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Introduction 

Organic and inorganic contaminants enter seawater from a variety of sources. 

Storm water runoff, sewage-treatment effluents, industrial discharges, and oil 

refining process waters contribute to the contamination of bays, estuaries, and 

ocean waters. Because these contaminants typically enter near-shore 

environments that have economic and aesthetic value, it is important to 

understand the extent to which they will interact with and impact upon marine 

species. While this discussion will focus on understanding the bioavailability of 

contaminants in seawater, it must be recognized that most contaminants that 

enter seawater are initially present in freshwater (e.g., as in the case of sewage-

treatment effluents). This situation creates a transitory environment in which a 

wide range of salinities must be considered. 

As an introduction, it is worthwhile to consider some of the basic properties of 

seawater in order to contrast them with what is known about freshwater. In the 

simplest sense, the transition from freshwater to seawater encompasses the 

extreme range of water hardness that is found in the environment. Freshwater, 

which has a salt composition that varies as dictated by local geological conditions 

and is dominated by calcium, is considered soft at a salinity of approximately 

0.05%o and hard at a salinity o< approximately 0.30°/oo. Oceanic seawater, on 

the other hand, has a salinity of 33 to 38%o that is generally consistent in its 

composition and is dominated by sodium (see Table 1. [1]). Furthermore, the 

elements that make up sea salt are conservative, that is, they do not change 

significantly due to biochemical or geochemical activities. Indeed, one of the 

greatest differences between seawater and freshwater is that the composition 

and chemical properties of seawater are much more consistent than freshwater. 
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Chemical fate processes that are affected by salinity should therefore be 

applicable to most oceanic waters. 

As a result of its consistency, seawater is a well-buffered solution. The pH of 

seawater is maintained in a relatively narrow range (i.e., 8.1 to 8.5) that is largely 

determined by the concentrations of bicarbonate and borate [1,2]. This occurs 

because carbon dioxide, which occurs largely as bicarbonate in seawater 

(approx. 25 mg C/L), is present in excess of amounts required for plant growth. 

In contrast to freshwater, the bioavailability of ccntamimnts that are present in 

seawater is not likely to be affected by this narrow range of pH values. 

Information derived from studies of contaminant toxicities in freshwater indicate 

that water hardness may influence contaminant bioavailability more as a function 

of changes in pH than in hardness itself. By extrapolation, this observation would 

indicate that slight changes in the salinity of seawater, which would not be 

accompanied by significant changes in pH, would have a minimal influence on 

contaminant bioavailability. 

The majority of information that is available concerning contaminant 

bioavailability in seawater has been derived from measurements of toxicological 

effects observed at different salinities. Unless experiments were conducted with 

regard for the physiological state of the organism, however, the data obtained 

may not reflect the influence of salinity on the bioavailability of the contaminant 

but rather the effects of salinity-induced stress on the organism. Accordingly, the 

influence of salinity on contaminant toxicity may provide a false indication of 

chemical availability. Such data should therefore be considered carefully when it 

is used to make inferences about contaminant availability. 
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In the discussion that follows, the influence that salinity has on the bioavailability 

of the two largest classes of contaminants, trace metals and organic compounds 

will be discussed. Although data on contaminant toxicity will be used to draw 

inferences about chemical availability, this discussion will focus on the properties 

that contaminants are likely to exhibit in waters of varying salinities. In addition, 

information on physiological changes that are affected by salinity will be used to 

illustrate how biological effects can alter the apparent availability of contaminants. 

Bioavailability of Contaminants to Marine and Freshwater Organisms 

One approach for evaluating the bioavailability of contaminants in seawater is to 

compare leveis at which selected contaminants are toxic to marine and 

freshwater species. The underlyinc assumption to this approach is that similar 

organisms (e.g., fish, bivalves) have similar sensitivities to a specific toxicant. 

Therefore, by performing a statistical comparison of available toxicity data for all 

tested species, one might expect to see marine species being more or less 

susceptible to a given toxicant if there are inherent differences in chemical 

availability that result from differences in water salinity. Although this is a rather 

simplistic approach and does not address physiological differences between 

species, Klapow and Lewis [3] found that in general, marine and freshwater 

species appear to have the same sensitivity to a variety of organic and inorganic 

contaminants. The results of their analyses indicate that there are no observable 

differences in the bioavailability of most contaminants as evidenced by acute 

toxicity (i.e., LC50 values). It is interesting to note that the only exception that 

was found was for cadmium, which was generally more toxic to freshwater 

organisms. This observation is consistent with the speciation of cadmium, which 

exists primarily as the ionic, bioavailable form in freshwater and as the 

compiexed form (i.e., CdCl2) in seawater [4]. 
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The results of the above analyses indicate that the bioavailability of most 

contaminants is not appreciably different in seawater than in freshwater. Subtle 

differences in contaminant bioavailability that result form changes in salinity are 

not addressed by this approach, however, and are likely to be more important 

due to the transition of most contaminants from freshwater to seawater matrices. 

In the sections that follow, the influence that different levels of salinity have on 

the physico-chemical form of inorganic and organic contaminants will be 

addressed and related to their bioavailability. 

Influence of Salinity on Metal Availability 

Metals commonly enter marine environments as components of freshwater 

discharges that present an interesting case for examining the influence of salinity 

on metal bioavailability. Metals contained in such effluents are usually sorted to 

dissolved ligands and particulate matter, which reduce their availability to aquatic 

organisms. However, the high dilution ratios that accompany such discharges 

favor metal desorption because they shift the equilibrium toward the dissociation 

of the sorbed species. Metal desorption is also enhanced initially in seawater 

due to the presence of soluble anions (i.e., CI -, SC42-, and HC03-), which ard 

abundant in seawater and compete for the sorption of metals to form soluble 

complexes. In addition, competitive exchange of inorganic cations (e.g., sodium, 

potassium, calcium, and magnesium) on the sorptive substrate may also 

enhance the desorption process. 

Trace metals that are sorbed to dissolved and particulate matter will also be 

affected following their discharge into seawater. Copper, for example, exists in a 

variety of chemical forms in aquatic environments, including free ions, inorganic 



comploxas, and metal adsorbed on, or incorporated into, particulate matter. 

Upon discharge into seawater the dissociation of bound metal will largely depend 

upon the nature of the initial substrate to which it was sorbed. For example, the 

release of copper from digested-sludge particulates has been shown to be 

relatively low (s 9%), while release of copper from other substrates can be much 

greater (e.g., 65-70%) [5]. The metal-binding capacity (e.g., the extent to which 

dissolved ligands complex free metal) of sewage effluent has also been shown to 

decrease as a result of increases in salinity. This effect indicates that metals 

discharged into marine environments in a complexed form will be released into 

solution to a greater extent than from effluents discharged to freshwater [6]. 

Although these metals are likely to be rapidly re-adsorbed on particulate material, 

their bioavailability in the zone of initial dilution may be significant. 

Metals that are desorbed from ligands upon entry into marine environments or 

are initially present in their ionic form will rapidly bind with ligands that are 

present in seawater. Such processes have been defined for relatively large, 

episodic discharges of io. :c copper into marine systems. Based on laboratory 

determinations of rate and equilibrium constants for the sorption and desorption 

of copper complexes, Orlob et al. [7] developed a model to simulate the fate of 

discharges of ionic copper into marine environments. Using this approach, they 

predicted that a significant fraction of a relatively high discharge of ionic copper 

would be bound primarily to dissolved organic matter and secondarily to 

suspended solids with apparent equilibria being reached within five hours. While 

such an event would result in an immediate increase in metal availability within 

the dilution zone, the results of this model indicate that the effect would be 

transitory. 



Many studies have been conducted to define the influence of salinity on the 

bioavailability and toxicity of trace metals [8-15]. In general, the toxicity of trace 

metals has been found to be inversely related to salinity [8]. For example, 

Cogiianese [9] studied the affect that different salinities had on the toxicity of 

trace metals to oyster embryos and found that decreased salinities resulted in 

increased sensitivities to copper and silver, which could not be accounted for by 

osmotic stress alone. Similar results have been reported for cadmium toxicity in 

fish [10,11], and chromium toxicity in amphipods, worms and bivalves [12]. 

The observed influences of salinity on trace metal tolerance in marine organisms 

appear to be linked to the disruption of the normal pattern of hyper/hypo-

osmoregulation [14]. Such effects make it difficult to resolve the influence of 

salinity on metal bioavailability in the water column from effects on physiological 

processes in the organism. Arsenic is a notable exception [8] primarily because 

it exists as an anion and is not in competition for uptake sites. Furthermore, not 

all marine species exhibit increased metal toxicity associated with decreased 

salinity. Forbes [13] has recentiy reported that a marine gastropod (Hydrobia 

ventrosa), which normally inhabit water at a salinity of 23%o, exhibited a greater 

reduction in growth in the presence of cadm'um at a saiiniiy of 33°Joo than a) a 

salinity of 13°/oo. The results of this study illustrate the difficulty in relating a 

biological response (e.g., growth or mortality) to bioavailability. Because the 

relationship between cadmium toxicity and salinity is believed to function as a 

result of the free ion concentration (i.e., Cd 2 + ) , the decrease in growth due to 

cadmium exposure could not be resolved from effects caused by osmotic stress 

at the higher salinity. Therefore, metal-induced toxicity was more evident at a 

higher salinity even though there was a lower percentage of metal available for 

accumulation. 
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Due to the occurrence of physiologically-based osmotic effects, it is not advisable 

to generalize the influence of salinity on trace metal bioavailability from studies of 

metal toxicity. This is due in part to species-specific differences in 

osmoregulation that affect the uptake and toxicity of trace metals. For example, 

Voyer and McGovern [15] reported that cadmium toxicity to Mysidopsis bahia, as 

evidenced by reduced reproduction, was greater at low salinities (e.g., 13%o) 

than at high salinities (e.g., 32°/oo). These results contrast 'vith those cited 

above [13]. They concluded that although metal speciaticn can be correlated 

with acute toxic responses of aquatic organisms, effects due to long-term 

exposures may involve differing and multiple routes of uptake and mechanisms 

of toxicity that are not totally explainable in terms of metal speciation. These 

conclusions are especially important when considering the hazard posed by the 

input of metals into estuarine systems, which have normal fluctuations in salinity 

that may subject organisms to osmotic stress. 

The bioconcentration of trace metals by marine organisms will also be related to 

their overall availability within the ecosystem. As with the information presented 

above for toxicity, however, there is no evidence that marine species accumulate 

more or less metals than freshwater species. For example, the EPA has listed 

bioconcentration factors (BCFs) for copper for several aquatic species [16]. 

These BCFs cover a wide range of values and are not related to the trophic level 

or ecological niche of the organism. For example, values listed range from log 

BCFs of 3.3 to 3.6 for freshwater algae, from 4.2 to 4.3 for a bivalve mollusc, and 

from 0 to 2.5 for bluegill fish and fathead minnows, respectively. The BCFs listed 

for marine species are equally variable and range from log values of 1.8 to 2.8 for 

several species of algae, from 2.3 to 3.4 for polychaete worms, and from " .9 to 

4.4 for several species of bivalve molluscs. 
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The log BCF values listed above span four orders of magnitude (log BCFs from 0 

to 4.4) for species that are consumed by humans (i.e., bivalve molluscs and fish). 

Bivalve molluscs represent the higher end of this range (log BCFs from 2.7 to 

4.4) and fish the lower end (log BCFs from 0 to 2.5). Due to the very wide range 

of bioconcentration factors that occur between species and within a population of 

the same species, this index is a poor predictor of metal availability in aquatic 

environments. Furthermore, trace metal accumulation and toxicity may be 

mediated by inducible metal-binding proteins that affect how trace metals are 

accumulated and stored within the organism. The induction of such muiot-

binding proteins can increase the resistance of organisms to toxic effects, which 

can complicate the interpretation of toxicity studies. For example, Roesijadi et al. 

[17] have demonstrated that pre-exposure of marine mussels to mercury confers 

resistance to mercury toxicity in subsequent exposures. Such effects may occur 

i dependent of metal availability and call into question the use of toxicity data to 

infer the bioavailability of trace metals present in the water column. 

Influence of Salinity on Organic Compound Availability 

Possibly the most important factor that differentiates the behavior of organic 

compounds in seawater tram their behavior in freshwater is related to differences 

in solubility. Neutral organic compounds are less soluble in seawater than in 

freshwater due to what is referred to as a "squeezing out" phenomenon that 

results from the compression of seawater due to the presence of high 

concentrations of salts [18]. This effect results in measurably lower solubilities 

for a variety of neutral organic compounds (see Table 2). The extent of their 

solubility is predictable based on a knowledge of the salt content of the water anri 

follows an inverse relationship that is accurate 'or salinities encountered !n 
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estuarine and oceanic waters [19]. Compound solubilities are lowest in oceanic 

water, which has a consistent salinit", and increase in a linear fashion as the 

transition is made to brackish and fresh waters. As with trace metals, the 

transition from freshwater to saltwater can have an immediate effect on the 

distribution of organic compounds in marine ecosystems. Tha most obvious 

effect results from the salting-out of contaminants that were present in freshwater 

at levels of saturation. Such compounds would be rapidly transformed from the 

soluble to the particulate phase upon entry into a marine system and would 

pre-.jmabfy be less available for accumulation by marine organism? 

An interesting aspect of the salting-out phenomenon is its potential influence on 

the commonly used octanol/water partition coefficient (Kow) as a predictor of 

chemical fate. Because Kows are determined in distilled watbr they ar$ likely to 

underestimate the partitioning of a compound from seawater to an organic phase 

(e.g., biota, sediment). This effect also appears to hold true for some ionized 

compounds, which in the presence of neutral salts can form ion pairs that are 

more soluble in organic phases and hence have measurably higher Kows [22]. 

Because the relationships between chemical solubility, KQW, and 

bioconcent ation havo been well established for some aquatic organisms [23-2S] 

u ., possible to calculate BCrs for a given species based on solubility data (Table 

3). The results of this exercise indicate, as expected, that the bioaccumulation of 

a given compound s lould De greater in seawater than in freohwater. Such 

predicted increases are relatively small, however, and are not likely »o be 

observed due to the relatively high degree of variability associated with 

measurements of BCFs. 



This point can be further iffustrafed by the direct comparison of BCF data 

acquired for freshwater and marine species. This was accomplished by using 

data derived from studies of chemical accumulation in a marine bivalve (bay 

mussel) [22] and a freshwater fish (fathead minnow) [24] that span a relatively 

wide range of Kows. By plotting the relationships between Kows and BCFs iot 

t.iese organisms on the same graph (see Fig. 1) it is apparent that there are no 

discernible differences for the accumulation of neutral organic compounds in 

these species. Even though these are different species, it is apparent from the 

distribution of the BCFs for both data sets that the slight differences that may 

result from salinity-induced diffe, ances in solubility are not likely to be measured. 

The influence of salinity on the toxicity of organic contaminants has been 

reported for several species [26-29]. As is the case with trace metals, however, it 

is not clear that such increases in toxicity are associated with increased 

contaminant availability in the water column. In fact, the effect of salinity on 

organic compound toxicity appears to be related to changes in metabolic 

capability as well as bioavailability. For example, Johnston and Corbett [26] 

reported that fenitrothion was more toxic to blue crabs at salinities of 34°/oo than 

at 17°/oo, They postulated that toxic effects may have been related to changes in 

metabolic capabilities rather than chemical availability. Thomas and Rice [27] 

confirmed this assumption by demonstrating that euryhaline trout exposed to 

napthalene and toluene in seawater exhibited increased toxic effects as 

compared to fish exposed in freshwater. The increased toxicity of these 

compounds \r seawater was related to the reduced ability of the seawater-

exposed trout to metabolize and excrete the parent compounds. The end result 

of this effect was that these fish accumulated greater chemical residues due to 

their inability to metabolize and excrete the parent compounds. 
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The influence of salinity on metabolic capabilities may be common but is difficult 

to generalize due to species-specific differences in physiological response. For 

example, Tedengren et al. [28] investigated the effects of salinity on the toxicity of 

diesel oil to two species of amphipods {Gammarvs spp.) and reported that the 

species that was more tolerant of changes in salinity was also less sensitive to 

diesel oil. They postulated that organisms that are physiologically broad-niched 

are less likely to be affected by salinity-induced toxic effects. It is apparent from 

the results of these studies that toxicity data must be interpreted carefully when it 

is being used to evaluate salinity-induced changes in contaminant availability. 

This occurs because the availability of contaminants in the water column can not 

account for the effects of salinity on membrane permeability and osmoregulatory 

mechanisms, which will influence contaminant accumulation. 

Conclusions 

The influence of salinity on the bioavailability of contaminants is a function of the 

physiological state of the exposed organism as well as the physical and chemical 

properties of the contaminant. These factors are difficult to resolve because 

most studies of contaminant bioavailability in seawater are in actuality studies of 

the effects of salinity on contaminant toxicity. Salinity-induced changes in an 

organism's physiology may alter the availability of a contaminant by effecting 

changes at the site of uptake or in it's metabolic capabilities. Such changes can 

affect the uptake and accumulation of contaminants, but are not necessarily 

related to the availability of the contaminant in the water column. Furthermore, 

many experiments are conducted at salinities that are at the extreme range of 

those normally encountered by the test organisms. Care must be taken, 
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therefore, when attempting to generalize results obtained from toxicity studies 

that were conducted under different salinity regimes. 
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Table 1, The chemical composition of salt in seawater [1] 
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Ion % ion % 

Na+ 30.61 CI" 55.04 

Mg2+ 3.69 SOA 2 " 7.68 

Ca2+ 1.16 HCO3- 0.41 

K+ 1.10 H3BO3 0.07 

Sr*+ 0.03 Br 0.19 
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Table 2. The solubilities of organic compounds measured in distilled water ar.d 

seawater 

Solubility Imo/U 

Molecule Distilled water SfiaaffitSI BfiL. 

Toluene 535 379 [20] 

p-Xylene 156 110 [20] 

Napthalene 31 22 [18] 

f-Butylbenzene 29 21 [20] 

Bipheny( 7.4 4.7 1181 

Dodecane 3.7 2.S [21] 

Octadecane 2.1 0.8 [21] 

Phenanthrene 1.0 0.7 [18] 
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Table 3. Bioconcentration factors (BCF) calculated for marine mussels from 

water solubilities in freshwater and seawater3 

ino BCF 

Molecule Freshwater Ssaaater 
Toluene 3.1 3.2 

p-Xylene 3.4 3.5 

Napthalene 3.9 4.0 

r-Butylbenzene 3.S 4.0 

Biphenyl 4.3 4.5 

Dodecane 4.6 4.6 

Octadecane 4.7 5.0 

Phenanthrene 4.9 5.0 

a Bioconcentration factors (BCF) calculated for M. edulis according to Geyer et 

al. (log BCF = -0.682 x log WS + 4.94) [23). Solubility data are presented in 

Table 2. 
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Figure 1. The relationship betwean Kow and bioconcentration factors (BCF) 

determined for the mussel Mytilus edulis and the fathead minnow Pimephales 

promelas for a variety of organic compounds. Data were derived from studies 

conducted by Geyer et al. [23] and Veith et al. [241-



23 

6-

' 0 Mussel ISC' 
5- A Minnow 

A 

LL. 4- * J * ^ O 
CD **2» 
O) 3- o & 

.O 

2-

1 -

o-
y^1° 

0 4 / 

o 
* A 2-

1 -

o-r • i • i I i 

2 3 4 5 6 7 8 

log Kow 


