chromium 2. 416 100 . 69 2 . 4  
Lead 5 . 398 5.4 

Station 2 Cadmium 2 . 879 1.4 
Chromium 3 . 511 204.09 1 .  7 
Lead 9 . 520 4 . 7  

Station 3 Cadmium 4 . 990 2 . 4  
Chromium 5 . 077 210 . 39 2 . 4  
Lead 19 . 071 9 : 1  

Station 4 Cadmium 3.875 4 . 2  
Chromium 9 . 438 91.53 10 . 3  

'Lead 33.108 36 . 2  

Station 5 Cadmium 1.170 1 . 6  
Chromium 7 . 294 72.21 10 .1  
Lead 20 . 410 28.3 

Station 6 Cadmium 5. 955 2 . 3  
Chromium 11.601 256 . 37 4.5 
Lead 18.136 7 . 1  
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I NTRASPEC I F I C  RELAT I ONSH I PS 

Crabs 

Speci mens of the crab , Cal l l nectes sapi dus , were found at four sta

t i ons i n  the estuary (Ta b l e  3 ) .  C l aw musc le  of t h i s  spec i es contai ned the 

l owest concentra t i ons of the t i ssues ana l yzed of a l l  meta l s  at a l l  sta

t i ons.  Carapace exh i b i ted the h i ghest concentrations and g i l l  t i ssue was 

found to have i ntermed i ate concentra t i ons of a l l  metal s  at  a l l  stations at 

the 95 percent confi dence l evel (Tab l e  3) . 

General observat ion of a l l data shows that the concentra t i on of a l l  

meta l s  tested were found to be i ndependent of the s i ze of the crab at the 

95 percent confi dence l evel . 

Chromium was found i n  s i gn i f i cant l y  greater concentrat i ons than e i ther 

cadmium or l ea� i n  a l l  musc le  and g i l l  t i ssues anal yzed at a l l  stations 

(o(= . 05) , Tab l e  3 .  Cadmi um was present i n  s i gn i f i cant l y  lower concentra

t i ons than l ead or chrom i um i n  a l l  musc l e ,  g i l l  and ca rapace t i ssues ana

l yzed from � 1 1 stat i on s .  Lead was present i n  s i g n i f i cant l y  greater con

centr� t i ons i n  crab carapace than chrom i um and cadm i um .  

Al l meta l s  were present i n  s i g n i f i cant l y  g reater concentrations i n  

crab carapace at stat ion 3 than at stat i ons 1 and 6 a t  the 95 percent con

f i dence l evel . I n  crab g i l l ,  chrom i um was found to be s i g n i f i cant l y  

h i gher i n  concentration a t  stat i on 5 than a t  stat i ons 1 and 6 .  Cadmium 

and l ead were not found to be s i g n i f i cant ly  d i fferent at any stat i ons I n  

crab g i l l .  Cadmium and l ead were more concentrated i n  crab musc l e  at 

stat ion 3 than at stat ion 1 .  Chromium was not found i n  s i g n i f icant l y  d i f

ferent concentra t i ons at stat i ons 3 and 1 at the 95 percent con f i dence 
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Table 3 .  Callinectes saEi dus. Mean concentrations ::!: standard deviations of cadmium , c·hromium and lead in 
mus cle, gill and carapace t issues of crabs from 4 locat ions in Calcasieu Estuary , Louisiana. 
Data for wet weights and carapace width are also included. 

Metal Concentration (ug/gm wet weight) Wet Carapace 
Location n Tissue Cadmium Chromium Lead Weights ( g )  Width (mm) 

Station 1 3 Mus cle 0 . 130±0 . 120 2 . 657±0. 112 o . 1f'o±o . 172 
Gill 0 . 143::!:0 , 132 2 . 7 64±0 . 280 0 . 662±0 . 672 221 .0±49.6 156 . 0±7 . 5  
Carapace 1 . 513±0 . 272 9 . 780:!:0 . 567 21 . 435±2. 920 

Station 3 4 Muscle 0 . 240±0 . 670 3 . 241±0 . 11 3  1 . 628±0 . 418 
Gill 0 . 566±0 . 311 3 . 873±0 . 671 3 . 471±2 . 436 234 . 84±36 . 9  164 . 3::!:9 . 8  
Carapace 2 . 432±0 . 451 12 . 366±0 . 638 28 . 1 38±3 . 549 

Station 5 4 Muscle 0 . 175±0. 596 1 . 574±0 . 211 1. 546±0 . 476 
""' Gill 0 . 336±0 . 441 4 . 088±0 .614 2 . 449±0 . 238 297 .75±37 . 5  176. 3::!:13 . 8  

Carapace 2 . 012±0 .108 8 . 724±0 . 22 5  26. 393±1 . 554 

Station 6 3 Muscle 0 . 134±0 . 574 2 . 894±0 . 430 1 . 033:!:0 . 191 
Gill 0 . 303:!:0 . 157 3 . 188±0 . 493 2 .146±1. 669 259 . 61±47 . 5  178 . 7±7 . 5  
Carapace 1 . 420±0 . 375 9 . 626±0 . 95 3  20 . 324±3 .651 



l evel i n  crab musc l e .  

Oysters 

Specimens of the oyster, C rassostrea v i rgi n i ca ,  were found a t  three 

stat l ons i n  Ca l ca s i eu Estuary (Table 4) . Chrom i um and l ead were found i n  

s l g n i f i cant ly greater concentra t i ons i n  oyster she l l than i n  oyster soft 

t i ssues at a l l th ree stat i on s .  Cadmi um ,  however,  was found to be s i g n i 

f l cant l y  more concentrated i n  oyster soft t i ssues than i n  oyster shel l at 

a l l stat ions tested. 

Concentrations of a l l meta l s  were found to be i ndependent of the 

s i ze ,  therefore age, of the oysters at the 95 percent confi dence l evel . 

I n  oyster shel l ana l ys i s ,  l ead was s i g n i f i cant l y  more concentrated 

at a l l stat i ons than chromium and cadm i um .  Chrom i um was found to be s i g

n i f i cant l y  more concentrated than cadmi um i n  a l l  oyster shel l s  ana l yzed . 

Concentrations of meta l s  i n  soft t i ssues showed a reversa l i n  trends ex

h i b i ted for chromium and l ead concentra t i ons i n  oyster shel l s .  Lead was 

found to be s i gn i f i cant l y  l es s  concentrated than e i ther chromium or cad

�fum at a l l  ' stations i n  oyster soft t i ssues (Tabl e 4). Cadm i um and chro

m i um concentrat i ons were not found to be s i gn i f i cant l y  d i fferent at the 

95 percent conf i dence l evel i n  oyster soft t i ssues . Cadmium concentra

t i ons i n  both oyster soft t i ssues and oyster shel l s  at station 3 were 

found to be s i gn i f i cant l y  l ower than concentrations of t h i s  metal at 

sta t i on 2 .  Th i s  d i fference was a l so noted for chrom i um and lead concen

t ra t i ons i n  oyster shel l s  for both stations.  Chrom i um and l ead concen

t ra t i ons i n  oyster soft t i ssues were not found to be s i g n i f i cant ly  d i f

ferent at any one sta t i on .  
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Table 4 .  Crassostrea virginica. Mean concentrations ± standard deviations of cadmium , chromium and lead 
in whole soft t i s sues and shells of oysters collected from 3 locations �n Calcasieu Estuary , 
Louisiana. Data for wet weights and shell length are also included . 

Location n Tis sue 

Station 1 10 Soft Tissue 
Shell 

Station 2 10 Soft Tis sue 
Shell 

Station 3 10 Soft Tissue 
Shell 

Metal Concentration (ug/g. Wet Weight ) 
Cadmium Chromium Lead 

0 . 691!0 . 292 0 . 753±0 . 321 0 . 351±0 . 415 
0 . 457±0. 875 2 . 390±0 . 313 11 . 341±1 . 880 

0 . 793±0 . 183 0 . 611±0 .141 0 . 216±0 . 213 
0 . 581±0 . 198 2 . 785±0. 540 1 5 . 792±3 . 793 

o . 403:to . 157 0 . 583±0 . 326 0 . 254±0.221 
0 . 376±0 . 101 2 . 307±0 . 311 10 . 193±1 . 572 

t. CJ::;t..A '"'-LC.·�.&. V i. • .. • ,.,.. �- -,-.�-"At 

Whole Soft Tissue 
Wet Weights ( g . )  

6 . 70±3 . 9  

7 . 81±2 . 5  

9 . 61±6 . 5  

Shell Length 
( cm . )  

8 . 9±1 . 5 

10 . 1±1 . 1  

9 . 9±2 . 2  



C l ams 

Rangi a cuneata, a brack i sh water c l am,  was found at two station s  i n  

the estuary (Tab l e  5) . Cadmium and l ead were found to be s i g n i f i cant l y  

more concentrated i n  c l am shel l than i n  soft t i ssues at both sta t i ons 4 

and 6 .  Ch romi um concentra t i ons i n  c l am soft t i ssues and c l am shel l were 

not found to be s i g n i f i ca n t l y  d i fferent at the �5 percent confi dence leve l . 

Concen t ra t i ons of a l l meta l s  tested i n  Rang i a  cuneata were found to 

be i ndependent of body s i ze at the 95 percent conf i dence l eve l . Al l 

meta l s  were more concentrated i n  shel l s  at s ta t i on 4 than concent ration 

l eve l s  i n  shel l s  at stat ion 6 .  These d i fferences were not found to be 

s i gni f i cant at the 95 percent con f i dence level . Ana l y s i s  of c l am soft t i s

sues presented a d i fferent trend. Cadm i um and l ead were found i n  very l ow 

concentra t i ons i n  c l am soft t i ssues at both s ta t i ons , i n  fac t ,  a l l  readi ngs 

were below detec t i on l i m i ts of the i ns t rument (<0 .01  ug/g wet weight) w i th 

the except ion of one cadmium read i ng i n  soft t i ssues from station 4. Chro

m i um was found to be s i g n i f i cant l y  more concentrated at stat ion 6 than at 

sta t i on 4 i n  c l am soft t i ssues.  

I NTERSPEC I F I C  RELAT I ONSH I PS 

Crabs and oys ters 

Cal l i nectes sapi dus and Cr�ssostrea v i r�ica were both found at 

stations 1 and 3 (Ta b l es 3 and 11 ) .  Crab carapace contai ned s i gn i f i cant l y  

greater concentrat i ons of a l l  meta l s  tested than oyster shel l s  from both 

s ta t i ons 1 and· 3 at the 95 percent confidence l evel . Crab musc l e  was 

found to conta i n  s i gn i f i cant l y  greater concentra t i ons of chrom i um and l ead 
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Table 5 .  Rangia cuneata. Mean concentrations ± standard deviations of cadmium, chromium and lead in whole 
soft t i ssues and shells of clams collected from two locations in Calcasieu Estuary , Loui siana. 
Data for wet weights of whole soft t i ssues and shell wet weights are also included. 

Metal Concentration (ug/g wet weight ) Whole Soft Tis sue Whole Shell 
Location n Tis sue Cadmium Chromium Lead Wet Weights ( g . )  Wet Weights ( g . ) 

Station 4 10 soft t i s sues 0 . 113±0.230 1 .  786±0 . 374 0 . 100 2 . 15±0 . 3  17 . 7±2 . 5  
shell 0 . 603±0. 102 3 . 248±0 . 262 15 . 055±1 .924 

Station 6 10 soft tissues 0 . 100 4 . 296±1 . 01 3  0 . 100 2 . 47±0 . 5  23 . 5±3 . 4  
shell 0 . 526±0 .153 2 . 963±0.257 1 3 . 352±1 .676 



than oyster soft t i ssues from both stati ons . Cadm i um was �ound i n  s i g n i 

f i can t l y  greater concentra t i ons i n  oyster soft t i ssues than i n  crab muscle  

at stat ion 1 ,  where the lowest cadmi um concentrations were found in  crab 

musc l e .  At station 3 ,  where cadmi um i n  crab musc l e  was i n  s i gn i f i cant l y  

d i fferences were found between crab musc l e  and oyster soft t i ssues at the 

95 percent conf i dence l eve l . 

Crabs and C l ams 

Spec i mens of the crab , Cal l i nectes sapidus,  and of the c l am Rang i a  

cuneata , were both found a t  stat i on 6 only (Ta b l es 3 and 5) . Crab cara

pace had s i g n i f i cant l y  greater concentrat ions of a l l  meta l s  tested than 

c l am shel l .  Cadmi um and l ead were both found i n  s i g n i f i cant l y  greater 

concentrat ions i n  crab musc l e  than i n  c l am soft t i ssue s ;  however ,  chro

m i um was s i gn i f i cant l y  more concentrated i n  c l am soft t i ssues than i n  

crab musc l e  t i ssue a t  stat i on 6 .  

Metal I nteractions 

I n  a l l  oyster t i ssues �na l yzed , chromium and l ead exh i b i ted a s i g 

n i f i cant corre l a t ion.  H i gh concentrat ions of chromium were present w i t h  

h i g h  concent ra t i ons o f  l ead and h i gh l ead concentrat ions were present 

when chromium was h i gh l y  concentrated i n  oysters . I n  a l l  c l am t i s sues 

analyzed, cadm i um and l ead exh i b i ted t h i s  same s i g n i f i ca n t  corre l a t i o n .  

I n  a l l  of  the  sampl es of  crab t i ssue analyzed , leve l s  of  each of  the three 

meta l s  were found to have t h i s  same s i 9 n t f i cant corre l a t ion ,  when one metal 

was h i gh l y  concentrated , the others were a l so .  
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D I SCUS S I ON 

ENVIRONMENTAL RELAT I ONSH I PS 

Al l water and sed iment concentra t i ons of a l l  of the meta l s  (cadmi um ,  

chrom i um ,  and l ead) i ncreased great l y  between sta t i on 6 i n  Lake Char les , 

and station 5 i n  P r i en Lake with  one except ion .  Cadmium concentrations 

I n  the sediments decreased on ly  s l i gh t l y  (F igures 2 and 3 ) .  There are 

several petroleum ref i ne r i es and petrochemi ca l  p l ants located between Lake 

Char l e s  and P r i en Lake. I t  seems probab l e  that effl uents from these i n

dust r i es may be contr i but i ng to the i ncrease i n  concentra t i ons of heavy 

meta l s  i n  the waters and sed i ments of stat ion 5 .  

Stat ion 4 i s  located i n  Lake C a l ca s i eu about m i d - l ake off Commi ssary 

Poi n t  (F i gure 1 ) .  Metal concentrat ions i n  the water decreased s l i gh t l y  

between station 5 and 4 (F igure 2 ) .  Th i s  may be due to a d i l ut ion effect 

occurring as waters from the C a l ca s i e u  R i ver enter Lake Ca l cas ieu.  The 

sed i ment metal concentra t i ons conti nued to i ncrease between s ta t i ons 5 and 

4 (F igure 3 ) .  Th i s  observat ion may be attr i butab l e  to the adsorption pro

per t i es of the suspended meta l s ,  caus i ng them to be ca r r i ed farther towa rds 

the G u l f  of Mexico before be ing adsorbed by the sediments. More i ndustries 

are a l so located between sta t i ons 4 and 5 and may be contr i hut i ng more 

meta l s  i nto the estuary. 

Water and sedi ment concentra t i ons of a l l  meta l s  grea t l y  decreased 

between stat i ons 4 and 3 ( F i gures 2 and 3) . Stat ion 3 ,  · 1ocated i n  the 

southeast port ion of Lake Calca s i e u ,  south of the o l d  revetment,  seems to 

be out of the ma i n  f low of the l ake d ra i nage and t i da l  currents ( F i gure 1 ) .  
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Sta t i on 3 ,  be i ng somewhat i so l a ted from regul a r  m i x i ng w i t h i n  the l ake wou l d  

be expected to have lower concentrat ions of meta l s  l n  the sediments and 

water than the rest of the l ake. 

Station 2 i s  located in the south end of Lake Ca l ca s i eu near the west 

end of the ol d revetment (F i gure 1 ) .  Water concentrations of a l l  meta l s  

at station 2 were very s im i l a r  to water concentrat ions at station 4. S i nce 

waters at sta t i on 2 seem to m ix  regu l a r l y  w i th the ma t n  body of the l ake, 

i t  wou l d  seem that concentrat ions of meta l s  in the waters at t h i s  stat ion 

wou l d  be s i mi l a r  to those i n  the rest of the l ake. Metal concentrations i n  

the sed i ments a t  s ta t i on 2 were genera l l y l ower than i n  the rest of the 

estuary (F igure 3) . I t  i s  not apparent why sed i ment concentrations of 

meta l s  are so low at t h i s  station.  Perhaps the sa l i n i ty of t h i s  area i s  

greater for l onger periods of t i me than the rest of the l ake because of i ts 

cl ose proximi ty to the C a l cas i eu Pa s s ,  the connect ion between the Gul f of 

Mexico and Lake Ca l cas ieu (F i gure 1 ) .  Wol fe and R ice  ( 1 972) s tated that 

sal i n i ty affects adsorption equ i l i br i a  estab l i shed between sed i ments and 

water .  Bu l k  seawa ter components such a s  ca l c i um and potass i um may com

pete w i th trace components for adsorption s i tes . Th i s  sa l i n i ty effect 

may exp l a i n  the l ower metal concentrat ions i n  the sed ime.nts at station 2 

as compared to the metal concentrat ions i n  the water l n  the ma i n  body of 

the l ake . 

Meta l s  i n  the waters at s ta t i on 1 were l ess concent rated than s i m i l a r  

concentrations a t  stat ion 2 (F i gure 2) . Lead and chromium concentrations 

i n  the sed i ments i ncreased s l i ght l y  and cadmium concen trations decreased 

between stations 2 and 1 (F i gure 3) . Stat i on 1 i s  l ocated i n  the west cove 

of Lake Calca s i eu (F i gure 1 ) .  The west cove i s  l a rge l y  i sol ated from the 
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rest of Lake C a l cas i eu by a part i a l  1 1d i ke11 formed from the dredg i ngs of the 

s h l p  channel that passes between the west cove and the ma i n  body of the 

l ake. I t  seems probable  that waters at s ta t i on 1 wou l d  not m i x  regu l a r l y  

w i th the ma i n  body of the l ake , therefore metal concentrations i n  the 

water may be expected to be d i fferent at station 1 .  Sa l i n i ty was l ower at 

station 1 than at any other s ta t i on in  the estuary. Perhaps th i s  sa l i n i ty 

d i fference woul d account for the s l i ght i ncrease of metal concentra t i ons 

i n  the sed iments at station 1 versus stat ion 2 .  

B I OT I C-ENVI RONMENTAL RELAT I ONSH I PS 

Body S i ze and Metal Concentra t i on 

Concentrat ions of cadmi um ,  chromlum and l ead i n  each spec i es of a n i 

mal samp l ed and the wet weights o f  each i nd i v i dua l animal were compared 

w i t h  an analys i s  of variance tes t .  For Cal l i nectes sap i dus , Crassostrea 

v i rgi n ica ,  and Rangi a cuneata i t  was found that concentra t i ons of cadmium, 

chromi um,  and lead i n  these .a n i ma l s  were s i gn i f i cant ly  i ndependent of the i r  

wet weights at the 95 percent con fi dence l eve l .  Boyden ( 1 q74) found that 

c l ams , Hercena r i a  mercena r i a ,  and musse l s ,  Hyt i l us edul i s ,  concentrated 

lead i ndependent l y  of body we ight.  Ay l i ng ( 1 974) i n  stud i es i nvo l v i ng 

Crassos trea 9i9a s ,  found that l ead and chrom i um concentrat ions were i nde

pendent of body s i ze ,  however �admium was found to be more concentrated i n  

sma l l e r  i nd i v idua l s .  Huggett et a l .  ( 1 973) found no corre l a t i ons between 

concentrations of z i nc ,  copper and cadMium i n  Crassostrea v i rg i n i ca and 

the weignt of the anima l . I t  seems that no research has been conducted 

concern i ng metal concent rat i on versus body weight d i fferences i n  the b l ue 

crab, C .  sap i dus . Accord i ng to Boyden ( 1 974 and 1977) , when spec i es 
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demonstrate an i ndependence i n  metal concentrat i on and body s i ze ,  samp l e  

means can be calcul ated and assumed to approximate popu l a t i on means . I n  

the present study, samp l e  means of metal concentrations i n  a l l  species 

of a n i ma l s  are assumed to approximate popu l a t ion means at each station.  

Crabs 

For a l l  meta l s  tested i n  cra b ,  Ca l l i nectes � dus , t i ssues i t  ap

pears that c l aw musc l e  con ta i ns the lowest concentrat i ons of a l l  meta l s ,  

carapace conta i ns the h i ghest concentra t i on s ,  and g i l l  t i ssue conta i ns 

i ntermed i a te concentrati ons of a l l  meta l s .  Hutcheson ( 1 974) found s i m i lar 

t i ssue concentra t i ons (us i ng 0 . 1 1  ug/ml cadmium I n  the water) i n .£.. 

sapi dus .  Wr i ght (1977) I n  studies i nvo l v i ng cadmium concentra t i on i n  the 

shore crab , Carci nus maenas ,  a l so found these trends i n  t i ssue concentra

t ion to occur. The l atter author a l so ca l cu l ated cadmium concentrations 

i n  crab t i ssues rel a t i ve to the water concentrations of cadmium. I n  water 

w i th sal i n i ty compara b l e  to 50 percent seawater , essent i a l l y  the same as 

estua r i ne sal i n i t i e s ,  at  cadmium concentrat ions of 20 u-mo l e  1 - l , cara-

pace exh i b i ted a concentra t i on factor of 1 2 5 X ,  g i l l  t i ssue was 20X and 

mus c l e  t i ssue was 3-SX the concentra t i on i n  the external med i um.  Concen

t ra t i on factors i n  .£.. sapi dus i n  the present study were calcu lated for 

each of the three meta l s  tested . Cadmium i n  musc l e  t i ssue was SX , g i l l  

t i ssue 1 1 X ,  and carapace 58X the cadmium concentrat ions found i n  the water 

at sta t i ons 1 ,  3 ,  5 ,  and 6 (mean 0 . 03 ug/ml ) .  These concentration factors 

are not i n  str ict  accordance w i th those found by Wr i ght ( 1 q77) , however i t  

shoul d be noted that water concentrat ions of cadmi um are much l ower i n  

the present study. I t  should a l so be recogn i zed that C .  maenas may not 

concentrate meta l s  i n  exac t l y  the same manner as C .  sap i d u s .  Chromium 
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concentra t ions i n  musc l e  t i s sue was l O X ,  g i l l  1 4 X ,  and carapace 4 1 X  the 

concentra t ion of t h i s  metal  i n  the water at stat ions 1 ,  3 ,  5 ,  and 6 (mean 

0 . 2 5  ug/ml ) .  Lead concentrat ion factors i n  the t i ssues of C .  sap i dus 

were 6X for musc l e ,  l l X for g i l l  t i ssue, and for carapace, 1 20X greater 

than the concentrat ion of t h i s  metal i n  the waters (mean 0 . 2 1  ug/ml ) .  

Both crab musc l e  and g i l l  t i s sues exh i b i ted s i m i l a r  concentra t i on 

patterns for a l l three meta l s  tes ted . Chromium was found to be s i gn i f i 

can t l y  more concen trated i n  mus c l e  and g i l l  t i ssues than l ead or cadmi um .  

Lead was found t o  b e  s i gn i f i cant l y  more concentrated than cadmium i n  

muscl e  and g i l l  t i ssues at the 9 5  percent confi dence l evel . These concen

trat ion patterns appear very s i m i l ar to water concentrat i on patterns 

occurr i ng throughout the estuary (Cr>Pb>Cd ) .  I t  seems that an absorptive 

process i s  occurring f n  these crab t i ssues in wh ich meta l s  are adsorbed 

onto the g i l l s  d i rect l y  from the water, then transported i n to the body, 

probably  after f i rst be i ng a ttached to organ i c  l i gand s ,  and i n corporated 

i n to the t i ssues . Hutcheson ( 1 q74) and Wr ight ( 1 977) i n  s tud ies i nvo l v i ng 

£. sapi dus and £. maenas , respect i ve l y ,  found t h i s  same absorptive 

mechan i s m  to occur i nvol v i ng cadm i um uptake. 

Crab carapace was foun� to have a d i fferent concentrat ion pattern for 

the three meta l s  tested (Tab l e  3 ) . I n  carapace, l ead was found to be s i g

n i f i cant l y  more concentrated than chrom i um .  Chrom i um was found to be s i g 

n i f i cant l y  more concent rated than cadmi um at the 95 percent con f i dence 

l evel . Th i s  concentra t i on scheme t s  very s i mi l a r  to the pattern exh i b i ted 

by metal concentrat ions i n  the sedi ments throughout the estuary (Pb>Cr>Cd) . 

Most authors agree that the concentra t i on of meta l s  i n  the exoske l eton i s  

due l a rgely to the process of adsorption (Hutcheson 1 974 ) .  I t  i s  known 
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that concentra t i on of meta l s  i n  sediments i s  due to the process of adsorp

t i on .  I t  seems reasona b l e ,  therefore, that concentrations of meta l s  i n  

the sed i ments , and those found i n  the carapace shou l d  show s i m i l a r  concen

trat i on patterns . 

C l ams 

Cadmium and l ead were found i n  very low concentrations i n  c l am soft 

t i s sues at both sta t i ons 4 and 6 (Tab l e  5 ) .  C l am she l l was ' found to have 

s i g n i f i cantly greater concent ra t i ons of cadmium and l ead than c l am soft 

t i ssue s .  These resu l ts seem to suggest a n  act i ve excretion o f  cadmium and 

l ead from the soft t i ssues i n to the shel l ,  perhaps as a method of detox i 

fy i ng the meta l s .  Sturesson ( 1 976) i n  s tud i es i nvo l v i ng l ead concentra

t i ons i n  Myt i l us edu l i s ,  a bay mussel , found th i s  act ive depos i t ion of 

meta l s  i n  the shel l to occur,  as  wel l as  adsorption of meta l s  onto the 

exterior of shel l s .  Anderson ( 1 q77) found concentrations of cadmi um ,  cop

per , l ead and z i nc to be h i gher i n  the soft t i s sues of freshwater c l ams 

than s im i l a r  concentra t i ons . i n  the shel l s .  These observat i ons were made 

u s i ng dry we i ghts of the t i ssues for anal yses . S i nce soft t i ssues are Bo-

90 percent water, a gram-for-gram compa r i son of metal concentrations between 

soft t i ssues and shel l s  us i ng dry we i ghts wou l d  not be expected to agree 

w i t h  the same comparison u s i ng wet weights of the t i ssue s .  

Chromium concentra t i ons i n  c l am she l l  t i ssue were not found to b e  s i g

n i f i cant l y  d i fferent from soft t i ssue concentra t i on s .  Th i s  seems to sug

gest a d i fferent excretory process occu r r i ng for chromium in c l ams versus 

cadmi um and l ead excret ion,  wh i ch seems l a rge l y  to be a depos i t i on to she l l 

t i ssue. Brooks and Rumsby ( 1 964) found that cl ams concentrated chromium 

i n  soft t i ssues to a greater extent than d i d  oysters ,  resu l ts wh i ch are 
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s i m i l a r  to those of t h i s  study . 

C l am shel l ana l yses revea l ed l ead to be s i gn i f i cant ly  more concen

trated than chrom i um and chrom i um to be s i g n i f i cant l y  more concentrated 

than cadmium at both stat i ons 4 and 6 .  These resu l ts seem to corre l ate 

wi th sed i ment concentra t i ons of a l l  meta l s  from stat ions 4 and 6 (Pb>Cr>Cd) . 

Th i s  s i m i l a r i ty i n  orders i n  s he l l and sed i ment metal concen trat ion seems 

to suggest than an adsorptive process l s  occurring i n  add i t ion to the act i ve 

absorptive process prev i ous l y  mentioned. I n  soft t i ssues , chromium was 

found to be s i gn i f i cant l y  more concentrated than cadmium o r  l ead . Th i s  

concentrat ion order f i ts that of the water more c l o se l y  (Cr>Pb>Cd) , per

haps more evi dence suggest i ng an absorptive process occurr i ng i n  the soft 

t i ssues . 

Oysters 

Ana l y s i s  of metal concent ra t i ons of oyster shel l showed that at a l l  

stat i ons , lead was s i g n i f i can t l y  more concentrated than chromium or cad

m i um and chrom i um was s i gn i f i cant ly  more concentrated than cadm i um .  These 

resu l ts were found to be s i gn i f i cant a t  the 95 percent conf i dence l evel 

(Tab l e  4 ) .  The sediments of stat ions 1 ,  2 ,  and 3 were found to have the 

same concentra t i on order (Pb>Cr>Cd) . Th i s  s i m i l a r i ty i n  concentra t i on 

order seems to i n d i cate a s i m i l a r  concentrat ion mecha n i sm between sed i ments 

and oyster she l l s .  The same s he l l  concentra t i ng mecha n i sms seem to be 

present i n  oyster shel l s .  There l s  probab l y  an adsorptive process occurr i ng 

a l ong wi th an a c t i ve absorpt i ve concen trat ion of meta l s  i n  oyster she l l s .  

Oyster soft t i ssue ana l y s i s  revea l ed a comp l etely  d i fferent concentra

t i on order of a l l  meta l s  cons i dered . Lead was i n  s i g n i f i cant l y  lower con

centrations i n  oyster soft t i s sues than cadmium o r  chrom i um .  Cadmium and 
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chrom i um concent rat ions i n  oyster soft t i s sues were not found to be s i q

n i f i cant ly  di fferent from each other at the 95 percent conf i dence l evel . 

J:k>wever ,  cadmi um genera l l y  was more concentrated. The concent ra t i on order 

for meta l s  exh i b i ted for oyster soft t i ssues (CdaCr>Pb) was not s i m i l a r  to 

water o r  sediment metal concentra t ion orders . Brooks and Rumsby ( 1 964) 

found s i mi lar concentra t i on orders of meta l s  i n  the oyster Ostrea s i nuata 

(Cd>Cr>Pb) . Kopf l e r  and �1ayer (1973) a l so found l i t t l e  o r  no correl a t ion 

between l ead or cadmi um i n  C rassos t rea v i rg i n i ca and water concentrat ions 

of these meta l s .  Fraz i e r  ( 1 976) found some corre l a t ions i n  ra t i os of 

metal content between s ta t i ons i n  the soft t i ssues of C .  v i rgi n i ca and 

s i mi l a r  ra t i os for sed i ment concentrat ions of cadmi um ,  coppe r ,  z i nc ,  i ron , 

and manganese. I t  was stressed that the sed i ments must be i n  equ l l  i b r i um 

w i th the over l y i ng waters for these corre l a t ions to exi s t .  I t  i s  not 

known whether the sediments and waters i n  Ca lca s i eu estuary are i n  equ i l i 

b r i um .  Wol fe and R i ce ( 1 972) i nd i cate . that t i da l  f l ush i ng and w i nd dom i 

nated currents i n  a shal low estuary may promote the exchange of e l ements 

between the water and sediments crea t i ng a very f l uctuat i ng system. 

Chromium and l ead concentrat ions were s i g n i f i cant ly  l ower i n  oyster 

soft t i ssues than s i mi lar  concentra t i ons i n  oyster shel l .  Concentra t i on 

factors of these meta l s  i n  soft t i ssues of oysters over water concentra t i ons 

of meta l s  were 2 . 4X for chrom i um and 1 . 3X for l ea d .  Oyster she l l concen tra

t i on factors were 9 . lX for chromium and for l ead , 57X the water concentra

t i on s  of these meta l s .  These f i n d i ngs seem to suggest e i ther an act i ve 

excret i on of chrom i um and l ead from soft t i ssues i n to the she l l ,  perhaps 

as a detox i f i ca t i on mecha n i sm ,  or an act i ve excret ion of these meta l s  

d i rect l y  i nto the water and an adsorptive accumu l a t i on of meta l s  onto the 
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she 1 1  • 

Brooks and Rumsby ( 1964) and Segar ( 1 971 ) both found that meta l s  are 

concentrated to a greater extent in oyster soft t i ssues than i n  oyster 

shel l s .  These two studies used dry we i ghts and concentrat i ons when com

par i ng the she l l s  and soft t i ssues . I n  the present study wet we ights 

and concent ra t ions were used. For reasons prev ious l y  mentioned, the resu l ts 

of the ea r l ier stud i es and of the present study shou l d  not be expected to 

be s l m t l a r .  The wet we ights were used t n  the present study because such 

va l ues are more nea r l y  representat i ve of va l ues i n  the l i v i ng organ i sms. 

Cadmi um was found i n  s i gn i f i cant l y  l ower concentra t i ons tn the she l l  

a s  compared to the soft t i s sues i n  oysters . Concentra t i on factors i n  oyster 

soft t i ssues for cadmium were 1 8X ,  and for shel l t i ssue 1 3X ,  the concentra

t i on of cadmi um found i n  the water. A l though absol ute cadmium concentra

t i on s  i n  oyster soft t i ssues aren ' t  s i g n i f i cant ly  greater than soft t i ssue 

chromium concentra t i on s , cadm i um i s  concentrated to a much greater extent 

above the leve l s  of cadmi um i n  the water than i s  chrom i um (cadmium = 1 8 X ,  

chromium = 2.4X) . Va l t e l a  ( 1 974) found that �· v i rg i n i ca concentrated 

cadmium to a much greater extent than they concentrated l ead.  Th i s  pheno

menon was attr i buted to cadmium be i ng l es s  wel l bound i n  the sediments 

than l ead and therefore be i ng more ava i l a b l e  to the oysters . Cadmium 

would  a l so have been found to be h i g h l y  concentrated i n  c l ams i n  the pre

sent study i f  t h i s  were the only  reason for cadmium concentra t i ons be ing 

el evated i n  oyster soft t i ssues . As i n  t h i s  study, Brooks and Rumsby ( 1 964) 

reported that cadmium was found i n  h i gher concent ra t i ons i n  oyster soft 

t i ssues than i n  c l am soft t i ssues. They suggested that cadmi um i s  used i n  

the enzyme systems of oysters , and i s  act i ve l y  absorbed . Leland et al . 
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( 1 974) state that cadmium may be found i n  h i gher concentra t i ons i n  most 

benth i c  organ i sms.  These authors seem to support the hypothes i s  that 

cadmi um l sn ' t  as t i gh t l y  bound i n  the sediments , and i s  therefore more 

ava i l a b l e  to benth i c  orga n i sms . 

I NTERSTAT I ON COMPARI SONS 

Crabs 

Cadmi um,  chromium and l ead was found i n  s i g n i f i cant l y  greater con

centrations at the 95 percent conf i dence l evel i n  crab musc l e  and cara

pace at stat i on 3 than at stat i on 1 .  Crab g i l l  t i ssue concent ra t i ons of 

these three meta l s  were not found to be s i gn i f i cant l y  d i fferent at these 

two s ta t i ons.  Sed i ment concent rat i ons of cadmium and lead were found to 

be greater a t  sta t i on 3 than a t  stat ion 1 .  Chromium concentrations i n  

the sed i ments a t  sta t i ons 1 and 3 were found to be very s im i l a r .  The 

metal concentrat ion dynamics i n  the sediments seem to be s i m i l a r  to the 

metal concentra t ion dynam i cs i n  the bl ue crabs . Station 1 was located i n  

the west cove o f  Lake Ca l ca s i e u ,  and a s  previously  ment i oned i s  l a rge l y  

i sol ated from the ma i n  body o f  the l ake. Sta t i on 3 i s  located i n  the 

southeast portion of Lake C a l ca s i eu ( F i gure 1 ) .  The metal concentrat ions 

i n  the sediments and water a t  stat i on 3 are not pa rt i cu l a r l y  h i gh when 

compa r i ng station 3 w i th the other stat i ons i n  the estuary. R l ue crab s ,  

un l i ke c l ams and oys ters , are not res t r i cted to a con f i ned a rea , they may 

undertake exten s i ve seasonal and less extens i ve da i l y m ig ra t i ons (Tagatz 

1 969) . Crabs at s ta t i on 3 probably  feed i n  the southern end of the ma i n  

body of Lake C a l ca s i eu and are thus exposed to h i gher metal concen tra t i ons 
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Clams 

Cadmium and l ead were found i n  very low concentrat ions i n  c l am soft 

t i ssues at both stat ions 4 and 6 (Ta b l e  5 ) . As a resu l t  of these low con

centra t ions,  no s i gn i f i cant d i fferences were noted between these two sta

t i on s  i n  c l am soft t i ssues . Chromium concentrat ion s  i n  c l am soft t i ssues 

were s i gn i f i cant l y  h i gher at stat i on 5 than s i mi l a r  concentrations a t  

s ta t i on 4.  Chrom i um concentra t i ons i n  the water were greater a t  stat ion 5 

than a t  stat ion 4 .  Perhaps the soft t i ssue concentra t ions o f  chromium i n  

c l ams are determined by water concentra t ions o f  the meta l .  Concentrations 

of cadmi um ,  chromi um ,  and l ead were a l l  greater i n  c l am she l l  at stat i on 4 

than concent ra t ions i n  she l l from stat i on 5 ,  however these d i fferences 

were not found to be s i gn i f i cant at the q5 percent confidence l eve l . The 

concentrat ions of a l l  three meta l s  i n  the sediments were greater at station 

4 than a t  sta t ion 5 ( F i gure 3 ) .  I t  seems apparent that concentrat ion dyna

m i cs of meta l s  i n  c l am shel l s  and sediments are very s i m i l a r .  C l am shel l 

analyses wou l d  seem to be a good i nd i cator of the concen tra t i ons of cad

m i um ,  chromium,  and l ead i n  the estua r i ne envi ronment ava i l a b l e  to benthic  

organ i sms .  

Oysters 

In cons i der i ng d i fferences i n  concentra t i ons of meta l s  i n  oyster 

shel l s  among s ta t ions , i t  becomes apparent tha t sta t i on 2 conta ined the 

h i ghest concen trat ions of a l l  meta l s .  The concentrat i ons of chrom i um and 

l ead i n  shel l s  at stat ion 2 were s i gni f i cant ly  greater thnn concentra t i ons 

of these meta l s  at ei ther s ta t i on 1 or 3 .  Cadmium i n  oyster shel l s  was 

not s i g n i f icant l y  more concentrated at s ta t i on 3 than at sta t i on 1 .  These 

concentra t ion dynamics for meta l s  i n  the oyster shel l s  are s i m i l a r  to the 
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concentration dynam i cs for meta l s  i n  the water samp l e s ,  w i t h  stat ion 2 

hav i ng h i gher concentrat ions of a l l  meta l s  than e i ther sta t i ons 1 or  3 .  

These resu l ts i n d i cate that oyster shel l s  are a good i n d i cator of the 

amount of meta l s  i n  the waters a t  the va r i ous stat i on s .  

Stat ion 2 i s  s i tuated nearer t o  Ca l ca s i eu pass than ei ther stat ions 

1 or 3 { F i gure 1 ) .  I t  i s  poss i b l e  that thi s s ta t i on wou l d  be subject to 

more t i da l  currents than wou l d  stat ion 3 and espec i a l l y  station 1 .  Wo l fe 

and R i ce { 1 q72) observe that the t i da l f l u s h i ng effect i n  estua r i es may 

make par t i cu l ate mater i a l s ,  conta i n i ng adsorbed meta l s ,  more ava i l a b l e  

for adsorption and absorptio� t o  the organi sms i n  that estua ry .  Th i s  

effect cou l d  be occu r r i ng i n  the oysters a t  stat i on 2 ,  making concentra

t ions of meta l s  i n  the i r  she l l s  h i gher than at nei ghbo r i ng stations.  

Concentra t ions of chromium and l ead in  oyster soft t i ssues were not 

found to be s i g n i f i cant l y  d i fferent among any of the stat ions.  Cadmium 

was found to be s i g n i f i cant l y  l es s  concentrated at s ta t i on 3 than at ei ther 

stati ons 1 or 2 .  The l ower l eve l s  of cadmium i n  oyster soft t i ssues may 

be a t t r i butab l e  to l owe r  concentrat ions of t h i s  metal i n  the water at th i s  

stat ion .  I n  the present study oyster soft t i ssues were not a s  good a n  I n

d i cator of ex i s t i ng cond i t i ons concern i ng metal concentrat ions as were 

oyster she l l s .  

Concentra t ion factors of meta l s  i n  oyster shel l s  and soft t i ssues over 

water concentrat ions of the meta l s  for cadmium, chromium and l ead were 

ca l cu l a ted for each s tat ion .  Concentrat ion factors of  meta l s  i n  oyster 

shel l s  and in oyster soft t i ssues over abso l ute sedi ment metal concentra

t i ons {ug meta l /gm sediment) were a l so ca lcu l ated.  No corre l a t ions were 

found among concentrat i ons of meta l s  i n  the waters and oyster t i ssue 



concentra t i on factors over water concentra t i ons at each station.  When 

con s l de r i ng absol ute concentrat i ons of meta l s  i n  the sediments (ug/gm) 

and oyster t i ssue concentrat ion factors over the absol ute sed iment metal 

concentrations, some cor relat ions become apparent.  Abso l u te sediment 

metal concentra t ions i ncreased a l most l i near l y  between stat ions 3 and 

(Stat ion 3>Station 2>Sta t i on 1 ) .  Metal concentra t i on factors for both 

oyster soft t i ssues and oyster she l l s  over absol ute sed i ment metal con

centrations decreased between stations 3 and 1 (Stat i on 3>Sta t i on 2> 

Sta t i on 1 ) ,  Tab l e  6 .  I t  wou l d  appear that where the absol ute sed iment 

metal concentrat i ons are the h i ghest ,  the oysters are able  to concentrate 

the meta l s  to a l esser extent. Perhaps the sediments are adsorb i ng more 

meta l s ,  making them less ava i l a b l e  to oys ters . 

TROPH I C  CONCENTRAT ION 

Crabs , Cal l i nectes sapi d u s ,  and oysters , Crassostrea v i rg i n i ca ,  were 

both found at stat ions 1 and 3 i n  the estuary. A l l crab carapace concen

trat ions of the three meta l s  con s i dered were s i gn i f i can t l y  �reater than 

a l l  oyster sh� l l  concen tra t i ons of these meta l s  a t  both stations . Oyster 

soft t i ssue con tai ned s i g n i f i cant l y  l es s  chromium and l ead than crab muscle 

t i ssue from both sta t ions . Cadm i um concentrat ions were s i g n i f i cantly 

greater in  oyster soft t i ssues a t  stat ion 1 than were concentrat ions of 

t h i s  metal i n  crab musc l e  t i ssue. At s ta t ion 3 no s i g n i f icant d i fferences 

between crab musc l e  and oyster soft t i ssues ex i s ted concern i ng cadm i um 

concentra t ions . Brooks and Rumsby ( 1 964) found that cadm i um concentrat i ons 

were h i gher i n  oyster soft t i s sues than in c l am soft t i ssues , however, no 
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Table 6 .  Concentration fac t ors in Cras sost rea virgini c a .  

Tj.ssue 

Whole 
Soft 
T i s s ue s  

Shell 

Metal concentrat ions in s h e l l s  and whole soft 
t i s sues ( ug/g weigh t ) /absolute metal concentrations 
in sediment s ( ug/g wet weight ) .  

Location 
Metal S t a t i on 1 Stat i on 2 Stat ion 1 

Cadmium 3 . 6  0 . 3  0 . 0 8 

Chromium 0 . 3  0 . 2  0 . 1  

Lead 0 . 0 7 0 . 0 2  0 . 0 1  

Cadmium 2 . 4  0 . 2  0 . 0 8 

Chromium 1 . 0  o . 8  0 . 5  

Lead 2 . 1  1 . 7  0 . 5  
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compar i son w�s made w i th crab t i ssue concentrat ions of t h i s  meta l . As 

prev iously  menti oned , i t  i s  thought that cadmium may be a s i g n i f i cant 

factor i n  oyster enzyme systems caus i ng the e l evated l eve l s  of t h i s  metal 

(Brooks and Rumsby 1964 ) .  Lel and et a l .  ( 1 974) found th�t cadmium l eve l s  

seemed to be el evated i n  benth i c  organ i sms . 

Crabs, �· sapi dus and c l ams , R�nq i a  cuneata,  were both found at 

s t a t i on 6 .  Crab carapace contai ned s i g n i f i cant l y  greater concent ra t i ons 

of a l l  three meta l s  than d i d  c l am shel l .  C l am soft t i ssues contai ned s i g

n i f i cantly  lower concentrat i ons of cadmium and l ead than crab musc l e  t i ssue, 

however chrom i um was found to be s i gn i f i can t l y  more concentrated i n  c l am 

soft t i ssues than i n  crab musc l e  t i ssues.  Brooks and Rumsby ( 1 964) at

t r i buted h igh  chromium concen trat ions in  c l ams to sed i ment pa r t i c l es s t i l l  

I n  the d i ges t i ve tract when anal yzed. 

These f i nd i ngs seem to suggest a troph i c  concentrat ion , s i nce both 

R. cuneata and spat of C .  v i rgi n i ca are known to be a major food source of 

C .  sap i dus (Tagatz 1 969 ) ,  S i nce concen tra t ions of meta l s  are genera l l y  

h i gher i n  crab musc l e  t i ssue,  a s  we l l  a s  crab carapace, than i n  the b i 

va l ues cons i dered, the process of absorption a s  we l l  a s  adsorption seems 

to be occurr i �g .  These f i n d i ngs cou l d  poss i b l y  be a t t r i butabl e  to a more 

eff i c i ent excretory mecha n i s m  for meta l s  i n  the b i va l ues , however no l i t

erature has been encountered that wou l d  support t h i s  theory. 

SYNERG I ST I C  EFFF.CTS OF METALS 

Bryan ( 1 9 7 1 )  has suggested that synerg i s t i c  effects occur among me ta l s  

wh i ch fac i l i tate the i r uptake by aquat i c  orga n i sms . I n  a l l  crab t i ssues 

there was a s i g n i f i cant corre l a t i on ,  a l l meta l s  were mutua l l y  concentrated · 
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I n  oyster she l l and soft t i ssues , chrom i um and l ead exh i b i ted a s i gn i f i cant 

pos i t i ve corre l a t i on i n  concent ra t ions . Zook et a l .  ( 1 976) found the same 

resul ts for ·chromium and l ead i n  C rassostrea v i rgJn i ca .  I t  was not i nd i 

cated that th i s  was a synerg i s t i c  effec t ,  on ly  tha t i t  was a meta l -metal 

I nterac t ion. In c l am t i s sues anal yzed i n  the present study it was found 

that l ead and cadmium have the same corre l a t i on .  

When con s i der i ng a l l  of the above resu l ts ,  i t  i s  apparent that l ead 

i s  one of the meta l s  be i ng found h i g h l y  concentrated when other meta l s  

are h i g h l y  con.centrated I n  each of the spec i e s .  Perhaps l ead i s  a metal 

that faci l i tates the · concentrat ion of other meta l s  by aqua t i c  organ i sms.  

More research in  the synerg i s t i c  effects of meta l s  i s  needed before any 

f i rm conc l us i ons can be made. 
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CONCLU S I ONS 

1) Many estua r i ne organi sms do not concentrate cadm i um,  chrom i um 

or l ead u n i form l y  i n  a l l  anatom i ca l  body reg ions . B l ue crahs , Cal l i nectes 

sapidus,  were found to concentrate a l l  three of these metal s i n  greater 

concent ra t i ons i n  the carapace than i n  the g i l l  and muscle t i s sues , and 

to greater concentrations i n  g i l l  t i ssue than i n  c l aw musc l e  t i ssue . The 

eastern oyster, Crassostrea v i rgi n i ca ,  was found to concentrate l ead and 

chrom i um to greater concent ra t i ons i n  the shel l than i n  who l e  soft t i ssues. 

Cadmium was found in s l ight l y  h i gher concentrat ions i n  oyster who l e  soft 

t i s sues than i n  the shel l s .  Ran� i a  cuneata , an estua r i ne c l am,  concen

trated cadmium and lead to much greater l eve l s  i n  the she l l  than i n  who l e  

soft t i ssues. C l am shel l and whol e  soft t i s sues were found to have s i m i 

l ar concentrat ions of chrom i um.  These resu l ts seemed to be conti ngent 

upon the use of wet weight concentrat i ons were used i n  a l l t i ssue deter

mi nat ions. 

2) The extent to wh ich  each metal was concentrated i n  b i o log i ca l  

t i ssues , referred to as concentra t ion orders i n  b i o l og i ca l  t i ssues , were 

compared to the concent rat i on orders i n  water and sediments. I t  was fe l t  

that observance of s i m i l a r i t i es i n  concentra t i on orders may a i d  I n  the 

determi nat ion of concentra t i ng mechan i sms .  Concentra t i on orders of  chro

mi um, cadmium and l ead i n  the sed i ments were s i m i l a r to concen trat i on 

orders of these meta l s  i n  crab carapace , and oyster and c l am shel l s  (Pb>Cr> 

Cd) . These compa r i sons seemed to denote that shel l and carapace t i ssues 

were i n d i ca t i ve of l ong term cond i t ions and/or an adsorptive concentra t i ng 
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mecha n i sm was be i ng used. Concentrat i on orders of the meta l s  i n  water 

samples and i n  crab c l aw musc l e  and g i l l  t i s sues were s i m i l a r  (Cr>Pb>Cd) . 

C l am who l e  soft t i ssues had s i m i l a r concentra t i on orders , however cadmium 

and l ead were found i n  concentra t i ons too l ow to be determi ned as s ta t i s 

t i ca l l y  s i g n i f i ca n t .  These f i n d i ngs suggest that soft t i ssues of c l ams 

and of the crabs seemed to be i nd i ca t i ve of the short-term ava i l ab i l i ty 

of these meta l s  to b i ota and/or an absorp t i ve concentrat ion mechan i sm i s  

at  work i n  the soft t i ssues . I t  was expected that oyster soft t i ssues 

would  p rovi de s i m i l a r  resu l t s ,  however ,  they d i d  not . 

3)  A troph i c  concentrat ion of meta l s  i n  the estua r i ne food cha i n  

seems to be ev i dent.  Crab carapace was found to conta i n  cadmi um ,  chrom i um ,  

a n d  l ead i n  greater concentra t i ons than d i d  e i ther oyster o r  c l am shel l s .  

Meta l s  were concentrated to h i gher l eve l s  i n  crab c l aw musc l e  than i n  c l am 

and oyster who l e  soft t i ssues wi th the exceptions of cadm i um i n  oysters 

and chromium i n  c l ams . Cadm i um was more concentrated i n  oyster who l e  soft 

t i s sues and chrom i um was more concentra ted i n  c l a m  who l e  soft t i ssues 

than i n  crab c l aw musc l e  t i ssue. 

4) Cadmium, chrom i um and l ead were not found to be concent rated i n  

a manner that was dependent on body we i ght i n  any of the a n i ma l s  tes ted . 

S) In b l ue crabs, cadm i um,  chromium and l ead seemed to be syner

g t s t i ca l  l y  concentra ted . I n  oys ters , chromium and l ead seemed to have 

synerg i s t i c  concentrat i ng proper t i e s .  I n  c l ams , cadmium and l ead were found 

to be mutua l l y  concen trated . 

6 )  Concentra t i ons of cadmium, chromium and lead,  as mon i tored i n  

. the a n i ma l s  anal yzed , seemed to i ncrease south of Lake Char les  i n  P r i en 

Lake, eventua l l y reaching h i ghest concentra t i ons i n  the ma i n  body of Lake 
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C a l ca s i eu .  The west cove o f  Lake Ca l ca s ieu and the area o f  the l ake south 

of the o l d  revetment are to some extent phy s i ca l l y  i so lated from the rest 

of the l ake. As a resu l t  concent ra t i ons of meta l s  in the a n i ma l s  from 

these areas were found to be lower than i n  the ma i n  body of the l ake. 
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