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QUANTITATION OF POLLUTANTS IN SUSPENDED MATTER
AND WATER FROM PUGET SOUND

Robert G. Riley, Eric A. Crecelius, Dale C. Mann,:
Keith H, Abel, Berta L. Thomas and Roger M. Bean

ABSTRACT

Puget Sound waters contained suspended matter uncontaminated by
metals except for Elliott and Commencement Bays. Five metals
[arsenic (As), copper (Cu), lead (Pb), antimony (Sb) and zinc (Zn)]
were elevated in suspended matter collected at stations 1in Elliott
and Commencement Bays compared to control Tlocations in Puget Sound
and the Pacific Northwest., A1l of these metals are on the EPA list
of priority pollutants.

During July - November 1979, eighteen chlorinated compounds
were detected in suspended matter collected from Hylebos Waterway
which discharges into Commencement Bay. Gas chromatoaraohic analy-
sis suggests these compounds are also present in suspended matter
sampled from Blair Waterway located adjacent to Hylebos Waterway and
in the corresponding filtered waters as analyzed by a method employ-
ing XAD-2 resin adsorption. The compounds ranged from two to seven
carbon atoms and consisted of alicyclic and/or cyclic chlorinated
olefins and trichlorinated, tetrachlorinated and pentachlorinated
benzenes. Two of these compounds have been positively identified in
suspended matter (tetrachloroethylene and hexachloro-1,3-butadiene)-
and are on EPA's 1ist of priority pollutants. In addition to tetra-
chloroethylene, 1,2-dichloroethylene, trichloroethylene, chlorodi-
bromomethane and bromoform were also detected and quantified 1in
waters collected from Hylebos Waterway during the same sampling
periods by a "purge and trap" technique. These compounds are also
on EPA's 1ist of priority pollutants. With the exception of Blair
Waterway, all of the above halogenated compounds were not detected
in suspended matter or water collected at the other sampling stations
monitored in this study.

In addition, five or more of a 1ist of nine aromatic hydro-
carbons (naphthalene, fluorene, phenanthrene, anthracene, fluoran-
thene, pyrene, benz(a)anthracene, chrysene, benzo(a)pyrene) were
identified in suspended matter from each sampling site and are among
the Tist of compounds on EPA's priority Tist,

The saturate hydrocarbon content of suspended matter appeared
to reflect biogenic distributions and concentrations with the excep-
tion of Hylebos and Blair Waterways where saturate hydrocarbon dis-
tributions indicated input of petroleum or its refined products.

These results are further discussed with respect to environ-
mental impact and the planning of future research studies in Puget
Sound by the NOAA/MESA Puget Sound Project.




SUMMARY

The specific goals of the NOAA/MESA Puget Sound Project are to: 1) assess
critical environmental problems in Puget Sound waters, 2) determine the effects
of critical environmental stress within the Puget Sound ecological systems and
3) identify and characterize the major marine components and processes of
Puget Sound ecosystems which are involved in c¢ritical environmental problems.

The objectives of this study were intended to: 1) provide preliminary
information regarding significant pollution levels in areas of Puget Sound and
2) provide a chemical base for aiding in the design of future research directed
toward meeting the above goals of the NOAA/MESA Puget Sound Project.

In July 1979 water and suspended matter collected from nine sampling
stations Tlocated in Elliott Bay, Commencement Bay, Sinclair Inlet, Budd Inlet
and a reference area (Port Madison) were analyzed for saturate, aromatic and
halogenated hydrocarbons and purgable organic compounds. Two of the sampling
stations in Commencement Bay (Hylebos Waterway and Blair Waterway) appeared to
be the most contaminated of the nine areas sampled, therefore, additional
samples were taken at these sites in September and November 1979.

The majority of Puget Sound waters examined contained suspended matter
which was not elevated in metals concentrations, Five metals (As, Cu, Pb, Sh
and Zn) out of a total of 22 detected were elevated in suspended matter col-
lected at stations in Elliott and Commencement Bays relative to stations "at
the other locations in Puget Sound and the Pacific Northwest. A1l of these
metals are on the EPA priority pollutant list. ‘

The saturate hydrocarbon content of suspended matter appeared to reflect
biogenic distributions of hydrocarbons with the exception of Hylebos Waterway
and Blair Waterway (Commencement Bay) where saturate hydrocarbon distributions
indicated input of petroleum or its refined products.

In suspended matter, aromatic hydrocarbons from naphthalene to pyrene
were present at all sampling stations whereas the higher molecular weight aro-
matic  compounds {benz(a)anthracene, chrysene, benzo(a)pyrene and perylene)
appeared to be site specific., Nine of the aromatic hydrocarbons identified
are on EPA's 1list of priority pollutants. Negligible amounts of saturate
hydrocarbons (<1-4 parts per trillion, pptr) and only trace amounts of aromatic
hydrocarbons (100-300 pptr) were detected in water samples collected from
Puget Sound.

Variation in the concentrations of saturate and aromatic hydrocarbons
associated with suspended matter with time was complicated by Tlarge standard
errars which can be rectified in the future by adoption of a more intensive
sampling program,

Several classes of halogenated compounds were present in the water and

suspended matter from stations in Commencement Bay (Hylebos Waterway, Blair
Waterway) relative to nondetectable levels at the other stations. Eighteen




chlorinated compounds were ‘detected in suspended matter from Hylebos Waterway.
The compounds ranged from two to seven carbon atoms and consisted of chlori-
nated alicyclic and/or cyc11c olefins and chlorinated benzenes. The concen-
trations of these compounds 1in suspended matter and water varied with time
(July 1979 - November 1979) with the highest concentration levels appearing in
samples collected in September and the Towest concentrations appearing in
samples collected in November. These changes could not be correlated with an
input of fresh water. Tetrachloroethylene and hexachloro-1,3-butadiene {on
EPA's list of priority pollutants) were positively identified as two of the 18
halogenated compounds present in suspended matter. Determination of the dis-
tribution of hexachloro-1,3-butadiene between water and suspended matter indi-
cated that a majority of the compound was present in the. water. Although
these compounds were present in very low concentrations, recently reported
acute toxicity and biocaccumulation data with similar compounds, suggests a
need for further study with respect to toxicity and possible food chain
transfer.

Polychlorinated biphenyls and other halogenated pesticides commonly found
in the environment were not detected in water or suspended matter from the
nine sampling stations. Minimum detectability Timits for these compounds in
water were-0.5-1.0 pptr and 2-4 parts per billion (ppb) in suspended matter.

- Only Hylebos Waterway contained quantifiable amounts of purgable organic
compounds. 1,2-Dichloroethylene and trichloroethylene were present in all
samples analyzed in July, September and November whereas other compounds were
intermittent (tetrachloroethylene, chlorodibromomethane and bromoform). All
of these compounds are on EPA's Tlist of priority pollutants, The fact that
Hylebos Waterway contained the highest concentrations of purgable halogenated
compounds appears significant since it is the same location where the highest
concentrations of halogenated olefins and chlorinated benzenes were found. It
is also significant that the concentrations reported are significantly higher
than levels reported for other water bodies which receive or have the poten-
tial of receiving industrial effluent discharges.

1. INTRODUCTION AND OBJECTIVES

Coastal zones such as Puget Sound are very attractive areas for the loca-
tion of heavy industry. Increased pollution inputs from such industry, plus
the waste effluents derived from municipal sewage may have significant environ-
mental impact with time in these areas. The MESA Puget Sound Project, a small
short term project (5-8 yr), was established within the Marine Ecosystems
Analysis Program (MESA), a part of the National Oceanic and Atmospheric
Administration (NOAA), to focus scientific research on specific environmental
problems relating to Puget Sound. The specific goals of the project were to:
1) assess critical environmental probiems in Puget Sound waters, 2) determine
the effects of critical environmental stress within the Puget Sound ecological
systems, and 3) identify and characterize the major marine components and
processes of Puget Sound ecosystems which are involved in critical environ-
mental problems.
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the waste effluents derived from municipal sewage may have significant environ-
mental impact with time in these areas. The MESA Puget Sound Project, a small
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1) assess critical environmental problems in Puget Sound waters, 2) determine
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systems, and 3) identify and characterize the major marine components and
processes of Puget Sound ecosystems which are involved in critical environ-
mental problems.



This report discusses the results of a study initiated to examine the
distributions of volatile organic compounds in water and suspended matter and
distributions of metals in suspended matter from nine sampling areas in Puget
Sound. The chemical data generated in this study provides information neces-
sary for aiding in the design of future research directed toward meeting the
above goals of the NOAA/MESA Puget Sound Project.

Suspended matter is important in both the removal of pollutants from sea
water, and as a food source for marine animals, making it an important mecha-
nism by which pollutants are transported in the food web (National Academy of
Sciences, 1975). Since suspended matter is the major source of material to
fine-grained sediments, the chemical composition of suspended matter and fine
grained bottom sediments can be expected to be highly correlated. In an estu-
ary such as Puget Sound, a detailed characterization of the distribution of
pollutants between seawater and suspended matter will contribute to the identi-
fication of both contaminants in the water and possible sources of these con-
. taminants. Knowledge of these equilibria combined with sedimentation rates
will provide needed information on the overall rates of removal of specific
pollutants from seawater, their rate of accumulation in sediments and the
importance of each compartment (seawater, suspended particulate matter, sedi-
ment) in the bioavailability of pollutants to marine organisms.

Many studies have been conducted which have examined the organic pollu-
tant composition of waters (Helz and Hsu, 1978; Schwarzenbach et al., 1978;
Shaw and Baker, 1978; Anderson et al., 1979) and sediments (Windsor and Hites,
1979; Hurtt and Quinn, 1979; Shaw and Baker, 1978) of large water bodies, many
of which have been associated with oil spills (Burns and Teal, 1979; Keizer et
al., 1978; The Amoco Cadiz oil spill, NOAA/EPA Special Report, 1978). However,
there is very little data available regarding organic (Bates and Carpenter,
1979; MacLeod et al., 1976; Riley et al., 1979; Pavlou and Dexter, 1979; Brown
et al., 1979) and metal pollutants (Schell and Nevissi, 1977; Crecelius et
al., 1975) of Puget Sound. Even Tess is known about the pollution chemistry
of suspended matter of large water bodies (Disalvo and Guard, 1975) including
Puget Sound (Baker et al., 1978). A1l of the chemical data on Puget Sound
indicates most areas to be relatively uncontaminated; however, a variety of
pollutants have been shown to be released in the industrialized urban areas.

This study was initiated in June 1979. The following program objectives
were carried out at nine sampling sites in Puget Sound in July 1979 and then
again in September and November 1979 to resample at two sites in Commencement
Bay. :

e Determine the concentration of certain elements in suspended matter
for the purpose of comparing the relative quantity and quality of
metal contamination.

o Characterize and quantitate volatile saturate and aromatic hydrocarbons
(including nonpurgable chiorinated hydrocarbons) in suspended matter
and water. '



e Characterize and quantitate volatile hydrocarbons (purgable hydrocar-
bons and halogenated organics)} in water.

e Compare, where possible, the concentrations of hydrocarbons and halo-
genated organics found 1in suspended matter and water, and based on
their distribution, determine the relative importance of these com-
partments as retainers of hydrocarbon pollutants.

o Determine the contribution that the hydrocarbons make to total
dissolved organic carbon,

o Based on an evaluation of data generated in the July sampling, select
the two most contaminated areas and resample these areas to determine
the relative persistence of poliutants with time.

e Provide an adequate data base to NOAA representatives for use in
future development of the technical plan for the MESA Puget Sound
Project.

2. GENERAL SAMPLING STRATEGY

. Sampling was conducted from an anchored research vessel. Suspended matter
was collected for organic chemical analysis by pumping seawater through glass
filters. Suspended matter was collected for metals analysis by pressure fil-
tration using membrane filters, Dissolved hydrophilic organic compounds were
collected by pumping glass filtered seawater through stainless steel columns
packed with XAD-2 resin. Samples of water for analysis of purgable organic
compounds were collected by sealing with septum caps glass bottles that were
completely fiiled with seawater. Conventional methods were used for sampling
and analysis of chlorophyll, particulate organic carbon, dissolved organic
carbon,)sa]inity, and dissolved oxygen (see Appendix A for details of sampling
methods}.

A brief summary of the analytical methods 1is presented here (see
Appendix B for details of analytical methods). Elemental analysis of sus-
pended matter was by instrumental neutron activation and energy dispersive
x-ray fluorescence. Purgable organics were sparged from seawater with a
stream of nitrogen cas and adsorbed on a Tenax column. Characterization and
quantitation of these compounds were determined by their release from the Tenax
resin into a gas chromatographic column mounted in a gas chromatograph/mass
spectrometer (GC/MS). Dissolved lipophilic organic compounds that had been
preconcentrated on columns containing XAD-2 resin were eluted with ethyl ether.
The concentrated ether extract was separated into saturate and aromatic hydro-
carbon fractions by silica gel chromatography. Saturate hydrocarbons were
separated and gquantitated by capillary gas chromatography (GC) using flame
jonization detection (FID). Prior to capillary gas chromatography, the aro-
matic fraction was spiit into two equal fractions. One fraction was used to
separate and quantitate aromatic hydrocarbons using FID; the other for the




analysis of halogenated organic compounds using an electron capture detector.
Suspended matter was soxhlet extracted with benzene/methanol. The concentrated
extracts were prepared for analysis of saturate, aromatic and halogenated
compounds by GC as described above for the filtered water samples. GC/MS was
used for the absolute identification of selected aromatic and halogenated
compounds., The overall sampling and analytical scheme is shown in Fig. 1.

The sampling areas were selected to include the major industrial harbors
of Puget Sound and a reference, or background, area. The four main sampling
areas were: Elliott Bay (Seattle); Commencement Bay (Tacoma); Budd Inlet
(Olympia); and, Sinclair Inlet (Bremerton). The reference area was Port
Madison, Nine sampling stations were selected by mutual agreement between the
National Oceanic and Atmospheric Administration and Battelle-Northwest. Three
stations each were chosen in E1liott Bay and Commencement Bay, with one station
in each of the other three areas. A1l sampling stations were also used by the
National Marine Fisheries Service for seasonal collections of organisms and
sediments for the NOAA/MESA Puget Sound Project.

The names we used for the nine stations are listed below. A general map
showing the four main sampling areas and the reference area is shown in
Fig. 2. Maps showing the specific locations of sampling sites are shown in
Appendix C. '

Sampling Area . Station Name

E1liott Bay Pier 54
Harbor Island
West Waterway

Commencement Bay Puyallup River
Hylebos Waterway
Blair Waterway

Sinclair Inlet Bremerton
Budd Inlet 0lympia
Port Madison Port Madison

A1l stations were sampled July 4-7, 1979. Then, based on analysis of the

. chemical data from the July samples, Hylebos and Blair Waterways were selected

for additional sampling. Hylebos and Blair Waterways were sampled September 25
and November 15, 1979 to determine the presence of chemicals in suspended mat-
ter and in the water with time.
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Figure 1. Sampling and analytical scheme. The aromatic hydrocarbon fraction isolated from water
and suspended matter contained the aromatic hydrocarbons (benzene + benzo(a)pyrene) and the
halogenated organics (alicyclic and/or cyclic halogenated olefins and chlorinated benzenes).
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Figure 2. General map showing four main sampling areas: Elliott Bay (A),
Commencement Bay (B), Sinclair Inlet (C), Budd Inlet (D) and Port Madison (E).




3. RESULTS

3.1 Spacial and Temporal Variations of Suspended-Load,
Chlorophy1l A, and Physical and Chemical Parameters

The suspended matter load values generally ranged between 1-9 mg/¢ except
for a value of 29 mg/% at the Puyallup River station. The percentage of
organic carbon ranged from 1 to 13%.

The temperature and salinity are typical values for the time of the year.

The low salinity at the Puyallup River station indicates that the sample was
predominately river water. Dissolved oxygen (DO} levels were generally high
or supersaturated due to oxygen production by phytoplankton. The highest DO
value was at Olympia where the highest chlorophyll A values were also measured
(Table 1). Dissolved organic carbon showed little variability, whereas par-
ticulate organic carbon ranged an order of magnitude and was related to sus-
pended matter load.

3.2 Metals in Suspended Matter

3.2.1 Concentration of Metals in Suspended Matter: Variation Among Nine
Sampling Sites {July 1979} :

The metals that appear to be elevated due to man's activities are As, Cu,
Pb, Sb and Zn (Table 2). These five metals are enriched by not more than a
factor of 5 over reference levels in the industrial harbors of Seattle and
Tacoma., Since the within station concentration variation is approximately
+20% for one standard deviation, variability of less than 20% between stations
should not be considered significant. The concentrations of all the elements
determined at the nonindustrial stations (Olympia and Port Madison) were simi-
lar to those reported for suspended matter from "clean" stations such as
Sequim Bay, WA and the Washington Coast (Crecelius, unpublished data). - The
relative proportion of Al, Fe, Si and Ti, and nearly all other elements
analyzed, is fairly constant (Table 3).

3.2.2- Variability of Metals in Suspended Matter with Time

The seasonal changes in the metals content of suspended matter from
Hylebos and Blair Waterways are small, if any (Table 4 and 5). Some metal
concentrations were highly variable (factor of 2) but do not correlate with
any known factors.

3.2.3 Intercomparison of Analytical Methods for Elements in Sediments

As part of an intercomparison of analytical methods, Battelle-Northwest
(BNW) analyzed three Puget Sound sediments that had been collected and ana-
lyzed for a large number of elements by the National Marine Fisheries Service
(NMFS) of Seattle. The results of the elemental analysis of sediments by BNW
and NMFS are shown in Table 6. The BNW results were produced by instrumental




neutron activation analysis (INAA) for Al, Na, and Sb and by x-ray fluores-
cence (XRF) for the other elements (see Appendix B for details). The NMFS
results were produced by plasma emission analysis of an acid leach of the
sediments whereas the BNW results are for total element in sediment. In the
acid leach procedure, only the portion of elements that are dissolved by an
acid digestion of the sediment are quantified. The proportion of elements
that dissolve varies from sediment to sediment.

Since the acid leach procedure does not allow quantification of total
elemental concentrations in sediments, some discrepancy between the two Tabo-
ratory's results may be expected. The elements that show fair agreement
between laboratories are Cu, Fe, Ni, Pb, V, and Zn.

3.3 Halogenated Organic Compounds in Water and Suspended Matter
(Qualitative)

3.3.1 Electron Capture Gas Chromatographic Studies

Electron capture gas chromatographic analysis of the aromatic fractions
from XAD-2 resin concentrates of organics in water collected from nine sta-
tions in Puget Sound indicated that seven of the nine sites were relatively
“uncontaminated with respect to the presence of halogenated compounds. Repre-
sentative examples from two of these sites (Port Madison and Pier 54} are
shown in Fig. 3. Both Hylebos Waterway and Blair Waterway contained components
exhibiting electron-capturing characteristics in the water. Both chromato-
graphic patterns were similar with water from Hylebos Waterway containing
higher concentrations of the components (Fig. 4). Similar patterns of
electron-capturing components were observed in extracts of the suspended
matter from these two stations (Fig. 5}). On a qualitative basis, there were
higher concentrations of these components in suspended matter from Hylebos
Waterway as compared to Blair Waterway. Although the distributions of these
components were different in the water column and suspended matter (because of
difference in water solubility, adsorption to suspended matter and XAD-2 resin
and volatiiity), many of the components found in the suspended matter from
these two sites also appeared in the water (Fig. 6 and 7).

Electron-capture gas chromatographic analysis showed the halogenated
compounds to be present in samples collected from water and suspended matter
from Hylebos Waterway and Blair Waterway in July, Septembér and November
1979. Qualitatively, the concentration 1levels of halogenated compounds in
water and suspended matter were greatest in September with the lowest concen-
trations observed in waters and suspended matter examined in November
(Fig. 8-11). The possibility that the drop in the Tlevels of these compounds
was a result of a pulse of fresh water was ruled out because no simultaneocus
drop in polycyclic aromatic hydrocarbons (PAH) were observed at these stations.
In fact, PAH concentrations were at their highest levels during the November
sampling. Discussion earlier in the year of some of our preliminary findings
with Don Brown of NMFS, Seattle, indicated that he had found a pattern of
halogenated components in bottom sediments from the same Tocations, several of

s

10




which he had tentatively identified as chlorinated butadienes by gas chroma-
tography/mass spectrometry (GC/MS). We compared the retention time of
electron-capturing components in water and. suspended matter from Hylebos
Waterway and Blair Waterway with the retention time of synthetic hexachloro-
1,3-butadiene. A component which matched the retention time of hexachloro-
1,3-butadiene was found in the water and suspended matter of Hylebos Waterway
and Blair Waterway although the component in the water of Blair Waterway was
small (Fig. 12-15}.

3.3.2 Characterization and.Quantitation of Halogenated Organics in Suspended
Matter and Water of Puget Sound

Polychlorinated biphenyls (PCB's) and other halogenated pesticides were
not detected in water or suspended matter sampled from the nine stations in
July 1979 and again at two of these stations (Hylebos Waterway and Blair
Waterway) sampled in September and November 1979. Although several of the
peaks in electron-capture gas chromatograms of extracts of suspended matter
from Hylebos Waterway matched the relative retention times of known halogen-
ated pesticide standards, none had spectra which matched the published mass
spectra of the common halogenated pesticides (Knight and Bonelli, 1971).
Minimum detectability limits for these halogenated pesticides in the water
were 0.5-1.0 pptr and 2-4 ppb in suspended matter. Since samples of suspended
matter from Hylebos Waterway contained the highest concentrations of halogen-
ated compounds we elected to emphasize the analysis of this material for ten-
tative and absolute characterization of halogenated compounds by GC/MS.
Fig. 16 shows the electron-impact total fon chromatogram of the aromatic frac-
tion of suspended matter from Hylebos Waterway and a list of compounds tenta-
tively identified. Analysis of spectra indicated the only detectable halogen
present in the compounds associated with this suspended matter was chlorine.
Compounds designated by a letter contained chlorine and were assigned molecu-
lar formulas and possible structural formulas based on comparison of chlorine
isotope ratios of the unknown compounds to known literature values (MclLafferty,
1967). Mass spectra of chlorinated compounds tentatively identified are found
in Appendix C. The chlorinated compounds listed in Fig. 16 can fall into
several possible structural types. These include chlorinated alicyclic mono,
di and polyolefins and/or chlorinated cyclic olefins and chlorinated benzenes.
Hexachloro-1,3-butadiene and tetrachloroethylene were the only chlorinated
compounds positively identified and quantitated in suspended matter from
Hylebos Waterway based on congruency of relative retention times by gas chro-
matography and congruency of mass spectra of unknown and analytical standard.
Fig. 17 shows the spectra match. for hexachloro-1,3-butadiene. Since the
response of the electron capture detector varies considerably with the number
of chlorine atoms in the compound, it 1is important that analytical standards
be available to confirm absolute structures and to be able to determine accu-
rately their concentrations in suspended matter and water. Therefore, absolute
confirmation of structures of chlorinated compounds and their concentrations
in water and suspended matter in Hylebos and Blair Waterways has to await the
availability of analytical standards. Since GC/MS characterization of halo-
genated compounds in suspended matter from Blair Waterway was not conducted
and waters from these itwo waterways contained concentrations of halogenated
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compounds too low for GC/MS analysis, we can only suggest that these as well
as other chlorinated hydrocarbons yet to be identified are responsible for the
electron-capture activity observed in these waters and suspended matter. Such
assumptions are not unreasonable, bearing in mind that electron-capturing com-
pounds in GC chromatograms of extracts from Hylebos Waterway match the relative
retention times of electron-capturing compounds found in the suspended matter
from Blair Waterway and their corresponding filtered waters., Table 7 Tists
the concentrations and distributions of hexachloro-1,3-butadiene found in sus-
pended matter and water from Hylebos Waterway and Blair Waterway based on the
above assumptions, Concentrations in the water ranged from <0.1 to 0.6 pptr
for Blair Waterway and 0.2 to 2.4 pptr in Hylebos Waterway. Concentrations of
hexachloro-1,3-butadiene in suspended matter from Blair Waterway ranged from
1.0 to 3.0 ppb to 9.9 to 148 ppb in Hylebos Waterway. Based on its distribu-
tion, most of the hexachloro-1,3~butadiene appeared to be in the water. These
d1str1but1ons however, have to be viewed with caution because they are depen-
dent on var1at10ns in the total concentration of hexachloro-1,3- butad1ene and
suspended load present with time.

3.4 Concentrations of Purgable Organic Compounds in Water from
Puget Sound (Characterization and Quantitation)

The results of our analysis of Puget Sound waters for organic compounds
using a "purge and trap" technique are shown in Table 8. Examination of data
obtained from the July sampling trip showed that only Hylebos Waterway con-
tained quantifiable amounts of purgable organic compounds. 1,2-Dichloro-
ethylene, trichloroethylene and bromoform were present in a concentration
range of 0.8 to 1.1 ppb. Tetrachloroethylene and chlorodibromomethane were
detectable in single ion mass spectrometric scans, but were not present in
sufficient concentration to quantitate. Combinations of these same compounds
were detectable, but not quantifiable at the other eight sampling sites.
Similar results were obtained when Blair Waterway and Hylebos Waterway were
sampled again in September and November to determine the variation in the
concentrations of these compounds with time, Again, only Hylebos Waterway
contained sufficient concentrations of compounds to quantify. 1,2-Dichloro-
ethylene and trichloroethylene were present 'in quantifiable amounts in water
samples collected from Hylebos Waterway from all three time periods. Concen-
tration ranges were 0.8-2.4 ppb and 0.8-3.0 ppb for 1,2-dichloroethyliene and
trichloroethylene respectively. Quantifiable amounts of tetrachloroethylene
were present in waters from the September 1979 (0.4 and 0.3 ppb) sampling trip
but not in July and November and in only one instance was chlorodibromomethane
quantifiable (Sept. 19798). The concentrations of bromoform in waters from
Hylebos Waterway were in the range of 0.7-1.2 ppb during July 1979 and

-September 1979 but dropped below quantifiable levels in November 1979. Carbon

disulfide was present; however, it was not quantitated because it is believed
to be an artifact of the sampling apparatus. Lastly, methylene chloride was
not quantifiable in two instances due to overlap of the methylene peak with
artifacts derived from septum bleed. Therefore, the concentrations, in many
cases, reported for methylene chloride are disproportionately high and must be
viewed with caution. (Septum bleed results in the release of volatile organic
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artifacts into the gas chromatographic column. The extent of this release
depends on septum conditioning, which can be quite variable). We also examined
waters from Blair Waterway and Hylebos Waterway for volatile low molecular
weight chlorinated butadienes using the "purge and trap" technique and using
2-chloro-1,3-butadiene and 2,3-dichloro-1,3-butadiene as standard compounds,
Thes$ compounds were not found in the GC/MS chromatograms obtained from these
samples.

3.5 Saturate and Aromatic Hydrocarbons in Puget Sound Water
(Characterization and Quantitation)

Table 9 shows the concentrations of saturate hydrocarbons isolated from
samples of water collected from nine stations in Puget Sound (Jduly 1979). In
all cases, the saturate hydrocarbon concentrations (Ci3 + Cpg, pristane,
phytane) were below minimum detectable 1imits of <2-4 pptr. Similar results
were observed for saturate hydrocarbons idisolated from waters from Blair
Waterway and Hylebos Waterway when monitored with time. Concentrations were
below the minimum detectability Timits of 0.2-3 pptr (Table 10).

Concentrations of selected aromatic hydrocarbons isolated from samples of
filtered water from the same nine sampling stations are listed in Table 11.
Concentrations of compounds from naphthalene to pyrene were in the range of
1-108 pptr. Because of the large standard error associated with individual
data points, no significance can be attached to variation in mean concentra-
tions observed between stations. Higher molecular weight aromatic hydrocar-
bons (fluoranthene, l-methylpyrene, benz(a)anthracene and chrysene) were not
present at detectable levels (<1 pptr). Comparison of the concentrations of
aromatic hydrocarbons in samples of water collected from Hylebos Waterway and
Blair Waterway showed the waters sampled in July to contain the highest con-
centrations of aromatic hydrocarbons which were in the range of 2-74 pptr. No
aromatic hydrocarbons were detected in water samples from the July 1979 sam-
pling (<2-4 pptr) and only frace amounts of naphthalene and the methylnaphtha-
lenes were detected in samples from fhe November collection. As in the July
?amp1ing, the higher molecular weight aromatic hydrocarbons were not detected

Table 12).

3.6 Saturate and Aromatic Hydrocarbons in Suspended Matter
from Puget Sound

Table 13 1lists the concentrations of volatile saturate hydrocarbons iso-
lated from suspended matter from nine stations in Puget Sound sampled in July
1979.  Total saturate hydrocarbon concentrations (Cq3 + Coa, pristane,
phytane) ranged from 11.3 to 67.6 parts per million (ppm) for the nine sampling
stations. 'The three Seattle stations appeared to have lower total concentra-
tions of saturate hydrocarbons than either Bremerton, Olympia or the three
Tacoma stations. Although the total saturate hydrocarbon concentration at the
Port Madison station was high, it was due mainly to one component, pristane,
otherwise the individual hydrocarbon concentrations fit more closely the
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hydrocarbon concentrations determined at the Seattle stations. High standard
errors were associated with the Bremerton, Olympia and Tacoma stations sug-
gesting a high degree of variability in suspended matter type and/or concen-
trations of saturate hydrocarbons associated with individual suspended matter
particles. Due, again, to high standard errors, no differences could be
observed in hydrocarbon concentrations of suspended matter from Hylebos
Waterway and Blair Waterway with time (Table 14). Fig. 18 shows typical gas
chromatographic distributions of saturate hydrocarbons isolated from suspended
matter in Puget Sound.

Table 15 1ists the concentrations of a selected set of aromatic hydrocar-
bons isolated from suspended matter from nine sampling stations in Puget Sound
in July 1979. Significant differences in the total concentrations of aromatic
hydrocarbons were observed between sampling stations. The Tacoma sampling
stations (Puyallup "River, Hylebos Waterway, Blair Waterway) contained the
greatest concentrations of aromatic hydrocarbons adsorbed to suspended matter
(7.71, 4.08 and 7.67 ppm respectively) whereas Seattle's Harbor Island and
Olympia's Budd Inlet had the least (0.90 and 1.01 ppm respectively). Aromatic
hydrocarbons from naphthalene to pyrene were found at all sampling sites
whereas the higher molecular weight aromatic compounds (benz(a)anthracene,
chrysene, benzo(a)pyrene and perylene) appeared to he site specific. A1l four
compounds were associated with suspended matter from Seattle's Pier 54 and
Tacoma's Hylebos Waterway (0.01 - 0.13 ppm) whereas concentrations of these
compounds in suspended matter from Bremerton's Sinclair Inlet, Tacoma's Blair
Waterway, Olympia's Budd Inlet and Port Madison were not detected (<0.01 -
0.02 ppm). Suspended matter from Seattle's Harbor Istand and West Waterway
contained detectable levels of benz(a)anthracene and chrysene (0.03 - 0.12 ppm)
but benzo(a)pyrene and perylene were below the Tlimits of detectability (<0.01
ppm). Conversely, -suspended matter from Tacoma's Puyallup River contained
detectable levels of benzo(a)pyrene and perylene (0.12 - 0.18 ppm), but
benz(a)anthracene and chrysene were below the limits of detectability (<0.01
ppm). Determination of the variations in concentrations of aromatic hydrocar-
-bons from suspended matter from Hylebos Waterway and Blair Waterway with time
was complicated by large standard errors (Table 16). Total aromatic hydrocar-
bons appeared to be highest in both waterways in November with these increases
appearing to result from increased -concentrations of the higher molecular
weight aromatic hydrocarbons (benz{a)anthracene, chrysene, benzo(a)pyrene,
perylene). Fig. 19 shows typical gas chromatographic distributions of aromatic
hydrocarbons isolated from suspended matter in Puget Sound. '

Total saturate hydrocarbons accounted for approximately 0.04 to 0.2% of

the total organic in the suspended matter whereas the total aromatic hydrocar-
bons accounted for 0.002% to 0.01% of the total carbon.

4. DISCUSSION

The purpose of this study was to produce a preliminary data base on the
concentrations of organic and inorganic pollutants associated with suspended
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matter and/or water from nine sampling stations 1in Puget Sound. The nine
sampling stations were selected by mutual agreement between the National
Oceanic and Atmospheric Administration and Battelle-Northwest. Because of
this, chemical data generated on suspended matter and water by our study would
be compatible and complementary to data being generated by NMFS resulting from
seasonal collections of organisms and sediments from the same sampling sta-
tions. The NMFS study is sponsored by MESA and is a part of the project under
which Battelle-Northwest data were collected and here reported.

Concentrations of suspended matter were positively correlated with
chlorophyll A and particulate organic carbon, indicating phytoplankton was a
significant component. Excluding the Puyallup River station the correlation
coefficient (r) for suspended Toad with chlorophyll was 0.76 and suspended
load with POC was 0.87. The concentration of crustal elements such as Fe and
Al indicated crustal material was a major coniributor to the suspended matter
except at Olympia and Port Madison.

The temperature and salinity are typical values for the time of the year.
The Tow salinity at the Puyallup River station indicates that the sample was
predominately river water. Dissolved oxygen (DO) levels were generally high
or supersaturated due to oxygen production by phytoplankton. The highest DO
value was at Olympia where the highest chlorophyll A values were also measured.
Dissolved organic carbon showed 1ittle variability, whereas particulate organic
carbon ranged an order of magnitude and was related to suspended matter load.

The differences that occurred between summer and fall at Hylebos and Blair
Waterways are a decrease in suspended matter load with a paralleled decrease
in chlorophyll A and POC due to the annual cycle of phytoplankton.

The elemental composition of Puget Sound suspended matter is controlled
by pollution, river borne crustal material and biological activity., Puget
Sound waters contained suspended matter uncontaminated by metals except for
E11iott and Commencement Bays. Five metals (As, Cu, Pb, Sb and Zn) were ele-
vated in suspended matter collected at stations in Elliott and. Commencement
Bays compared to stations at control locations in Puget Sound and the Pacific
Northwest. A1l of these metals are on the EPA 1ist of priority pollutants.
These results support a tentative conclusion that the suspended matter in only
the industrial harbors of Puget Sound are contaminated by some metals. The
biological significance of these metal levels in suspended matter cannot be
determined at present due to a lack of information on the cycling and bioavail-
ability of contaminants in suspended matter to organisms. However, we would
expect increased levels of some metals in animals feeding on this matter.
Experiments in our Tlaboratory have shown that a detritus feeding clam accumu-
lated copper from copper contaminated detritus {Apts et al., 1978).

The concentrations of Al, Fe, Si and Ti in suspended matter reflect the
input of crustal materials by river runoff. The relative proportion of these
four crustal elements, and nearly all the other elements analyzed, is fairly
constant., The absolute concentration of Fe, Al and Si decrease at stations
distant from rivers (Olympia and Port Madison) due to removal of crustal
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material by sedimentation and dilution by organic matter. The biogenic con-
tribution, as determined by organic carbon and chlorophyll A, dilutes the
crustal elements by a factor of 4 at Port Madison and 10 at Olympia. Some
metal concentrations were highly variable; therefore, to determine any sig-
nificant differences in metal concentrations with time will require a more
intensive sampling program,

There appears to be a correlation between the metal Tevels in the sus-
pended matter and concentrations of metais in fine grained sediments from the
same area that were collected and analyzed by NMFS. The highest concentrations
of heavy metals in sediments were from stations in Elliott and Commencement
Bays (NMFS, Seattle, WA, unpublished results). This correlation indicates
that a portion of the metal contaminants entering Puget Sound from industrial
areas are removed by suspended matter and accumulated in the sediments. The
biological significance of these metal levels in suspended matter cannot be
determined at present because the ecological consequences of elevated metal
body burden on suspension feeding animals has not been determined. However,
both field and laboratory studies for selected elements would predict elevated
metal levels in animals feeding on contaminated suspended matter.

Eighteen chlorinated compounds were detected in suspended matter collected
from Hylebos Waterway. Two of these compounds were positively identified as
hexachloro-1,3-butadiene and tetrachloroethylene, Based on gas chromatographic
retention time studies, these compounds were also suggested to be present in
the suspended matter of Blair Waterway as well as the correspending filtered
waters. The compounds ranged from two to seven carbon atoms and consisted of
alicyctic and/or cyclic chlorinated olefins, possible discharges resulting
from the Diels-Alder preparation of chlorinated pesticides (Brooks, 1974), and

© trichlorinated, tetrachlorinated, and pentachlorinated benzenes, which are

common industrial chemicals (She1don and Hites, 1979). Analyses conducted by
NMFS (unpublished results) has detected and quantitated dichlorobenzene, tri-
chlorobutadiene, tetrachlorobutadiene, pentachlorobutadiene and hexachloro-
butadiene in sediment from Hylebos Waterway. In addition, with the exception
of dichlorobenzene, all of the chlorinated butadienes were quantifiable in
sediment collected from Blair Waterway. Also analyses conducted by NMFS

- (unpublished results) have detected these same compounds 1in a variety of

benthic organisms residing in sediments of Hylebos Waterway; however, the
levels are lower than the levels of polychlorinated biphenyls observed on the
same species. In addition, examination of demersal organisms (English and
Rock Sole} collected from Hylebos Waterway showed considerable accumulation of
chlorinated butadienes in their 1livers, especially hexachloro-1,3-butadiene
(NMFS, unpublished results).

We found concentrations of hexachloro-1,3-butadiene in suspended matter
from Hylebos Waterway to be similar to concentrations reported in sediment
collected from Hylebos Waterway and analyzed by NMFS. The fact that this com-
pound as well as other chlorinated olefins appear also to be present in the
water suggests a pathway for transport of the pollutants from discharge
effluent to suspended matter to sediment and to benthic, demersal and pelagic

16



S~ )

organisms. EPA water quality criteria has been established for hexachloro-
1,3-butadiene (EPA, Federal Register, Vol. 44, No, 52, March 15, 1979). How-
ever, extrapolations of these data to waters from Hylebos Waterway have to be
viewed with extreme caution when it 1is known that other similar halogenated
comp$ug?s are present for which acute and chronic toxicity data may not be
available.

In addition to hexachloro-1,3-butadiene, and tetrachloroethylene,
1,2-dichloroethylene, trichloroethylene, chlorodibromomethane and bromoform,
common to industrial discharge effluents (Perry et al., 1978) were also
detected and quantified in waters collected from Hylebos Waterway. A1l of
these compounds are on the EPA Tist of priority pollutants,

The fact that Hylebos Waterway was the only station that contained quan-

tifiable levels of purgable halogenated compounds appears significant since it |

is the same location where the highest concentrations of halogenated olefins
and chlorinated benzenes were found. It is also significant that the concen-
trations reported are significantly higher than levels of halogenated purgable
organic compounds reported for other water bodies which receive or have the
potential of receiving fdndustrial effluent discharges (Sheldon and Hites,
1978; Bean et al., 1980).

Data produced by our study and the study conducted by NMFS and combined
with information on similar chlorinated organic compounds for which bioaccumu-
lation and toxicity data are available (Spehar et al., 1979) indicates a need
for further study of these compounds with respect to fate, toxicity and poten-
tial food chain transfer. Recommendations to NOAA regarding additional studies
are discussed in Section V.

Saturate and aromatic hydrocarbons in samples of water collected from
nine stations in Puget Sound do not appear to pose any immediate environmental
problem since they were found to be present at Tevels ~1000 fold less than
levels used in a laboratory exposure system to study chronic and acute effects
of oil eﬁposure to pelagic marine organisms (Bean et al., 1978; Anderson et
al., 1980).

The saturate hydrocarbon content of suspended matter appeared to reflect
the concentrations and biogenic distributions of hydrocarbons similar to what
has previously been reported (Carpenter and Fairhall, 1979} with the exception
of Hylebos Waterway and Blair Waterway where saturate hydrocarbon distributions
indicated input of petroleum or its refined products {(Riley et al., 1979;
Riley et al., 1980).

Aromatic hydrocarbons from naphthalene to pyrene were detected in samples
of suspended matter collected from all nine stations whereas the higher molecu-
lar weight aromatic compounds (benz(a)anthracene, chrysene, benzo(a)pyrene and
perylene) appeared to be site specific. Concentrations of aromatic hydrocar-
bons in suspended matter appeared to be an order of magnitude lower than con-
centrations observed in sediment from similar Tocations (Riley et al., 1980,
NMFS, unpublished results)., Their presence in suspended matter and their
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absence at detectable Tevels in water suggests an efficient pathway for their
transport to sediments. Recent studies in Puget Sound (NMFS, unpublished
results) find these compounds most available to benthic organisms; however,
limited information is available regarding sublethal effects on aquatic organ-
isms or their transformations into major metabolites which may be more toxic
than the parent compound (Neff, 1979). In addition, nine. of the compounds
found in suspended matter (naphthalene, anthracene, benz(a)anthracene, benzo-
(a)pyrene, chrysene, fluoranthene, fluorene, phenanthrene and pyrene) are on
EPA's 1ist of priority pollutants. Therefore, there is a need for additional
studies on the fate and effects despite the fact that determining the origins
of these compounds in large water bodies is difficult if not impossible to
pinpoint (Lake et al., 1979). Recommendations to NOAA regarding additional
studies in this area are discussed in Section V.

5. RECOMMENDATIONS

5.1 Halogenated Compounds in Suspended Matter and Water from
Commencement Bay (Blair Waterway and Hylebos Waterway)

Preliminary studies conducted in the Commencement Bay area of Puget Sound
showed the presence of chlorinated olefins in the water and suspended matter
of Blair Waterway and Hylebos Waterway while other stations appear relatively
uncontaminated. The concentrations of these compounds in suspended matter and
water varied with time (July - September 1979) with the highest concentration
levels appearing in the September sampling and the Tlowest concentrations

appearing in November, Eighteen chlorinated compounds were detected by gas
chromatograph-mass spectrometry,

A logical extension of this work, although not proposed under this study
would be to proceed with the following detailed investigations. Such investi-
gations would be of immense value in assessing the overall environmental impact
of the presence of these compounds in the Commencement Bay area.

1. Continue to sample suspended matter and water fron Commencement Bay
this year to determine whether the chlorinated olefins continue to
persist in this area. Also sample sediments.

2. Design and implement the sampling program so that the source(s) of
these chlorinated olefins can better be defined,

3. Acquire additional analytical standards so that absolute characteri-
zation and quantitation of as many of the chlorinated compounds can
be made. This is important in order to be able to better define the
range of concentrations of chlorinated olefins present in these
waterways. At present, we can only assume the concentrations to be
similar to hexachlorobutadiene, the only compound in this molecular
weight range that we have absolutely identified and quantitated in
Commencement Bay. This assumption may or may not be valid. The
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results from this study can also be used to establish guidelines for
the design of acute and chronic toxicity experiments to assess bi10-
Togical impacts and aid in the establishment of guidelines for regu-
lation of the amounts of these waste effluents entering Puget Sound.

4. Conduct experiments in the laboratory on the microbial degradation
potential of these chlorinated olefins using suspended matter and/or
sediments from Hylebos Waterway and Blair Waterway as compared to a
control sediment from an area such as Port Madison. Initial experi-
ments can be conducted with hexachlorobutadiene. Conduct these
experiments in parallel with suspended matter and/or sediments using
a polynuclear aromatic hydrocarbon (PAH) and a polychlorinated
biphenyl (PCB). Such studies will A) produce .information on _the
jmportance of the bicdegradation process in controlling the persis-
tence of these compounds in sediments, suspended matter and water of
Commencement Bay, B) provide information on their susceptibility to
degradation as compared to other pollutants in Puget Sound such as
PAH and PCB, C) provide information on products of chlorinated olefin
metabolism which may have environmental impact, and D) provide infor-
mation that can be used to compare the ability of microorganism
populations from Commencement Bay and control area (Port Madison)
sediments to control the persistence of these compounds.

5. Validate laboratory microbial studies by screening Commencement Bay
sediments for the presence of products of metabolism of chlorinated
olefins identified in the laboratory experiments,

6. Conduct mutagenic assays (Ames assays) to establish the mutagenicity
of identified chlorinated olefins isolated from suspended matter
and/or sediment fractions relative to known mutagens (benzo{a)pyrene,
2-aminoanthracene) to assess the potential non-occupational human
health effects of these compounds.

5.2 Polynuclear Aromatic Hydrocarbons (PAH) in Suspended Matter
from Puget Sound

Results from this investigation have indicated that polynuclear aromatic
hydrocarbons (PAH) are components present in suspended matter from Puget Sound.

 Recent published research was unable to assign specific origins to PAH hased

on their concentrations in estuarine sediments (Lake et al., 1979); therefore,
it becomes questionable as to the usefulness of attempting to determine thelr
point sources, especially from a regulatory point of view.

A more important study should focus on those processes which control the
retention and fate of PAH and their associated decomposition products in the
marine environment. One such study would look at the role that photooxidation
and microbiological degradation processes play in the formation of oxygenated
compounds and their distribution and fate in marine ecosystem compartments
(water, suspended matter, and sediment).
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Little research has been conducted to determine the impact of oxygenated
compounds in marine ecosystems, despite the fact that these compounds have
been shown to account for major fractions (50-90%) of the total organics
present in particulate matter (Fox and Olive, 1979). Such fractions have been
shown to possess significant carcinogenicity in biological testing. Recent
Battelle-Northwest studies have reported the formation of oxygenated compounds
from water-soluble phenanthrene exposed to cultures of organisms residing in
Sequim Bay sediments. Furthermore, the reported sensitivity of nonpolar
organics in particulate matter to ultraviolet Tight suggests that photooxida-
tion may provide a significant decomposition pathway for such compounds. Most
recently, several photo decomposition products of anthracene have been identi-
fied when anthracene adsorbed to air particulates was exposed to UV Tight.
Only about 10% of the original anthracene remained. These results suggest
that photooxidation can contribute significantly to the formation of oxygenated
PAH sorbed to atmospheric particulates ultimately bound for transport to water
bodies such as Puget Sound. Furthermore, this suggests that the common indices
of potential hazard (i.e., the determination of PAH or benzo(a)pyrene concen-
trations in collected particulate) may be seriously underestimated. The dis-
tribution of these oxygenated constituents once the particulates impact a
water body is also unknown.

A logical extension of this research would be to conduct a series of lab-
oratory experiments coupled with eventual field validation studies, to deter-
mine the distribution and fate of PAH and their associated photodecomposition
and microbiologically degraded products between water, suspended matter, sedi-
ment. Because of the need for initial control of parameters and the assurance
of the formation of detectable amounts of decomposition products and the
greater expense of field studies, the first phase of this study would be con-
ducted in the laboratory followed by field validation., Air particulate samples

‘amended with radiolabeled PAH would serve as substrates for these studies.

The types of experiments to be conducted (not necessarily complete) are listed
below:

1. Expose air particulates amended with radiolabeled PAH to sunlight.
Characterize and determine the relative abundance of photodecomposi-
tion products formed as a function of time, intensity of light, and
wavelength or irradiation.

2. Add sunlight-exposed particulates to filtered and nonfiltered Puget
Sound water., Determine the distribution of PAH and associated photo-
decomposition products between sunlight-exposed air particulates and
water and their redistribution among other suspended matter 1in the
water as a function of temperature, EH, and particulate matter/
sediment composition.

3. Incubate air particulates amended with radiolabeled PAH in water with
microorganisms cultures derived from Puget Sound sediments. Determine
the type and rate of formation of biodegradation products. Compare
the pathway of decomposition with that of photodecomposition. Deter-
mine rates of biodegradation as a function of temperature, EH, and
particulate matter/sediment composition.

20



4, Expose particulate matter to flowing sea water for lengths of time
approximating natural suspended matter residence time in Puget
Sound. Compare distribution of PAH and degradation products before
and after treatment to obtain information on these components in
sediment as a function of temperature, EH, and particulate matter/
sediment composition.

5. Validate results produced in Experiments 1-4 by field sampling parent
substrate and degradation products at a well-characterized field site.

6. Screen parent substrates and degradation products for mutagenic
activity. Use these results to select those components to be tested
in bioavailability studies.

These extensions of the current NOAA/MESA program should provide a sound

beginning for establishing environmental impact of trace pollutants over a
broad range of conditions in Puget Sound.
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Figure 18, GC chromatograms showing
typical variation in saturate
hydrocarbon composition of suspended
matter in Puget Sound. (A) Port
Madison, (B) Pier 54, and {C) Hylebos
Waterway. IS = Internal Standard
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Table 1. Physical and Chemical Parameters for Puget Sound Stations

JULY DATA
Suspended )

Station Location Sample Temperature Salinity Do Load mg/2 ¥ Organic C1 pocZ  poc3 Chlorophyll A

Depth{m) c° *f on (ppm) dry wt {dry wt) mgC/% mgC/2 mg/m?
Seattle, Pier 54 2 15° 28.9 10 2.2 10 1.2 0.22 2.3
Seattle, Harbor Island 2 15° 26.3 10 4.0 4.3 1.1 0.17 6.6
Seattle, West Waterway 2 14° 28.0 10 4.4 4.3 1.3 0.19 2.0
Sinclair Inlet, Bremerton 3 16° 29.4 10 2.7 3.0 1.2 0.08 1.4
Tacoma, Puyallup River 0.5 17° 8.3 9 29 1.2 2.2 0.36 2.5
Tacoma, Hylebos Waterway 2 16° 26.8 9 4.7 6.0 1.2 0.28 3.4
facoma, Blair Waterway 2 14° 25.7 11 6.4 6.7 1.1 0.43 2.2
Olympia, Budd Inlet 2 16° 29.0 17 8.6 12 1.6 1.0 12.8
Port Madison 2 15° 29.2 11 1.4 13 1.1 0.18 0.8

ly organic carbon (dry wt) content of suspended matter
2p0C = dissolved organic carbon
3poC = particutate organic carbon
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SEPTEMBER DATA

Table 1.

(continued)

Suspended
Station Location Sample Temperature Salinity Do Load mg/¢ % Organic C DOC POC Chlorophyll A
Depth{m) ce /oo {ppm) dry wt (dry wt) mgC/2 mgC/2 mg/m?
Tacoma, Hylebos Waterway 2 17° 28.4 11 4.1 5.6 1.2 0.23 0.9
Tacoma, Blair Waterway 2 18° 29.8 15 2.6 5.0 1.1 0.31 2.4
NOVEMBER DATA
Suspended
Station Location Sample Temperature Salinity D0 Load mg/% % Organic C  DOC POC Chlorophyll A
Depth{m) c® /50 {ppm) dry wt (dry wt) mgC/% mgC/e mg/m3
Tacoma, Hylebos Waterway 2 11° 30.0 8 2.5 4.0 0.90 0.10 0.3
2 10° 30.3 8 1.9 5.3 1.25  0.10 0.3

Tacoma, Blair Waterway
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Table 2. Concentration of Elements in Puget Sound Suspended Matter Collected July 1979 ppm Dry Weight

{(mean values from duplicate samples, uncertainties of approximately + 20% for o)

ELEMENT Pier Harbor West Puyallup Hylebos Blair Port
54 Island Waterway River Waterway Waterway Bremerton 0lympia Madison

As <22 37 44 <22 94 52 31 <22 28

Br 58 78 75 179 303 95 126 34 214

Co 8.5 7.5 14 2.5 8.8 8.2 7.4 2.2 6.4

Cr 79 52 88l 26 66 54 80 24 60

Cu 230 179 208 156 226 156 130 47 68

Eu 0.39 .52 0.94 0.22 0.68 0.68 0.41 0.11 0.28

Mn 1850 1050 1090 373 581 660 1730 146 2090

N1 82 39 44 47 55 28 58 12 55

Pb 380 338 448 153 250 111 146 26 97

Rb 27 33 39 25 18 37 24 8 <20

Sb 2.9 3.8 9.8 0.7 9.0 4.7 3.5 0.4 1.0

Se 2.3 1.1 1.2 0.5 1.6 1.2 1.7 1.5 1.8

Sr 205 213 213 | 262 370 328 <200 <200 <200

v 51 62 106 22 80 59 53 22 36

Zn 900 540 580 360 - 380 340 490 180 280
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Table 3.

Concentration of Elements in Puget Sound Suspended Matter Collected July 1979 % Dry Weight
(mean values from duplicate samples, uncertainties of approximately +20% for o)

Port

ELEMENT Pier Harbor West Puyallup . Hylebos Blair
54 Istand Waterway River  Waterway Waterway Bremerton O]ympia Madison

Al 3.7 7.1 6.6 6.3 8.1 6.1 4.2 0.2 1.4
Ca 0.7 1.6 1.5 2.3 2.2 2.6 1.4 0.6 0.8
c1 0.30  0.83  0.43 4.8 " 0.74 1.2 15 0.53 2.9
Fe 4.0 5.9 5.4 1.9 3.9 3.3 2.8 0.5 1.4
K 0.33 0.78 0.76 0.86 0.89 0.86 0.52 0.15 0.37
p 0.75 1.0 0.59 0.66 0.62 0.67 0.67 0.48 0.72
S 0.55 0.38 0.30 0.49 0.44 0.54 0.55 - 0.53 0.66
$4 15 22 20 18 25 28 19 2 11

Ti 10.16 0.33 0.36 0.32 . 0.30 0.38 0.45 10.04 0.15




Table 4. Concentration of Elements in Puget Sound Suspended Matter Collected During
September and November, 1979 ppm Dry Weight (mean values from duphcate samples,
uncertainties of approximately +20% for o)

JULY 1979 SEPTEMBER 1979 NOVEMBER 1979

ELEMENT Hylebos Blair Hylebos ~  Blair - Hylebos’ Blair
Waterway Waterway Waterway Waterway Waterway Waterway

X 4

As 94 52 65 42 86 106

Br 303 95 258 250 112 163

Co 8.8 8.2 10.2 7.7 8.4 7.9
Cr 66 54 104 63 61 65

Cu 226 156 290 303 189 484

Eu 0.68  0.68 0.82  0.62 0.71 0.66
Mn 581 660 761 686 741 654
Ni 55 28 44 45 51 32
Pb 250 111 237 139 181 396
Rb 18 37 31 26 3 34
sb 9.0 4.7 4.6 4.4 6.3 9.2
Se 1.6 1.2 1.2 1.5 1.3 1.5
Sr 370 328 440 373 369 409

v 80 59 86 77 83 89
Zn 380 340 328 335 191 640
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Table 5. Concentration of Elements in Puget Sound Suspended Matter Collected During
September and November, 1979 % Dry Weight (mean values from duplicate samples,
uncertainties of approximately +20% for o)

- JULY 1979 SEPTEMBER 1879 NOVEMBER 1979

ELEMENT Hylebos Blair Hylebos Blair Hylebos Blair -

Waterway Waterway Waterway Waterway Waterway Waterway
Al 8.1 6.1 6.5 4.8 5.5 4.9
Ca 2.2 2.6 2.6 2.5 | 2.2 2.7
a1 0.74 1.2 2.2 2.1 0.34 2.8
Fe 3.9 3.3 3.5 3.2 3.9 5.4
K 0.89 0.86 0.90 0.80 0;90 0.99
P 0.62 0.67 0.63 0.75 0.43 0.94
S 0.44 0.54 0.62 0.47 0.31 0.49
Si 25 28 23 22 23 25

Ti 0.30 0.38 0.29 0.24 0.29 0.32
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Table 6. Elemental Intercomparisdn of Puget Sound Sediments. Values in ppm Dry Weight

COMMENCEMENT BAY DUWAMISH WATERWAY CASE INLET
Mesa Station #09028 Mesa Station # 10031 Mesa Station # 12063

ELEMENT BNW NMES BNW NMFS BNW NMFS
"~ Al 70400 - 13060 80100 >20000 52800 6430
As 38 0 36 95 3.4 0
Ca 57000 >200000 20000 9000 16000 9600
Cr 90 34 94 45 90 21
Cu g9 85 127 131 12 10
Fe 45000 24000 53000 46000 13000 11000
Ga _ 18 51 21 65 9 34
K 11000 89 13000 220 8100 44
Mn 570 202 590 416 330 192
Na 26300 12846 23000 15823 - 19500 © 4935
Ni 56 42 31 36 19 19

Pb 141 111 316 265 11 7.9
Sb 5.0 43 8.7 74 1.2 19
Se 1.4 27 <1.3 80 <1.0 11
Si 210000 149 240000 101 390000 143
Sr 820 513 320 124 270 26
Ti 3900 940 5000 1600 1700 6800
v 130 67 147 96 57 28

Zn 156 134 o227 204 25 23
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Table 7. Concentrations and Distributions of Hexachloro-1,3-butadiene in Suspended Matter
and Water from Blair Waterway and Hylebos Waterway. Concentrations Expressed in ng/liter
(pptr) for Water and ng/g (ppb) Dry Weight for Suspended Matter.

Concentrationsl Distributions3
Blair Waterway Hylebos Waterway Blair Waterway Hylebos Waterway
Sampling Time  Sus. Matter Water Sus. Matter Water Sus. Matter MWater Sus. Matter Water
Jul. 1979 1.0 + 0.5 0.6 + 0.0 56.4 +41.3 2.4 +1.0 0 100 10 90
Sep. 1979 3.0+ 1.1 0.2, <0.1 147.5 + 5.5 0.3 +0.2 2 a8 70 30
Nov. 1979 1.5 + 0.5 <0.1, <0.1 9.9 + 6.4 0.2,2 2 98 15 85

1Duph’cate samples analyzed and reported as X + 3£, n = 2, XAD-2 water values not corrected for recovery,
however, a recovery of 47% has recently been reported (Rossum and Webb, 1978).
Only one sample analyzed.
3Relative concentrations between suspended matter and water base on one liter of water. Example, Hylebos
Waterway, July 1979. Amount of hexachloro-1l,3-butadiene in water = 2.4 ng. Amount of hexachloro-1,3-butadiene
associated with suspended matter in one liter of water =

56.4 ng _ 4.7 mg _ _ 0.27 _ , _ 2.4 _
1000 mg X Tier = 0.27 ng % on suspended matter = 7+ 557 X 100 = 10' % in water = T4+ 007 - 90
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Table 8. Characterized and Quantitated Purgable Organic Compounds in Waters from
Puget Sound as a Function of Sampling Location and Season. ({Concentrations in

#g/%, ppb)

July 1979 e September 1979 November 1979 ,

HI Wl PR QLY BRE P BW HW BW HW HW BY BW HW Hw

Larbon disulfide (ll + + + + + + + + + + + + + +
M;thy1ene chloride <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 109.4 <2.5 30.2 22.0  34.3 6.8 8.8 6.2 3.8
1, 2-Dichloroethylene <0,6 <0.6 ég?G? <0,6 S?é. n.d. n.d. 1.0 n.d. 1.5 2.4 n.d, <0.37 1.1 0.8
Trichloroethylene <0.1 <0.1 <0.1 <0.1 «<«0.1 <D.1 «<0.17 0.8 20.1 1.8 3.0 n.d. n.d. 1.8 1.4
Tetrachloroethylene <0.1 <0.1 <0.1 n.d. n.d. <0.1 <0.37 <0.2 <0.37? 0.4 0.3 <0.37 <0.3? <0.3 <0.3
Chlorcdibromomethane <0.1? <0.1? <0.1? n.d. n.d. n.d. nud <0.1 n.d: 0.2 <0.2 n.d. n.d. <0.2 <0.?
Bromoform <0,2% <0.27 <0.2% n.d. n.d. n.d.  n.d. 1.1 n.d. 1.2 0.7 n.d. n.d. <0.7 <0.7

lpresent, but not quantified (believed to be artifact of sampling apparatus).
2n,d. = not detected.

3 question mark indicates a tentative identification only (see appendix on analytical procedures for criteria for the identification of

purgable organic compounds).
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Table 9. Concentrations of Saturate Hydrocarbons in Filtered Water from Nine Sampling
Sites in Pugét Sound, X + SE, Parts Per Trillion (pptr)

Seattl Seattiel Seattle Bremerton Tacoma Tacoma Tacoma 0lympia
Compaund P-54 K1 Wil SI PR Hu BW 81 Port Madison
C13 <3 <3 <3 <3 ' <3 <3 <3 <4 <3
C14 <3 <3 <3 <3 <3 <3 <3 ) <3
€15 <3 <3 <2 <3 <3 <3 <3 <3 <3
C16 <2 <3 <2 <3 <3 <2 «3 <3 <3
C17 <2 <3 <2 <3 <2 <2 <3 <3 <3
Pristane <2 <3 - <2 <3 '_ <2 <2 <3 <3 <3
Cia <2 <3 <2 <3 <2 <2 <2 <3 <3
Phytane <2 <3 <2 <2 <2 <2 <2 <3 <3
C19 <2 <3 <2 <2 <2 <2 <2 <3 <3
Ca0 <2 <2 : <2 <2 <2 <2 <2 <3 <2
Cx <2 <3 <2 <3 <2 <2 <2 <3 <3
Cop° 9+2 18 15 + 13 14 + 11 10+0 <2 1+6 <3 4+2
C233 <14 52 39+ 131 37+ 22 18 + 19 <3 32+25 7+68 11 + 12
Coq3 64 + 11 108 84 + 62 84 + 81 68 + 6 6+ 6 66 + 64 "14 + 16 26 + 33
TOTAL ‘ 86 + 5 179 138 + 106 135 + 78 91 + 10 6+t6 110 + 95 19 + 26 38 + 53

10n1y one sample analyzed,

2p-54 = pier 54, HI = Harbor Island, WW = West Waterway, SI = Sinclair Inlet, PR = Puyallup River, HW = Hylebos Waterway,
BW = Blair Waterway, BI = Budd Inlet

High concentrations are a result of septum bleed contamination.
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Table 10. Seasonal Variation in the Concentrations of Saturate Hydrocarbons from Filtered Water
from Hylebos Waterway (Tacoma) and Blair Waterway {Tacoma), X + SE, Parts Per Trillion (pptr)

Hybelos Waterway Blair Waterway

Compound Jul 1979 Sep 1979 Nov 1979 Jul 1979 Sep 1979 Nov 1979
Ci3 <3 <0.2 <1 <3 <0.2 <1
014 <3 <0.2 <1 <3 <0.2 <1
Cis5 <3 <0.2 <1 <3 <0.2 <1
016 _ - <2 <0.2 <1 <3 <0.2 <1
C17 <2 <0.2 <1 <3 <0.2 <1

Pristane - <2 <0.2 <1 <3 <0.2 <1
Ci8 <2 <0.2 <1 <2 <0.2 <1

Phytane <2 <0.2 <1 <2 <0.2 <1
C1q <2 <0.2 <1 <2 - <0.2 <1
CZ). <2 <0.2 <1 <2 <0.2 <1
Cry <2 <0.2 <1 <2 <0.2 2 +3
Con* <2 <0.2 7 11 +6 <0.2 +
C23* <3 <0.2 1 32 +25 <0.2 5+ 6
Cog* 6 +6 <0.2 ; . 66 + 64 <0.2 5+6

TOTAL 6 +6 -- o 9 110 + 95 -- 15 + 21

14igher concentrations (Hylebos Waterway, July 1979; Blair Waterway, July 1979, Novembér 1979) are a
result of septum bleed. '
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Table 11. Concentrations of Aromatic Hydrocarbons in Filtered Water from Nine Sampling

Sites in Puget Sound, X + SE, Parts Per Trillion (pptr) Dry Weight Sediment

Seatt]e Seattle Seattle 8remerton Tacoma Tacoma Tacoma Olympia
Compound p-s4l HI WH SI PR HW BW BI Port Madison
Naphthalene 108 + 18 36+1 3B+1 20 +2 .20 + 27 74 + 8B 58 + 18 21+0 18 +
2-MN 13+6 -4+ 4 8§+9 14 +1 13+ 15 ‘ 16 + 11 27 +5 747 20 +1.
1-MN 15 + 5 3+2 10 +1 7+0 - 6+ 9 1 +38 1746 7+0 94+1
2,6-DMN 3+4 3+3 23*1 <1 4+1 7+2 2+2 <1 +1
1,3-DMN 2+2 341 3+0 2+0 3+1 5+ 1 4+1 2 +1 3+
2, 3-DMN 243 <1 <1 <1 1+1 530 3+2 <1 <1
2,3,6-THN 6 +4 5+3 7+1 12 +1 a4+ 7%2 4+2 5+3 7+0
Fluorene 0 +8 <1 <1 <1 342 BRY! <1 < <1
Phenanthrene 24 + 29 13+1 14 + 2 2+0 12 +2 18 + 12 51+2 5+1 1+0
Anthracene <1 <1 <1 <1 <i <1 <1 <1 <1
1-MP 59 + 28 59 + 17 41 + 0 50 + 13 30 + 39 22 + 18 50 + 24 52 + 23 39 +4
2-MP 69 + 59 34 +31 57 + 19 59 + 74 274 + 108 25 + 23, 40 + 54 102 + 2 29 + 13
Fluoranthene <1 <1 <1 <] <1 <1 <1 25 + 35 <1
Pyrene 1 +1 12 +1 10 +1 9 +11 4 +3 5+1 9+2 3+2 21 +8
1-Me Pyrene <1 <l <1 <1 <l - <1 <1 . <1 <1
B{a)A <1 <1 <1 <1 <] <1 <1 <1 <1
Chrysene 45l <1 <1 <1 <1 <] <] <1 <1
TOTAL 311 +33 165 + 18 190 + 76 173 + 74 369 + 423 179 + 8 23¢ + 37 203 + 13 93 + 118

lp.54 = Pier 54, Hl = Harbor Island, WW = West Waterway, SI = Sinclair Inlet, PR = Puyallup River, HW = Hy1ébos Waterway,
BW = BTair Waterway, Bl = Budd Inlet \ )
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Table 12. Seasonal Variation in the Concentrations of 'Aromatw Hydrocarbons from
Filtered Water from Hylebos Waterway (Tacoma) and Blair Waterway (Tacoma),
X + SE, Parts Per Trillion (pptr)

- ‘ Hybelos Waterway . _Blair Waterway . '
Compound Jul 1979 Sep 1979 Nov 19792 ’ Jul 1979 Sep 1979 Nov 1979
Naphthalene 74 +8 <3 47 58 + 18 <2 26 + 6
2-MN 16 + 11 <3 20 27 + 5 <2 745
1-MN 11 +8 <3 <8 17 + 6 <2 +
2,6-DMN 7 %2 <4 <2 2+2 <3 <2
1, 3-DMN 5+ 1 <4 <2 4+1 <3 <?
2,3-DMN 5+0 &3 <2 3+2 <3 <2
2,3,6-TMN 7+2 <4 <2 4+2 <3 <2
Fluorene <1 . <4 <2 <1 <3 <2
Phenanthrene 18 + 12 <4 <2 5+2° <3 <2
Anthracene <1 <4 <2 <1 <3 <?
1-dp1 22 + 18 <4 <2 50 + 24 <3 <2
2-mpl 25 + 23 <4 <3 40 + 54 . <3 <3
Fluoranthene <1 <4 <3 <1 <3 <2
Pyrene <4 . <3 9+2 <3 ‘ <3
1-Me Pyrene <1 <4 <4 ' <1 ' <3 - <3
B(a)A <] <4 <3 <1 <3 <3
Chrysene <1 <4 <3 _ <1 <3 <3
TOTAL 389 + 372 - 75 239 + 37 - 35 +'16

lHigh concentrations for these compounds at the July 1979 sampling of Hyiebos Haterway and Blair
Waterway are due to septum bleed.

20nly one sample analyzed.
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Table 13. Concentrations of Saturate Hydrocarbons Associated with Suspended Matter
from Nine Sampling Sites in Puget Sound, X *+ SE, Parts Per Million (ppm) Dry Weight

Sediment
Seattl]e - Seattle Seattle -Bremerton Tacoma Tacoma Tacoma Olympia

Compound p-54! HI WW SI PR HW BW BI Port Madison
Cy3 0.2 + 0.0 0.2 + 0.0 0.8 +0.2 1.7 + 0.8 1.5 + 0.8 1.8 + 1.2 0.7 + 0.? 0.6 +0,4 0.4 + 0.2
C14 0.3 +0.0 0.5 * 0.0 0.7 +0.1 2.3+1.0 1.9 + 0.6 3.0 +1.9 1.6+ 0.5 0.4 +0.1 0.5 + 0.5
C15 0.7 +0.1 0.9 + 0.0 0.7 +0.1 3.2 +1.4 1.9 + 1.0 4.2 + 2.5 1.7 + 0.6 2.1 +1.2 2.4 +1.3
C16 0.6 +0.1 1.0 + 0.0 0.7 +0.1 2.9+1.3 1.8 + 1.0 4.6 +2.6 - 1.3 +0.3 g.2+0,1 1.7 + 1.1
C17 1.2 + 0.0 1.8 + 0.1 1.5 +0.2 3.8 +1.3 3.1 +1.6 5.7 + 2.9 3.0 + 1.1 13.2 + 7.5 4.6 + 1.9

Pristane 3.1 +0.2 2.8 +0.0 3.2 +0.7 5.1 +1.3 1.9 + 0.8 4.0 + 2.1 2.4 +0.9 2.2 + 1.4 50.6 + 77.4
C18 0.7 +0.1 1.3 + 0.1 1.0 + 0.2 2.6 + 1.0 2.3 +1.2 4.7 + 2.2 1.6 + 0.5 0.8 +0.2 0.4 +0.1

Phytane 0.5 + 0.