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PBEFAC!I: 

The data in this report have been obtained in order to estimate 

parameters in a model of heavy metal bio-accumulation by the American 

oyster. Crassostrea virginica Gmelin. 

Related works: 

(1) Experimental Studies of Zinc-65 Uptake Rates by the American 

Oystsr. Crassostrea virginica with Regard to Salinity. Sediment 

Concentration. and Body Size. VIMS Data Report No. 29. August. 

1988. 

(2) Short Term Uptake Rate of Zinc by the American oyster. 

Crassostrea virginica. - Relationship Among Body Size. 

Salinities. and Uptake Rates. In preparation. 

(3) Contribution of Extraneous Materials t<> Variability of Oyster 

Zinc Bio-concentration Measurements. In preparation. 

(4) Modelling of Zinc Bio-accumulation in the American 

Oyster. Crassostrea virginica - Influence of Biological and 

Environmental Factors in Bio-accumulation." Dissertation. 

The authors express appreciation for the ht~lp of Mr. J .. Whitcomb 

in collecting the oyster and mussel samples. 
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DEFINITIOR OF TERMS 

Soft tissue: organic body of oyster or mussel excluding shell. gut 

contents. and faecal pellets but including the 

exoskeleton of the crab. 

Body size: a general te~ that may mean any one of: shell length. body 

weighto dry_meat weight. or wet me.at weight. 

Body weight: dry (meat) weig~t or wet (meat) weight of soft tissue 

(grams)o 

Body burden: the total amount of a metal in soft tissue (micrograms). 

The metal in gut contents may be included in this report 

when the amount of the gut content is small. 

Concentration: a general term that expresses the mass (of a metal) per 

unit mass of a material such as water or sediment (dry 

weight)o The unit "ppm" is used interchangably for either 

microgram/gram. of dry material or :microgram/ml of solution. 

Bio-concentration: concentration of metal expressed in mass of the metal 

per unit mass (dry weight) of soft tissue (ppm). 

iii 



TABLE 01' CON'I'ENTS 

SECTION PAGE NUMBER 

Preface oe•o••••••••ooeooo••••••••••o••••••••••••••••••••• 

aooo••••••oeooooaeeeeooeooeoo•••••••• Definitions of Terms 

Table of Contents oooooooo••••••••••o•••••oeeeeea••••••••• 

List of Illustrations aoo••"••••••••••oo•••oeoeooeoe••••••• 

List of Tables •••••o•a•o••••••••••••••••••••••••••••••••• 

Abstract •••••••••oooaoeoaaaaaaaaaaa••••••••••~••••••••••• 

Introduct~on oaooaoaoaoeooaaaaaaaaoaaaaaoaaoaaoooaaaaaaaaa 

Materials and Methods 

Results aaaaaooooaoooaaaoaaaaaaaaaaaoaoaoaooooooaoaaaaaaaa 

Tables aaaaoaaooaaooaooooaaaaaaaaaoaoaeaoaaoooooooaaaaaaaa 

Figures oaoaooaaoaeoaooaooaaaaoaaoaooooooooooooooaaaaaaaaa 

References oooooeaoaaaaaaaeaooooooooeeaooooaaaaaaaaa 

iv 

ii 

iii 

iv 

V 

vi 

vii 

1 

5 

10 

14 

45 

58 



LIST OP ILLUSTRATIONS 

FIGURE HOHBER PAGE NUMBER 

1. Absorbance values of blanks and standards in zinc 

measurements by atomic absorption spectrophotometer. 45 

2. Zinc body burdens of American oysters. Cras:sostrea 

3. 

4. 

5. 

virginica (Gmelin). from the James River. "ilirginia 

Zinc bio-concentrations· of oysters from thE~ James River 

Zin~ body burdens of oysters from 

the Rappahannock River. Virginia 

Zinc bio·-concentrations of oysters from 

the Rappahannock River 

6. Zinc body burdens of oysters from 

7. 

the Piankatank River. ·virginia 

Zinc bio-cqncentrations of oysters from 

the Piankatank River 

8. Comparison of zinc body burdens of oysters from the 

46 

47 

48 

49 

50 

51 

mid-reaches of the James River by the season of collection 52 

9. Zinc bi6-concentrations of oysters from the mid-reaches 

of the James River by the season of collection 53 

10. Zinc body burdens of common mussels. Mytilus edulis 

(L.). from the sub-systems of the Chesapeake Bay Estuary. 

Virginia 

11. Zinc bio-concentrations of mussels 

12. Zinc body burdens of commensal pea crabs. 

Pinnotheres ostreum (Say) from oysters collected from 

the sub-systems of the Chesapeake Bay Estuary 

13. Zinc bio-concentrations of pea crabs 

V 

54 

55 

56 

57 



LIST OF TABLES 

TABLE NUMBER 

1. Oyster sampling sites and dates 

PAGE NUMBER 

14 

Zinc in digestion blanks and digestion standards 2. 

3. 

4. 

5. 

6. 

Zinc in oysters from Wreck Shoal-James River (Spring) 

Zinc in oysters from Wreck Shoal-James River (Fall) 

Zinc in oysters from Mulberry Island-James River (Winter) 

Zinc in oysters from Nansemond Ridge-James River (Fall) 

7. Zinc in oysters from Horse Head Rock-James River (Fall) 

8. 

9. 

10. 

111! 

Zinc in oysters from ~orattico Bar-Rapp. River (Fall) 

Zinc in oysters froni Parrot Rock-Rappahannock River (Fall) 

Zinc in oysters from Broad Creek-Rappahannock River (Fall) 

Zinc in oysters from Ginney Point-Piankata:nk River (Fall) 

12. Summary statistics of_ oyster data 

13. Regression analyses of oyster zinc body bu:rden 

on body weight 

14. Regression analyses of oyster zinc bio-concentration 

on body weight 

15. Zinc in oyster shells 

16. Contribution of gut contents to measurements 

of dry weigh~ and zinc bio-concentration 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

28 

33 

34 

35 

17. Zinc in mussels from Morattico Bar-Rappahannock River 36 

18. Zinc in mussels from Parrot Rock-Rappahannc:>ck River 37 

191! Zinc in mussels from Ginney Point-Piankatank River 38 

20. Summary statistics of zinc bio-concentratic:>ns of mussels 39 

21. Regression of mussel zinc body burden on bc:>dy weight 40 

221! Presence of pea crabs in oysters 41 

23. Zinc in pea crabs 42 

24. Contribution of pea crabs to measurements 

of dry weights and zinc bio-concentrations 

25. Zinc and organic contents in bottom sediments 

vi 

43 

44 



ABSTRAC'.r 

Oysters and mussels of varying sizes and sediment samples were 

collected from oyster beds with different salinity regimes of three 

Virginian coastal plain rivers: Rappahannock River. James River. and 

Piankatank River. 

Zinc concentrations of 1) soft tissues. gut contents. and shells of 

the oysters. 2) soft tissues of the mussels. 3) pea crabs. and 4) 

sediment samples were measured with a flame atomic absorption (Flame AA) 

spectrophotometer. Particulate organic carbon and nitrogen 

concentrations ·of the sediments were measured with a carbon-nitrogen 

analyzer. 

The contribution of extraneous materials. :;uch as gut contents. 

faeces. and pea crabs. to the variability in oy1;ter metal 

bioconcentration measurements is examined. The effect of salinity 

differences on bioconcentrations and the relatic)nships between pyster 

and mussel dry meat weights and body burdens and bio-concentrations also 

are examined. The relationships are assumed to have the form: uptake 

equals the product of a constant times weight raised to the power "b" 

(e.g •• a {body size}b). Values for the constants a and bare determined 

for each case. 
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IN'rRODUC'lIOR 

It is well known that the American oyster. Crassostrea vi~ginica 

(Gmelin), accumulates trace metals to concentrations many orders higher than 

those of surrounding water. Oysters. however, have not been used as 

biological indicators of metal pollution. at least not as extensively as the 

co~on mussel, Mytilus edulis (L.). This may be because there is little 

information in the literature concerning the relationship between bio­

concentration and the various factors that influence the metal uptake rate 

of oysters. 

Assuming first order kinetics. the movement of metals in and out of an 

organism is 

dCo dt- = k1Ce - k 2Co 

where Co concentration of metal in the organism. 

Ce concentration of metal in environment. 

kl uptake rate constant. 

k2 depuration rate constant. 

t time of exposure. 

When Ce is constant. 

kl -kt 
Co ( 1 - e 2 ) = --Ce 

k2 

In steady state. 
dCo 

0 dt- = 
then. 
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When Ce is the total concentration of metal in the water, regardless of 

the hie-availability, this value, ~;_ • is the "Bio-Concentration Factor" 

(Hamelink 1977). 

In the natural environment, it can be asswned that the time of exposure 

is long enough !or the organism to be in steady state in terms of uptake and 

depuration. As with other metal pollution indfoator organisms, it is often 

assumed that oysters do not regulate metals to iany great extent (Phillips 

1977). If k1 and k 2 are constant for all sizes of oysters, then a simple 

linear regression, i.e., 
kl 

Co= -- Ce+ random deviation, would be established 
k2 

for a given set of physiological and environmental conditions. 

The total concentration of a metal in the 1environment and that in the 

organism, however, are not linearly related (Pr-eston 1966; Boyden 197 4, 

1977) even though some laboratory uptake and de:puration studies suggest that 

the metal bio-concentration of oysters reaches .an equilibrium with ambient 

concentration (Romeril 1971). The exponential growth rate of the organism 

and the dilution effect of tissue mass growth makes this body size and body 

burden per unit mass of tissue relationship complex (Strong and Luoma 1981; 

Thomson 1982; Simkiss and Mason 1984). Moreover, it has not been understood 

whether the metal concentration in every cell of the body tissue of oyster 

changes over the life time (cf. Simkiss and Mason 1984). 

The salinity effect, that is, lower trace -metal bio-concentrations in 

higher salinity water and vice versa, has been noticed but the reason for 

the phenomenon has not been well explained. Information regarding the 

r~lationship between body size and metal bio-concentration of an organism 

p~ovides clues for understanding the bioaccumulation mechanism but the 

relationship in oysters has not been clearly defined yet. 

2 



A major problem in studying the metal accw~ulation in oysters is that 

the measured metal body burden of oysters colleeted from the same site at 

one time shows a wide variation, which makes it difficult to interpret the 

data. Likely sources of variability are: (1) the use of wet weight instead 

of dry weight, (2) inclusion of biologically inactive metals associated with 

sediments in the gut of the organisms, (3) difft~rences in size. Moreover, 

because of _the long biological half lives of trace metals in oyster soft 

tissues, the metal bio-concentration reflects the cumulative effect of 

conditions over the life history of the organism rather than just the 

conditions occurring at the time of collection. 

In this study, the relationships between b:Lo-concentrations and the dry 

meat weights of oysters and mussels were determined. Of interest is whether 

the relationships change_with salinity in each 1~stuarine system. The degree 

to which the above mentioned extraneous variabl1~s contribute to the metal 

bioconcentration measurements will be examined. The effect of body size on 

the metal concentration of oysters is hard to ei,aluate. using field samples 

because metal accumulation is a complex interactive process (cf. Boyden 

1974 1 1977; Norstrom~ al. 1976; Widdows 1978; Strong and Luoma 1981; 

Phelps et al. 1985; Phillips and Muttarasin 1985); however, it is believed 

that the an~lysis of the data from this study will give insights on the bio­

accumulation process because 1) oysters with wide range of weights were 

individually analyzed, 2) oysters were collected from different salinity 

regimes for each estuarine system making it pos:;ible to separate the 

salinity effects from the body weight effects, '.3) many extraneous 

variabilities were eliminated by excluding gut ·~ontents and p~a crabs and 

U$ing dry weights. and 4) seven out of nine samplings were done in a short 

time span (1 week) eliminating seasonal effects. 
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Zinc is chosen because it is the metal most accumulated by oysters and 

by mussels. its bioaccumulation process by mussels has been extensively 

studied by many authors. its radioactive isotope zinc-65 has a relatively 

long half life (34.4 weeks) and contamination of the environment by the 

radioactive material is of concern. and it is a physiologically important 

element with a long biological half life (300 to 900 days) in oyster soft 

tissues (Wolfe 1970; Seymour and Nelson 1972. 1973). The ubiquitous use of 

zinc. moreover. as "the sacrificial anode" for crab pots. monitoring 

instruments. navigational stru~tures. and boats will increase zinc 

concentrations in some areas where oysters grow and. thus. might pose some 

health hazards. 

Zinc bio-concentration in oysters and in mussels. moreover. is one of 

the most simple and easy ·procedures to monitor because of the high 

concentrations in soft tissues and because zinc measurements by atomic 

absorption spectrophotometry are not influenced by interferance of other 

metals or salts in the samples. By monitoring :dnc concentrations. one can 

detect if there is a pertubation in the environmental trace metal 

concentrations. 

MATERIALS AND METBOD;S 

All of the oysters and mussels. except tho;se from Mulberry Island in 

the James River. were collected by a dredge (Table 1). The samplings were 

done concurrently with the annual spring and fall "spat fall survey" by Mr. 

Whitcomb of VIMS. Oysters from Mulberry Island were collected by oyster 
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tongs. Sediments that were collected coincidentally with oysters were 

transferred to bottles by·a plastic spoon. Oysters were brushed under 

running sea water to remove adhering mud. Afte:r surface water was removed 

by blotting with paper towels. they were placed in vinyl freezer bags marked 

with sampling site and date and kept in a freez,ar maintained at -12 c0
• 

Oysters and mussels were taken out of the :freezer and placed in a 

refrigerator for 6 to 12 hours until the soft t:issues were partially thawed. 

Oyster shells were opened with a stainless steel oyster shucking knife. 

Mua.sel shells were opened with a stainless steel paring knife. Soft tissues 

we+e separated from the shells with a stainless steel dissecting knife. The 

shells were marked and kept for later reference13. When it was judged that 

an oyster had enough particulate materials to b1a of concern. the thinned end 

of a pipette was inserted into the anal opening of the oyster and gut 

contents were removed by flushing with deionized water. Gut contents and 

any sedimentary material (mostly faecal pellets and pseudofaeces) inside of 

the cavity of the oyster shells were collected in a vial. Oysters were 

examined to find any ·female pea crabs and. when one was found. the pea crab 

was put into a separate vial. Thin (approximat,ely 3 mm) strips of oyster 

shell were cut along the length. 

All of the oyster and mussel soft body tis13ue samples. the oyster gut 

content samples. the oyster shells (prepared st:rips or whole shell when 

small enough to go into vials). and pea crabs w,are put into pre-weighed 

plastic "liquid scintillation counter (LSC) vials" and dried at 105 c0 until 

there were no weight changes. After determining the dry weights. 2 ml of 

concentrated nitric acid (HN0
3

) were added to each vial (cf. APHA. Standard 

Metho4s, 1985). 

5 



ZINC STANDARDS: Ten milliliters of "Certified atomic absorption standard -

zinc reference solution 1000. ppm .:!:. 1%" f:I"om Fis:her Scientific Co •• which was 

zinc oxide in dilute nitric acid solution (1 ml= 1 mg Zn). and 150 ml of 

copcentrated nitric acid were put in a 1000 ml volumetric flask and 

deionized water was added to make a final volume of 1000 ml. This 10 ppm 

stock standard was diluted with deionized water to make 0.01. 0.05 1 0.1. 

0.2. 0.5. LO. 2.0. 4·.o. 5.0. and 10.0 ppm zinc. standards. 

QUALITY ASSURANCE MEASUREMENTS: All glass vials were made of borosilicate 

glass. Pipett~s were of TFE. Plastic vials and tubes were of either 

polypropylene or linear polyethylene with polye!thylene caps (cf. Robertson 

1965; Struempler 1973; Batley and Gardner. 1977). All non-metal instruments 

and containers were soaked in 2N HCl and rinsed. with deionized water. Prior 

to use. they were soaked with 2N HN0
3 

and rinse!d with distilled-deionized 

water three times. All metal instruments were rinsed with deionized water 

before and during the use; moreover. the contac.t of those instruments with 

samples was kept to a minimum. 

For standards and samples. blanks were mad.e following the same 

procedures as for the standard or the samples but without the metal or the 

sample. The measurements of the blanks were stIDtracted from those of the 

samples. All acids were Fisher "ACS" grade and had no detectable amount of 

zinc in them. There was no detectable contamination during sample 

treatments for the atomic absorption spectrophc,tometer (see Table 2) • 

SAMPLE DIGESTION: Each sample was transferred into a 150 ml "£leaker". The 

vial in which the sample was kept was rinsed wi.th 5 ml of concentrated HN03 

th;ree times and the 15 ml of the acid was added. to the £leaker. The £leaker 
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was covered with a watch glass and heated to boiling. Deionized water was 

added to the 50 ml mark and the £leaker was heated to boiling again. The 

content of the £leaker was transferred to a 100 ml volumetric cylinder. 

Fifteen milliliters of deionized water was added to the empty £leaker and 

the water was poured into the cylinder after rinsing the £leaker. This 

procedure was repeated three times. Deionized water was added to the 

cylinder to make the final volume 100 ml. The cylinder was shaken 

vigorously and t.hen an aliquot was transferred to a volumetric flask to make 

a final dilution with an estimated concentration of around 0.5 ppm zinc. 

The final diluents were put into acid-cleaned n.ew LSC vials and centrifuged. 

These samples were used for the atomic absorpti.on spectrophotometer zinc 

analyses. 

ZINC MEASUREMENTS: Samples. prepared blanks. a.nd 0.01. 0.05. 0.1. 0.2. 0.5. 

LO. 2.0. 4.0. 5.0. and 10.0 ppm zinc standards were measured by a flame 

atomic absorption (Flame A.A.) spectrophotometty (Ins.trumentation Laboratory 

aa/ ae spectrophotometer model "video 12") (wave: length 213. 9 nm; flame gases 

air-acetylene; detection limit O. 005 mg/L; sene:itivity O. 02 mg/L; optimum 

concentration range 0.05 to 2 mg/L). A standat:d blank and 0.5 ppm and 1.0 

ppm standards were measured. After 10 samples were measured. the blank and 

the standards were measured again. When there were differences in 

absorbances of the blank and standards. the ine:trument was checked until the 

values were in agreement with previous ones and the 10 samples were measured 

again. These steps were repeated until all of the samples were measured. 

The analysis of absorbance values showed that the absorbance increased 

linearly up to 0.5 ppm concentration but it beC!ame non-linear at higher 
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values (Fig. 1). The absorbance curve became too non-linear to be used as a 

concentration measurements above 2 ppm. 

CALCULATION OF ZINC CONCENTRATIONS: The absorbance values up to 0.208 (0.5 

ppm) were converted into ppm values assuming linearity. The absorbance 

-b X values of standards were fit into· a non-linear equation Y = a (1 - e ) 

using "SAS NREG" procedure (SAS Inc •• 1985). yielding 

Absorbance = 1.671473886 (1 - e-0.266595963 PPM). 

The equation 

PPM= (LOG(l.O-ABSORB/1.671473886))/(-0.266595963) 

was used to convert absorbance values from 0.208 to 0.7 (from 0.5 ppm to 

approximately 2 ppm) to concentration values. 

For each sample. the absorbance value was converted to concentration 

and then multiplied by the final volume of the sample after dilutions to 

calculate the total amount of zinc emf X ml= g-zinc) in the sample. The 

resulting body burden was divided by the dry weight of the organism to get 

the zinc bio-concentration ( _s-zinc ____ ) 
g-dryweight • 

SEDIMENT NUTRIENT ·ANALYSIS: Sediment samples w·ere mixed with deionized 

water and sieved using a stainless steel frame and cloth sieve (No. 230. 63 

micrometer opening) to remove large particles. The samples were homogenized 

and 20 ml aliquots were dried in LSC vials. Particulate nitrogen and carbon 

contents were measured with a Carlo-Erba "CN An.alyzer. 11 

ANALYSIS OF DATA: The relationships between bc,dy size (dry meat weight) and 

zinc concentration were examined by fitting the: logarithmic transformed data 

into linear equations. If we assume that the body burden (Y) of the 
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individual is related to body weight (X) as a power function (Boyden 1974; 

Widdows 1978): 

b Y = ax --------------·----------------- ( 1) 

then log Y = +og a+ blog X --------------- (2) 

Y'. the bio-concentration. or weight speci:fic concentration. is related 

to body weight as follows: 

y aXb (b-1) 
Y' = X = -X- = aX (3) 

that is. 

log Y' = log a+ (b-1) log X (4) 

The significance of each regression coefficient was tested. The 

significance of the differences among the regreission lines was also tested. 

The correlations of variables among the pea crab zinc concentration data 

were examined. All of the.· statistical analyses were performed using "SPSSX" 

packages (SPSS Inc •• 1986). 

All of the datum points in the figures (l!'igs. 2 to 9) are presented in 

the tables (Tables 3 to 19). Uniformity of preisentation will make 

comparisons within a species easier to ~ake. All figures of oyster body 

burdens and bio-concentrations have the same sea.le; another scale was used 

for mussels. 
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RESULTS AND DISaJSSIOMS 

Oyster Body Burdens and Factors Affecting Bio-Concnetrations 

The dry meat weights. zinc body burdens. and zinc bio-concentrations 

are presented in Tables 3 to 11 for oysters and Tables 17 to 19 for mussels. 

The mean values of zinc bio-concentrations of oysters show that in both the 

James and the Rappahannock· Rivers the organisms which live in higher 

salinity waters have lower soft tissue zinc concentrations than those in 

lower salinity regime and vice versa (Table 12). This result agrees with 

that found in previous similar studies. For thei same salinity. the zinc 

bioconcentrations were greatest in the James River and varied as follows: 

James>Piankatank>Rappahannock River. There werei no James River mussels; 

however. the mean values of bioconcentrations of these organisms showed the 

same salinity effect in the· Rappahannock River. For the same salinity. 

Piankatank mussels had a higher mean bio-concentration than those of 

Rappahannock River (Table 20). 

Some of the differences in mean concentrati.ons. however. are believed 

to be caused by the weight differences among samples. It has been reported 

by some investigators that there is no size Ci·!~· weight) effect on zinc 

bio-concentrations in oysters (~. Huggett 1975). but it has been shown in a 

short term_experiment that smaller oysters take up radioactive zinc-65 

faster than larger ones in an unit time (Mo and Neilson. in preparation). 

In the present study. the field data also indicate that there is a size 

effect on zinc bio-concentration. 

10 



The body burdens of zinc in oyster soft tiiSsues observed in this study 

suggest that the body burden increases throughout the life of the organism. 

The increases were not linear with the dry weight of the organism (Fig. 2. 

4. and 6) and that_ resulted in bio-concentratio:n increase with dry weight 

(Fig. 3. 5. and 7). 

The rate of increase for each group of oysters was determined by 

regression analyses assuming that eq. 2 and 4 a:pplied. Once the 

coefficients a and b were estimated for each data set. the mean behaviour 

for that group could be plotted (eq. 1 in Figs. 2. 4. 6 and eq. 3 in Figs. 

3. 5. 7). The values of a and b determined usi:ng eq. 2 and those determined 

using eq. 4 were nearly identical. 

Examination of the coefficient b may provide insights on the bio­

accumulati~n process (cf. Boyden 1977; Phelps~~ al. 1985; Strong and Luoma 

1981; Thompson 1982). Values of b (Table 13) w,ere bigger than 1 for all of 

th~ 7 site populations suggesting that a net uptake of the metal is 

occurring throughout the life of the organism (Williamson 1980; Strong and 

Luoma 1981). In short term laboratory exposure experiments of zinc-65 by 

oysters (Mo and Neilson. 1988). it was shown that there is a size dependent 

difference in uptake rate. Metal uptake per un:it biomass by smaller 

individuals of many species is more rapid than that by larger individuals 

(Strong and Luoma 1981). It is concluded that 1) the zinc bio-concentration 

of an oyster keeps increasing during its life time. 2) the rate of the 

increase is reduced as the oyster grows. 3) in a given time period. the 

increase of bio-concentration is larger than th,e dilution eff~ct of the 

tissue growth in any size oysters (Table 14). 

The rate of increase in both body burden and bio-concentration was 

lower in oysters from a higher salinity regime than in oysters from a lower 
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salinity regime in the James River (Fig. 2 and :3). This supports the 

suggestion that the uptake rates of oysters of higher salinity regime_ 

decrease more rapidly with size than those of oys-eers in lower salinity (Mo 

and Neilson. in preparation). This may contribute· to the differences in 

trace metal concentrations at different salinities (lower concentration in 

higher salinity and vice versa). The salinity effect on body burdens and 

bio-concentrations were less obvious in the Rappahannock River oysters. The 

increases of body burden and bio-concentration with body weight were 

James>Piankatank>Rappahannock and this would partly contribute to the 

James>Piankatank>Rappahannock concentration differences at the same salinity 

regimes. 

Additionally. oysters in the Rappahannock River grow faster than those 

in the James River and oysters in high salinity regime faster than those in 

lower salinity regime (Haven. personal communications). This would make all 

of the above discussed differe·nces in concentrations and body burdens more 

pronounced. 

It is suggested that. in addition to the fl:ee ion activity differences 

(higher in lower salinity). uptake rate and growth rate differences in 

different salinity regimes and different estuarine systems contribute to the 

salinity effects and to the differences in diffE~rent systems. 

Pea Crabs and Other Factors 

A pea crab. the commensal Pinnotheres ostrE~ Say. had been found in an 

oyster in the previous experiments of the authors (Mo and Neilson. 1988). 

Its dry weight (0.059 gram) would have comprised 11 % of the combined dry 

weight of the oyster and the pea crab (0.4867 gram). The radioactivity of 

the crab after the e~posure (t=4.5 days) was only 0.2050 microcurie/gram 
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dry-weight while that of the oyster was 2.5615 microcurie/gram dry-weight. 

If the crab was included as part of the oyster tissue. the radioactivity 

concentration value would drop by 10%. If the crab is a much better 

regulator of zinc. this reduction would become much more pronounced as the 

exposure time increases. In th:i.s survey. it wa1s found that the percentage 

of oysters infested with the pea crabs was highly variable from site to site 

(Table 22). Zinc concentrations of the crabs w,ere roughly an order of 

magnitude lower than those of their host oyster1s and dried weights of the 

crabs were relatively large (Table 23); thus inclusion of the pea crabs 

would introduce significant individual and site concentration variability 

(Table 25). Interestingly. the zinc concentration of an host oyster had no 

correlation with that of its pea crab and the z:inc concentration of a pea 

crab was primarily dependent on the size (dry w1eight) of the crab • 

. Gut contents and other sedimentary materials such as faeces inside of 

shell cavities showed a considerable dry weight an~ zinc concentration 

(Table 16) • Care should be taken not to includ,e these materials in the 

samples. 

The zinc concentrations in oyster shells were extremely small compared 

to those of oyster soft tissues (Table 15) suggesting that the depuration of 

zinc through its shell formation is of minor importance. 

Mussels 

Zinc body burdens of mussels from the low salinity region of the 

Rappahannock River were almost linear with the dry weights of the organisms 

(Fig. 8). !·~·· the value of bis about 1 and the metal concentration per 
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unit ·body weight is independent of body size (Fig. 9). This suggests that 

equilibration of concentrations of the metal occurs in the tissues of the 

organism (Bryan 1976; Williamson 1980; Strong and Luoma 1981). Zinc body 

burdens of mussels in high salinity Rappahannock River showed the value b 

was smaller than 1 (Fig. 8). which means (b-1) is negative (Table 21). 

indicating that bio-concentration decreases with size (Fig. 9). 
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... 

Table 1. Oyster sampling sites and dates 

The James River oyster beds: 

ID SITE CODE*l LATITUDE LONGITUDE D *2 s *3 Date *4 

J Wreck Shoal (J)"WS .15 (. SPRING) 37°03.2
1

N 76°34.6
1

W 30 15 6/15/87 

G Wreck Shoal · (J)WS.15 ( .FALL) 37°03.2
1

N 76°34.6
1
W 30 15 10/7 /87 

D Nansemond Ridge (J)NR.20(.FALL) 37°55.5'N 76°27 .2 'W 12 20 10/6/87 

E Horse Head Rock (J)HH.10( .FALL) 37°06.3
1

N 76°37.9
1
W 38 10 10/7 /87 

37°05 ' 76°36 ' C Mulberry Island (J)MI.14.(WINTER) N w 35 14 1/19/88 

The Rappahannock River oyster beds: 

ID SITE CODE*l LATITUDE LONGITUDE D *2 s *3 Date *4 

K Broad Creek (R) BC.18 (. FALL) 37°34.3
1

N 76°18.6
1
W 2 18 10/9/87 

H Parrot Rock (R) PR.15 ( .FALL) 37°36.4
1
N 76°25.2

1w 20 15 10/9/87 

F Morattico Bar (R) MB .12 (. FALL) 37°46.5
1
N 76°39.3

1

W 60 12 10/2/87 

The Piankatank River oyster bed: 

ID SITE CODE*l LATITUDE LONGITUDE D *2 s *3 Date *4 

N Ginney Point (P)GP.15 ( .FALL) 37°32.0
1
N 76°24.2

1w 14 15 10/12/87 

*1: The code represents "(river)site.salinity(.season of collection)". 

In tables and illustrations. the parts of the code in parentheses are 

omitted except where the omission may cause a confusion. 

*2: distance from the river mouth in km 

*3: approximate annual average salinity 

*4: month/day/year 
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Table 2. Zinc in digestion blanks and digestiotL standards 

ID AMOUNT CONc.*1ABS0RB. PPM*2 DILUT. CONCENTRATION*3 

(ml) (ppm) (ppm) 

BKD 10 000 0.000 0.0000 10000 0 

BKD 10 000 0.001 0.0024 10000 2 

BKD 10 000 0.000 0.0000 10000 0 

BKD 10 000 0.001 0.0024 10000 2 

BKD 10 500 0.211 0.5062 10000 506 

BKD 10 500 0.210 0.5036 10000 504 

BKD 10 500 0.210 Q.5036 10000 504 

BKD 10 500 0.219 0.5268 10000 527 

BKD 10 1000 0.448 1.1704 10000 1170 

BKD 10 1000 0.438 1.1398 10000 114-0 

*l: actual concentration 

*2: measured concentration of diluted sample 

*3: measured concentration of undiluted sample 
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Table 3. Zinc in oysters fro~ Wreck Shoal-James River 

(Spring-6/15/88) 

ID DRY WGT. ABSORB. PPM DILUT. BODY BURDE:N BIO-CO NC. 

(gram) (microgralil) (ppm) 

J07 0.8297 0.141 0.3380 10000 3380 4074 

Jl2 0.8636 0.123 0.2948 10000 2948 3414 

J22 1.0251 0.146 0.3500 10000 3500 3414 

J02 1.0731 0.175 0.4195 10000 4195 3909 

J09 1.1062 0.356 0.8984 10000 8984 8121 

J06 1.1940 0.482 1.2761 10000 12761 10687 

Jl3 1.3292 0.130 0.3116 25000 7790 5861 

Jll 1.4839 0.139 0.3332 20000 6664 4491 

J21 1.5877 0.360 0.9098 10000 9098 5730 

J23 1.5930 0.533 1.4404 10000 14404 9042 

Jl9 1. 9463· 0.279 0.6842 20000 13685 7031 

J17 2.5906 0.230 0.5550 20000 11100 4285 
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Table 4. Zinc in oysters from Wreck Shoal-Jamei; River 

(Fall-10/7 /87) 

ID DRY WGT. ABSORB. PPM DILUT. BODY BURDEN BIO-CONC. 

(gram) (microgram) (ppm) 

G02 0.1866 0.051 0.1222 6000 733 3931 

G09 0.3022 0.237 0.5736 5000 2868 9490 

G13 0.3172 0.060 0.1438 5000 719 2267 

GOB 0 .3235 0.170 0.4075 5000 2037 6298 

G03 0.4295 0.161 0.3859 6000 2316 5391 

G24 0.4445 0.093 0.2229 5000 1115 2507 

G21 0.4974 0.045 0.1079 10000 1079 2169 

G15 0.5562 0.083 0.1990 10000 1990 3577 

Gl9 0.7714 0.288 0. 7093 10000 7093 9196 

G18 1.1999 0.350 0.8813 10500 9254 7712 
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Table 5. Zinc in oysters from Mulberry Island-,James R:lver 

(Winter-1/19/88) 

ID DRY WGT. ABSORB. PPM DILUT·. BODY BURDEN BIO·-CONC. 

(gram) (microgram) (ppm) 

C16 0.0160 Q.034 0.0815 1000 81 509~~ 

C24 0.0316 0.145 0.3476 500 174 5499 

C26 0.0750 0.060 0.1438 1000 144 19113 

C22 0.1310 0.052 0 .1246 5000 623 4757 

C23 0.1470 0.276 0.6769 1000 677 4605 

C39 0.1625 0.033 0.0791 12500 989 6085 

C38 0.1868 0.036 0.0863 12500 1079 577,'+ 

C33 0.3285 0.081 0.1942 12500 2427 73813 

C35 0.3421 0.054 0.1294 12500 1618 473() 

C03 0.3688 0.090 0.2157 12500 2697 731:2 

C17 0.3812 0.133 0.3188 12500 3985 1045~'+ 

C34 0.4053 0.056 0.1342 12500 1678 414() 

C27 0.4217 0.137 0.3284 12500 4105 973''+ 

C32 0.4377 0.082 0.1966 12500 2457 56B 

C15 0.4655 0.111 0.2661 12500 3326 7145 

C12 0.5890 0 .·042 0 .1007 12500 1258 2137 

C29 0.7234 0.223 0~~371 12500 6714 928:L 

C04 0. 7407 0.199 0.4770 12500 5963 8050 

COl 0.8337 0.276 0.6769 10000 6769 8120 

C09 0.8705 0~139 0.3332 12500 4165 4784~ 

Cl3 0.9412 0.240 0.5814 12500 7268 7722 
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Table 6. Zinc in ~ysters from Nansemond Ridge-~rames River 

(Fall-10/7 /87) 

ID DRY WGT. ABSORB. PPM DILUT. BODY BURDEN BIO-·CONC. 

(gram) (microgram) (ppm) 

D33 0.0086 0.268 0.6555 50 32 3810 

D13 0.0263 0.074 0.1774 500 88 3372 

Dll 0.0890 0.095 0.2277 1000 227 2559 

D04 0 .1263 0.138 0.3308 1000 330 2619 

D35 0.2354 0.553 1.5069 500 753 3201 

D26 0.2750 0.323 0.8055 1000 805 2929 

D30 0.2779 0.241 0.5840 1000 584 2102 

D20 0.4947 0.040 0.0959 12500 1198 2423 

D16 0 .5990 0.072 0.1726 12500 2157 3602 

D27 0.6121 0.041 0.0983 12500 1228 2007 

DlO 0.7580 0.141 0.3380 12500 4224 5574. 

D22 o. 7764 0.199 0.4770 12500 5962 7680 

D29 1.0411 0.136 0.3260 12500 4074 3914, 

D25 1.0985 0.074 0.1774 12500 2217 2018 

D05 1.1254 0.157 0.3763 10000 3763 3344. 

D06 1.2807 0.128 0.3068 12500 3835 2995 
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Table 7. Zinc in oysters from Horse Head Rock-James River 

(Fall-10/7 /87) 

ID DRY WGT. ABSORB. PPM DILUT. BODY BURDEN BIO·-CONC. 

(gram) (microgram) (ppm) 

E14 0.0021 0.037 0.0887 50 4 2112 

E08 0.2234 0.056 0.1342 1Z500 1677 7511 

El9 0.2556 0.178 0·.4267 5000 2133 8346 

E23 0.2608 0.110 0.2637 5000 1318 5055 

E30 0.3490 0.145 0.3476 5000 1737 4979 

ElO 0.3881 0.107 0.2.565 12500 3206 826:L 

E22 0.4205 0.250 0.6077 5000 3038 7226 

El6 0.4241 0.102 0.2445 12500 3056 7206 

E35 0.4685 0.109 0.2613 10000 2612 5577 

E33 0.5173 0.364 0.9213 5000 4606 8905 

E03 0.5649 0.267 0.6528 12500 8160 14446 

E31 0.6267 0.266 0.6502 10000 6501 1037~+ 

E32 0.7199 0.327 0.8166 10000 8166 1134~3 

E25 o. 7251 0.295 0.7284 11000 8012 1105() 

E17 0.7367 0.354 0.8927 10000 8926 1211B 

El8 0~7601 0.312 cL7750 10000 7749 10196 

E28 0.8162 0.263 0.6422 10000 6421 7868 

E06 0.8356 0.426 1.1035 12500 13793 16508 

E04 0.8791 0.351 0.8842 12500 11052 12572 

Ei9 0.9637 0.370 0 .9385 10000 9385 9739 

E27 0.9674 0.332 0.8306 10000. 8305 8586 

E07 0.9755 0.179 0.4291 12500 5363 5498 

EOS 1.0127 0.275 0 .67 43 12500 8428 832:3 

EOl 1.2225 0.288 0.7085 20000 14169 11591 
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Table 8. Zinc in oysters from Morattico Bar-Rappahannc,ck River 

(Fall-10/2/87) 

ID DRY WGTo ABSORB. PPM DILUT. BODY BURDEN BIO-·CONC. 

(gram) (microgri3!Il) (ppm) 

F05 0.3133 0.050 0.1199 5000 599 1913, 

F09 1.0906 0.109 0.2613 10000 2612 2396 

Fl6 1.1102 0.137 0.3284 10000 3283 2958 

Fl4 1.1235 0.098 0.2349 10000 2349 2091 

FOl 1.1346 0.088 0.2109 10000 2109 1859 

Fll 1.1875 0.157 0.3763 10000 3763 3169 

F03 1.3914 0.085 0.2037 10000 2037 146'i1 

F02 1.Q947 · 0.170 0.4025 20000 8050 475(1 

F07 1.7480 o.1s2 0.3643 10000 3643 208L!f 
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Table 9. Zinc in oysters of Pai;:-rot. Rock-Rappahannock River 

(Fall-10/9/87) 

ID DRY WGT. ABSORB. PPM DILUT. BODY BURDEN BIO-CONC. 

(gr~)- (microgram) (ppm) 

Hl9 0.0250 0.042 0.1007 500 50 2014 

H22 0.0258 0.028 0.0671 500 33 1301 

H27 0.0266· 0.041 0.0983 500 49 1847 

H29 0.0329 0.049 0.1175 500 58 1785 

H21 0.0566 0.082 0.1966 500 98 1736 

H24 0.1105 0.017 0.0407 5000 203 1844 

Hl3 0.1258 0.014 0.0336 5000 °167 1334 

HOS 0.1293 0.013 0.0312 5000 155 1205 

H07 0.1877 0.032 0.0767 5000 383 2043 

Hl7 0.2443 0.045 0 .1079 5000 539 2208 

H23 0.3802 0.023 0.0551 11000 606 1595 

H26 0.3861 0.031 0 .07 43 10000 743 1925 

H03 0.3962 0.070 0.1678 5000 838 2118 

Hl4 0.4263 0.065 0.1558 10000 1558 3655 

HlO 0.8646 0.117 0.2805 10000 2804 3244 

Hl2 1.2764 0.199 0.4770 10000 4770 3737 

H09 1.5068 0.124 o. 2972 10000 2972 1976 
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Table 10. Zinc in oysters from Broad Creek-Rappahannock River 

(Fall-10/9/87) 

ID DRY WG'.f. ABSORB. PPM DILUT. BODY BUR:DEN BIO··CONC. 

(gram) (microgram) (ppm) 

K14 0.0162 0.180 0 .4315 50 ·21 • .5731 1332 

K03 0.0279 0.023 o .·os51 500 27 •. 5656 988 

KOS 0.0884 0.007 0.0168 5000 83 .,B954 949 

K15 0.1052 0.010 0.0240 5000 119.8506 1139 

K02 0.1439 0.023 0.0551 5000 275.6563 1916 

K17 0.1736 0.024 0.0575 5000 287.6414 1657 

K24 0.1750 0.011 0.0264 5000 131 • .8356 753 

K25 0.1822 0.025 0.0599 5QOO 299.6265 1644 

K22 0.1887 0.017 0.0407 5000 203.7460 1080 

K23 0.2075 0.023 0.0551 5000 275.6563 1328 

K04 0.2695 0.021 0.0503 10000 503 .:3725 1868 

K12 0.3042 0.015 0.0360 10000 359 • .5518 1182 

K07 0.3903 0.036 0.0863 10000 862.9242 2211 

Kll o'. 4372 0.039 0.0935 10000 934. 8346 2138 

KOl 0.5479 0.030 0.0719 10000 719.1036 1312 

K19 0.6488 0.022 0.0527 10000 527 •. 3425 813 

KlO 0.6496 0.033 0.0791 10000 791.0139 1218 

K06 0.9328 0.121 0.2900 10000 2900 •. 3843 3109 

K20 1. 7274 0.263 0.6422 10000 6421.6700 4123 
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Table 11. Zinc in oysters from Ginney Point-Pi.ankatank River 

(Fall-10/12/87) 

ID DRY WGT. ABSORB. PPM DILUTo BODY BURDEN BIO··CONC. 

(gram) (microgram) (ppm) 

Nl8 0.0624 0.064 0.1534 1000 153 2458 

Nl9 0.0844 0.073 0.1750 1000 174 207~1 

NOS 0.0938 0.077 0.1846 1000 184 1968 

N12 0.1229 0.008 0.0192 10000 191 1560 

N13 0.1841 0.026 0.0623 5000 311 1693 

N09 0 .1854 0.031 0.0743 5000 371 20Qli, 

N14 0.2079 0.016 ·Q.0384 5000 191 92:~ 

N03 0.2110 0.021 0.0503 5000 251 119~1 

Nl7 0.2414 0.036 0.0863 10000 862 3575 

N07 0.2651 0.020 0.0479 5000 239 9Qli, 

N25 0.2876 0.039 0.0935 10000 934 325() 

NOS 0.3403 0.137 0.3284 5000 1641 4825 

N02 0.4974 0.063- 0.1510 10000 1510 3036 

N04 0.5032 0.027 0.0647 10000 647 1286 

N23 0.5068 0.035 0.0839 10000 838 1655 

NOl 0.6312 0.047 0.1127 10000 1126 1785 

N29 0.6395 0.063 · 0.1510 10000 1510 2361 

NlO 0.6486 0.125 0.2996 10000 2996 4620 

Nll 1.0172 0.136 0.3260 10000 3259 3205 
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Table 12. Summary statistics of oyster data 

The James River 

SAMPLE ID: J JAMES.WS.15.SPRING n: 12 

Variable Mean Std.Dev. Min:lmum Maximum 

Dry weight (g) 1.275 .331 .B297 1.9463 

Body burden ,1i g) 7530 4312 2946 14404 

Bio-Cone. (ppm) 5673 2568 =~333 10660 

SAMPLE ID: G JAMES.WS.15.FALL n: 20 

Variable Mean Std.Dev •. Minimum Maximum 

Dry weight (g) 0.503 .286 .Jl866 1.1999 

Body burden ~g) 2920 2825 719 9253 

Bio-Cone. (ppm) 5254 2737 :!169 9490 

SAMPLE ID: C JAMES.MI.14.WINTER n: 18 

Variable Mean Std.Dev. Minimum Maximum 

Dry weight (g) 0.411 0.307 0.0160 0.9412 

Body burden )t{ g) 2690 2471 81 7267 

Bio-Cone. (ppm) 5889 1979 1918 9281 

SAMPLE ID: E JAMES.HH.10.FALL n: 21 

Variable Mean Std .Dev. Minimum Maximum 

Dry weight (g) 0.641 0.288 0.2234 1. 2225 

Body burden ~g) 6077 3556 1318 14169 

Bio-Cone. (ppm) 8995 2629 1+979 14446 

25 



Table 12 (continued) • Summary statistics of oya::ter data 

SAMPLE ID: D JAMES.NR.20.FALL n: 16 

Variable Mean Std.Dev. Min:imum Maximum 

Dry weight (g) 0.588 0.414 0.0263 1.2807 

Body burden ~g) 2096 1835 88 5962 

Bio-Cone. (ppm) 3355 1501 2007 7680 

The Rappahannock Ri,i7er 

SAMPLE ID: F RAPP.M0.12.FALL n: 9 

Variable Mean Std.Dev. Min:imum Maximum 

Dry weight (g) 1.199 .418 .:3133 1.7480 

Body burden 5«1s> 3160 2073 599 8050 

Bio-Cone. (ppm) 2520 993 1464 4750 

SAMPLE ID: H RAPP.PA.15.FALL n: 17 

Variable Mean Std.Dev. Min:imum Maximum 

Dry weight (g) 0.386 .450 .0258 1.5068 

Body burden >'\g) 998 1368 34 4770 

Bio-Cone. (ppm) 2097 779 1205 3737 

SAMPLE ID: K RAPP.BC.18.FALL n: 17 

Variable Mean Std.Dev. Minimum Maximum 

Dry weight (g) 0.322 .247 .0279 .9328 

Body burden ·Ytg) 547 668 28 2900 

Bio-Cone. (ppm) 1489 612 753 3109 
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Table 12 (continued). Summary statistics of oyster data 

The Piankatank Rive.r 

SAMPLE ID: N PIANK.GP.15.FALL n: 19 

Variable Mean Std.Dev. :f-finimum Maximum 

Dry weight (g) 0.351 .255 .0624 1.0172 

Body burden ~) 927 918 153 3260 

Bio-Cone. (ppm 2426 1094 904 4825 
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Table 13. Results of regression analyses of oyE:ter zinc body burden on body 

weight. Dependent variable is log10 (Body Burden) and independent 

variable is log10 (Dry Meat Weight). 'a' is a constant and 'b' is 

the coefficient of the independent VELriable Ci-~·. Y = a + bX). 

The James River 

SAMPLE ID: J JAMES.WS.15.SPRING 

Multiple R • 74225 -------- Analys:i.s of Variance-------

R Square .55094 DF Sum of Squares Mean Square 

Adjusted R Square .50603 Regression 1 .43060 .43060 

Standard Error .18734 Residual 10 .35098 .03510 

F = 12.26861 Signif F = .0057 

-------- Variables in the Equation -------
Variable B SE B Beta T Sig T 

b 1. 770731 .505539 .742252 3.503 .0057 

a 3.641869 .071415 50.996 .0000 

SAMPLE ID: G JAMES.WS.15.FALL 

Multiple R • 77998 -------- Analysis: of Variance-------

R Square .60837 DF Sum of Squares Mean Square 

Adjusted R Square .58662 Regression 1 1.57799 1.57799 

Standard Error .23756 Residual 18 1.01579 .05643 

F = 27 .96214- Signif F = .0000 

-------- Variables in the Equation -------
Variable B SE B Beta T Sig T 

b 1.301167 .246064 • 779983 5.288 .0000 

a 3.766645 .102202 36.855 .0000 
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Table 13 (continued). 

SAMPLE ID: C JAMES.MI.14.WINTER 

Multiple R .95666 -------- Analysi.s 

R Square • 91521 DF 

Adjusted R Square .90991 Regression 1 

Standard Error .17811 Residual 16 

F = 172.69507 

-------- Variables in the Equation -------

Variable 

b 

a 

SAMPLE ID: E 

B 

1.123115 

3.810384 

SE B 

.085464 

.064792 

JAMES.HH.10.FALL 

Beta 

.956665 

of Variance-------

Sum of Squares Mean Square 

5.47862 _5 .47862 

.50759 .03172 

Signif F = .0000 

T Sig T 

13 .141 .0000 

58.809 .0000 

Multiple R .92455 -------- Analysis of Variance-------

R Square .85479 DF Sum of Squares Mean Square 

Adjusted R Square .84715 Regression 1 1.59148 1.59148 

Standard Error .11929 Residual 19 .27036 .01423 

F = 111.84492 Signif F = .0000 

-------- Variables in the Equation -------
Variable B 

b 1.304121 

a 4.008342 

SAMPLE ID: D JAMES.NR.20 

Multiple R 

R Square 

A~justed R Square 

Standard Error 

.95519 

.91239 

.90565 

.16383 

SE B Beta T Sig T 

.123313 .924548 10.576 .0000 

.039455 101.594 .0000 

-------- Analysi1; of Variance -------

Regression 

Residual 

F = 135 .37719 

Sum of Squares Mean Square 

3.63351 

.34892 

3.63351 

.02684 

Signif F = .0000 

-~------ Variables in the Equation -------
Variable B 

b 1.059964 

a 3 .518876 

SE B 

.091100 

.055946 
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Beta 

.955189 

T 

11.635 

62 .897 

Sig T 

.0000 
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Table 13 (continued). 

The Rappahannock Riv•er 

SAMPLE ID: F RAPP.M0.12 

Multiple R 

R Square 

Adjusted R Square 

Standard Error 

.87 486 

• 76538 

.73186 

.15600 

-------- Analys:i.s of Variance-------

DF Sum of Squares Mean Square 

Regression 1 

Residual 7 

F = 22.8355,5 

.55570 

.17034 

.55570 

.02433 

Signif F = .0020 

-------- Variables in the Equation -------

Variable 

b 

a 

B 

1.201399 

3 .367623 

SE B 

.251409 

.053039 

SAMPLE ID: H RAPP.PA.15.FALL 

Beta 

.874860 

T Sig T 

4. 779 .0020 

63.494 .0000 

Multiple R • 98490 -------- Analysis. of Variance -------

R Square 

Adjusted R Square 

Standard Error 

.97003 

.96789 

.11934 

DF Sum of Squares Mean Square 

Regression 1 6.45349 6.45349 

Residual 14 .19938 .01424 

F = 453 .14071 Signif F = .0000 

-------- Variables in the Equation -------. 
Variable B SE B Beta T Sig T 

b 1.159550 .054472 .984901 21.287 .0000 

a 3 .410332 .048851 69.810 .0000 
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Table 13 (continued). 

SAMPLE ID: K RAPP.BC.18.FALL 

Multiple R 

R Square 

Adjusted R Square 

Standard Error 

.94513 

.8.9328 

.88616 

.15858 

-------- Analysis of Variance-------

DF Sum of Squares 

Regression 

Residual 

1 

15 

F = 125 .553~19 

3.15741 

.37722 

Signif F 

Mean Square 

3.15741 

.02515 

= .0000 

-------- Variables in the Equation -------
Variable B SE B Beta T Sig T 

b 1.176272 .104977 .945134 11.205 .0000 

a 3.251504 .075988 42.789 .0000 

The Piank.atank RivE!r 

SAMPLE ID: N PIANK.GP.15 

Multiple R .89516 -------- Analysie1 of Variance -------

R Square ·• 80131 DF Sum of Squares Mean Square 

Adjusted R Square .78962 Regression 1 2.64119 2.64119 

Standard Error .19627 Residual 17 .65490 .03852 

F = 68.5608;1 Signif F = .0000 

-------- Variables in the Equation -------

Vaz:-iable 

b 

a 

B 

1.123040 

3 .414074 

SE B 

.135630 

.089529 

31 

Beta 

.895160 

T Sig T 

8.280 .0000 

38.134 .0000 



Table 14. Results of regression analyses of oyi~ter zinc bio-concentration on 

body weight. Dependent variable is :Log10 (Bio-Concentration) and 

independent variable bis log
10

(Dry Meat Weight). 'a' is a constant 

and 'b' is the coefficient of the independent variable(!•.!•• Y = a 

+ bX). 

The James River 

SAMPLE ID: J JAMES.WS.15.SPRING 

Multiple R 

R Square 

.43423 -------- Analysis of Variance-------

.18856 DF Sum of Squares Mean Square 

Adjusted R Square 

Standard Error 

.10742 Regression 1 .08156 .08156 

.18734 Residual 10 

F = 2.32376 

-------- Variables in the Equation -------

Variable 

b 

a 

B· 

.770632 

3.641874 

SE B 

.505535 

.071414 

Beta 

.434234 

SAMPLE ID: G JAMES.WS.15.FALL 

Multiple R • 27717 -------- AnalysiH 

.35097 .03510 

Signif F = .1584 

T 

1.524 

50.996 

Sig T 

.1584 

.0000 

of Variance-------

R Square .07682 DF Sum of Squares Mean Square 

Adjusted 

Standard 

--------
Variable 

b 

a 

R Square .02554 Regression 1 

Error .23756 Residual 18 

F = 1. 497813 

Variables· in the Equation -------
B 

.301156 

3.766641 

SE B 

.246067 

.102203 

32 

Beta 

• 277169 

.08453 

1.01582 

Signif F 

T 

1.224 

36.854 

Sig T 

.2368 

.0000 

.08453 

.05643 

= .2368 



Table 14 (continued). 

SAMPLE ID: C JAMES.MI.15.FALL 

Multiple R .33893 -------- Analysis of Variance-------

R Square .11488 DF Sum of Squares Mean Square 
Adjusted R Square .05956 Regression 1 .06586 .06586 
Standard Error .17808 Residual 16 .50743 .03171 

F = 2.07658 Signif F = .1689 

-------- Variables in the Equation -------
Variable B SE B Beta T Sig T 

b .123137 .085451 .338935 1.441 .1689 

a 3.810400 .064782 58.819 .0000 

SAMPLE ID: E JAMES.HH.10 

Multiple R .49246 -------- Analysis of Variance-------

R Square .24252 DF Sum of Squares Mean 

Adjusted R Square • 20265 Regression 1 .08656 

Standard Error .11929 Residual 19 .27037 

F = 6.08316 Signif F = 

-------- Variables in the Equation -------
Variable B SE B Beta T Sig T 

b .304147 .123316 .492463 2.466 .0233 

a 4.008350 .039455 101.592 .0000 

SAMPLE ID: D JAMES.NR.20 

Multiple R .17958 -------- Analysis of Variance-------

R Square .03225 

Adjusted R Square -.04219 

Standard Error .16383 

Regression 

Residual 

. DF 

1 

13 

Sum of Squares Mean 

.01163 

.34893 

Square 

.08656 

.01423 

.0233 

Square 

.01163 

.02684 

F = • 43320 Signif F = .5219 

-------- Variables in the Equation -------

Variable 

b 

a 

B 

.059962 

3.518894 
l't 

SE B 

.091102 

.055947 

33 

Beta 

.179579 

T Sig T 

.658 .5219 

62.896 .0000 



Table 14 (continued). 

The Rappahannock River 

SAMPLE ID: F RAPP.M0.12 

Multiple R .28953 -------- Analysis of Variance-------

R Square .08382 DF Sum of Squares Mean Square 

Adjusted R Square -.04706 Regression 1 

Standard Error .15602 Residual 7 

F = .64046 

-------- Variables in the Equation -------

Variable 

b 

a 

B 

.201232 

3.367622 

SAMPLE ID: H RAPP.PA.15 

SE B 

.251449 

.053047 

Beta 

.289525 

.01559 

.17040 

Signif F = 

T 

.800 

63.484 

Sig T 

.4498 

.0000 

.01559 

.02434 

.4498 

Multiple R .61704 -------- Analysis of Variance-------

R Square .38073 DF Sum of Squares Mean Square 

Adjusted R Square .33650 Regression 1 .12242 .12242 

Standard Error .11926 Residual 14 .19912 .01422 

F = 8 .607 41 Signif F = .0109 

-------- Variables in the Equation -------
Variable B SE B Beta T Sig T 

b .159708 .054436 .617037 2.934 .0109 

a 3.410509 .048820 69.859 .0000 
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Table 14. (continued). 

SAMPLE ID: K RAPP.BC.18 

Multiple R .3978·4 -------- Analysis of Variance -------

R Square 

Adjusted R Square 

Standard Error 

.15827 

.10216 

.15858 

DF Sum of Squares Mean Square 

.07093 

.02515 

-------- Variables in the 

Variable B 

b .176305 

a 3.251504 

SAMPLE ID: N PIANK.GP.15 

Regression 

Residual 

1 

15 

F = · 2.82054 

Equation -------
SE B Beta 

.104978 .397837 

.075989 

The Piankatank River 

T 

.07093 

.37723 

Signif F 

Sig T 

1.679 .1138 

42.789 .0000 

= .1138 

Multiple R .21487 -------- Analysis c>f Variance-------

R Square .04617 DF 

Adjusted R Square -.00994 Re_gression 1 

Standard Error .19629 Residual 17 

F = .82283 

-------- Variables in the Equation --------

Vadable 

b 

a 

B 

.123040 

3.414067 

SE B 

.135642 

.08~536 

35 

Beta 

.214865 

Sum of Squares 

.03170 

.65500 

Signif F 

T Sig T 

.907 .3770 

38 .130 .0000 

Mean Square 

.03170 

.03853 

= .3770 



Table 15. Zinc in oyster shells 

SOFT TISSUE SHELL * RATIO 

ID DryWgt.Conc. Total Zn Dry Wgt.Conc. Tot.al Zn Cone. Total 

(gram) (ppm) (microgram) (gram) (ppm) (microgram) 

C24 0.0316 5499 173. 7834 0.4748 57 27 •. 2451 0.0104 0.1568 

Dl3 0.0263 3372 88.6894 

D33 0.0086 3810 32. 7753 0.6009 13 7 .,4787 0.0034 0.2281 

Hl8 0.0898 934 83 .8954 10 0.0107 

Kl4 0.0162 1332 21.5731 7 0.0053 

*: Concentration (or total zinc) in oyster soft tissue devided by 

concentration (or total zinc) in oyster shell. 

-: Missing values 
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Table 16. *l Contribution of gut contents to mea.surements of dry weights 

and zinc concentrations 

HOST OYSTER*2 
GUT CONTENTS CONTRIBUTION 

ID DRY WGT BIO-CONC DRY WGT. CONC. DRY WGT. BIO-CONCENTRATION 

(gram) (ppm) (gram) (ppm) (% of total) (ppmP (% change) 

C17 0.3812 10454 0.0345 1872 8.30 9742 -6.8 

DlO o. 7580 5574 0.0603 4561 7.37 5499 -1.3 

D35 0.2354 3201 0.0285 2441 1-0.80 3119 -2.6 

F07 1.7480 2084 0.0584 2640 3.23 2102 0.86 

HOB 0.1293 1205 0.0217 2189 14.37 1346 11.7 

J12 0.8636 3414 0. 0279 1262 3.13 3347 -2.0 

K17 0.1736 1657 0 .0127 3030 6.82 1750 5.6 

NlO 0.6486 4620 0.0743 1857 10.28 4336 -6.1 

*l: "gut contents" include all of the sedimenteous materials inside of the 

shell cavity of an oyster such as gut contents, faeces and psuedofaeces 

*2: all measurements of oyster tissue are without gut contents 

*3: concentration of zinc including dry weights and zinc of both oyster tissue 

and gut contents 

37 



Table 17. Zinc in mussels from Morattico Bar-RELppahannock River 

(Fall-10/2/87) 

ID DRY WGT. ABSORB. PPM DILUT. BODY BURIIEN BIO-CONC. 

(gram) (microgrEun) (ppm) 

F37 0.0257 0.010 0.0240 100 2.40 93 

F27 0.0260 0.006 0.0144 100 1.44 55 

F12 0.0314 0.009 0.0216 100 2.16 69 

F23 0.0350 0.018 0 .0431 100 4.31 123 

F29 0.0451 0.010 0.0240 100 2.40 53 

F30 0.0477 0.015 0.0360 100 3.60 75 

F36 0.0491 0.016 0.0384 100 3.84 78 

F20 0.0502 0.014 0.0336 100 3.35 67 

F26 0.0539 0.017 0.0407 100 4.07 76 

F28 0.0558 0.017 0.0407 100 4.07 73 

F22 0.0695 0.018 0.0431 100 4.31 62 

F18 0.0912 0.032 0.0767 100 7.67 84 

F21 0.0952 0.023 0.0551 100 5.51 58 

Fl3 0.1793 0.119 0. 2852 100 28.52 159 
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Table 18. Zinc in mussels from Parrot Rock-Rappahannock River 

(Fall-10/9/87) 

ID DRY WGT. ABSORB. PPM DILUT. BODY BURDEN BIO-CONC. 

(gram) (microgram) (ppm) 

H39 0.0038 0.001 0.0024 100 0.24 63 

H34 0.0138 0.005 0.0120 100 1.20 87 

Hll 0.0141 0.004 0.0096 100 0.96 68 

HOl 0.0340 0.009 0.0216 100 2.16 63 

H20 0.0363 0.013 0.0312 100 3.12 86 

H26 0.0496 0.011 0.0264 100 2.64 53 

Hl4 0.0524 0.014 0.0336 100 3.36 64 

H37 0.0536 0.011 0.0264 100 2.64 49 

H07 0.0691 0.016 0.0384 100 3.84 56 

Hl7 0.0818 0.019 0.0455 100 4.55 56 

H38 0.1058 0.023 0.0551 100 5.51 52 

H38 0.1128 0.023 0·.0551 100 5.51 49 

H24 0 .1157 0.028 0.0671 100 6.71 58 

Hl6 0.1165 0.030 · 0.0719 100 7.19 62 

H28 o. 2854 0.059 · 0.1414 100 14.14 50 
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Table 19. Zinc in mussels from Ginney Point-Piankatank River 

(Fall-10/12/87) 

ID DRY WGT. ABSORB. PPM DILUT. BODY BURI>EN BIO-CONC. 

(gram) (microgram) ( ppm) 

N39 0.0566 0.015 0.0360 100 3.60 64 

N34 0.0832 0.021 0.0503 100 5.03 61 

N36 0.0961 0.027 0.0647 100 6.47 67 
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Table 20. Summary statistics of mussel data 

SAMPLE CODE NUMBER DRY WGT. BODY BURDEN BIO-CONC. CORR.COEF~l 

(samples) (gram).:t_std.dev. y1tg).:t_std.dev.(ppm)~s.d. 

all 29 0.0696 +0.0512 4.27 +2.59 65 +12 

Rapp.M0.12 12 0.0534 +0.0225 3. 74 +6.17 70 +12 0.920xx 

Rapp.PA.15 14 0.0815 +0.0689 4.54 +3.36 60 +12 0.990xx 

Piank.GP.15 3 0.0786 +0.0201 5 .03 +l.04 64 + 3 0.981 

*l: correlation between mussel dry weights and :dnc concentrations. 

xx denotes that the numbers are significant at 1% level. 
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Table 21. Regression of mussel zinc body burden on body weight. Dependent 

variable is log10 (Body Burden) and indenpendent variable is 

log10 (Dry Meat Weight) • 'a I is a con1stant and 'b' is the 

coefficient of the independent variable(!.•!.•• Y =a+ bX). 

CODE VARIABLE ESTIMATE STD.ERROR t VALUE*l 

Rapp.M0.12 b 0. 975876 0.127143 7.675xx 

a 1.809501 0.167811 10.783xx 

Rapp.PA.15 b 0.840141 0.045367 18.519xx 

a 1.582066 0.057509 27.510xx 

*l: xx denotes t value being significant at 1% level. 
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Table 22. Presence of pea crabs in oysters 

SAMPLING SITE CODE . OYSTER'lrl PEA CRAB*2 

The James River 

Nansemond Ridge NR.20 16 9 

Wreck Shoal-Fall WR.15 .FALL 10 5 

Wreck Shoal-Spring WR.15.SPRING 14 3 

Horse Head Rock HH.10 27 0 

Mulberry Island MI.14.WINTER 27 1 

The RaEEahannock River 

Broad Creek BC.18 19 2 

Parrot Rock PR.15 19 0 

Morattico Bar MB.12 10 0 

The Piank.atank River 

Ginney Point GP.14 26 0 

*l: Number of oysters examined. 

*2: Number of oysters with female pea crabs inside of shell. 
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Table 23. -Zinc in Pea Crab's 

m*l CODE DRY WGT.ABSORB. PPM DILUT. BODY BURDEN BIO-CONC. 

(gram) .Yf> (ppm) 

DOS JAMES.NR.12 0.0536 0.105 0.2517 100 25.17 470 

D06 JAMES.NR.12 0.1252 0.207 0.4962 100 49.62 396 

DlO JAMES.NR.12 0.1418 0.299 0.7393 100 73.93 521 

D15 JAMES.NR.12 0.1444 0.115 0.2757 100 27 .57 191 

Dl6 JAMES.NR.12 0.1397 0.202 b.4842 100 48.42 347 

D20 JAMES.NR.12 0.1016 0.102 0.2445 100 24.45 241 

D27 JAMES.NR.12 0.0248 0.063 0.1510 100 15.10 609 

D29 JAMES.NR.12 0.0775 0.218 0.5242 100 52.42 676 

G02 J.WS.15.FALL 0.0398 0.044 0.1055 100 10.55 265 

GOB J.WS.15.FALL 0.0311 0.105 0.2517 110 27 .69 890 

G15 J.WS.15.FALL 0.0130 0.094 0.2253 100 22.53 1733 

G19 J.WS.15.FALL 0.0433 0.160 0.3835 100 38.35 886 

J06 J.WS.15.SPRING0.0855 0.063 0.1510 100 15.10 177 

J09 J.WS.15.SPRING0.0963 0.101 0.2421 100 24.21 251 

J19 J.WS.15.SPRING0.1463 0.139 0.3332 100 33.32 228 

K06 RAPP.BC.18 0.0299 0.045 0 .1079 100 10.79 361 

KlO RAPP .BC.18 0.0461 0.030 0.0719 100 7.19 156 

*1: identification number of host oyster 
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Table 24. Contribution of pea crabs to measurements of dry weights and zinc 

concentrations 

HOST OYSTER PEA CRAB CONTRIBUTION 

ID DRY WGT.BIO-CONC. DRY WGT.BIO-CONC. WGT~l BIO-CONCENTRATION 

(gram) (ppm) (gram) (ppm) (% of total) *2 (ppm) (% change) 

DOS 1.1254 3344 0.0536 470 4.55 3213 -3.9 

D06 1. 2807 2995 0.1252 396 8.91 2763 -7.7 

DlO 0.7580 5574 0.1418 521 15.76 4777 -14.3 

D16 0.5990 3602 0.1397 347 18.91 2986 -17.1 

D20 0.4947 2423 0.1016 241 17 .04 2051 -15.4 

D27 0.6121 2007 0,.0248 609 3.89 1953 -2.7 

D29 1.0411 3914 0.0775 676 6.93 3690 -5.7 

G02 0.1866 3931 0.0398 265 17 .58 3286 -16.4 

GOB 0 .3235 6298 0.0311 890 8.77 5824 -7 .5 

G15 0.5562 3577 0.0130 1733 2.28 3535 -1.2 

Gl9 o. 7714 9196 0.0433 886 5.31 8754 -4.8 

J06 1.1940 10687 0.0855 177 6.68 9985 -6.6 

J09 1.1062 8121 0.0963 251 8.01 7491 -7 .8 

J19 1.9463 7031 0.1463 228 6.99 6556 -6.8 

K06 0.9328 3109 0.0299 361 3.11 3024 -2.7 

KlO 0.6496 1218 . 0.0461 156 6.63 1147 -5.8 

*l: (dry weight of pea crab)/(dry weight of pea crab and oyster) 

*2: (body burden of pea crab and oyster)/ (dry we:ight of pea crab and oyster) 
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Table 25. Zinc and organic contents in bottom sediments 

Sampling site Zinc Cone. Organic Carbon O:rganic Nitrogen 

(ppm-dry wgt.) 

The James River: 

Nansemond Ridge 

Wreck Shoal-Fall 

Wreck Shoal-Spring 

296 

404 

Horse Head Rock 237 

Mulberry Island 226 

The Rappahannock River: 

Broad Creek 

Parrott Rock 

Morattico Bar 

The Piankatank River: 

Ginney Point 

140 

85 

63 

46 

7.79 

5.65 

6.96 

6.38 

3.59 

1.32 

0.74 

1.12 

0.97 

0.45 
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Figure 1. Ahsorbance values of blanks and standards in zinc measurements by atomic absorption spectrophotometer. 
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