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input to the Bay by various proce e uch a entrapment on ediment , chemical 
or biological decompo ition, and volatilization. 

o matter where we look in the Bay, we find evidence of ome chemical con­
tamination. For example, although Figure 2 showed that the layer of zinc con­
taminated sediment in Baltimore Harbor thinned towards the mouth, and that 
the enrichment factors declined, nonethele evidence of zinc contamination 
did not disappear at the mouth of the Harbor. Indeed, ome enrichment of 
surface ediments with zinc is a feature found everywhere in the Bay, except 
near the mouth! 1 This i illustrated in Figure 11 which pre ents vertical profile 
of copper, zinc, lead and a natural radioisotope, 210Pb, at a site about 10 km 
south of the mouth of the Patuxent River. This locality is nearly a remote a 
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FlG RE 11. Vertical profile of Cu, Zn, Pb and the natural radioisotope, 210Pb in a ediment core 
from a site roughly equidistant between Bal timore and orfolk. the e data indicate that, over the 
pa t century, metal have contaminated even localitie remote from horeline source . 
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possible from shoreline industrial sources in Chesapeake Bay, being roughly 
equidistant from Baltimore and Norfolk. Yet all four components in Figure 
11 are enriched at the surface compared to their concentrations in older sediments 
at depth. 

In the case of 210Pb, the downward decreasing profile is due to a natural pro­
cess, radioactive decay. Lead-210 is produced in the atmosphere by decay of 
222Rn which has escaped from soils containing natural 238 U. The 210Pb is deposited 
from the atmosphere into the Bay's surface waters, from which it is rapidly 
scavenged to sediments. So far as is known, the flux of 210Pb into the Bay has 
not changed with time. In sediments, 210Pb decays until an equilibrium activity, 
supported by radium in the sediment, is reached. Roughly a century (i.e. five 
half lives) is required to attain equilibrium. Thus the 210Pb profile provides a 
time scale for the core in Figure 11. 

In contrast, the downward decreasing concentrations of the stable elements, 
copper, zinc and lead, in this figure can only be explained by a lower delivery 
of these elements to the deposition site in the past. This implies that the present 
deposition rates of these metals exceed pre-industrial rates. Based on comparison 
with the 210Pb profile, the enrichment of near-surface sediments with Cu, Zn 
and Pb has occurred over roughly the past century, corresponding to the period 
of industrialization in the United States. The only alternative hypothesis, that 
the enrichment is due to diagenetic mobilization proce es that somehow con­
centrate these metals near the surface, i untenable in thi case because ediments 
in the mid-Bay are permanently anoxic and sulfidic. 50 The e are conditions under 
which these particular metals would not be mobile. Becau e sites like the one 
represented in Figure 11 are remote from horeline ource and becau e the flux 
of Cu,Zn and Pb needed to account for the urface enrichment i imilar to 
fluxe measured from the atmo phere, it ha been argued that the ource of 
this pervasive trace metal enrichment in Che apeake Bay is the atmo phere. 10

•
11 

Recent studie have established that the northea tern United State i blanketed 
by contaminated air ma e that depo it anthropogenic trace metal , acidity, 
and other contaminant to both land and water urface .5

' ·
52 

Many of the contaminant found in highly impacted area are al o now found 
in remote area , but at much lower concentration . There are probably no 
pri tine, truly uncontaminated ite left in Che apeake Bay. In the ca e of con­
taminant that display a trong ediment affinity and that therefore are re tricted 
in their mobility in the aquatic environment, tran port through the atmo phere 
may be the chief route of delivery to remote ite . 

Over three hundred different PAH compound have been detected at one place 
or another in the sediment of the Bay. The aerial di tribution of PAH' in the 
top 2 cm of the sediment i given in Figure 12. It i apparent that PAH' are 
more abundant in the northern Bay and at the mouth of the major tributarie . 

There are several possible rea on for the higher contamination in the orth­
ern Bay. One i that the Northern Bay i more expo ed to the contaminated air 
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ma e that tra el from the Ohio River Valley toward e England. ince the e 
air ma e are known to be contaminated with ulfur dioxide originating from 
coal combu tion, it i a rea onable inference that they are al o contaminated 
with PAH' , which are combu tion by-product . Another po ible rea on that 
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on ab ci a. Concentratio n are con i tently higher in the no rthern Bay. 
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higher PAH concentrations occur in the Northern Bay is that the sediments there 
have a higher silt and clay content than those farther south. Since finer grained 
sediments have a higher surface area per unit mass and usually contain more 
natural organic matter, compounds which sorb to surfaces or partition into 
organic phases will be more concentrated in finer grained sediments than in 
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FIGU RE 13. PCB' in urface ediment of the upper Che apeake Ba . ote high concentration 
in Baltimore Harbor. (After ref. 27). 
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coarser grained one . Still another po ibility i that there i a higher human 
population density around the northern Bay, leading to a higher den ity of both 
local aquatic and atmo pheric di charge . 

Figure 13 show the di tribution of polychlorinated biphenyl (P B' ) in 
ediments of the upper Bay, based on a Westinghouse tudy. 27 In only two ca e 

were the concentrations near the detection limit. Everywhere el e, readily 
measurable concentration were found, although a with the PAH' , the con­
centrations at remote stations were markedly lower than in Baltimore Harbor. 
The e compounds have no known natural ource ; thu their wide pread 
distribution throughout the Bay clearly indicates human contamination on a 
very large scale. In the same Westinghouse study, DDT residues and chlordane 
were investigated. The DDT residues were widely distributed, but present at level 
closer to the detection limit than the PCB's. Chlordane was found in relatively 
few sites. 

The Maryland Department of Health has monitored PCB's in fish and 
shellfish for a number of years. 53 Table 2 reproduces some of the e data. It i 
clear that PCB's are also widely found in fish, but the concentration appear 
to be about an order of magnitude lower than FDA limits (i.e. 2 mg/L). Thus 
while this class of compounds has become widely di tributed, it is not certain 
that it is creating a serious problem, at least for human consumer . Whether 
PCB' have long term adverse effects on aquatic life, is a very difficult que tion 
for which no satisfactory answer i available. 

An ongoing program at the Virginia Institute of Marine Science is designed 
to quantify chlorinated hydrocarbons in seafood collected from Virginia. The 
data show that, in general, the PCB concentrations are low compared to the 
FDA action level, as has been found in Maryland. A general trend of increasing 
concentrations with time is _apparent for some species collected from near the 
highly populated areas around Hampton Road . Finfish enter the Bay from 
the ocean in spring with lesser PCB burden than when they migrate out in fall. 54 

Polychlorinated biphenyls are known to have been transported throughout 

TABLE 2 

Polychlorinated Bipheny l (A rochlor 1254) in Fish and Shellfish from Mary land Waters 
(Data from 53). 

Concentration in mg/ L 

Specie o. Samples Mean Range 

Rockfi h 44 0.23 0-0.58 
Sea trout 12 0.05 0.02-0.13 
White Perch 13 0.21 0-0.42 
All Finfi h 80 0.20 0-0.58 
O y ter 115 0.02 0-0.07 

o ftshell C la m 13 0.02 0-0.06 



Contaminants in Chesapeake Bay: The Regional Perspective 291 

the world and an atmospheric route for their dispersion is now accepted. 55 In­
itially, the idea that PCB's could enter the atmosphere in appreciable concen­
trations was viewed with a great deal of skepticism, because the vapor pressure 
of pure PCB's is very low. However, it is now understood that even compounds 
with very low vapor pressures can be volatilized from water at appreciable rates 
if their solubility in water is very low. 56 

Several other types of toxic materials are known to be regionally distributed 
in the Bay, even though they have not yet been studied in detail on a regional 
basis. For example, the man-made plutonium radioisotopes (Pu-238, 239, and 
240) are found everywhere in surface sediments. 6 ·

11 The level of radioactivity 
that they contribute to Bay sediments is negligible, however, compared to the 
activity from natural uranium and thorium series isotopes. Plutonium has 
entered the Bay as fallout resulting from atmospheric testing of nuclear weapons 
and from atmospheric burnup of man made satellites equipped with nuclear 
power reactors. 

Phthalate esters are another class of organic contaminants that have been 
found wherever they have been looked for in the Bay's sediments, 57

·
58 although 

sampling density is still sparse for these compounds. Phthalate esters are added 
to synthetic plastics to give them flexibility and to modify their physical prop­
erties. They are moderately toxic to aquatic invertebrates; reproductive impair­
ment of 600Jo has been reported for Daphnia magna exposed to only 3 ug/ L 
of di-2-ethyhexyl phthalate. 59 There has been peculation that these compound 
were involved in oyster mortalities in the Chester River in the 1970' , but this 
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FIGURE 14. Atrazine concentration a a function of alinit in the main tern of the Che apeake 
bay. (After ref. 2). 
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hypothe i i difficult tote t and ha not been pro en. Phthalate are olatile 
a analytical chemi t have di covered to their grief. Phthalate occur in mo t 
pla tic labware and therefore permeate laboratory air. They can readily con­
taminate ample being analyzed unle extreme precaution are taken. 

Herbicide are yet another cla of chemical contaminant that may be at­
taining a Bay-wide di tribution, at least on a ea onal ba i . Herbicide u e ha 
greatly expanded in the la t decade or o becau e of the ri ing popularity of 
no till agriculture. As a con equence of their u e on field to be planted with 
very common crops, uch a corn and soybean , herbicide ource are numerou , 
widespread and diffuse. Figure 14 shows concentration of atrazine, the mo t 
extensively used of the herbicides in Maryland and Virginia. 2 Low concentra­
tion are found in the water over a wide salinity range. Glotfelty, et al. 60 report 
a detailed investigation of atrazine and imazine in the Wye River tributary over 
a 3 year period. Atrazine concentrations as high as 300 ug/L were ob erved 
in runoff shortly after application to fields. However concentration in the Wye 
River, itself, were more than an order of magnitude lower and declined with 
increasing salinity, apparently due to conservative dilution. The inventory of 
atrazine in the Wye decrea ed with a 30 day half life over the growing ea on. 

The observed concentrations of dissolved atrazine appear to be too low by 
about one order of magnitude to account for the lo s of ubmerged aquatic 
vegetation in the Bay. 2 However the evidence of atrazine in the main tern of 
the Bay is of interest because this is one of the few known examples of con­
tamination of a large area of the Bay by a compound that i believed to be 
transported mainly through the water. For all of the other examples of regionally 
di tributed contaminants that we have discussed, atmospheric deposition is 
known to be a significant, and pos ibly the dominant ource. The characteristics 
of atrazine that make it amenable to tran port over con iderable distances in 
water are a moderately high solubility (33 mg/L), which means that it ha limited 
su ceptibility to orption on ediments, 61 a low vapor pressure, and a relatively 
high re i tance to chemical degradation, e pecially in the absence of high con­
centration of humic materials. 62 

SUMMARY 

In this chapter, we have een that highly indu trialized area , such as Baltimore 
Harbor and the Elizabeth River, are highly contaminated. Extremely high con­
centrations of many toxic material are found in ediment . However, the con­
sentration in sediments decline eaward from these highly impacted zone ug­
ge ting that orption to ediment greatly re tricts transport of many of the 
toxic material into the main Bay. Kepone was tran ported tens of kilometer 
eaward of it ource, but it too was trapped in the turbidity maximum zone 

of the James. 
Redox reaction , volatilization, microbial degradation and other proce ses 
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also limit transport of certain types of contaminants, which we have called 
evanescent contaminants. Only a compound like atrazine, which has a moderate 
water solubility, low vapor pressure and moderate resistance to chemical 
breakdown, would be clearly capable of escaping via water from the immediate 
vicinity of its release point and of affecting the main Bay over a large area. 

Despite the evidence of limited water-borne transport, many toxic materials, 
including materials known to be strongly particle-associated, are found in low 
concentrations in surface sediments throughout the Bay. This is true even at 
sites remote from shoreline sources of contaminants. There are probably no 
uncontaminated localities left in the Bay. For many of these substances, there 
is evidence that the pathway of delivery to the site of deposition has been primari­
ly via the atmosphere. The role of atmospheric processes in contamination of 
Chesapeake Bay needs much more attention from researchers in the future than 
it has received so far. 

In highly impacted areas, such as the Elizabeth River and Baltimore Harbor, 
evidence of adverse impact upon aquatic organisms and reduced biological diver­
sity exists. It is likely that toxic materials are responsible for these effects. 
However, the pervasive low level contamination occurring in the main stem of 
the Bay has not been unequivocally linked to any biological deterioration. 
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