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Environmental 
Effects of Dredging 

Technical Notes 

PROCEDURES FOR EXAMINING THE RELATIONSHIP BETWEEN SEDIMENT 
GEOCHEMISTRY AND BIOLOGICAL IMPACTS OF CONTAMINANTS 

PURPOSE: This note describes the development of procedures for examining the 
relationship between sediment geochemistry and biological impacts of contami- 
nants. These relationships are illustrated by implementation of procedures in 
a laboratory experiment to assess the influence of polychlorinated biphenyls 
(PCB) contaminated sediment on bioaccumulation in estuarine clams. 

BACKGROUND: The US Environmental Protection Agency is authorized to develop and 
implement sediment quality criteria (SQC) under Section 304(a) of the Clean Water 
Act. SQC, when promulgated, may profoundly affect US Army Corps of Engineers 
(USACE) dredging and disposal operations. Aquatic disposal of dredged material 
and selection of aquatic disposal sites may be based on SQC. Most SQC approaches 
currently under development involve a determination of the relationship between 
contaminant concentrations in sediment and biological effects on organisms 
exposed to the sediment. The USACE is presently investigating the link between 
contaminant levels in sediment, sediment geochemistry, and contaminant levels 
and effects in aquatic organisms. Knowledge of these interactions will provide 
the USACE with a means of evaluating the adequacy of proposed SQC approaches for 
estimating the potential impacts of dredged material disposal. 

ADDITIONAL INFORMATION OR QUESTIONS: Contact the authors, Dr. James M. Brannon, 
(601) 634-3725; Mr. Victor McFarland, (601) 634-3721; Dr. Judith C. Pennington, 
(601) 634-2802; Ms. Cynthia B. Price, (601) 634-2399; or Mr. Francis J. 
Reilley, Jr., (601) 634-4148; or the manager of the Environmental Effects of 
Dredging Programs, Dr. Robert M. Engler, (601) 634-3624. 

Introduction 19950328 003 
The relationship between sediment-bound contaminants and biological uptake 

of these contaminants is complex because of the many physical, chemical, and 

biological factors that can affect the relationship (McElroy and Means 1988). 

Operational and procedural problems encountered in determining how a sediment- 

associated contaminant affects aquatic organisms cause additional complications. 

If sediment quality criteria (SQC) are to be used to regulate dredged material 

disposal, prediction of biological responses based on changes in sediment 
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geochemistry, i.e., sediment physical and chemical properties, and sediment 

contaminant levels must be possible. 

Radioactive tracers can be used to evaluate the effects of changing con- 

centrations of sediment contaminants on aquatic organisms if the assumption can 

be made that the contaminant does not degrade during the study. Spiking a sedi- 

ment with contaminants has generally been accomplished by the addition of organic 

solvent carriers containing the contaminant to the soil or sediment (Adams, 

Kimerle, and Mosher 1985; Word et al. 1987). Sediments in the aquatic environ- 

ment are not usually exposed to contaminants dissolved in organic solvents, but 

to contaminants dissolved in water. However, most organic contaminants of 

interest exhibit such limited aqueous solubilities that spiking with aqueous 

solutions is impractical. Therefore, methods that closely simulate aqueous 

introduction of contaminants are desirable. 

The laboratory experiments described in this note were designed to compare 

sediment amendment procedures; to determine the time necessary for added poly- 

chlorinated biphenyls (PCBs) to reach steady-state conditions with sediment 

interstitial water; to evaluate the utility of a small, simple bioassay appa- 

ratus; and to investigate the effect of different sediment PCB concentrations 

on PCB bioaccumulation by deposit-feeding clams. 

Materials and Methods 

Sediment amendment 
and kinetics studies 

Sediment from Oakland Inner Harbor, Oakland, CA, was amended with either 

0.1 or 1.0 /xg PCB-52 ([14C]2,2' ,5,5'tetrachlorobiphenyl)/g dry weight. The 

PCB-52 in a methanol carrier was either added directly to the sediment or 

indirectly by evenly coating the walls of 25-ml centrifuge tubes and allowing 

the methanol to evaporate to dryness prior to addition of water-sediment mix- 

tures. Tubes were sampled at 1, 3, 7, 14, 30, and 45 days by centrifuging to 

remove particulates larger than 0.01 /xm from solution, then counting one ml of 

solution using liquid scintillation (LS). Ten millilitres of the solution was 

passed through a C-18 Sep-Pak cartridge (Waters Associates, Milford, MA) to 

separate the dissolved PCB-52 from both PCB-52 associated with suspended micro- 

particulates (smaller than 0.01 /zm) and PCB-52 associated with dissolved organic 

macromolecules, such as humic acids (Landrum et al. 1984). One millilitre of 
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the solution or suspension that had passed through the Sep-Pak was counted by 

LS. 

The experiment was repeated with higher sediment loading (20 /jg PCB-52/g 

dry weight sediment). A water-sediment ratio of 2:1 and sampling times of 2 hr, 

6 hr, 24 hr, 3 days, and 7 days were used. The PCB-52 remaining on the glass 

container walls was also determined. 

Clam bioaccumulation study 

A sediment bioassay apparatus similar to that used by McElroy and Means 

(1988) was selected for initial bioaccumulation studies because of its small size 

and simplicity. Details of the apparatus are shown in Figure 1. Each bioassay 

apparatus was maintained in a water bath at 17.5° C, the temperature at which 

the clams were collected. Foam plugs (McElroy and Means 1988) were used to trap 

PCB-52 volatilized or stripped from the water by aeration. Oakland Inner Harbor 

sediment was amended indirectly with either 1 or 10 /ig PCB-52/g dry sediment. 

Five clams {Macoma nasuta) were introduced to each bioassay apparatus. Overlying 

water, interstitial water, foam plugs, and clams were sampled, processed, and 

counted by LS at each sampling period. Clam lipids and organism dry weight were 

also determined. 

Data analysis 

All statistical analyses were conducted using methods developed by the 

Statistical Analysis Systems Institute (Barr et al. 1976). 

Results and Discussion 

Sediment amendment 

Results of the sediment amendment and kinetics studies showed that desorp- 

tion of PCB-52 from the container walls was rapid and virtually complete and that 

solution steady-state PCB-52 concentrations were reached within 24 hr after 

shaking was initiated. Therefore, the indirect spiking method was selected in 

order to avoid addition of solvent or carrier to the sediment and to simulate 

introduction of PCB to the sediment via water. 

Bioassay 

PCB-52 concentrations in interstitial water between sampling times did not 

substantially change in either the 1 fig PCB/g or 10 /jg PCB/g treatments during 

the bioassay (Figure 2). Losses of PCB-52 from the system through volatilization 

increased as the experiment progressed, accounting for 0.54 and 1.44 percent of 
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Figure 1. Testing apparatus, showing syringe 
body containing foam plug for collection of 

volatile PCB-52 
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10 PPM  C14PCB 

Time, days 

1.0 PPM C14PCB 

Time, days 

Figure 2.    Concentrations  (mg/£) of C14 PCB-52 in sediment 
interstitial water (total  and complexed) and mass (/xg) of 

PCB-52 lost through volatilization 



the total mass of PCB-52 in the 1 and 10 pq PCB/g treatments, respectively. 

Volatilization losses would affect bioassays with water column organisms if the 

organic contaminant is stripped from the water faster than it can be replenished 

from the sediment. This experiment used a deposit-feeding clam that is less 

affected by water column volatilization losses. 

Tissue concentrations (iig/g wet weight) of PCB-52 increased steadily as 

exposure time increased in both the 1 /xg PCB/g and 10 /zg PCB/g treatments (Fig- 

ure 3). Fewer than four replicates are shown at some sampling times because of 

sample loss through death of organisms, possibly because of disease. 

An apparent preference factor (APF), a measure of the preference of neutral 

organic contaminants for organism lipids as opposed to sediment organic carbon, 

for each time point was calculated using the equation 

APF = (PCBgATOCJ/fPCBoAlipid) 

where 

PCBs = PCB concentration in sediment, itg/g dry weight 

%T0C = percent total organic carbon, g/g dry weight 

PCB0 = PCB concentration in clams, itg/g wet weight 

%lipid = percent lipid in organism extracts, g/g wet weight 

This equation, taken from McElroy and Means (1988), is based on the thermodynamic 

bioaccumulation potential (TBP) equation of McFarland (1984) and the preference 

factor equation of Lake, Rubinstein, and Pavignano (1987). TBP gives the maximum 

theoretical concentration of a neutral organic compound that can be bioaccum- 

ulated from sediment. Percent TOC in the Oakland Harbor sediment was 1.06. 

The values of the APFs calculated at 10 days and later in this study (2.3 

for 10 /xg/g and 3.9 for 1 /xg/g PCB-52 treatments) (Figure 4) are similar to those 

for other empirical determinations reported in the literature (Feraro et al., 

in preparation; Clarke, McFarland, and Dorkin 1988) and are not greatly different 

from the theoretical preference factor (pf) of 1.72 calculated by McFarland and 

Clarke (1986). The observations in this study are consistent with and support 

previous results and indicate good correspondence between the laboratory results 

using spiked sediments and field studies involving natural sediments and 

assemblages of biota (Feraro et al., in preparation; Clarke, McFarland, and 

Dorkin 1988). 
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Figure 3. Replicate C14 PCB-52 concentrations in clam 
tissue on a wet weight basis 
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Figure 4. Replicate APFs for C1* PCB-52 in clam tissue 

Summary of Findings 

• The sediment bioassay apparatus has proved to be versatile experimental 

tool suitable for further studies. 

• Sediment spiking with radioisotopes provides a means of examining sedi- 

ment geochemistry/bioavailability relationships that favorably compares to 

results obtained with real-world sediment. 

• PCB-52 volatilization losses from the bioassay experimental units raise 

questions about linking interstitial water PCB concentrations to biological 

effects observed in the water column. 

• Equilibration of PCB-52 with lipids occurs rapidly in the deposit-feeding 

clam, Macoma nasuta; lipid normalization of contaminant data, as carried out in 

the equation for calculating APF, may obviate the need to carry out bioaccumu- 

lation tests for similar chemicals for longer than 10 days. 
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• The average (10, 15, and 23 days) APF for PCB-52 in the 10 m PCB/g 

exposures to spiked sediments (1.94) compares well to the reported (Feraro 

et al., in preparation; Clarke, McFarland, and Dorkin 1988) APFs of PCB-52 in 

natural sediments (0.52 to 2.1), and to the theoretical preference factor (1.72). 
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