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The National Oceanic and Atmospheric Administration (NOAA) created the National Status and Trends

(NS&T) Program in 1984 to address national concerns over the quality of the coastal marine environ-

ment. One of its goals is to assess spatial distributions and temporal trends in chemical contamination.

To meet that goal, the NS&T Mussel Watch Project was formed in 1986 to measure concentrations of

a broad suite of trace metals and organic chemicals in surface sediments and whole soft-parts of mus-

sels and oysters collected from about 300 coastal and estuarine sites. Here we summarize results from

eight years of annually collecting and analyzing mollusks. The most important of these results indi-

cates that contamination is decreasing for chemicals whose use has been banned, such as chlorinated

hydrocarbons, or severely curtailed, such as cadmium. For other chemicals there is no evidence, on a

national scale, for either an increasing or decreasing trend. There are some sites where trace element

concentrations are both "high" and increasing.

CHEMICALS MONITORED

The elements and groups of organic compounds listed in Table 1 are the subjects of this report. The

elements are all potential contaminants in the sense that their concentrations in the environment have

been altered by human activities (Nriagu, 1989). Three of the organic groups, total DDT (ZDDT), total

chlordane (£Cdane), and total dieldrin (XDield) are chlorinated pesticides. Uses of DDT and dieldrin

were banned in the United States in the 1970s. Chlordane use on U.S. crops ended in 1983, and its use

for termite control effectively ended in 1988 (Shigenaka, 1990). Polychlorinated biphenyls (LPCB)
are a mixture of chlorinated compounds first used in the 1920s for a number of industrial purposes.

Their high heat capacities and low dielectric constants were exploited for use in electrical transformers

and capacitors. PCB use in the United States began being phased out in 1971, and a ban on new uses

took effect in 1976. Large changes in concentrations ofZDDT and LPCB were seen at some locations

in the 1970s following bans on their further use (Meams et al., 1988), but the compounds are still found

in tissues and sediments. PCB-containing devices are still in use, chlordane remains in the ground as a

termiticide, and DDT remains in the environment because of its resistance to degradation. The pesti-

cide DDT is metabolized to DDE and DDD in the environment, but those compounds degrade very

slowly under environmental conditions. The three butyltin compounds, aggregated as ZBT, are found

in mollusks because tributyltin (TBT) has been used as an antifouling agent in the paint commonly
used on boats and some underwater marine facilities. Its use on vessels under 75 feet long was banned

in 1988 by the U.S. Organotin Anti-Fouling Paint Act. Tributyltin degrades to dibutyltin and then

monobutyltin, which itself does not persist, so unlike the chlorinated compounds, ZBT should degrade

relatively quickly (Seligman et al., 1988). Consequently, the NS&T Program should find substantial

decreases in ZBT concentrations during the next several years.
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Polycyclic aromatic hydrocarbons (PAHs) are like metals in that they occur naturally. They are found

in fossil fuels such as coal and oil. Their existence, however, is also attributable to humans because

they are produced when organic matter is burned. A multitude of human activities, from coal and wood

burning to waste incineration, create PAH compounds in excess of those that would exist naturally. In

addition, human production, transport, and use of oil release more PAHs to the environment, on a

globally averaged basis, than does natural seepage (NRC, 1985). Because they are relatively more

concentrated in oil than in combustion products, 2- and 3-ring PAH compounds, especially those with

alkyl groups on a benzene ring such as methyl- and dimethylnaphthalene and methylphenanthrene

(Table 1), are sometimes classified separately from the higher molecular-weight 4- and 5-ring PAH

compounds. Since high concentrations of both types of compounds tend to be found in the same loca-

tions, all PAH compounds have been combined into a single group in this report.

All of these trace metals and groups of organic compounds can be acutely or chronically toxic to

marine life and to humans under some conditions. On the other hand, while the elements arsenic,

copper, nickel, selenium, and zinc can be toxic at high concentrations, they are also essential in small

quantities to the maintenance of life (Nielsen, 1988).

SAMPLING SITES

The NS&T Mussel Watch Project is national in scale and sampUng sites should be representative of

large areas rather than the small-scale patches of contamination commonly referred to as "hot spots."

To this end, no sites were knowingly selected near waste discharge points. Furthermore, since the

Mussel Watch Project is based on analyzing indigenous mussels and oysters, a site must support a

sufficient population of these moUusks to provide annual samples.

NS&T sampling sites are not uniformly distributed along the coast. Within estuaries and embayments,

they average about 20 kilometers (km) apart, while along open coastlines the average separation is 70

km. Almost half of the sites were selected in waters near urban areas, within 20 km of population

centers in excess of 100,000 people. This choice was based on the assumptions that chemical contami-

nation is higher, more likely to cause biological effects, and more spatially variable in these waters than

in rural areas.

By 1993, 255 sites had been sampled, but not all sites in all years. The numbers sampled in each year

from 1986 through 1993 were 145, 147, 174, 185, 214, 192, 195, and 169, respectively. All are plotted

in Figure 1 and listed in Table 2, which indicates years of sampling. Temporal trend detection improves
as more years are sampled, so trends discussed here are based on data from the 154 sites sampled in at

least six of the eight years.

SPECIES COLLECTED

Since no single species of mollusk is common to all coasts, it has been necessary to collect seven

different ones: the blue mussel Mytilus edulis on the East Coast from Maine to Cape May, NJ; the

American oyster Crassostrea virginica from Delaware Bay southward and throughout the Gulf of

Mexico; the mussels M. edulis and M. californianus on the West Coast; the oyster Ostrea sandvicensis

in Hawaii; the zebra mussel Dreissena polymorpha at sites in the Great Lakes; the mangrove oyster

Crassostrea rhizophorae in Puerto Rico; and the smooth-edged jewel box Chama sinuos at the one site

in the Florida Keys.



The multitude of species complicates comparisons among sites, because different species can have

different chemical concentrations even if the surrounding environments are identical. At sites in Long
Island Sound where it was possible to sample both mussels and oysters, M. edulis and C. virginica, two

trace elements, Cu and Zn, were enriched in oysters by more than a factor of 10 relative to mussels,

while Pb was more than three times higher in mussels. For other elements and for organic compounds
no strong species-effect was observed. Similarly, at a site off the Columbia River two species of mus-

sels,M edulis and M. califomianus, were sampled. In that case there were no important concentration

differences for any element or organic compound.

There has been some discussion recently among malacologists over whether the West Coast organism

called M. edulis is actually M. galloprovincialis in California and M. trossulus towards the north. In

fact, the three species may be strains of a single Mytilus species (Seed, 1992). Given this uncertainty,

the mussels collected at the Columbia River site may have beenM trossulus or even M. galloprovincialis

instead of M. edulis. However, the lack of concentration differences between two Mytilus species at

that site has been taken to validate comparisons among aU marine mussels collected in the program.

DATA AVAILABILITY

Except in the Great Lakes, moUusks are collected in the months of November through March with each

site occupied within 30 days of a prescribed date. In the Great Lakes, collections are made in August.

From 1986 through 1991, six separate composite samples of 20 oysters or 30 mussels were collected at

each site. Three composites were homogenized for trace element analyses and three for trace organic

analyses. That protocol still applies whenever a site is sampled for the first time. Otherwise, since 1992

only two composite samples have been collected; one for each analytical category. The concentrations

used in this report are the arithmetic means of three concentrations measured prior to 1992 or the single

value measured since then. An appendix, available upon request, contains all the mean concentrations

of elements or of groups of organic compounds. A computer disk with all the raw data is available, and

the raw data can also be obtained on the Internet using the Universal Resource Locator at http://www-

orca.nos.noaa.gov/projects/nsandt/nsandt.html.

LOCATIONS WHERE CONCENTRATIONS ARE HIGH

Using the 1990 data, because it included more sites than any other single year, O'Connor (1992) calcu-

lated the following "high" concentrations as the mean plus one standard deviation of the lognormal

distribution of concentrations among sites.

Chemical "High" concentration



These "highs" serve as a basis for categorizing sites but, as will be discussed, "high" concentrations are

not always indicative of environmental contamination. Because organic compounds showed no con-

centration differences between mussels and oysters or between two species of mussels, there is some

confidence in comparing concentrations of such compounds from all sites, including sites in Hawaii,

Puerto Rico, the Great Lakes, and the Florida Keys, even though species from those sites could not be

compared with others in terms of their ability to accumulate chemicals. On the other hand, we know

that all species are not the same with regard to accumulation of all trace elements.

For some chemicals there is a tendency for concentrations to decrease with time, so comparisons of

concentrations among sites are limited to concentrations measured since 1990. The results are listed in

Table 3 and plotted in Figures 2 through 13. If a site was sampled in 3 or 4 of the years from 1990

through 1993 and a "high" concentration was found in only one year, that site is not shown on the

corresponding figure for that chemical. Such occurrences usually mean that the concentrations were

close to but usually below the "high" value. If the site was sampled only once or twice over those years,

then even a single exceedance qualified it for inclusion on a figure. In effect, sites are plotted in Figures

2 to 15 if the concentration of the given chemical exceeded the "high" value in at least half the years

since 1990 in which the site was sampled.

Despite all those qualifications, two general features about the spatial distributions of "high" concen-

trations are worth noting. First, that "high" concentrations can often be attributed to human activities

because they are found where human populations are high. Second, there are many instances where

trace elements are at "high" concentrations for purely natural reasons and are not evidence of contami-

nation.

Chlorinated hydrocarbons are synthesized chemicals with no natural sources. It is evident in Table 3

and Figures 2(EPCB), 3(ZDDT), 4(XChlordane), and 5(ZDieldrin) that their concentrations tend to be

high in urban areas. The connection of high concentrations with population centers also holds for

polycyclic aromatic hydrocarbons (Fig. 6(XPAH)), mercury (Fig. 7) and zinc (Fig. 8). Butyltin (Fig. 9)

concentrations are high at sites near marinas, which are usually near populated areas.

For some of the other elements, "high" concentrations are found near Boston, New York, San Diego,

Los Angeles, Honolulu, and other urban centers, indicating contamination. For nickel, selenium, cop-

per, zinc, cadmium, and arsenic, however, at least some of the "high" concentrations are natural. Find-

ing such concentrations for nickel (Fig. 10), selenium (Fig. 11), and copper (Fig. 1 2) at every site in the

Great Lakes most likely does not indicate environmental enrichment with those elements but, rather, a

strong affinity for those elements by the species D. polymorpha and the fact that trace elements are

more bioavailable in fresh than in marine waters (Cross and Sunda, 1985). The nickel concentrations

on the West Coast may be high simply because rocks in that area are enriched relative to those else-

where in the U.S. (USGS, 1981). High concentrations of cadmium (Fig. 13) on the West Coast have

been attributed to upwelling of deep ocean water (Goldberg et al., 1983) because such water naturally

contains higher concentrations of cadmium than surface ocean water. Elevated arsenic (Fig. 14) levels

in the southeast have been attributed to the natural occurrence of economically valuable phosphate

deposits in that part of the country (O'Connor, 1992). The high selenium in San Francisco Bay may
reflect soil enrichment with that element in California's Central Valley. Drainage from agricultural

soils into the Kestersen National Wildlife Refuge has caused selenium poisoning among fish-eating

birds (Presser et al., 1990). However, selenium and cadmium are both also high at sites along the Gulf

Coast west of the Mississippi River and we have no data on natural enrichments either in that area or in

the Mississippi River.



EXCEEDANCES OF PUBLIC HEALTH LIMITS

Concentrations were placed in the "high" category on the basis of their magnitude relative to other

concentrations. There is no reason to suppose that such concentrations cause harm to marine organisms

or to man. With two exceptions at single sites, lead is the only chemical measured in the Mussel Watch

Project whose concentration was above a public health guideline.

There are U.S. Federal Drug Administration standards* for chlorinated hydrocarbons and for mercury,

such that fish and shellfish with higher concentrations are prohibited from interstate commerce. None

of the standards are exceeded for mercury, XDDT, Zdieldrin, or Xchlordane at any site in any year. The

10,000 ng/g (dry-weight) standard for ZPCB was exceeded in 1989 at one site in Buzzards Bay, MA
but not in any other year. In 1993, the FDA issued human consumption guidelines for concentrations of

five trace elements in moUuscan and crustacean shellfish that vary with the age of consumer and rate

of consumption. For three of those elements, arsenic, chromium, and nickel, there are no cases where

mussels or oysters collected in the Mussel Watch Program exceeded even the most stringent guideUne.

In 1991, the only year it was successfully sampled, the site in Lake Pontchartrain near New Orleans

yielded oysters whose cadmium concentrations exceeded the lowest guideline.

For Pb there were many exceedances. The FDA guidelines converted to a dry weight basis are:

Consumption rate

Group Mean Upper 90th percentile

Children (2-5) 7.5 ppm-dry 4.0 ppm-dry
Pregnant women 10.5 7.0

Adults 31.5 21.0

The last of the figures on spatial distribution of high concentrations is for lead (Fig. 15), and is based on

a "high" concentration of 4 ppm. This value is close to the "high" for mussels but is also the lowest

public health guideline, applicable to children consuming mollusks at a rate of 8 grams per day. It is

evident on Table 4 that progressively fewer sites have mollusks with concentrations at the higher guideUne
levels. The distribution of sites with high lead concentrations is like those for organic contaminants and

mercury in that, for the most part, high concentrations are found in the vicinity of population centers.

So, as with those chemicals, high concentrations are attributable to human activities.

TEMPORAL TRENDS

Chemical concentrations in mussels and oysters are determined by the extent to which the organisms
accumulate chemicals from the food they filter out of their surrounding water and from the water itself.

When chemical concentrations increase or decrease in their surroundings, the organisms are capable of

increasing or decreasing the corresponding concentrations in their tissues (see for example, Roesijadi
et al., 1984; Pruell et al., 1987). This, and the fact that they are immobile, make them ideal for monitor-

ing changes in chemical concentrations at fixed sites.

A trend is a correlation between concentration and time. Over a time span as short as eight years, we
are not likely to decipher cycles in concentrations, so the trends sought in the Mussel Watch data are

linear correlations between ranks of concentration and time. Specifically, the data are examined to see

if concentrations are changing in a single direction, up or down.

FDA guidelines are given as concentrations on a wet-weight basis. They have been multiplied by five

for application to Mussel Watch data which are concentrations in terms of dry-weight. This uses the

conventional assumption that the soft-parts of organisms are 80% water by weight. (Actually, mussels

and oysters average closer to 85% water which would require multiplying the criteria by 7.5 and, in

effect, finding fewer public health exceedances than would the conventional assumption.)



The statistical test is based only on the rankings of concentrations. For example, the rankings of cad-

mium concentrations at the site outside Hempstead Harbor River in Long Island Sound were:

Year



The most common result in Table 5 is a lack of trends. Among the 2156 combinations of 14 chemicals

at 154 sites, there are only 41 increases and 217 decreases at the 95% level of confidence. On a per-

chemical basis the trends, with 95% confidence, are as follows:

Chem



ture or rainfall in the period proceeding collection, can affect chemical concentrations (Phillips,

1980). Such natural factors can make trends in chemical concentrations difficult to detect. How-

ever, it would be difficult to find a natural factor with year-to-year changes that would cause

detection of a monotonic trend in chemical concentrations. The trends, therefore, are most likely

due to human actions.

SITES WITH "HIGH" AND INCREASING CONCENTRATIONS

It is comforting and expected that where trends exist they are, by far, mostly decreases. Increasing

trends are uncommon and most of those identified on Table 5 may only be chance sequences of con-

centrations. However, where such sequences include a concentration in the "high" range, the site

deserves attention. The following listing of such sites and chemicals includes trends in parenthesis that

were found with only a 90% level of confidence and sites where the "high" concentration was found in

only one year since 1990. It should also be noted that the highest concentrations were usually not those

measured in the most recent year. Nonetheless, these are trends and, unless shown otherwise, should be

interpreted as indicating that ongoing human activity is increasing chemical contamination.

General Location



discharges apparently have diminished. Lead is the only chemical showing concentrations in excess of

public health guideUnes. There are some sites where chemicals are at high concentrations (though not

necessarily threatening to marine organisms or man) and may be increasing.
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Table 1. Chemicals discussed in this report

Elements:

As, Cd, Cu, Hg, Ni, Pb, Se, Zn

Goups of Organic Compounds:

ZPCB = sum of concentrations at each level of chlorination or, equivalently and since 1988, twice

the sum of concentrations of these 18 congeners;

PCB8+PCB 1 8+PCB28+PCB44+PCB52+PCB66+PCB 1 1 +PCB 105+PCB 1 1 8+PCB 128+

PCB 1 38+PCB 1 53+PCB 170+PCB 1 80+PCB 1 87+PCB 195+PCB206+PCB209

SDDT = sum of concentrations of ortho and para forms of parent and metabolites;

opDDE+ppDDE+opDDD+ppDDD+opDDT+ppDDT

XCdane = sum of concentrations of four compounds;

alpha-chlordane+trans-nonachlor+heptachlor+heptachlor-epoxide

ZDieldrin = sum of concentrations of two compounds; aldrin + dieldrin

XBT = sum of concentrations of parent compound and metabolites;

monobutyltin+dibutyltin+tributyltin (concentrations in terms of tin)

XPAH = sum of concentrations of 24 compounds*;

naphthalene+ 2-methylnaphthalene+ l-methylnaphthalene+ biphenyl+ 2,6-dimethylnaphthalene+

acenaphthene+ acenaphthylene + l,6,7-trimethylnaphthalene+ fluorene+ phenanthrene+anthracene+

l-methylphenanthrene+ fluoranthene+ pyrene+ benz[a]anthracene+ chrysene+

benzo[&]luoranthene+ benzo[^]fluoranthene+ benzo[f]pyrene+ benzo[a]pyrene+perylene+

dibenzanthracene+ indeno[l,2,3-c^pyrene+ benzo[^/zz]perylene

* Six of these compounds did not begin to be measured until 1988. Analysis for trends in tPAH

concentrations have not used data from 1986 or 1987.
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Table 2. Site codes, general and specific names, states, latitudes and longitudes (decimal

degrees), species, total and specific years sampled.

SITE



Table 2 continued.

SITE General Location



Table 2 continued.

SITH



Table 2 continued.

SITE



Table 3. Site codes, names, states, species, number of years sampled since 1990, and num-

ber of years since 1990 in which the concentration of the specified chemical was "high."

SITE



Table 3 continued.

SITE



Table 3 continued.

SITE



Table 3 continued.
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Table 4. Site codes, names, states, number of years sampled since 1990, and number of

years when lead concentration exceeded the FDA guideline.



Table 5. Site-by-site per chemical listing of increasing (I) and decreasing (D) trends in annually

measured concentrations. TVvo asterisks (**) denote statistical confidence at the 95% level, while

one asterisk (*) denotes 90% confidence.
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Table 5 continued.

SrTE



Table 5 continued.
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Table 5 continued.
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Table 6. Annual geometric mean concentrations of chemicals in mollusks for sites sampled in at

least six years from 1986 to 1993. Concentration units: Ug g"^-dry for elements and ng g'*-dry for

organic compounds with XBT in terms of ng of Sn g'^-dry. Last column is the Spearman rank

correlation coefficient of concentration versus year with an asterisk (*) denoting statistical sig-

nificance at the 95% level of confidence.

Chemical 1986 1987 1988 1989 1990 1991 1992 1993 Js
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