
• Marine Chemistry of Energy-Related Pollutants 
• Iron-55 Phenomenon 

Principal Investigators: E. A. Crecelius, D. E. Robertson, and K. H. Abel 

These programs are designed to increase our understanding of the biogeochemical and physical 
processes that control the fate of energy-generated pollutants that enter the marine environment. As the 
energy needs of our country increase, coastlines are being used as sites for energy-generating facilities 
and related industries. As a result, increasing amounts of energy-related pollutants are introduced into the 
oceans. This research is vital to the U. S. Department of Energy in that it provides an understanding of 1) the 
natural origins, distributions and concentrations in baseline data of trace metals and other contaminants in 
the oceans; 2) the input rates and mixing rates of pollutants introduced to the oceans; 3) the behavior and 
fate of the anthropogenic pollutants entering the oceans from the atmosphere and the continents; and 4) 

provides an assessment of the potential environmental impact of energy-generated pollutants on the 
marine environment. 

Presently, the Marine Chemistry program is concerned primarily with concentrations and processes 
that affect the fate of pollutants entering the ocean. The Iron-55 Phenomenon program, closely related to 
the Marine Chemistry program, is examining the chemical speciation of soluble air particulate matter. 
Specific tasks pursued during the last year include: determining the diffusion coefficient for Hgo vapor 
between air and seawater; intercalibrating a mercury-analysis technique; measuring atmospheric input 
of combustion organics; determining the solubility of air particulates in seawater; and interpreting high 
55Fe-specific activities in salmon. 

Ex~erimental Determination of the 
Di fusivity of Hg Vapor in Seawater 

Man's mobilization of mercury by energy 
production and metal smelting has prompted 
concern regarding the movement of this 
pollutant through the environment. The 
anthropogenic flux of mercury in the 
environment has been estimated to exceed the 
flux due to natural processes. Mass bal
ances of global mercury have suggested that 
the oceans are a potential sink for atmos
pheric mercury. In order to estimate the 
exchange rate of HgO vapor between air and 
seawater, the diffusion coefficient must 
first be measured. 

Experimentally, we have measured this 
coefficient in the laboratory using radio
labeled mercury. We used the stagnant
boundary layer model for gas and water 
exchange. This model assumes that mass 
transfer of HgO vapor occurs by diffusion 
through the boundary layer. In our experi
ments, we used C02 to measure the 

93 

thickness of the boundary layer, and then, 
knowing this number, we determined the 
diffusivity of mercury under identical 
expermental conditions. The mercury-vapor 
diffusion coefficient was 2.1 x 10-9 m2/sec 
in seawater containing a NaCL solution and 
2.7 x 10-9 m2/sec in distilled water. 

Using the mercury-vapor diffusion co
efficient and the concentration of mercury 
vapor in the air and surface seawater, the 
flux of mercury vapor across the ocean can 
be estimated. Application of the mercury
diffusivity data is limited by lack of data 
on mercury vapor concentration in seawater. 

International Intercalibration for Mercury 
Analysis in Seawater 

During the last year, we participated in 
an international intercalibration experi
ment for the analysis of mercury in sea
water. The exercise was organized by the 
International Council of the Exploration of 
the Sea (ICES). 



Approximately 24 laboratories partici
pated, including three other labs from the 
U.S. Seawater samples collected near Ice
land by the Marine Research Institute were 
acidified, stored, and then shipped in boro
silicate glass bottles. Our sample of 
unspiked seawater contained a mercury con
centration of 7.0 ng/L. The average value 
that 16 other laboratories obtained was 4.4 
ng/L. Our spiked-seawater sample had a 
mercury concentration of 25 ng/L; the 
average for all laboratories was 21 ng/L. 

The results of the intercalibration are 
encouraging for two reasons: first, we 
have again verified that our analytical 
technique produces results that agree with 
those of other researchers, and secondly, 
the results help confirm that the 
concentration of mercury in the open ocean 
is in the range of a few ng/L. 

Measuring Atmospheric Deposition of Organic 
Combustion Products 

This task will estimate the types and 
quantities of organic pollutants that enter 
Pacific Northwest marine waters from 
atmospheric fallout. Data collection and 
analysis are being conducted jointly with 
the University of Washington. During 
calendar year 1979, monthly air-particulate 
samples were collected at Seattle, Sequim, 
and Quillayute. 

Chemical analyses of approximately 12 
polynuclear aromatic hydrocarbons (PAH) and 
9 elements have been completed on the 
Sequim and Quillayute air filters. In the 
fall of 1980, we will complete analysis of 
the Seattle samples. As expected, the 
concentrations of PAH and elements are 
lower in rural samples than in urban 
samples. The PAH concentrations at Sequim 
and Quillayute are similar, and the 
concentration patterns are typical of a 
high-temperature combustion source. 

The deposition velocity of air particles 
has been previously determined for the 
Pacific Northwest. This will enable us to 
calculate the annual flux of polynuclear 
aromatic hydrocarbons to coastal waters. 
The concentrations of PAH will be 
determined in suspended matter collected 
from the Washington coast in the Fall of 
1980. A comparison will be made between 
estimated atmospheric input rates of PAH 
and the flux of PAH in suspended matter 
moving through the water column. 

BEHAVIOR OF SOLUBLE AEROSOLS IN THE MARINE 
ECOSYSTEM 

Tasks of the Iron-55 Program during the 
last two years were conducted to determine 
the solubility of air particulate matter in 
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seawater, compare the bioavailability of 
soluble elements in urban and rural aero
sols, and reinterpret past data that is 
related to high specific activity of 55Fe 
in Northeast pacific salmon. 

The solubility values for urban air 
particulate matter (as reported in the 
National Bureau of Standards Reference 
material) was compared with values of air 
particles collected from air filters in 
Seattle and rural areas. The solubility of 
most elements that we examined were similar 
to and independent of the ratio of particle 
mass to volume of seawater for the range 
studied. These data confirm results pre
viously published by this laboratory that 
the solubility of many elements in rural and 
urban air particulate matter is similar. 

The biological uptake of soluble ele
ments leached by seawater from air filters 
was determined using clam gills and phyto
plankton as the experimental species. The 
results of these uptake experiments indi
cate that the bioavailability of soluble 
elements that are leached from urban and 
rural air filters is identical. Different 
elements were taken up by clam gills and 
phytoplankton, but no significant differ
ences were noted in the percentage of an 
element that was removed from air filters 
containing urban as opposed to rural par
ticulate matter. The elements that the 
gills concentrated from the solution were 
Eu, Co, Zn, Se and La. The phytoplankton 
concentrated Eu, Sc, Fe and Cr. 

The similar bioavailability of elements 
from urban and rural air filters suggests 
that the same chemical form or forms are 
solubilized from urban and rural aerosols. 
Similar conclusions were reached in other 
experiments that were conducted jointly with 
the Bioavailability of Energy Effluent pro
gram in order to determine the toxicity of 
air particulate matter to phytoplankton. 
The results of these experiments (reported 
in part two of this section) showed that 
high concentrations of air particulate 
matter are toxic and that the toxicity is 
strongly correlated with the soluble 
heavy-metal concentrations. 

Interpretation of High 55Fe-Specific 
Activities in Salmon 

We have examined data concerning the 
high specific activity (SA) of 55 Fe (dpm 
55Fe/mgFe) in salmon caught along the 
west coast of North America from 1963 to 
1974. Our interpretation of the data indi
cates that the 55Fe SA in salmon reflects 
the SA in air particulate matter. In addi
tion, the specific activity of soluble 
55Fe in seawater (and presumably in 
organisms) would be approximately ten times 



higher than the SA in the air particulate 
matter due to the increased solubility of 
55Fe versus stable Fe. The differences 
in the solubility of 55 Fe and Fe asso
ciated with marine aerosols was demonstra
ted several years ago by Weimer and 
Langford of this laboratory (1978). 

Salmon spend much of their life as mem
bers of a pelagic food chain on the outer 
continental shelf or in the open ocean. 
Atmospheric input is a major source of 
stable iron and 55Fe for this food chain. 
Because iron has a one year residence time 
in the surface layer of the open ocean, the 
55 Fe SA in salmon should reflect the SA 
in marine aerosols, and, in fact, there is 
a good correlation between these data. 

Two questions that have been asked in the 
past are: 1) Why is the 55Fe SA in sal-
mon much higher than in seawater? and 2) 
Why does the 55Fe SA in salmon increase 
with latitude? In a given year, salmon 
caught in Alaska had five times higher SA 
than those caught in the area from 
California to Washington. 

The answer to the question of why there 
is higher SA in salmon than in seawater is 
related to the increased solubility of 

95 

55Fe versus stable iron. Since 55Fe is 
more soluble than stable Fe, 55Fe will 
have a higher SA than particulate Fe in the 
ocean. Assuming that soluble iron is the 
more important source of iron to the marine 
organisms, they will have a higher SA than 
the water in which they live. 

The explanation for the increase in 
55Fe SA in salmon as latitudes increase 
is related to the changes in aerosol chem
istry with geographical location. Salmon 
caught from the California-Washington area 
grew in an area where the coastal air chem
istry is influenced by the continent and, 
consequently, where the 55Fe SA in aero
sols is low because of dilution from 
crustal iron. Salmon caught in the Gulf of 
Alaska grew in an area with less conti
nental aerosol input than the Washington 
area and, consequently, reflect a higher 
55Fe SA. 

The results of the 55Fe phenomenon 
study show that chemical form influences 
the bioavailability of potential contami
nants to salmon. The results of both the 
55Fe and Marine Chemistry programs are 
used to guide future research tasks in the 
bioavailability and effects programs. 


