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INTRODUCTION 

In the past, several investigations have determined uptake rates and 

concentrations of trace elements in marine organisms. Such studies enabled 

investigators to use specific species as in situ monitors of pollution levels. 

All these studies to date have at least two aspects in common. First, they 

make use of large filter feeders, (e.g., oysters) that live above the sediment-

water interface. Secondly, these studies have been concerned only with the 

uptake and concentration of trace elements found in the water column. 

Recently, a study by Holmes, et al. (1974) has shown that significant 

quantities of metals precipitate in the reducing environment of bottom water 

near their source during the summer. Redistribution of these metals occurs 

during the winter when the metals are resuspended by wave and current action, 

washed over a larger area and then absorbed by particles settling to the bottom. 

The net effect of this process is the concentration of metals in bottom sedi-

ments several magnitudes higher than trace element concentrations found in the 

water column. Because many trace elements do become concentrated in the marine 

food chain and in some cases pose a hazard to aquatic life (IDOE, 1972; Pettyjohn, 

1972), the pathways by which trace elements become available to aquatic life are 

important. Because trace element concentrations are much greater in bottom 

sediments than in the water column, those organisms which live and feed within 

bottom sediments take on a new importance with regard to trace element concen-

tration in the marine food chain and possibly as 1,i situ monitors of pollution 

levels. This report describes an investigation conducted on marine benthonic 

polychaetes and lists some observations of the correlation between trace-element 

concentrations in the polychaetes and their host sediment. While literature 

is available on trace element concentration in aquatic organisms or bottom 

sediments, it does not exist for the correlation of trace elements in aquatic 

organisms and host bottom sediments. 
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REGIONAL AND LOCAL SETTING 

The polychaetes and their host sediments used in this study were collected 

from a 340 km2 area extending from the beach to 19 km offshore (water depth 

approximately 28 m) and extending 9.5 km north along St. Joseph Island and 

south along Mustang Island from Port Aransas, Texas (fig. 1). Bottom sediments 

consist of fine grained sand in the nearshore and inner continental shelf zones 

and become increasingly finer seaward. Muddy substrates are closer to shore in 

the southern part (5-7 km) of the study area than in the northern sections 

(12-14 km). 

Tidal fluctuations along northern Mustang Island are of the diurnal and 

mixed diurnal types with a mean diurnal range at Aransas Pass of about 0.5 m. 

Wave height normally is one meter or less and water temperature varies season-

ally between 10°  C and 30°  C (Marmer, 1954). 

Aransas Pass serves as a point source for sediment and for many of the 

trace metals flowing into the Gulf of Mexico within the study area. Sediments 

are carried down the rivers after heavy rains inland while additional metals 

are dumped daily into Corpus Christi harbor by industrial plants. The Corpus 

Christi ship channel funnels both sediments and trace metals out from Aransas 

Pass into the Gulf of Mexico (Holmes, personal commun.). 

METHODS 

Field work was done aboard the R/V LONGHORN, an 83 foot research vessel 

belonging to the University of Texas Marine Science Institution located in 

Port Aransas, Texas. Loran A and radar were used for navigation. Laboratory 

work, including sample preparation and analysis, was conducted in the facilities 

of the United States Geological Survey in Corpus Christi, Texas, and Denver, 

Colorado. 
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A sediment sample was collected within each square mile of the study area 

by means of a grab sampler designed to take 0.1 m
3 
sample. For each of the 120 

grab samples, subsamples were taken aboard ship for textural and geochemical 

analyses. Polychaetes were collected by washing the remaining sediment sample 

through a 1 mm mesh sieve. Immediately after collection, polychaetes were put 

into numbered "conditioned" test tubes (refluxed with boiling nitric acid for 

two hours and washed several times in deionized water) and placed in a freezer. 

Preservatives such as formalin could not be used because of possible trace 

metal contamination to the polychaetes. Organic samples remained frozen until 

the day that sample preparation for trace metal analysis was initiated. 

After drying, sediment samples were ground to less than 200 mesh, and 

leached with boiling 16 N HNO3 (pure of any trace metal to be tested) until 

NO2 fumes ceased. The samples were then analyzed for copper and zinc by atomic 

absorption spectrophotometry. Replicate sediment samples were analyzed for 

lead by an emission spectrographic method (Grimes and Marranzino, 1968) in the 

U.S.G.S. laboratory in Denver, Colorado. Polychaete samples were prepared for 

analysis after a method described by Hill (1979). They were analyzed for copper, 

lead, and cadmium by anodic stripping voltammetry (ASV). Zinc was determined by 

atomic absorption spectrophotometry. 

RESULTS AND DISCUSSION 

Sediments  

The following range of concentrations of trace metals were found: copper 

1-57 ppm; lead, 10-70 ppm; and zinc, 3-68 ppm (fig. 2). Distribution of trace 

metals over the study area is not random. In every case, lowest concentrations 

occur mainly along shore at shallow water depths in sandy substrates while the 

highest concentrations are in very muddy sediments in deeper water depths in 

the southeastern quadrant of the study area (fig. 2). A small area of high 
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concentrations of trace metals, especially zinc, is located in the northeastern 

quadrant of the study area (fig. 2). Isolated pockets of high or low trace 

metal concentrations exist throughout the study area and can be attributed to 

local accumulations of mud or sand. The average concentrations of copper, lead, 

and zinc for the entire study area are 6.8 ppm, 27.5 ppm, and 31 ppm, respectively. 

Polychaetes  

A total of 84 polychaetes representing eight species were collected from 

55 stations in the study area (table 1). Polychaetes were identified by Dr. 

Donald Harper of Texas A&M. Diopatra cuprea (Family Onuphidae) and Nereis sp. 

(Family Nereidae) are the most common species. Nineteen stations yielded 26 

Diopatracuprea -- a filter feeder, while twenty-seven specimens of Nereis sp., 

a deposit feeder, were collected from 20 stations. Other species were uncommon, 

and no further work was done on them. 

In Diopatra, concentrations of trace metals ranged as follows: copper, 

8-2310 ppm; lead, 5-317 ppm; and zinc, 15-366 ppm (table 2). Nereis contained 

copper ranging from 14 ppm to 455 ppm, lead from 7 ppm to 454 ppm, and zinc 

from 31 ppm to 345 ppm (table 2). 

Significant trends in trace metal concentrations in the worms relative to 

onshore-offshore or north-south directions was not immediately obvious when 

trace metal concentrations for each polychaete species were plotted on a base 

map of the study area. When contours representing trace element concentrations 

in the sediments were superimposed on the concentrations in the organisms, some 

correlation was apparent. Polychaetes with high concentrations of trace metals 

seem to occur in sediments with high concentrations of the same trace metals. 

Scattergraphs were constructed and correlation coefficients and the slope of 

linear regression lines computed to determine if observed trends were statis-

tically significant (fig. 2). According to Holmes (personal commun.), good 
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correlation between samples of this type exists with correlation coefficients 

(r) above 0.50 and excellent correlation with correlation coefficients above 

0.75. 

Very good correlations between copper and lead concentrations in the worms 

and sediment were observed (fig. 2A, B). Correlation coefficients for copper 

in the sediment and in Diopatra and Nereis were 0.70 and 0.89, respectively. 

For lead concentrations in the sediment and in Diopatra and Nereis, the correla-

tion coefficients were 0.69 and 0.77, respectively. In each case, there is 

better correlation for trace metal concentrations between the deposit feeder 

(Nereis) and the sediment than the filter feeder (Diopatra) and the sediment. 

Correlation of zinc in the worms and sediment was relatively poor (fig. 2C). 

Correlation coefficients were 0.52 for Nereis and 0.20 for Diopatra. Good 

correlation might not be expected, however, because Pettyjohn (1972) has shown 

that zinc is not concentrated in marine food chains. 

Correlation coefficients between cadmium in the worms and sediment could 

not be computed for lack of sediment data. Cadmium concentrations were suffi-

ciently low in the sediment to be undetected by atomic absorption spectophotom-

etry (less than 1 ppm). However, the relatively high cadmium concentrations 

in the worms, 1-81 ppm (table 2), indicate probable concentration of this element 

by the polychaetes. 

Trace metal concentrations are several times higher in the polychaetes 

than in the host sediment (fig. 2). Copper concentrations are approximately 

30 times higher, lead is 3 to 4 times higher and zinc is 5 times higher in the 

worms than in the sediment. The deposit feeder (Nereis) had higher concentra-

tions or specific trace metals than the filter feeder (Diopatra). Copper and 

lead were concentrated in Nereis at higher levels than Diopatra particularly at 

the low end of the range (fig. 2). Zinc concentrations were about the same in 

both species of worms. 
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MAJOR OBSERVATIONS 

1. Trace metal concentrations are not randomly distributed over the 

study area. Low concentrations are found in nearshore sandy substrates in 

relatively shallow water depths. High concentrations are found in muddy off-

shore sediments in deeper water depths mainly in the southeastern quadrant of 

the study area. 

2. There is a positive correlation between trace metal concentrations in 

benthonic polychaetes and their host sediment. As trace element concentrations 

increase in the sediment, an increase in trace metal concentration occurs in 

the polychaetes. 

3. Deposit feeders (e.g., Nereis) exhibit a better correlation of trace 

metal concentrations with their host sediment than do filter feeders (e.g., 

Diopatra). Concentrations of trace metals tend to be higher in deposit feeders 

than filter feeders. 

4. Copper and lead are concentrated in Nereis and Diopatra in relation 

to the trace metal content of the sediment. Zinc has a relatively poor organic-

sediment trace metal concentration relationship in deposit feeders and no appar-

ent relationship in filter feeders. 

5. Trace metal concentrations in benthonic polychaetes are several times 

higher than trace metal concentrations in the host sediment. 
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Table 1. Species and number of individuals of each species listed by stations. 
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Table 2. Trace element concentrations (Zn, Cd, Pb, Cu) for Diopatra cuprea and 

Nereis sp. listed by station, number of individuals, and sample weight. 

ASV and AA raw instrument readings listed for each analytical sample 

tested. 

*D = Diopatra cuprea N = Nereis sp. 

1 
RR = Raw instrument reading 

2 CC = Conversion to ppm based on standards 
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Figure 1. Index map of study area and station locations 
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Figure 2. Contour maps of copper (A), lead (B), and zinc (C) concentrations 

(ppm) in the bottom sediments of the study area. 
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Figure 3. Scattergraphs of copper (A), lead (B), and zinc (C) in polychaetes 

versus host sediment (correlation coefficients r, and linear regression 

lines shown). 
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