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SUMMARY 

Hylebos and Blair Waterways, located adjacent to Commencement Bay in Puget 
Sound, are sites of high industrial activity. These waterways are dredged at 
regular intervals to permit ship traffic servicing the industry located adja
cent to these waterways. Previous studies have shown sediment of these water
ways to be contaminated with a variety of anthropogenic organic and inorganic 
taxi cants. 

In order to gain a better understanding of the current and historical 
input and distributions of anthropogenic organic toxicants, samples of water, 
suspended matter and sediment cores were collected from these two waterways in 
September and December 1980 for chemical analyses and for age dating. 

Age dating of the sediment cores indicated the presence of recent (<25 
year old) disturbed sediments and undisturbed sediments some of which appeared 
to be greater than 50 years old. 

The highest concentrations of specific classes of organic pollutants 
resided in the more recent sediments. The major classes of organic pollutants 
identified were aromatic hydrocarbons ranging in molecular weight from naph
thalene to perylene, chlorinated biphenyls containing from 1 to 6 chlorine 
atoms and chlorinated butadienes. 

The highest concentrations of chlorinated biphenyls and chlorinated buta
di enes were found in sediments co 11 ected near the mouth of Hyl ebos Waterway. 
The source of the chlorinated biphenyls appears to be Arochlor 1242. The con
centrations of a selected group of chlorinated biphenyls and chlorinated buta
dienes ranged from 383 to 7,272 )lg/kg and 2,127 to 77,098 \lg/kg, respectively, 
in this area' and were from 100 to 10,000 times higher concentrations than 
observed in other cores samp 1 ed from these two waterways. Age dating of the 
cores from this area suggests that accumulation of these components has been 
occurring over the past 20 years. 

Aromatic hydrocarbons were found to be randomly distributed in the sedi
ment cores with concentrations ranging from 216 to 104,889 ~g/kg. High concen
trations of naphtha 1 enes were detected in surface sediments near the mouth of 
Blair Waterway. The source of these compounds appears to be the result of a 
recent spill or discharge of a petroleum distillate. 

The concentrations and types of organic toxicants found in surface sedi
ments examined in this study were in reasonable agreement with the chemistry 
of other sediments taken from the same area and analyzed by the National Marine 
Fisheries Service (Seattle, WA). However, this study shows that evaluation of 
the distributions and impact of organic toxicants at specific sites can be 
seriously underestimated if sampling is limited only to the examination of 
surface sediments. 



All three classes of compounds found in the sediments (chlorinated 
biphenyls, chlorinated butadienes, aromatic hydrocarbons) were also found in 
suspended matter collected from both waterways with the chlorinated butadienes 
and chlorinated biphenyls also detected in the water, suggesting that these 
compounds are currently impacting the waterways. 

In addition to these compounds, other volatile halogenated compounds 
(i.e., haloforms, 1,1,1-trichloroethane) were detected in water from these 
waterways. Their sources are most likely direct discharge or chemical 
formation as a result of discharge of active chlorine. 

The surface microlayer sampled at locations in Hylebos and Blair Waterways 
did not contain detectable levels of soluble aromatic or halogenated organic 
compounds. Some samples, however, did contain detectable levels of 3-, 4-, and 
5-ring aromatic hydrocarbons resulting from the presence of thin films of 
weathered oil present on the surface of the water. The source of these films 
of oil is most likely discharges from ships navigating the waterways. 

Examination of the distributions of aromatic hydrocarbons and halogenated 
organic compounds between water, suspended matter and surface sediment indi
cated that significant amounts of chlorinated butadienes and the low molecular 
chlorinated biphenyls (Cl1 through Cl3) were present in the water column. The 
presence of the components in the water suggest that these compounds need fur
ther examination with respect to potential human health effects and impact to 
pelagic organisms. 

Blair Waterway appears to be accumulating sediment from the Puyallup 
River. The turbid river plume is often observed near the entrance to Blair 
Waterway. This river plume appears to be diluting and/or minimizing the trans
port and deposition of the high concentrations of halogenated organics observed 
in water, suspended matter, and sediments near the mouth of Hylebos Waterway to 
the water column, suspended matter, and sediments of Blair Waterway and would 
suggest that the source of these chlorinated organic compounds be near the 
mouth of Hylebos Waterway. 

Based on a sedimentation rate of 0.7 em/year calculated from this study, 
fluxes of specific organic toxicants and classes of organic toxicants were 
determined. Total selected aromatic hydrocarbon input to Hylebos and Blair 
Waterways was estimated to be 13.7 and 14.5 kg/year, respectively. Input rates 
of benzanthracene and benz(e}pyrene were estimated to be 0.7 and 0.6 kg/yr for 
Hylebos Waterway and 0.4 and 0.2 kg/year for Blair Waterway. The estimated 
rate of input for the sum of two trichlorobutadiene isomers was 2.8 kg/year for 
Hylebos Waterway and 0.2 kg/year for Blair Waterway. The estimated rate of 
input of hexachlorobutadiene was 0.06 kg/yr for Hylebos Waterway and 0.01 kg/yr 
for Blair Waterway. The input of chlorinated biphenyls was estimated at 189 
kg/year for Hylebos Waterway and 21 kg/year for Blair Waterway. 

In summary, Hylebos and Blair 
anthropogenic organic toxicants and 
of these same organic toxicants. 

Waterways are currently receiving input of 
have received significant historical input 
Si nee these waterways have been dredged 
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every 6 to 10 years, transport of these contaminated sediments to relatively 
pristine areas of Puget Sound or use of the sediments in landfill could produce 
impacts for which the environmental consequences are unknown. Additional stud
ies are needed to define the biological significance, if any, of these pollu
tants and to provide a data base necessary for formulating rational decisions 
on the future management of waterways impacted by toxic organic substances. 

1. INTRODUCTION 

Recent research studies whose objectives have been to investigate the 
organic chemical composition of sediments, suspended matter and water of 
estuarine and freshwater environments have provided an increasing awareness of 
the sources, distributions and transport of toxic organic substances entering 
water bodies as a result of man's activities (Hites and Biemann, 1972; Helz and 
Hsu, 1978; Sheldon and Hites, 1978; Windsor and Hites, 1979; Sheldon and Hites, 
1979; Lake et al., 1979; Prahl and Carpenter, 1979; Pavlou and Dexter, 1979; 
Nelson and Hites, 1980; Hites et al., 1980; Bopp et al., 1981; Lake et al., 
1981). Many of these substances have been designated by the U.S. Environmental 
Protection Agency as priority pollutants (Ambient Water Quality Criteria, 1979) 
and are currently under experimental study with respect to their effects on 
water quality, fates in the environment and potential food chain transport. 

The MESA Puget Sound Project was established within the Marine Ecosystems 
Analysis Program (MESA), a part of the National Oceanic and Atmospheric Admini
stration (NOAA), to focus scientific research on specific environmental 
problems relating to Puget Sound, some of which relate to the insult of speci
fic toxic organic substances as described above. The specific goals of the 
project were to: 1) assess critical environmental problems in Puget Sound 
waters, 2) determine the effects of critical environmental stress within the 
Puget Sound eco l ogi cal systems, and 3) identify and characterize the major 
marine components and processes of Puget Sound ecosystems which are involved 
in critical environmental problems. 

There are several littoral regions of Puget Sound that are highly indus
trialized and it is anticipated that expansion of the industrial base will 
continue. The organic chemical composition of water and suspended matter col-
1 ected from several locations in Puget Sound was recently investigated to 
determine occurrence, if any, of selected potentially toxic organic compounds 
and metals (Riley et al., 1980). The result~ of these studies indicated that 
while the water column (water-suspended matter) from most sampling sites stud
ied appeared to be relatively uncontaminated, halogenated organic compounds 
were detected in the water and suspended matter of two waterways (Hylebos and 
Blair) located adjacent to Commencement Bay, Washington (Figs. 1 and 2). 

Sediments from the waterways have been shown to contain halogenated organ
ics (chlorinated olefins, polychlorinated biphenyls (PCB), polycyclic aromatic 
hydrocarbons (PAH) and elevated concentrations of certain metals (arsenic and 
lead). In addition, demersal and benthic organisms were shown to accumulate 
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some of these same components (Malins et al., 1980). The same study has exa
mined the relationship between the presence of these contaminants and increased 
frequencies of tumors and lesions in fish and invertebrate species residing in 
this area. However, the study indicates a need for further research to 
establish possible cause and effect relationships. 

Previously reported chemical analyses of sediments collected from Hylebos 
and Blair Waterways have focused mainly on the chemical composition near the 
sediment surface (Malins et al., 1980). In addition, little published informa
tion is available regarding the chemical composition of suspended matter and 
water from these same waterways (Riley et al., 1980). Because of the limited 
information available on the chemistry of these ecological compartments, our 
understanding of recent and historical input of natural and anthropogenic 
pollutants to these waterways is limited. 

Despite the absence of this type of information, Hylebos and Blair Water
ways have previously been dredged on six to ten year cycles and the dredged 
spoils disposed of in other areas of Commencement Bay and on the adjacent 
shore. Thus, the past and future impact to other areas of Commencement Bay as 
a result of such a disposal practice is unknown. 

This report discusses the results of a study sponsored by the MESA Puget 
Sound Project to 1) examine the distributions of selected toxic organic com
pounds in water, suspended matter and sediment collected from selected loca
tions in Hylebos and Blair Waterways, 2) gain a better understanding of the his
torical accumulation of selected toxic organic substances through analyses of 
stratified, age-dated sediment cores, and 3) gain a better understanding of the 
current fluxes of these selected toxic organic substances to these waterways. 

Results of the investigation have been used to gain a better understanding 
of recent and historical input and the distributions of organic pollutants to 
these waterways. Such knowledge is necessary for formulating rational deci
sions on the future management of waterways impacted by toxic organic compounds. 

2. METHODS AND MATERIALS 

2.1 Sampling Areas and Sampling Sites 

Figure 3 shows the location of the 10 specific sites for the collection of 
water, suspended matter and sediments during sampling cruises to Hylebos and 
Blair Waterways in September and December of 1980. 

2.2 General Sampling Strategy 

Sampling was conducted from an anchored research vessel. Water and 
suspended matter samples were collected during both sampling cruises; however, 
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sediment cores were collected only during the September cruise. The sediment 
coring stations were se 1 ected with the intention of collecting undisturbed 
sediment that would have accumulated during the last several decades and there
fore hold a record of the organic chemical pollution in the two waterways of 
Commencement Bay. Because sections of the waterways are dredged periodically 
to maintain a navigation channel, the sedimentary record both in the waterway 
channels and nearby areas may have been disturbed. The cores were generally 
collected near the edge of the dredge channel in the vicinity of suspected 
toxic chemical sources such as chemical plants. Several coring attempts were 
made on steeply sloping sides of the waterway instead of from the relatively 
flat channel but the sides were compact deposits of clay and could not be 
cored. In the central region of Hylebos Waterway (Station 4) a shallow subti
dal area located near the dredged channel was cored. This core consisted of 
sandy sediments and is 1~~ a recen~10 ediment accumulation site as demonstrated 
by the low levels of Cs and Pb in these sediments. From our coring 
experience it appears that sediments are accumulating only on the bottom of the 
dredge channe 1 s and not on the steep sides of the channe 1 s, nor in the few 
sandy flats adjacent to the channels. During the coring operation the divers 
noticed the length of the cores in the core barrels were often shorter than the 
depth to which the barrel penetrated the bottom. This shortening effect, which 
frequently occurs with gravity cores, is the result of both compressing the 
sediment co 1 umn and a 1 so pushing sediments away from the core barre 1 openings 
as the barrel fills with sediments. Instead of the barrel passing down through 
the sediment, the partly-filled barrel acts as a solid object, merely displac
i~g the sediment; not coring. Once the core barrel had penetrated the sediment 
to 50-cm depth, the divers dug down and capped both ends of the barrel before 
removing the core. 

Samples ,of suspended matter and filtered water sampled by way of the XAD-2 
resin method were collected at two sites as a function of 3 water depths in the 
vicinity of suspected toxic chemical sources. The site in Hylebos Waterway 
(Station 5) was located slightly up the waterway (see Figure 3}" from the site 
used for the collection of water and suspended matter the previous year (Riley 
et al., 1980); whereas water and suspended matter from Blair Waterway were col
lected from the same site (Station 8) used the previous year for collection of 
similar samples. Thus, some comparisons between data collected from the pre
vious year's study to this year's data are possible. Sampling of suspended 
matter and water from both sites during each cruise occurred on both in-coming 
and out-going tides, thus permitting an opportunity to further examine the 
possible influence of suspected toxic chemical sources on chemical composition 
of water and suspended matter from these areas. 

Water samples for analysis of volatile organic compounds employing the 
"purge and trap" method were collected from several sites located in both 
waterways. In Hylebos Waterway, samples were collected below, adjacent to and 
above two suspect areas of chemical discharge (near Stations 3, 5, and 6). In 
Blair Waterway, samples were taken below, adjacent to and above a known bank 
seep situated below Station 9. Sampling of these areas also permits comparison 
of our data with similar data generated by other agencies (e.g., Environmental 
Protection Agency) who have previously conducted similar surveys of Hyl ebos 
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and Blair Waterways. Samples ("purge and trap") collected near Stations 5, 6, 
8 and 9 were collected during the December cruise. Samples near Station 3 were 
collected during the September cruise. 

Samp 1 i ng of the surface micro 1 ayer occurred at Stations 5 and 8 and were 
examined for enrichment in organic compounds. Samples of phytoplankton were 
collected for microscopic examination and an analysis for organic pollutants. 
However, after examination it was determined that insufficient material was 
available for extraction and chemical analysis although the microscopic 
examination was conducted and is reported on in this document. 

Sediment cores were collected in Hylebos and Blair Waterways by SCUBA 
divers. Suspended matter was collected for organic chemical analysis by pump
ing seawater through glass filters. Simultaneously, dissolved hydrophilic 
organic compounds were concentrated by pumping the g 1 ass fi 1 tered seawater 
through stainless steel columns packed with XAD-2 resin. Samples of water for 
analysis of volatile hydrocarbons by the "purge and trap" method were collected 
by sea 1 i ng, with septum caps, glass batt 1 es that were camp lete ly fi 11 ed with 
seawater. Surface microlayer samples were collected by dipping a clean sheet 
of glass vertically in and out through the surface. Phytoplankton samples were 
collected by sequential filtrations of water through a 243 p.m and then 64 fLm 
plankton net which retained the phytoplankton. Conventional methods were used 
for sampling and analysis of chlorophyll, particulate organic carbon, dissolved 
organic carbon, salinity, dissolved oxygen and particle size distribution (see 
Appendix A for details of sampling methods). 

2.3 General Analytical Strategy 

A brief summary of the analytical methods is presented here (see 
Appendix B for details of analytical methods). Volatile organics were sparged 
from seawater with a stream of nitrogen gas and adsorbed on a Tenax® Column 
("purge and trap" method). Characterizations and quantifications of these com
pounds were determined by their release from the Tenax resin into a gas chroma
tographic co 1 umn mounted in a gas chromatograph/mass spectrometer ( GC/MS). 
Dissolved lipophilic organic compounds that had been preconcentrated on columns 
containing XAD-2 resin were e 1 uted with ethyl ether. The concentrated ethyl 
ether extracts were qualitatively and quantitatively analyzed by capillary gas 
chromatography for halogenated organics. Samples of the surface microlayer 
were extracted with organic solvents. The concentrated solvent extracts were 
concentrated and fractionated by silica gel chromatography. The aromatic frac
tion, which contains both aromatic hydrocarbons and lipophilic halogenated 
organic compounds, was concentrated and subjected to capillary gas chromato
graphic analysis. Suspended matter was Soxhlet extracted with benzene/ 
methano 1. The concentrated aromatic hydrocarbon fraction was prepared for GC 
analysis as described above for surface microlayer samples. Sediment samples 
were first dewatered by shaking with methanol and then Soxhlet extracted and 
prepared for GC analysis as described for suspended matter and surfaH micro
B7er samples. Samples of sediment were age-dated by counting of Opb and 

Cs. Samples of sediment from the cores were dried, pressed into pellets 
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and subjected to gamma counting. Samples of phytoplankton were examined micro
scopically. The overall sampling and analytical scheme is shown in Fig. 4. 
There are literally hundreds of individual aromatic hydrocarbon and PCB toxi
cants associ a ted with environmental samples. However, only a limited number 
of these compounds are available as analytical standards. For the purpose of 
this study we limited our ana lyses of water, suspended matter, and surface 
micro layer to a select group consisting of 18 aromatic hydrocarbons (naphtha
lene to perylene in molecular weight range), 5 individual chlorinated biphenyls 
(Cl1 to Cl 5), and 3 chlorinated butadienes. Using these 26 compounds, we 
could examine the relative concentrations of these classes of compounds in the 
various environmental compartments. 

3. RESULTS 

3.1 General Physical and Chemical Parameters 

The physical and chemical parameters measured in September and December 
are typical yalues for the time of the year (Tables 1 and 2) and agree with 
those reported for September and November of 1979 (Riley et al., 1980). Salin
ity increased with depth during both September and December indicating a halo
cline was present probably caused by the plume of the Puyallup River. 
Temperature decreased with depth in September but was uniform in December. 

Suspended load ranged from 2 to 9 mg/l and was generally higher in the 
near-bottom samples. DOC ranged from approximately 1 to 2 mg C/1 and POC 0.1 
to 0.3 mg C/1. Percent organic carbon of the suspended matter ranged from 2 to 
12%. Chlorophyll was 5 times higher in September than December and is probably 
due to higher phytoplankton standing stock when the water column was more 
strongly stratified and light more intense. 

3.2 Volatile Hydrocarbons in Water 

3. 2.1 Purge and Trap Analysis 

The results of our analysis of waters from Hylebos and Blair Waterways for 
volatile organic compounds using the method of "purge and trap" are shown in 
Table 3. Chemical analysis of a systems blank showed peak response at reten
tion times for methylene chloride, 1,2-dichloropropane, dichlorobromomethane, 
1,1,1-trichloroethane, benzene and toluene. The interpretation of the "purge 
and trap" data that follows takes into account these background levels. Total 
concentrations of volatile hydrocarbons detected in waters collected from 
Station 5 and adjacent sites near su-spect areas of chemical discharge in 
Hylebos Waterway and Station 8 and sites near a bank seep in Blair Waterway in 
December ranged from 22.9 ppb to 53.9 ppb. The major contributor to the total 
volatile hydrocarbons detected in waters collected at Station 5, Station 8, 
areas below and adjacent to the bank seep and above a point of suspect 
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discharge near Station 5 was 1, 1, 1-trichlorethane. The percent total vola
tile hydrocarbon contribution of this component ranged from 76.3 to 91.9%. 
Water sampled above the discharge point of the bank seep as well as at sites 
sampled below and adjacent to a point of chemical discharge near Station 5 con
tained significant levels of toluene. The range in percent contribution of 1, 
1, !-trichloroethane to total concentration of volatile hydrocarbons detected 
in these samples was 56.3 to 69.8%. The range in the percent contribution of 
toluene was 22.9 to 30.8%. 

In contrast, samples of water collected at sites located below, adjacent 
to and above a suspect point of chemical discharge near Station 3 in September 
contained lower total concentrations of volatile hydrocarbons (11.6-14.3 ppb) 
than water samples collected on the December cruise. This difference in total 
volatile hydrocarbons is, for the most part, totally accounted for in the 
absence of significant concentrations of 1, 1, !-trichloroethane in these 
waters in September. 

Bromoform was detected in quantifiable levels in waters surrounding sus
pect discharges near Stations 6 and 3 and at Station 5 but not at Station 8 or 
in waters surrounding the bank seep. Chloroform was present in all water sam
ples but at 5 to 7 times higher levels in waters at Station 5 and water sur
rounding suspect discharge points near Stations 6 and 3 as compared to waters 
analyzed from Station 8 and water surrounding the bank seep. Similar results 
were found for the compound, trichloroethylene. Methylene chloride and benzene 
appeared to be present in all samples. However, because of high background 
levels and sample variability, it is difficult to assess the distribution of 
these compounds among the samples analyzed. It would appear that the distri
bution of tetrachloroethylene followed that of trichloroethylene, with concen
trations somewhat lower. In some instances, the compounds 1,2-dichloroethy-
1 ene, di bromoch 1 oromethane, 1, 2-di ch loropropane and di bromoch loromethane were 
detected but were considerably below the threshold levels necessary to 
accurately assess their distributions. 

3.2.2 Volatile Halogenated Hydrocarbons in Filtered Water (Qualitative) 

Concentrated solvent extracts containing organic compounds obtained by 
sampling water at all stations from both sample cruises by the XAD-2 resin 
method were directly examined by capillary gas chromatographic analysis employ
ing an electron capture detector. Lower retention time components were 
observed eluting from the column some of which most likely corresponded to vol
atile halogenated compounds previously described and analyzed by the "purge and 
trap" method. Samples analyzed from Stations 4, 5 and 6 produced the greatest 
response to electron capturing components in this region and the PCB region of 
the chromatograms relative to all other sampling stations from both sampling 
cruises. An electron capturing component which matched in retention time to 
that of hexachlorobutadiene (HCBD) was detected and found to be in higher 
concentrations in all XAD-2 water samples analyzed from both sampling cruises 
from Hylebos waterway as compared to concentrations determined in water 
samples collected from Blair waterway. A similar trend appeared to exist for 
two tri ch 1 orobutadi ene isomers. In Fig. 5 representative gas chromatograms 
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show electron capturing components in filtered water collected from Stations 5 
and 8. Since none of the common pesticides and pesticide by-products (lindane, 
dieldrin, heptachlor, aldrin, p,p'-DDD, p,p'-DDT, p,p'-DDE, endrin, methoxy
chlor or chlorinated benzenes) were detected by single-ion GC/MS in samples of 
suspended matter or sediment containing the highest level of electron-capturing 
activity, these components could not be quantified in samples of filtered 
water. GC/MS analysis could not be conducted on filtered water samples (con
centrations of individual components were below the limit of detection); thus, 
the basis for quantification for halogenated organics in water was retention 
time congruency to those same compounds i dent ifi ed in suspended matter and 
sediment by GC/MS. 

3.2.3 Volatile Halogenated Hydrocarbons ·in Filtered Water (Quantitative) 

Detectable concentrations of hexach 1 orobutadi ene in filtered water ranged 
from 1 to 18 parts per trillion (pptr) with the highest concentrations appear
ing in water samples collected from Stations 1-7 (Table 4). Detectable concen
trations of two trichlorobutadiene isomers ranged from 3 to 252 pptr. Higher 
concentrations of these components appeared in surface waters compared to 
deeper waters at Station 5 with the reverse occurring at Station 8. In con
trast, detectable concentrations of a selected group of individual chlorinated 
biphenyls ranged from 1 to 317 pptr with the mono- and dichlorinated biphenyls 
being present in the highest concentrations. These concentration distributions 
would be expected based on their slightly higher water solubility. The highest 
concentrations of total selected chlorinated butadienes and chlorinated 
biphenyls appeared in waters collected from Stations 5 and 6. As with the 
chlorinated biphenyls, the highest concentrations of chlorinated butadienes 
were observed to be associated with the two "trichloro" isomers. Concentration 
levels for all components measured did not appear to differ significantly when 
comparing samples collected from the different cruises. In addition, no clear 
pattern emerged to indicate a correlation of concentration of these individual 
components with depth with the possible exception of the trichlorobutadiene 
isomers (Table 4). Series-coupled columns were pumped at Station 8 in December 
and analyzed individually to obtain information regarding the efficiency of 
retention of the individual halogenated organic compounds listed in Table 4. 
Retention of hexach lorobutad i ene appeared to be about 69% on the top co 1 umn 
indicating the concentrations reported for this component in Table. 4 to be low 
by a factor of 2 (see footnote 3 in Table 4 for method of calculation). The 
trichlorobutadiene isomers appeared to vary considerably in their adsorption to 
XAD-2 resin. Trich l orobutad i ene-2 was efficiently retained whereas retention 
of the other isomer (trichlorobutadiene-1) ranged from 19 to 48%. The effi
ciency of retention of the monochlorobiphenyl ranged from 40 to 65% with the 
dichlorinated biphenyl more efficiently retained at 69 to 83%. The range in 
the amount retained of the trichlorinated biphenyl was 51 to 85%. We were not 
able to determine the efficiency of retention of Cl4 and Cls biphenyls 
because of the very low levels and, in most cases, absence of detectable levels 
of these components. These results indicate that concentrations reported in 
Table 4 for the mono-, di-, and trichlorinated biphenyls are low but in the 
most i neffi ci ent case (monoch 1 orobi phenyl) not lower than about a factor of 
two. In general, values reported in Table 4 are conservative estimates of the 
absolute concentrations of these components in the water column. 
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3.3 Analysis of Surface Microlayer 

3.3.1 Aromatic Hydrocarbons 

Surface microlayer samples collected from Stations 5 and 8 during both 
sampling cruises were analyzed by capillary gas chromatography for the presence 
of halogenated and other volatile aromatic hydrocarbons. No halogenated com
ponents were detected by electron capture gas chromatography in any of the sur
face microlayer samples collected during both sampling cruises. Table 5 lists 
the results of our analyses of these samples for a select group of volatile 
aromatic hydrocarbons. Figure 6 shows capillary gas chromatograms of the aro
matic fractions isolated from the surface microlayer from Stations 5 and 8 
during the September and December sampling cruises. Samples collected from 
Station 5 during the September sampling cruise did not contain detectable 
levels of volatile hydrocarbons (<5.0 ppb, <4.6 ppb; Table 5). However, sam
ples collected in December from the same station contained detectable levels 
of 3-, 4-, and 5-ring aromatic hydrocarbons. Total concentration of aromatic 
hydrocarbons for the duplicate analyses were 62.3 ~ 8.6 ppb. Major components 
present included phenanthrene, fl uoranthene, pyrene, benzanthracene and chry
sene. Samples collected from Station 8 during both sampling cruises contained 
detectable levels of the same aromatic hydrocarbons (19.7 ppb, 164.4 + 71.4 
ppb). However, unlike the 12/80 and 9/80 samples analyzed from Station-S and 
8, respectively, the gas chromatographic patterns of water samples analyzed from 
the Station 8 (12/80) sampling appeared to have the characteristics of a highly 
weathered oil. The fact that no hydrocarbons were detected in samples from 
Station 5 (9/80) indicates that the hydrocarbons observed in the other surface 
microlayer samples were due to droplets or patches of thin films of oil on the 
surface of the water and not due to soluble hydrocarbons in the surface micro
layer. The variability in the concentrations of these compounds between 
duplicate samples tends to support this conclusion. 

3.3.2 Phytoneuston and Detrital Particulate Density 

Replicate subsamples of phytoneuston were enumerated at lOOX magnification 
in a Palmer-Maloney chamber and detrital particles at 250X in a Hemacytometer 
chamber (Table 6). 

The samples were dominated by pennate diatoms. Most taxa were similar to 
those described from Northwest marine micro layer samples previously described 
(Hardy, 1973; Hardy and Valett, 1981). Phytoneuston densities (55 to 2,400/ml) 
were much greater (probably lOX) than could be expected in the phytoplankton. 
The ciliate Mesodenium rubrum was present in all samples in low numbers and 
therefore was not ~uantified. Very dense particulate detrital material concen
trations (20 x 10 to 122 x 103/ml) occurred in the microlayer. Insuffi
cient sample prevented the analysis of the material for halogenated organic 
compounds and aromatic hydrocarbons. 
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3.4 Chemical Analyses of Suspended Matter 

3.4.1 General Screening of Suspended Matter Samples 

In order to be able to focus our detailed chemical analysis efforts on 
major differences in the chemical compositions of suspended matter collected 
with depth from Hylebos Waterway (Station 5) and Blair Waterway (Station 8), 
we first qualitatively screened each suspended matter sample by GC analysis 
using a FID and EC detector. GC analysis of the suspended matter from the two 
stations using the FID detector revealed no major visual differences in gas 
chromatographic patterns. However, GC analysis employing an electron capture 
detector indicated significant differences in the distributions and levels of 
electron capturing components between stations and with depth. Figures 7 and 8 
show representative gas chromatograms of aromatic hydrocarbon and electron 
capturing components isolated from suspended matter from Stations 5 and 8. 

3.4.2 GC/MS Analyses of Organic Extracts of Suspended Matter for Organic 
Po 11 utants 

Extracts of samples of suspended matter collected at a depth of 2 m from 
Stations 5 and 8 were used for GC/MS analyse~. It was felt that this suspended 
material would be most representative of recent input to the water column of 
toxic substances in that its presence was least likely to have resulted from 
disturbance of bottom sediment. GC/MS analyses of the suspended matter from 
Stations 5 and 8 confirmed the presence of a wide range of aromatic hydrocar
bons ranging in molecular weight from naphthalene to perylene. However, due to 
their low concentrations and lack of sufficient sample, chlorinated biphenyls 
were not detected even with the use of single-ion monitoring during mass spec
trometric analysis although their presence was indicated based on GC retention 
time data emp 1 oyi ng an electron capture detector. Other ha 1 ogenated organic 
compounds were detected in the suspended matter, some of which had spectral 
patterns similar to those reported in last year's report (Riley et. al., 1980); 
however, abso 1 ute structura 1 assignments have not as yet been made to these 
compounds. Suspended matter samples containing high levels of electron
capturing components were a 1 so ex ami ned for the presence of some pesticides 
(lindane, dieldrin, heptachlor, aldrin, p,p'-DDD, p,p'-DDT, p,p'-DDE, endrin, 
methoxych 1 or, ch 1 ori nated benzenes). These compounds were not detected by 
single-ion monitoring, thus they were eliminated from further consideration in 
our quantification scheme. 

3.4.3 Aromatic Hydrocarbons in Suspended Matter (Quantitative) 

Tables 7 through 10 list the concentrations of a select group of aromatic 
hydrocarbons in suspended matter from Stations 5 and 8 as a function of depth 
and time of sampling. No stat i sti ca lly significant differences were observed 
between the mean average total aromatic hydrocarbon concentrations in suspended 
matter collected from Station 5 in September (10,454 + 6,560) and December 
(7,454 + 4,188) and at Station 8 in September (7,157 + 6,101) and December 
(6,703 + 3,303). Also, no statistically significant differences were observed 
in the -mean concentrations of total aromatic hydrocarbons between stations. 
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However, there appeared to be a trend toward increased total concentrations of 
aromatic hydrocarbons in suspended matter collected near the surface ( 2 m) as 
opposed to near the bottom. The one discrepancy to this trend was found in a 
9-m suspended matter sample taken from Station 8 in September. A possible 
explanation for this discrepancy would suggest possible disturbance of surface 
sediment at this site during the time of sampling. From our analysis of sedi
ment cores, it was found that surface sediment at this. site contained high con
centrations of what appeared to be a petroleum distillate (see section on sedi
ments). Total mean concentrations of the selected aromatic hydrocarbons with 
depth ranged from 3 ppm to 18 ppm with 45 to 57% of the aromatic mass associ
ated with five of the eighteen aromatic hydrocarbons analyzed. These compounds 
were benzanthracene, chrysene, benz(e)pyrene, benz(a)pyrene and perylene 
(Table 11). These results are consistent with decreased susceptibility of 
these compounds (relative to 1-, 2-, and 3-ring aromatics) to chemical and bio
logical modification during transport to bottom sediments. The value for the 
ratio of phenanthrene to anthracene for all samples of suspended matter 
analyzed was 4.2 ~ 1.9 (Table 12). 

3.4.4 Halogenated Organic Compounds in Suspended Matter (Quantitative) 

Tables 13 through 16 list the concentrations of a select group of halogen
ated organic compounds in suspended matter. Total concentrations of selected 
halogens was highest in suspended matter collected from Station 5 during the 
December sampling and lowest at Station 8 for both sampling cruises. Total 
concentrations at Station 8 were lower by approximately 50 to over 100 times 
relative to the concentrations observed in suspended matter collected at Sta
tion 5 during the December cruise. Total selected halogen concentrations in 
suspended matter collected from Station 5 during the September cruise was lower 
by a factor of about 4 relative to the concentrations measured in suspended 
matter collected from Station 5 during the December cruise. No significant 
differences in the total selected halogen concentrations were observed with 
depth in suspended matter collected from Station 8 during both sampling 
cruises. A similar observation was made for the high concentrations of total 
selected halogens isolated from suspended matter collected from Station 5 dur
ing the December cruise. However, samples collected from Station 5 during the 
September sampling cruise had elevated concentrations of total selected halogen 
in suspended matter collected near the surface (2m). Concentrations of indi
vidual chlorinated butadienes and chlorinated biphenyls followed a similar 
trend as observed for the total selected halogen concentrations. 

3.5 Sediment Chemistry 

3.5.1 Qualitative Organic Analysis of Sediments (GC/MS) 

In order to determine the range and concentrations of organic compound 
types present in the sediment cores from the various locations in the two 
waterways, we screened extracts of the sections of the sediment cores using 
capillary gas chromatography employing flame ionization and electron capture 
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detectors. This preliminary screen showed the presence of four classes of 
organic compounds which, based on our limited analysis scheme, appeared to 
encompass the major classes of compounds that were present in the cores. 

The majority of sediment core sections contained a range of polyaromatic 
hydrocarbons (naphthalene to perylene in molecular weight range) with the 
highest concentrations appearing in one of the replicate core samples collected 
from Station 7 (Fig. 9). Surface sediment from the core collected from 
Station 8 contained high concentrations of naphthalene isomers most likely 
associated with a weathered petroleum distillate (Fig. 9). The sediment cores 
collected from Stations 5 and 6 contained high levels of Cl1 to Cl5 chlorinated 
biphenyls (Figs. 10 and 11). The characterization and quantification of chlo
rinated biphenyls in core 5 were confirmed by the NMFS Analytical Laboratory, 
Seattle, as part of an intercomparison study (see Section 3.9). In addition to 
chlorinated biphenyls, cores 2, 3, 5 and 6 contained chlorinated butadienes 
with the highest concentrations appearing in core 6 (Figs. 10 and 11). The 
chlorinated butadienes consisted of at least two major components which corre
sponded to two trichlorinated butadiene isomers whose class identities were 
confirmed by GC/MS (Fig. 12). Sediment samples containing high levels of 
electron-capturing components were also examined for the presence of some pes
ticides (lindane, dieldrin, heptachlor, aldrin, p,p'-DDD, p,p'-DDT, p,p'-DDE, 
endrin, methoxychlor, chlorinated benzenes). These compounds were not detected 
by single-ion .monitoring and thus were eliminated from further consideration 
in our quantification scheme. PCBs containing seven or more chlorine atoms 
were not detected; the Cl5 biphenyls were present in only trace quantities. 
These compounds were also eliminated from further consideration in our 
quantification scheme. 

Based on this preliminary assessment, samples of sediment from each core 
were analyzed and individual components (previously described, see General 
Analytical Strategy, 2.3) of the compounds described above were quantified by 
capillary gas chromatography. These data are listed in Tables 19 through 44 
and will be discussed in detail in later sections of this report. 

3.5.2 Estimation of Sediment Age (137cs and 210pb Dating) 

137 
The ~flia used to estimate sediment age are the relative activities of 

Cs, Pb, % organic carbon and grain size in the 11 sediment cores 
collected at the 10 stations. Generally there is a good correlation between 
the increased organic cQ.rbon, increased content of fine sediment (silt and 
clay), and increased 210pb and 13/cs. That relationship is due to the 
radionuclides being associated with fine grained, organically rich, an~0 high surface area sediment. The radionuclide data have been normalized to K to 
eliminate variatJB.ns in size of sediment pellets and variations between gamma 
detectors. The K activity per gram dry weight of sediment is uniform (15%, 
1 S.D.) over aJ6 the sediment samples and is used as an internal ~tandard. 
Potassium-40 ( K) is a natural, long-lived (half life- 1.3 x 10 years) 
radionuclide present in the sediment minerals. 
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Cesium-137 (l37cs) is a fission product radionuclide present in surface 
sediments al3~he result of fallout from atmospheric testing of nuclear wea£§9s. 
The major Cs fallout occurred between 1958 and 1965. The rate of Cs 
fallout during the last 5 to 8 year period is approximately one-fifth the rate 
~~7ing the early 1960's (Robbins and Edgingt~~' 1975). The half life of 

Cs is 30 years
13

t,o more than half of the Cs is still present in the 
environment. The Cs distribution expected to be p137ent in a continuously 
r§7umulating sediment core would have a subsurface Cs mn~um below which 

Cs should decrease to below detection levels. This Cs profile has 
been observed in a Lake Washington sediment core (Fig. 13) collected in the 
T~9-1970' s approximately 40 km from Commencement Bay. The Lake Washington 

Cs sediment profile is an example of sediments that are accumulating at a 
rHe of almost 1 em per year and receive very little sediment reworking. The 

Cs profiles from Central Puget Sound are markedly different from that of 
Lake Washington. An example is a profil!Jfrom East Passage (between Seattle 
and Tacoma) that shows fairly uniform Cs activity to a depth of 50 em 
(Fig. 13). This featureless profile is interpreted as vigorous reworking and 
sedimentation of >2 em per year that results in no subsurface maximum, just a 
uniform distribution the length of the core. The core froiD East Passage was 
not long enough to recover sediments not contaminated with lj7cs. Therefore, 
greater than 50 em of the sediments in East Passage contain conf~inant that 
entered Puget Sound during the last 25 years. The presence of Cs is used 
to indicate sediments that have been contami{3~ed with anthropogenic materials 
during the last 25 years. The absence of Cs indicates either no contami
nants have accumulated in the sediments during the last 25 years or the sedi
ment was deposited more than 25 years ago and has not been contaminated with 
more recent materials. 

~~ad- 210 is a natural decay product of the 238u decay series. Most of 
the 2~ 2 Pb in Puget Sound sediments is believed to have come from the decay 
of Rn in the atmosphere. Lead-210 has a residence time in Puget Sound 
water of not more than several months before it deposits in the

0
sediments. The 

half life of Z!Opb is 22 years. Thus, the activity of 21 Pb in sediment 
which came from the atmosphere (also called unsupported Pb) will decrease by a 
factor of 2 for every 20 years the sediment layer has been removed from the 
2rSiment water surface. If sediment mixing occurs, then more unsupported 

Pb will be mixed into the older, deeper sediments, possibly resulting in 
an interpretation £6 higher than actual sedimentation rat~s. A second contin
uous source of 2 Pb to the sediments ~~ supported 2 Opb, that which is 
present jn equilibrium with the decay of 8u present in the minerals. Sup
ported 210pb activity is assumed to be constant with depth in a core and is 
usually taken to be the relatively

21
lJ:r.iform activity measured at depth in a core 

~~tow the ~1Bth of unsupported Pb activity. The expected activities of 
Cs and Pb

37
i n surface Puget Sound, fine

0
-gra i ned sediments are 0. 5 to 

2.0 dpm/g for 1 Cs and 5 to 10 dpm/g for n Pb. These values would agree 
with those report_ed b.'l Schell il!td Ne'6issi {1977) and Bennett {1980). When 
converted to 13/ Cs;4UK and L!Opb;4 K ratios, values in the range of 
0.2 to 0.8 and 0.4 to 0.8, respectively, would be expected in surface sediment. 
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The following is our interpretation of the last several decades of history 
of the 11 sedimentary cores and the corresponding data on the concentrations of 
aromatic and halogenated organic compounds in these cores. Tables 17 and 18 
lists general chemical and physical data used in the interpretation of sediment 
age. Age dates have been added to several profiles (see Figs. 14, 16 and 18). 
However, these ages are approximate and are our best estimate based on the 
available data. For several cores, ages were not estimated because the 
radionuclide profiles were not easily interpreted. 

3.5.3 History of Sedimentary Cores 

3.5.3.1 Hylebos Waterway 

~f§tion 1 (Core 1) - Upper Turning Basin, Hylebos Waterway. Both 137cs and 
Pb 1 eve 1 s decrease with depth from the surface to that of the 15 to 20 em 

layer (Fig. 14). This layer (0 to 29 em) is the sediment contaminated during 
the last 25 years. Below 20 em 13 Cs is not detected and 210Pb is at the 
supported level. The texture of the core changed from black mud in the 0 to 
20 em layer to grey clay including some sand below 20 em. The sediment below 
20 em may be the bottom of the dredged channel and be greater than 50 years 
old. 

The concentrations of a select group of individual PAH1 in this core 
ranged from 7,098 1-'g/kg to 354 fLg/kg. The concencentrations of the select 
group of PAH (benzanthracene to perylene) decreased in an exponent i a 1 fashion 
with depth (Fig. 14, Table 19} correlating well with the possible age of the 
sediment. Conceivably, this profile could represent a sediment area recently 
subjected to dredging activites. Trace levels of chlorinated butadienes (5 to 
52 1-'g/kg, not plotted, see Table 20) were detected with depth in this core with 
the highest concentrations appearing near the surface. With the exception of 
trace levels in the surface sediment, chlorinated biphenyls were not detected 
in this core (Table 20}. 

Station 2 (Core 2) - Lower Turning Basin, North Side of Channel Cesium-137 is 
present throughout the 127e, indi':!11Jing the sediments are less than 25 years 
o 1 d. The decrease in Cs and Pb that occurs at the 5 to 10 em 1 ayer 
is due to a decrease in organic carbon. The black mud in the upper 30 em of 
the core transformed to sand and gravel in the 30 to 42 em layer. The sand and 
grave 1 are assumed to be the resu 1 ts of dredging operations. Concentrations 
of specific PAH (Fig. 14, Table 21) ranged from 167 to 6,697 fLg/kg. The con
centrations of PAH with depth were random wh-ich would support the age of the 
sediment and an impact due to dredging activities. Concentrations of halogen
ated organics with depth were also random and ranged from 403 to 1317 fLg/kg for 
chlorinated butadienes and 31 to 203 fLg/kg for selected chlorinated biphenyls 
(Fig. 15, Table 22). 

1These compounds were selected in the monitoring of aromatic hydrocarbons 
because they were in areas of the chromatograms void of interferences from 
halogenated organic compounds, thus their quantification is accurate. This 
compensation had to be made due to the high concentrations of PCB's in Core 5 
and Core 6. 
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Station 3 (Core 3) - Central Hylebos Waterway, South Side f1 Channel. 
21

()he 
sediment was relatively uniform mud throughout. Both 7cs and Pb 
increased at the bottom of the core (Fig. 14). Age of the bottom of the core 
must be less than 25 years old. Concentrations of selected PAH ranged from 287 
to 14,582 f.Lg/kg (Fig. 14, Table 23) and increased with increased sediment 
depth. Concentrations of chlorinated butadienes ranged from 627 to 1,072 f.Lg/kg 
with the highest concentrations appearing at a sediment depth of 5 to 15 em. 
Total selected chlorinated biphenyl concentrations ranged from 196 to 
2,456 f.Lg/kg with the concentrations of these components, as with the PAH, 
increasing with increasing sediment of depth (Fig. 15, Table 24). Assuming the 
sediment at this sampling station has been relatively undisturbed, the above 
results would suggest a major input of PAH and chlorinated biphenyls about 25 
years ago. 

Station 4 (Core 4) - Central Hylebos Waterway, North Side Subtidal Flat. This 
sandy core had re 1 at ive ly 1 ow carbon c~~7ent except for the bottom of core 
which contained ~~~· Only a trace of Cs was present in the upper 10 em 
of the core and Pb was at near supported 1 eve 1 s in the entire core. This 
location does not appear to be an active contaminant accumulation site. Con
centrations of selected PAH ranged from 6 to 505 f.Lg/kg with the highest concen
trations occurring in the top 10 em. However, concentrations of PAH did 
increase somewhat at the bottom of the core which correlates with the bottom 
of the core containing mud (Fig. 14, Table 25). Both chlorinated butadienes 
(272 f.Lg/kg) and chlorinated biphenyls (154 f.Lg/kg) were found in the surface 
sediment (O to 5 em) of this core but dropped off to just above or below 
detection limits at greater depths (not plotted, see Table 26). 

Station 5 (Core 5) - Lower Hy~gos Water!~¥· South Side. Black mud was present 
for the entire core. Both Pb and Cs were e 1 eva ted the entire 1 ength 
with B7cs showing a significant subsurface peak at the 15 to 20 em depth. 
The core represents less than 20 years of accumu 1 ati on. Concentrations of 
individual select PAH in this core ranged from 137 to 3,038 f.Lg/kg (Fig. 16, 
Table 27). No significant trend in the concentrations of indiviudal PAH with 
sediment depth was observed. The concentrations of ch 1 ori nated but ad i enes 
ranged from 2,154 to 4,057 f.Lg/kg and the concentrations of selected chlorinated 
biphenyls ranged from 383 to 4,051 f.Lg/kg. The distribution pattern for the 
chlorinated biphenyls in this core fit that of Arochlor 1242. The highest con
centrations of chlorinated butadienes were detected at a sediment depth of 0 to 
15 em; whereas the highest concentrations of chlorinated biphenyls were 
detected at a depth of 5 to 20 em (Fig. 17, Table 28). These results combined 
with the age of the sediment suggest that a pulse of chlorinated biphenyls was 
deposited in the sediments about 25 years ago and that a steadily increasing 
accumulation of chlorinated butadienes has been occurring over the same period 
of time. 

Station 6 (Cores 6) - Lower Hyleb£§y Waterwa~0South Side of Channel. This 
muddy core had increases in both Cs and Pb with depth H9icating the 
sediments may have been disturbed. The subsurff6e maximum in Cs could be 
due to the maximum fa 11 out of the 1960's but Pb should not increase with 
depth. The age of the core bottom is probably less than 20 years. The 
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concentrations of selected PAH in this sediment core ranged from 28 to 
1,764 \lg/kg with no apparent trend in their concentrations with sediment depth 
(Fig. 16, Table 29). The concentrations of chlorinated butadienes ranged from 
17,818 to 77,098 fJ.g/kg and ,were the highest levels detected in all cores 
analyzed. Concentrations of specific chlorinated biphenyls range from 1,057 
to 7,272 fJ.g/kg. The highest concentrations for both classes of compounds were 
observed at a depth of 5 to 15 em i ndi cati ng a pulse of input of these 
components to this area in the past 20 years (Fig. 17, Table 30}. 

Station 7 (Core 7 and Core 7, du l i cate - Commencement Ba Between the Two 
Waterways. Duplicate cores 3 m apart were collected at this station to 
obtain some information regarding the variability between replicate cores and 
to attempt to obtain information on sedimentation rate in an area not believed 
to have been dredged. The agreement between the cores is remarkably good with 
f37pect to grain size, organic carbon and radionuclides. The profile of 

Cs shows the subsurface maximum i~1bcating sediment mixing is not very 
extensive at this station. Also the Pb decrease with depth is in agree
ment with !37cs indicating the 30 em of core have been deposited in approxi
mately the last 25 years (Fig. 16}. The concentrations of selected PAH in the 
duplicate sediment core varied, especially at sediment depths greater than 
15 em. Concentrations of PAH in the first sediment core ranged from 17 to 
3,425 f.'g/kg and for the duplicate core from 150 to 13,942 1-'g/kg (Tables 31 and 
32, respectively). The reasons for this variability could have been influenced 
by several factors such as high variability in pollutant input, differences in 
sample core compaction during sample collection, and a non-parallel stratifica
tion of PAH in the sediment core. Concentrations and sample variability of 
chlorinated butadienes and chlorinated biphenyls were low at all depths. Con
centrations ranged from 19 to 83 fJ.g/kg for chlorinated butadienes and from 19 
to 42 1-'g/kg for chlorinated biphenyls from one core and from 26 to 85 f!.g/kg and 
<39 to 58 1-'g/kg, respectively, for the duplicate core (Tables 33 and 34, 
respectively). 

3.5.3.2 Blair Waterway 

1 
All thrf!e cores from Blair Waterway had basically similar profiles for 

37cs and 210Pb, fairly low levels and generally only slight changes with 
depth. Blair Waterway appears to be accumulating low organic carbon sediments 
from the Puyallup River. The turbid river plume is 1~7ten obse'2'iod near 48e 
entrance to Blair. The relatively low ratio of Cs and Pb to K 
indicates that old sediments (greater than 25 years) are accumulating in Blair 
Waterway, or that dredging has removed much of the sediment deposited in the 
last several decades, leaving a mixed layer of older sediments. The most prob
able interpretation is that sedimentation is rapid (-v2 em/year) in much of 
Blair WH7rway as tf8 result of Puyallup River sediment which would be low in 
carbon Cs, and Pb, thus accounting for the level observed. 

Station 8 (Core 8) -Lower Blair Waterway, North Side of Channel. Both 137cs 
and ZlOpb increase at the bottom of the core. The 13/ Cs increase may be 
due to the maximum fallout from early 1960's, thus an age of 15 years could be 
assigned to the bottom of the core. Concentrations of selected PAH in this 
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sediment core ranged from 10 to 1, 848 JJ.g/kg. Concentrations of these compo
nents were highest at the bottom of the sediment core (Fig. 18, Table 35) and 
decreased to a minimum as one traversed upward to the center of the core. The 
concentrations of selected PAH increased substantially at the top of the sedi
ment core. This increase was attributed to a recent input of narrow boiling 
point hydrocarbons consisting mainly of naphthalenes. This trend was further 
confirmed by comparison of the concentrations of selected naphthalenes between 
sediment cores from all stations and core 8 (0-5 em depth). Concentrations of 
these aromatics in Core 8 (0-5 em depth were from 7- to 50-times higher 
(Table 36) than in a 11 other core sections. These components most likely 
resulted from a petroleum distillate spill or discharge. For the most part, 
the concentrations of halogenated organic compounds were below detectable 
levels (Table 37). 

~£gtion 9 - Central Blair Waterway, North Side of Channel. Both 137cs and 
Pb exhibited little l~~nge with depth in this core. No indication was 

present for a subsurface Cs maximum which could have possibly been removed 
by dredging. Concentrations of PAH were relatively low ranging in this sedi
ment core from 32 to 1,066 f!g/kg with individual component concentrations 
decreasing with increasing depth (Fig. 18, Table 38). Only trace levels of 
halogenated organic compounds were detected (Table 39). 

Station 10 - Blair Waterway, Tu~~ng Basin. Both 137cs and 210pb decreased 
with depth in this case withes almost reaching the detection limit. The 
bottom of the core must be approximately 25 years old. The concentrations of 
selected PAH ranged from 8 to 493 f!g/kg with the concentrations of individual 
PAH decreasing with increasing depth. The concentrations of many of the aroma
tic hydrocarbons were below the limits of detection at the greatest depth of 
30-40 em (Fig. 18, Table 40). Only trace levels of halogenated organic 
compounds were detected in sediment from this core (Table 41). 

3.6 Waterway Profile of Total Selected Aromatic Hydrocarbons in Sediments 

Figure 19 shows the profile for the concentrations of total aromatic 
hydrocarbons as a function of sediment depth and station. Concentrations of 
total aromatic hydrocarbons varied considerably from station to station with 
the highest concentrations appearing at Stations 3 and 7. Due to the limited 
sampling size, these distributions should not be taken as the absolute profile 
for the aromatic hydrocarbon distributions in these waterways. This point is 
further exemplified by the potential for incidence of high variability in the 
total aromatic hydrocarbon concentrations as observed in-the duplicate samples 
analyzed from Station 7. The duplicate core sections analyzed from depths of 
0 to 5 em, 5 to 10 em, 10 to 15 em and 20 to 30 em had total aromatic hydrocar
bon concentration. variability ranging from 6 to 17%. This is in contrast to 
the core sections at a depth of 15 to 20 em which had a variability of 102%, 
which is a result of elevated levels of aromatic hydrocarbons from fluorene to 
perylene in one of the duplicate samples (see Tables 31 and 32). 

18 



3.7 Phenanthrene/Anthracene Ratios in Sediments 

Table 42 lists the ratio of phenanthrene/anthracene for sediments col
lected from both waterways. About half of the sediment sections showed ratios 
that ranged from 2.4 to 5.4. However, cores 1, 2, 3, 4, 9 and 10 showed ratios 
that for the most part were less than 2 and appeared in some cases to decrease 
with increased depth. The ratios in these cores (1, 2, 3, 4, 9, 10) also 
appeared to be lower than the ratios observed in suspended matter (Table 12). 

3.8 Waterway Profile of Total Selected Chlorinated Butadienes 
and Chlorinated Biphenyls in Sediments 

Figure 20 shows the profile for the concentrations of total selected 
chlorinated butadienes and chlorinated biphenyls as a function of station loca
tion and sediment depth. The highest concentrations of chlorinated butadienes 
and chlorinated biphenyls were associated with sediments collected from Sta
tions 5 and 6. Concentrations at these stations were in the range of 10 to 
1,000 times higher than at the other stations with the exceptions of sediments 
from Stations 2 and 3 where the concentrations of these component c 1 asses 
ranged from 403 to 1,072 ~g/kg for chlorinated butadienes and 31 to 2,456 ~g/kg 
for chlorinated biphenyls. 

3.9 Distribution of Selected Aromatic Hydrocarbons Between Water, 
Suspended Matter and Surface Sediment 

We did not quantify selected aromatic hydrocarbons in filtered water as a 
part of this study because they have been shown, for the most part, to be pre
sent at levels that are below the detection limits of the XAD-2 resin method 
(Riley et al., 1980). However, in order to obtain more information regarding 
the distribution of these compounds between water, suspended matter and sedi
ment, we needed this type of data. It is believed that a good estimation of 
the distributions could be made by combining the water data obtained in last 
year's study (Riley et al., 1980, page 51) with data from this study on sus
pended matter and surface sediment. The surface sediment and suspended matter 
used in the comparison was obtained from Station 5 in September 1980. The 
water data were obtained at approximately the same location in September 1979. 
These data are listed in Table 43. 

The concentrations of total selected aromatic hydrocarbons were present at 
levels less than 0.041 ~g/1. In contrast, concentrations of total selected 
aromatic hydrocarbons in suspended matter and sediment were 11,086 ~g/kg and 
9,604 ~g/kg respectively. These concentration differences resulted in distri
butions of aromatic hydrocarbons that were approximately 100,000 times higher 
in suspended matter and sediment than in filtered water. It appears that the 
average percent distribution of total aromatic hydrocarbons for suspended 
matter and sediment to be about the same (53.6% vs 46.4%). 
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3.10 Distribution of Selected Halogenated Organic Compounds Between 
Water, Suspended Matter and Surface Sediment 

Table 44 lists the concentrations and distributions of a select group of 
halogenated organic compounds between water, suspended matter and surface sedi
ment. Data for suspended matter and surface sediment were from the same sam
ples used above (Section 3.9) except the water data was taken from Table 13 of 
this study. 

Concentrations of chlorinated butadienes in water ranged from 4 to 
252 fLg/1. In suspended matter, the concentrations of chlorinated butadienes 
ranged from 8 to 1,677 i-Lg/1 and in sediment from 7 to 2,731 i-Lg/1. The Cl1 
to Cl3 chlorinated biphenyls ranged in concentration from 3 to 317 i-Lg/1. The 
Cl4 and Cl5 chlorinated biphenyls were not detected in the water. Concen
trations of Cl1 to Cl5 chlorinated biphenyls ranged from 184 to 4,950 fLg/1 
and in sediment the range was from 62 to 301 fLg/1. 

Un 1 ike the aromatic hydrocarbons, sever a 1 of the chlorinated butadi enes 
and chlorinated biphenyls produced distributions which reflected greater hydro
philicity. These compounds included Cl3-butadiene-1, hexachlorobutadiene and 
the Cl1 to Cl 5 chlorinated biphenyls. The reason for the low water distribu
tion for Cl3-butadiene-2 in unknown. 

3.11 Sedimentation Rates 

The interpretation of sedimentation rates and ages of sediments is compli
cated by disturbance of sediments due to dredging, other sediment mixing 
processes, and changes in sediment texture. O·b?he 11 sediment cores ex ami ned, 
the cores tak~o from Station 7 showed a Cs subsurface maximum and a 
decrease in 210pb with depth in agreement with 137cs. The 137cs profiles 
in Station 7 cores are similar to that observed in undisturbed sediments of 
Lake Washington (Fig. 13) and in Lake Michigan (Robbins and Edgington, 1975). 
These data, coupled with the fact that this sampling location appears to be out 
of the area of previous dredging activity, made it the best candidate for esti
mation of sedimentation rates in the area. Based on data from this core, the 
sedimentation rate in this area is estimated at <v0.7 em/year. 

3.12 Input Rates of Selected Organics to Sediments in Hylebos 
and Blair Waterways 

To gain a better understanding of the current impact of organic contami
nants, we attempted to estimate the yearly input of some individual and 
selected classes of organic compounds to the sediments in Hylebos and Blair 
Waterways. From an Army Corps of Engineers map, the surface area of the main 
channels of Hylebos and Blair Waterways were estimated to be <v4,670,000 sq ft 
and 6,430,000 sq ft, respectively. Table 45 lists the input of selected organ
ics to Hylebos and Blair Waterways assuming an average sedimentation rate of 
0. 7 em/year (estimated from Station 7 sediment core profiles), an average 
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water content of 50% (from the ratioing of sediment dry wt to wet wt) for the 
sediment, and average concentrations of selected organics in suspended matter 
from Stations 5 and 8 (Tables 7-16). Total selected hydrocarbon input (naph
thalene to perylene) to Hylebos and Blair Waterways was estimated to be 13.7 
and 14.5 kg/year, respectively. Input rates of benianthracene and 
benz(a)pyrene were estimated to be 0.7 and 0.6 kg/year for Hylebos Waterway and 
0.4 and 0.2 kg/year for Blair Waterway. The estimated rate of input for the 
sum of the two trichlorobutadiene isomers was 2.8 kg/year for Hylebos Waterway 
and 0.2 kg/year for Blair Waterway. The estimated rate of input of hexachloro
butadiene was 0.06 kg/yr for Hylebos Waterway and 0.01 kg/yr for Blair Water
way. The input of chlorinated biphenyls (Cl1 to Cl5) was estimated at 
189 kg/year for Hylebos Waterway and 21 kg/year for Blair Waterway. It is felt 
that the estimates given for the input rates of tot a 1 aromatics, benzanthra
cene, and benz(a)pyrene are reasonable based on the similarities in concentra
tions for these components detected in suspended matter from Stations 5 and 8 
and the fact that these components are well represented in all the sediments 
analyzed from the two waterways. On the other hand, the input rate for tri
chlorobutadienes must be viewed with caution since the estimation is based on 
their concentrations in suspended matter from Stations 5 and 8 which have been 
shown to vary considerably in the concentrations of these components. Our 
estimate of chlorinated biphenyl input to the waterways has to be viewed with 
caution also, especially the value estimated for Hylebos Waterway. Since we 
only measured 5 selected chlorinated biphenyl components in the suspended mat
ter from Station 5 for which we know there are at 1 east 30 major components 
detected by mass spectrometry in the corresponding sediment, our extrapolation 
to a total chlorinated biphenyl concentration in suspended matter from 
Stations 5 and 8 in itself is an estimate. In addition, as for the trichlorbu
tadienes, variability in the concentrations of chlorinated biphenyls in 
suspended matter from Stations 5 and 8 as a function of sampling time was high. 

3.13 Intercomparison Study 

Table 46 lists the results of the Battelle and NOAA/NMFS analyses of sedi
ment from Core 5 (10-15 em) in Hylebos Waterway for the presence of chlorinated 
biphenyls. Both laboratories showed that the sediment contained Cl1 through 
Cl5 chlorinated biphenyl isomers. Both laboratories indicated the total con
centrations of chlorinated biphenyls to be quite high (553 ~g/g vs 150 ~g/g). 
It is felt that the 3- to 4-fold difference in the total concentrations 
observed between the two labs can be attributed to the analysis of heterogene
ous samples. These results are also consistent with the observed variability 
in the concentrations of these components in sediment core 5 with depth (see 
Section 3.5.3.1) from which the intercomparison samples were derived. 
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4. DISCUSSION 

The purpose of this study was to gain a better understanding of the his
torical and current inputs and the distributions of organic pollutants to 
Hylebos and Blair Waterways located adjacent to Commencement Bay in Puget 
Sound, near the city of Tacoma. To evaluate these parameters we examined, on 
the basis Qf a limited analytical scheme coupled with age dating techniques 
(137cs, 21UPb), the chemistry of the organic compounds associated with 
sediment, suspended matter and water from these two waterways collected during 
two sampling cruises in September and December 1980. Chemical analyses of 
sediment cores indicated the historical input of three major classes of organic 
compounds. These classes of compounds were aromatic hydrocarbons (2 to 5 
rings), chlorinated biphenyls (Cl1 to Cls) and chlorinated butadienes. The 
distribution pattern for the chlorinated biphenyls in the most concentrated 
sediment fit that of Aroch 1 or 1242. The concentrations of these compounds 
varied with sampling location and sediment depth by as much as three orders of 
magnitude. Comparison of the organic chemistry of our surface sediment data 
to the surface chemistry data obtained by the National Marine Fisheries Service 
at locations corresponding closely to our stations indicated reasonable agree
ment in concentrations of compounds and classes of compounds found in these 
sediments (Malins et al., 1980). However, this study shows that evaluation of 
the distributions and impact of organic toxicants at specific sites can be 
seriously underestimated if sampling is limited to the examination of only 
surface sediments. 

Age dating indicated that most of the sediments fell into two categories 
consisting of recent disturbed sediments ( < 25 years) and what appeared to be 
older (>25 years) undisturbed sediments. For the most part, the o 1 der sed i
ments contained the lowest concentrations of organic compounds with the highest 
concentrations appearing near the surface, suggesting that most contaminated 
sediments had previously been removed as a result of dredging act i viti es or 
that the areas were areas of high accumulation with uncontaminated particulate 
material. 

Due to differences in reactivity (National Academy of Sciences, 1972) and 
solubility (May et al., 1g78), the ratio of phenanthrene/anthracene has 
recently been used to provide some insight into the environmental modification 
of PAH. Sources of anthropogenic aromatic hydrocarbon pollutants (i.e., fue 1 
oil, crankcase oils, soots and tars) have been shown to contain ratios of 
phenanthrene/anthracene in the range of 8 to 50 (Lake et al., 1979; Giger and 
Shaffner, 1978). A lower ratio observed in environmental sediments and sus
pended matter suggests a preferential transformation of phenanthrene and other 
aromatic hydrocarbons with similar susceptibility due to impact from chemical 
and biological degradation processes. Examination of sediment cores from 
Narragansett Bay showed phenanthrene/anthracene ratios to be relatively low and 
constant (3.0 to 4.3, Lake et al., 1979). Most sediment core samples from this 
study as well as the suspended matter had phenanthrene/anthracene ratios that 
fell within this same range. The fact that the ratios in suspended matter were 
similar to most ratios in sediments suggests that biological and chemical 
processes acting on aromatic hydrocarbons up to three rings following 
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deposition in bottom sediments is slow. On the other hand, cores, 1, 4 and 10 
contained sediment near the bottom of the core with phenanthrene/anthracene 
ratios of less than 1 indicating that these sediment processes produce changes 
that occur over periods of 15 to 20 years of time or that an increase in the 
chemical complexity of the insult due to anthropogenic sources of aromatic 
hydrocarbon input to these sediments have increased substantially in recent 
years. 

Some sediment cores contained areas of very high concentrations of chlo
rinated biphenyls (cores 5 and 6), trichlorobutadienes (cores 5 and 6) and aro
matic hydrocarbons. The extent in the size of these hot spot areas could not 
be determined due to the limited sampling size. In addition, many of the sedi
ment cores did not reach the bottom of the sediment bed; thus, total mass of 
sediment in the waterways could not be estimated and organic chemical budgets 
for the individual or classes of compounds detected in these sediments could 
not be determined. 

Examination of the distributions of a selected group of aromatic hydrocar
bons and halogenated organic compounds between water, suspended matter and 
sediment indicated suspended matter and sediment were good sinks for the aroma
tic hydrocarbons. However, significant amounts of the chlorinated butadienes 
and the low molecular chlorinated biphenyls (Cl1 through Cl3) were present 
in the water column, which suggests that these compounds need to be examined 
further with respect to potential human health effects and impact to pelagic 
organisms. 

Age dating of sediment cores collected from a location in Commencement Bay 
and betwr39 the mo~ths of the two waterways (Station 7) showed good correlation 
between Cs and Opb permitting the use of these cores in estimating the 
rate of sedimentation in this area. From these cores, a value of 0.7 em/year 
was calculated in good agreement with and well within the range of sedimenta
tion rates (0.1-2.0 em/year) previously measured in different regions of Puget 
Sound (Schell and Nevissi, 1977) but somewhat less than the rates of 1.5 to 
1.7 em/year measured in the tidal Hudson River, New York (Bopp et al., 1981), 
and considerably less than the 10 to 20 em/year measured in dredged areas of 
New York Harbor (Olsen, et al., 1978). 

Analysis of suspended matter and water (filtered, nonfi ltered and surface 
microlayer) indicated these compartments to contain these same classes of com
pounds indicating a continued input of these contaminants to bottom sediments. 
Table 42 indicates that input rates of aromatic hydrocarbon to Blair Waterway 
are equal to or somewhat less than input rates to Hylebos Waterway. However, 
evidence presented earlier in this report would suggest that the annual input 
rates to Blair Waterway are underestimated due to high rates of sedimentation 
of "clean" sediment resulting from impact by the plume of the Puyallup River. 
We did not account for this influence in our estimates. Thus, it is possible 
that Blair Waterway is accumulating aromatic hydrocarbons at a faster rate than 
Hylebos Waterway. 
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The influence of the Puyallup River could also explain the differences in 
the halogenated organic chemical composition of suspended matter and sediments 
collected from Station 5 near the mouth of Hylebos Waterway and Station 8 near 
the mouth of Blair Waterway. The concentrations of halogenated organic com
pounds in suspended matter and sediment from Station 5 were significantly 
higher than from Station 8. These data suggest that the action of the plume of 
the Puyallup River, in effect, significantly reduces the transport and subse
quent deposition of Hylebos Waterway suspended matter to Blair Waterway. These 
data would also suggest that the source of these components in suspended matter 
and water (as disrupted sediment and/or recent discharge) is located near the 
mouth of Hylebos Waterway. These results are also in agreement with respect to 
the relative amounts and types of halogenated organic compounds found in sus
pended matter co ll ect2d from the same general station location the previous 
year (Riley et al., 1980). It is interesting to note that the concentrations 
of trichlorobutadienes appeared to be highest in filtered water collected at 
Stations 5 and 6. Concentrations of these components dropped off significantly 
at Station 7 but increased again at Station 8. The major difference in the 
chlorinated butadiene chemistry between Stations 5 and 8 was that the highest 
concentrations of the compounds appeared to be near the surface (2 m) at 
Station 5 but near the bottom (9 m) at Station 8. At this time, we have no 
explanation for the latter observation. 

Both waterways. contained detectable levels of hal oforms and other low 
molecular weight chlorinated and non-chlorinated volatile organics most of 
which are on the Environmental Protection Agency toxic substances list. The 
source of these pollutants could be direct discharge, at least in this case of 
the haloforms, from chemical transformations resulting from the release of 
active chlorine to the waterways. Previous researchers have reported on stud
ies related to the formation of halogenated compounds from the low level chlo
rination of natural waters (Jolley et al., 1978; Bean et al., 1980; Carpenter 
and Smith, 1978). Many of these halogenated organic compounds are known or 
suspected carcinogens or mutagens (Jolley et al., 1978) and a most recent study 
has indicated that while some of these compounds are degraded under anaerobic 
experimental conditions, no aerobic conditions could be found that resulted in 
their degradation (Bouever et al., 1981). This same study showed trichloro
ethylene and tetrachloroethylene to be resistant to both aerobic and anaerobic 
degradation processes which suggests these compounds, as well as the major 
volatile component (1, 1, !-trichloroethane), found in these waterways, may 
accumulate in sediments. 

The data in this report tend to support the hypothesis that several 
classes of organic compounds have impacted Hylebos and Blair Waterways in the 
past 25 years. Fluxes of these classes of compounds continue to persist. Once 
these pollutants are incorporated into sediments, it appears that mechanical 
processes (dredging activities) and natural processes (biological degradation) 
have minimal impact on decreasing the persistence of these components in the 
sediments of these waterways. 
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5. RECOMMENDATIONS 

The Commencement Bay area of Puget Sound is highly industrialized. Recent 
studies (Riley et al., 1980; Malins et al., 1980) and this study have shown 
that water, suspended matter, and sediments from areas of the bay and adjacent 
waterways are contaminated with both organic and inorganic anthropogenic toxi
cants. Increased frequencies of tumors and lesions have been observed in fish 
and invertebrate species residing in this area. However, it has been shown 
that further research is needed to establish possible cause-and-effect 
relationships between these contaminants and the corresponding biota. 

Past strategies for the disposal of contaminated sediments from waterways 
adjacent to Commencement Bay {Hylebos and Blair Waterways) have included trans
port and disposal to central areas of Commencement Bay and to above ground 
landfill sites adjacent to the bay. The soundness of these disposal practices 
is unknown in light of the fact that little is known about the potential 
release of organic and inorganic toxicants from these disposal sediments as a 
result of prolonged leaching and underwater desorption processes. A logical 
extension of this study would be to conduct research to gain a better under
standing of the extent of release of specific classes of organic toxicants to 
Puget Sound waters as a result of engaging in these two types of disposal prac
tices. The goal of the project would be to evaluate the previous impacts and 
relative potential environmental impact associated with continued practice of 
these disposal strategies. 

In addition to the above goal, a continued effort should be directed 
toward characterization and quantification of organic toxicants at sites of 
intensive industrial development adjacent to Puget Sound. Our chemical studies 
in Hylebos and Blair Waterways have indicated the presence of halogenated 
organic com!Jound s in suspended matter whose chemica 1 structures are still 
unknown at this time. An effort should be made to identify these compounds as 
well as other suspect compounds (i.e., chlorinated phenols) and assess their 
environmental impact. 

Our study has shown Hylebos and Blair Waterways, due to past dredging 
activities, to vary considerably in the level of polluted sediment associated 
with a specific waterway site. Because, in many cases, our cores never reached 
to unimpacted sediments, a pollutant mass budget for these waterways was not 
obtainable. Additional cores taken in strategic areas of the waterways at 
greater depths would provide the information necessary to permit a mass budget 
assessment. 

Our study also produced sediment cores which appeared to contain preindus
trial sediments. Characterization and quantification of organic components as
sociated with these sediments would provide a better understanding of the over
all impact of industrialization on Puget Sound. 
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(11) = 1-methylphenanthrene, (12) = fluoranthene, (13) = pyrene, (14) = benzanthracene, (15) = 
chrysene, (16) = benz(e)pyrene, (17) = benz(a)pyrene, and (18) = perylene 
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Table 1. Physical and Chemical Parameters for Hylebos and Blair Waterways - September 1980 

Suspended 
% Organic c1 ooc2 POC3 Chlorophyll A Volume 

Station Sample Temperature Salinity Load (mg/1 Filtered 
Location Depth (m) Wl ( 

0 /oo} dry wt) (dry wt) (mgC/1) (mgC/1) (mg/m3) (1) 

Hylebos Waterway 5A 

9/9/80 2 20 27.4 3.2 6.9 1.18 0.22 1.01 1,565 

5 14 29.6 3.4 3.2 1.29 0.11 0.65 2,264 

9 14 29.9 4.4 2.5 1.02 0.11 0.60 1,283 

H~lebos Waterway 56 

9!11/80 2 16 24.6 2.1 11.9 !.50 0.25 2.47 1,245 

5 14 29.1 3.2 3.1 1.06 0.10 0.73 2,420 

9 14 29.9 9.4 2.7 0.85 0.25 0.79 3,006 

..,. Blair Waterway SA 
0) 

9/I0/80 2 16 26.5 7. 5 4.1 1.16 0.31 1.89 I, 358 

5 14 29.6 5.1 1.8 0.84 0.09 0.85 2,858 

7 14 - 7.4 1.8 0.96 0.13 0.78 1,540 

Blair Waterway 8B 

9/I0/80 2 16 26.4 5.3 - - - 1.49 1,118 

5 14 29.3 5.6 2.1 0.93 0.12 0.61 1,387 

9 13 29.7 5.8 1.6 0.96 .09 0.62 1,665 

~% organic carbon (dry wt) content of suspended matter. 
DOC = dissolved organic carbon. 3Poc =particulate organic carbon. 



Table 2. Physical and Chemical Parameters for Hylebos and Blair Waterways - December 1980 

Suspended 
% Organic c1 ooc2 POC3 Chlorophyll A Volume 

Station Sample Temperature Salinity Load (mg/1 Filtered 
Location Depth (m) (C") ( 

0 /oo) dry wt) (dry wt) (mgC/l) (mgcn > (mg/m3) ( 1 ) 

Hylebos Waterway 5A 

12/15/80 2 11 26.5 2.3 6.1 2.02 0.14 0.39 1,923 

5 11 29.0 2.5 5.6 1.28 0.14 0.22 3,764 

9 11 29.9 2.5 4.4 1.34 0.11 0.16 2,632 

H~lebos Waterwa~ 58 

12/15/80 2 11 27.6 3.1 9.0 - 0.28 0.20 1,783 

5 11 28.7 2.0 10.0 - 0.20 0.23 3,464 

9 11 30.0 3.5 7.4 0.96 0.26 0.26 2,352 

-!'> Blair Waterwa~ SA .__, 
12/16/80 2 11 28.5 2.3 7.0 0.94 0.16 0.24 1,932 

5 11 29.8 2.0 3.5 0.85 0.07 0.24 3,515 

9 11 29.9 3.3 3.0 0.82 0.10 0.21 3,028 

Blair Waterway 88 

12/17/80 2 10 27.3 2.9 4.1 1. 74 0.12 0.22 1,639 

5 11 29.8 1.9 6.8 0.91 0.13 0.18 4,183 

9 11 30.0 5.9 2.4 0.97 0.14 0.30 2,581 

~% organic carbon (dry wt) content of suspended matter. 
3ooc = dissolved organic carbon. 

POC = particulate organic carbon. 



Table 3. 

Compound 

methylene chloride 

1,2-dichloroethylene 
chloroform 
1,2-dichloropropane 
dichlorobromomethane 
1,1,1-trichloroethane 
trichloroethylene 
benzene 

dibromochloromethane 
bromoform 
1,1,2,2-tetra-
chloroethane 

tetrachloroethylene 
toluene 

Total Volatiles2 

Compound 

methylene chloride 

1,2-dichloroethylene 
chloroform 
1,2-dichloropropane 
dichlorobromomethane 
1,1,1-trichloroethane 
trichloroethylene 
dibromochloromethane 
benzene 

bromoform 
1,1,2,2-tetra
chloroethane 

tetrachloroethylene 
toluene 

Total Volatiles 

Concentration (~g/1, x +range) of Volatile Hydrocarbons 
in from-Blair and Water Collected Hyl ebos Waterways 

SusQect Discharge near Station 3 (9/9/80) (12/15/80) (12/15/80) 
Blank Below Adjacent 

3.1 :!: 1.8 9.5 + 0.9 1 11.7 + 0.5 
(6.4 ~ 0.9) (8.6 + 0.5) 
0.5 1.7-
2.9 + 0.9 2.8:!: 0.7 

0.2 0.2 
0.1 
0.6 0.9 0.2 

0.6 + 0.2 0.7 + 0.1 
2.8;!:1.7 1.4 + 1.3 1.5 + 1.2 

(0)- (0)-
0.2 
1.5 + 0.2 0.3 :!: 0.3 

0.3 + 0.0 0.7 + 0.6 
0.2 0.4 ~ 0.1 

11.6 :!: 0.4 13.5 :!: 0.8 

Bank Seep near Station 9 
(12/15/80) 

Below 

2.0 + 1.0 
(0)-

0.4:!: 0.1 

33.1 + 7.4 
2.5 + 0.3 
(0)-

0.7 

0.2 + 0.1 
0.4 ~ 0.2 

36.0:!: 8.4 

Adjacent Above 

4.7 + 2,6 3.6 + 2.6 
(1.7 + 2.4) (1.2 ~ 1.7) 

0.3:!: 0.1 0.4:!: 0.2 

33.5 + 4.1 33.5 :!: 4.2 
0.1-

2.2 + 2.6 3.1 + 1.4 
(0.5 ~ 0.6) (0.6 ~ 0.6) 

0.1 
3.4 :!: 2.9 

39.4 :!: 3.9 

12.5:!: 4.5 

48.0 :!: 9.9 

Above Station 5 Station 8 

14.7 + 5.1 7.2 + 0.2 4.5 + 0.5 
(11.7 ~ 5.1) (4.1 + 0.2) 

3.8 -
(.14 ~ 0.4) 

1.6:!: 0.4 2.3 :!: 0.4 0.4 :!: 0.1 

41-.1 + 0.8 20.4 + 2.5 
1.1 + 0.2 3.8 + 0.2 0.2 
1.3 + 0.9 1.9 + 2.5 2.0 + 2.4 
(0)- (0.5 ~ 0.6) 

0.3 
(0.5 ~ 0.6) 

0.6 :!: 0.1 

1.1 + 0.3 
0.3 0.6 + 0.1 0.2 

0.3 0.3 + 0.1 

14.3 :!: 5.3 53.9 + 0.8 22.9 + 2.8 

Suspect Discharge near Station 6 
(12/15/BO) 

Below 

3.6 + 0.0 
(0.5 + 0.0) 
0.7-
2.2:!: 0.0 

30.0 + 4.9 
0.7 ~ 0.3 

1.5 + 1.9 
(0.0 + 0.0) 
1.0 ~ 0.5 

0.2 + 0.2 
11.2 ~ 12.5 

Adjacent 

6.9 + 1.1 
(3.8 + 1.1) 
1.3-
1.8:!: 0.1 

28.7 + 3.6 
0.7 ~ 0.1 

1.6 + 1.8 
(0.1 ~ 0.1) 

0.2 + 0.1 
15.7 ~ 9.5 

Above 

3.9 + 0.4 
(0.8 + 0.4) 
0.3-
2.2 :!: 0.1 

31.8 + 5.3 
0.7 
0.1 + 0.1 
1.9 + 2.3 

(0.2 + 0.3) 
1.3 ~ 0.6 

0.3 

49.0:!: 17.3 51.0:!: 14.2 36.4:!: 5.2 

1values in parentheses exclude concentrations found in blank. 2concentrations reported include the summation of only those values where duplicate values are 
available. For methylene chloride and benzene, the effect of background has been subtracted. 
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Table 4. Concentrations (ng/1, pptr) of Se 1 ected Halogenated Organic 
Compounds in Waters Collected from Hylebos and Blair Waterways 

Total Total 

Cl 3- c1r Selected Chlorinated biRhenxls Se lee ted 
Depth 

HCBD1 Chlorinated Cl 1 Cl 2 Cl 3 Cl 4 c1 5 
Chlorinated 

Station (meters) Butadiene-! Butad i ene-2 Butadienes Biphenyls 

- September 1980 Sampling Cruise - -

I 2.0 53 81 9 143 82 28 3 <I IH 
2 2.0 69 55 7 131 45 33 2 <I 81 
3 2.0 78 9 I 88 98 10 <2 <I <2 108 
4 2.0 96 65 11 172 98 I 2 <I <I 101 
5 2.0 252 <10 4 256 317 220 3 <2 <2 540 

5.0 28 51 13 92 68 61 I I <I 131 
9.0 <2 <2 I I 49 42 <I <I <I 91 

6 2.0 69 118 17 1:.04 79 60 2 <I <I 141 
7 2.0 <2 <2 6 6 92 80 I <I <I 174 
8 2.0 <2 3 2 5 120 34 2 I <I 157 

5.0 55 <13 <I 55 125 <13 <2 <2 <2 125 
9.0 124 17 2 143 154 <12 <2 <2 <2 154 

9 2.0 71 13 3 87 110 13 I <I <I 124 
10 2.0 25 3 I 29 102 48 3 I <I 154 

- December 1980 Sampling Cruise -

I 2.0 10 <11 <I 10 26 27 6 <2 <2 59 
2 2.0 41 92 18 151 44 76 10 <2 <I 130 
3 2.0 28 69 15 112 36 14 6 <I <I 56 
4 2.0 29 55 13 97 95 96 8 I <I 199 
5 2.0 62 86 18 166 88 268 24 I 6 387 

5.0 20 54 12 86 37 148 7 <I <I 192 
9.0 <8 <9 I I 22 <8 <I <2 <2 22 

6 2.0 42 61 14 107 128 203 25 <I I 357 
7 2.0 14 24 4 42 97 88 6 <I I 192 
8 2.02,3 5 12 2 19 76 55 7 I <I 139 

2.Q3,4 8 <3 I 11 63 10 4 <I <I 77 
5.02,3 3 9 2 12 80 58 4 I <I 143 
5.0 3,4 5 <2 <I 5 57 13 I I <I 72 
9.0 2,3 43 12 I 55 88 58 2 <I <I 148 
9.0 3,4 28 <3 <I 28 34 <3 <I <I <I 34 

9 2.0 19 54 2 75 87 11 7 <I <I 105 
10 2.0 3 12 4 19 82 106 24 I <I 212 

HCBO is abbreviation for hexachlorobutadiene. 
2Top column of two series coupled XA0-2 resin columns. 
3For hexachlorobutadiene collected at the 2-m level of Station 8, the amount retained on top column was 2 ng/1 and on the bottom 
column 1 ng/1. Thus, if a third, forth and fifth column were coupled in the series, a total of 0.5, 0.25 and 0.13 ng/1 would be 
retained on these columns, respectively. Therefore, the amount of hexachlorobutadiene retained by the top column would be 
estimated to be 2/(2 + 1 + 0.5 + 0,25 + 0.13) = 52%. This approach was used for calculation of retention of those components 
discussed in the text. 

4Bottom column of two series coupled XAD-2 resin columns. 
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Table 5. Concentrations (~g/1) of a Select Group of Aromatic Hydrocarbons in Surface Microlayer 

Station 5 Station 5 Station 8 Station 8 
Com~ounds 9/80 12/80 9/80 12/80 

Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 

biphenyl <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2,6-dimethylnaphthalene <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
2,3,5-trimethylnaphthalene <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 5.0 2.0 
fluorene <0.3 <0.2 <0.2 <0.2 <0.3 <0.2 2.9 3.2 
phenanthrene <0.2 <0.2 8.4 4.7 <0.2 3.6 21.0 45.8 
anthracene <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 12.9 43.2 
1-methylphenanthrene <0.3 <0.2 0.8 <0.2 <0.3 0.5 32.1 55.4 
fl uoranthene <0.2 <0.2 26.9 17.5 <0.2 5.5 12.6 41.6 
pyrene <0.3 <0.2 22.6 15.0 <0.3 3.5 5.9 19.8 
benz anthracene <0.4 <0.4 ~.3 5.3 <0.4 0.7 6.2 3.1 
chrysene <0.4 <0.3 6.3 13.7 <0.4 2.5 15.3 0.8 

U"1 benz(e)pyrene <0.8 <0.8 <0.8 NOl <0.8 <0. 7 NO <0.6 0 

benz( a)pyrene <0. 7 <0. 7 <0.8 NO <0.7 <0.6 NO <0.5 
peryl ene <0.6 <0.6 <0. 6 NO <0.6 3.38 NO <0.4 

Total Aromatics <5.0 <4.6 68.3 56.2 <5.0 19.7 113.9 214.9 

x ~ Range 62.3 + 8.6 164.4 + 71.4 

1Peaks were detected in this region but they were not quantifiable. 



Sample 
# 

5A 

5A 

5B 

5B 

9A 

SA 

BB 

BB 

Table 6. Phytoneuston and Detrital Particulate Density in the 
Surface Microlayer 

Approximate 
Total Density Detritus 3 Phytoneu ston individuals/ml particles x 10 /ml 

Date (dominant) Mean + S.D. Mean + S.D. 

9/9/80 Navicula 280 + 80 15 + 1 
(Prorocentrum) 

12/15/80 (Navicula) 2,300 .:': 290 66 + 8 
CJ!lindrotheca 
Lyngbya 
(Navicula spp.) 

9/ll/80 (microflagellates) 55 + 25 20 + 7 
Chroomonas sp. 
Skelotoneuma sp. 

12/16/80 Melosira 1,020 .:': 140 54 + 11 
(Navicula) 
LJ!nqb)!a 
microflagellates 
Achnanthes 
Amphora 

9/10/80 Amphora 
Navicula 
Pheuro/G.):'rosigma 2,980 .:': 80 48 + 7 
Melosira 
C)!lindrotheca 
Chroomonas 
(Nitzschia longissima 
Prorocentrum 

12/16/80 (Navicula spp.) 420 + 40 122 + 14 
microflagellates 
Gymnodi n i urn sp. 
Lyn gb)!a sp. 
C)!lindrotheca sp. 

9/10/80 (Navicula spp.) 
G ro/Plueurosi rna 
microflagellates) 95 + 15 36 + 3 

Amphora sp. 

12/17/80 dinoflagellates 860 + 120 108 + 10 
Melosira sp. 
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Table 7. Concentrations (~g/kg) of Selected Aromatic Hydrocarbons in 
Suspended Matter from Station 5 as a Function of Depth -
September 1980 

De[Jth (meters) 

Compound 2 2 5 5 9 9 

naphthalene 242 1,158 321 299 431 29 
2-methylnaphthalene 78 314 94 95 124 10 
1-methylnaphthalene <12 138 57 37 51 <3 
biphenyl 492 1' 153 359 461 406 250 
2,6-dimethylnaphthalene <17 111 30 29 42 <4 
2,3,5-trimethylnaph-
thalene <15 88 38 19 34 <4 

fluorene 114 358 161 92 151 16 
dibenzothiophene <110 167 226 40 58 1-27 
phenanthrene 554 1,664 600 414 564 66 
anthracene 210 441 2~! 106 156 8 
1-methylphenanthrene 1,002 1017 264 886 96 
fl uoranthene 1,470 2,353 1,028 185 830 382 
pyrene 3,457 2,120 170 681 686 1,146 
benz anthracene 379 1,419 833 212 386 59 
chrysene 964 2,562 1,173 587 675 190 
benz(e)pyrene 4,845 3,998 1,415 2,617 2,888 1,624 
benz( a)pyrene 175 2,052 418 181 224 97 
perylene 365 712 329 43 171 <17 

Total aromatics2 14,347 21,825 7,495 6,319 8,763 3,973 

x .:!:_ range 18,086.:!:. 5,288 6, 907 .:!:. 832 6,368.:!:. 3,387 

1overlapping peaks; could not quantify. 
2x.: SD for all six total aromatics concentrations was 10,454 :.: 6,560. 
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Table 8. Concentrations {~g/kg) of Selected Aromatic Hydrocarbons in 
Suspended Matter from Station 5 as a Function of Depth -
December 1980 

De~th (meters) 
Compound 2 2 5 5 9 

naphthalene 244 167 279 188 606 
2-methylnaphthalene 74 73 93 69 147 
1-methylnaphthalene <20 27 36 18 68 
biphenyl 340 546 186 127 335 
2,6-dimethylnaphthalene <29 <13 58 <10 37 
2,3,5-trimethylnaph-
thalene <27 19 30 21 40 

fluorene 95 86 105 48 164 
dibenzothiophene <188 <87 <77 <64 <115 
phenanthrene 473 390 80 221 750 
anthracene 75 81 160 40 241 
1-methylphenanthrene 179 199 570 138 444 
fluoranthene 558 530 1,848 331 1,003 
pyrene 1,398 1,000 1,374 359 1,071 
benzanthracene 397 467 588 115 426 
chrysene 970 937 964 257 904 
benze(e)pyrene 7,861 2,733 3,882 12 1,142 
benz(a)pyrene 769 133 763 112 130 
peryl ene <120 <55 <49 <41 <74 

9 

357 
87 
45 

226 
10 

18 
92 

<64 
378 

73 
105 
331 
506 
136 
272 
349 
836 
<58 

Total aromatlcs1 13' 443 7,388 10' 520 2,056 7,508 3,811 

x .:':_ range 10,416 .:':_ 4,282 6,288 .:':_ 5,985 5,660 .:':_ 2,614 

1x + so for all six total aromatics concentrations was 7,454 .:':_ 4,188. 
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Table 9. Concentrations (~g/kg) of Selected Aromatic Hydrocarbons in 
Suspended Matter from Station 8 as a Function of Depth -
September 1980 

/ 

Deeth (meters) 
Compound 2 2 5 5 91 9 

naphthalene 102 139 284 396 1,637 255 
2-methylnaphthalene 24 22 63 93 309 68 
1-methylnaphthalene <5 <8 36 48 181 28 
biphenyl 518 459 161 294 598 235 
2,6-dimethylnaphthalene 30 50 21 27 81 40 
2,3,5-trimethylnaph-
thalene <7 <11 14 21 63 16 

fluorene 22 <11 64 51 389 55 
dibenzothiophene <49 <74 26 22 264 <45 
phenanthrene 170 209 286 13 1,890 256 
anthracene 28 73 83 47 547 62 
1-methylphenanthrene 150 1092 78 202 361 200 
fluoranthene 606 672 282 558 2,802 231 
pyrene 997 1,424 349 90 2,433 281 
benzanthracene 77 103 178 40 1,205 97 
chrysene 234 281 282 85 1,928 166 
benze(e)pyrene 2,203 2,068 650 874 2,948 3,886 
benz(a)pyrene 63 56 58 63 1,155 104 
peryl ene <31 <47 44 <27 417 <29 

Total aromatics 2 5,224 6,648 2,959 2,924 19,207 5,980 

x .:':_ range 5,224 .:':_ 6,648 2,959 .:':_ 25 1,2594 .:':_ 9,353 

1sample taken nearest to surface sediment containing a suspected petroleum 
distillate. 

2x .:':_ SD for all six total aromatics concentrations was 7,157 .:':_ 6,101. 
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Table 10. Concentrations (~g/kg) of Selected Aromatic Hydrocarbons in 
Suspended Matter from Station 8 as a Function of Depth -
December 1980 

De~th (meters) 
Compound 2 2 5 5 9 

naphthalene 139 204 294 595 228 
2-methylnaphthalene 72 106 86 107 61 
1-methylnaphthalene <17 36 44 57 22 
biphenyl 491 436 240 214 157 
2,6-dimethylnaphthalene 45 <16 31 21 <10 
2,3,5-trimethylnaph-
thalene 33 30 29 28 <9 

fluorene 30 105 101 113 47 
dibenzothiophene <158 <104 <80 <63 <64 
phenanthrene 484 605 528 615 240 
anthracene 84 104 141 134 35 
!-methyl phenanthrene 195 285 352 406 91 
fluoranthene 284 282 382 1,017 216 
pyrene 1,160 1,100 751 705 320 
benzanthracene 405 393 292 245 76 
chrysene 1,163 913 633 426 173 
benz(e)pyrene 6,911 2,845 4,339 1,245 828 
benz(a)pyrene 211 239 151 118 143 
perylene <101 <66 <51 <40 <41 

9 

256 
47 
24 

186 
29 

12 
57 

<39 
262 

74 
135 
437 
965 
118 
245 
842 

59 
<25 

Total aromatics! 11' 707 7,683 8,394 6,046 2,637 3,748 

x _:1:_ range 9,695 .:J:. 2,845 7,220 .:J:. 1,660 3,193 .:J:. 786 

1x + SO for all six total aromatics concentrations was 6,703 .:J:. 3,303. 
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Table 11. Concentrations (~g/kgl of Selected PAH in Suspended Matter 
from Stations 5 and 81 

Station 5 Station 5 Station 8 Station 8 
Compound 9/80 12/80 9/80 12/80 

benzanthracene 548 + 499 355 + 189 283 + 454 255 + 137 
chrysene 1,025 + 825 717+ 351 496 + 706 592 + 388 
benz(e)pyrene 2,898 + 1,334 2,662 + 2,941 2,105 + 1,227 2,835 + 2,425 
benz (a) pyrene 525 + 756 457 + 365 250 + 444 154 + 65 
perylene 394 + 228 <66 + 29 231 + 2642 <54 + 27 

Total PAH 5,258 ~ 3,093 4' 189 ~ 3' 485 3,210 ~ 2,463 3,836 ~ 2,935 

% of Total 
Aromatics 50 56 45 57 

1Tota 1 - + x -range, n=3. 
2Total - + x _ range, n=2. 

Table 12. The Ratio of Phenanthrene/Anthracene in Suspended Matter 

Time of Sam~ ling 

Depth 9/80 12/80 

Station (meters) Rep 1 Rep 2 Rep 1 Rep 2 

5 2 2.6 3.8 6.3 4.8 
5 2.5 3.9 0.5 5.5 
9 3.6 8.3 3.1 5.2 

8 2 6.1 2.9 5.8 5.8 
5 3.5 0.3 3.7 4.6 
9 3.5 4.1 6.9 3.5 

x + SD 3.6 + 1.3 3.9 + 2.6 4.4 + 2.4 4.9 + 0.8 

4.2 + 1.9 (n=24) 

56 



Table 13. Concentrations (~g/kg) of Selected Halogenated Organic 
Compounds in Suspended Matter from Station 5 as a Function 
of Depth - September 1980 

Compound 

Clrbutadiene-1 
Clrbutadiene-2 
HCBD 

Cl 1-biphenyl 

Cl 2-biphenyl 
Clrbiphenyl 
Cl 4-biphenyl 
Cl 5-biphenyl 

Total chlorinated 
butadienes 

Total chlorinated 
biphenyls 

Tota 1 selected 
halogen1 

x = range 

2 

878 
2,870 

8 

<28 
<160 
152 
<4 

475 

3756 

627 

4,383 

2 

353 
483 

8 

184 
881 
644 

4,950 

1,310 

844 

7,969 

8,813 

6,598 = 3,132 

Depth (meters) 
5 5 

<21 
<23 

<3 

<42 

62 
73 
13 
34 

<47 

182 

182 

240 + 81 

<194 

<220 
<16 

<372 

<34 
287 
<31 

10 

<430 

297 

297 

9 

71 

96 
<4 

28 
35 
21 
50 

21 

167 

155 

322 

9 

165 
451 
<1 

<7 

17 
15 
<1 

2 

616 

34 

650 

486 + 232 

1x + SD for all six total halogen concentrations was 2,441 = 3,515. 
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Table 14. Concentrations (~g/kg) of Selected Halogenated Organic 
Compounds in Suspended Matter from Station 5 as a Function 
of Depth - December 1980 

De 12th (meters) 
Compound 2 2 5 5 9 9 

Clrbutadiene-1 357 123 322 462 981 1,055 

Cl 3-butadiene-2 1,140 <76 1,016 981 5,041 1,643 

HCBD 18 11 122 12 234 53 

Cl 1-biphenyl <186 825 392 222 191 17 

Cl 2-biphenyl 846 1,034 574 771 442 335 

Clrbiphenyl 593 998 1694 880 577 143 

Cl 4-biphenyl 3,964 <11 4,421 3,227 2,538 821 

Cl 5-biphenyl 1,986 2,087 5,675 2,378 2,442 668 

Total chlorinated 
but ad i enes 1,515 134 1,460 1,455 6,256 2,751 

Total chlorinated 
biphenyls 7,389 4,944 12,756 7,478 6,190 1,984 

Total selected 
halogen1 8,904 5,078 14,216 8,933 12,446 4,375 

x ~ range 6,991 ~ 2,705 11,575 ~ 3,736 8,411 ~ 5, 707 

1x + SD for all six total halogen concentrations was 8,992 ~ 3,895. 
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Table 15. Concentrations of Selected Halogenated Organic Compounds in 
Suspended Matter from Station 8 as a Function of Depth -
September 1980 

De~th (meters) 
Compound 2 2 5 5 9 9 

Cl rbutad i ene-1 <10 30 25 31 52 50 
Cl rbutad i ene-2 <12 10 89 113 104 109 
HCBD <2 <3 <1 <3 <4 2 
Cl 1-biphenyl 61 <14 <& <10 <20 <31 

Cl 2-biphenyl <10 <7 <3 <5 <12 <13 

Clrbiphenyl <2 3 4 5 8 <2 

Cl 4-biphenyl <2 3 6 <3 8 <2 
Cl 5-biphenyl <2 <3 <1 3 <4 <2 

Total chlorinated 
butad i enes <24 40 115 144 155 161 

Total chlorinated 
biphenyls 51 5 10 8 16 <50 

Total selected 
halogen 1 61 45 125 182 172 161 

X + range 54 + 11 139 + 19 157 + 8 

1x + so for all six total halogen concentrations was 120 + 54 
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Table 16. Concentrations of Selected Halogenated Organic Compounds in 
Suspended Matter from Station 8 as a Function of Depth -
December 1980 

DeQth (meters) 
Compound 2 2 5 5 9 

Cl rbutad i ene-1 <lOOt 295 100 83 42 

Cl rbutad i ene-2 <114 <265 <40 <88 186 

HCBD . <10 21 6 <5 2 

Cl 1-biphenyl <196 <463 <68 <151 16 

Cl 2-biphenyl <109 <253 <40 <83 <2 

c1 3-biphenyl 133 <42 71 38 22 

Cl 4-biphenyl 494 <42 <6 <13 2 

Cl 5-biphenyl 152 <42 57 <13 22 

Total chlorinated 
butad i enes <224 316 106 83 130 

Total chlorinated 
biphenyls 779 <842 128 38 62 

Total selected 
halogen 1 779 316 234 121 292 

9 

60 
20 

3 
<21 
<12 

4 
<1 

5 

83 

9 

92 

x .±. range 548 + 327 178 + 80 192 + 141 

1x + SD for all six total halogen concentrations was 306 + 249. 
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Table 17. Activity of 137cs and 210pb in Sediment Cores Normalized to 4°K 
and Total Organic Carbon (% dry wt) in Sediment Cores 

Station Depth (em) Organic Carbon 137Cs/40K 210Pb/40K 
Number 

1 
0-5 2.7 0.39 0.26 
510 2.4 0.12 0.14 

10-15 3.2 0.08 0.16 
15-20 1.5 0.02 0.12 
20-30 2.2 <0.01 0.11 
30-40 2.0 <0.01 0.12 
40-50 1.9 <0.01 0.14 

2 
0-5 4.5 0.47 0.28 

5-10 2.4 0.35 0.16 
10-15 4.8 0.48 0.26 
15-20 4.3 0.56 0.32 
20-30 4.3 0.48 0.22 
30-42 1.3 0.34 0.13 

3 0-5 4.1 0.60 0.50 
5-10 2.4 0.58 0.53 

10-15 2.5 0.59 0.44 
15-20 2.5 0.56 0.52 
20-30 2.4 0.61 0.48 
30-35 0.81 0.53 

4 
0-5 1.9 0.03 0.12 

5-10 1.0 0.02 0.10 
10-15 1.0 <0.01 0.12 
15-20 0.6 <0.01 0.07 
20-30 1.3 <0.01 0.11 
30-35 1.1 <0.01 0.11 
40-52 2.3 <0.01 0.10 

5 
0-5 2.3 0.39 0.16 

5-10 3.5 0.37 0.17 
10-15 2.3 0.41 0.17 
15-20 2.0 0. 72 0.19 
20-30 0.26 0.17 
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Table 17. (continued) 

Station Depth (em) Organic Carbon 137Cs/40K 210Pb/40K 
Number 

6 
0-5 2.1 0.42 0.47 

5-10 1.7 0.36 0.37 
10-15 1.7 0.38 0.43 
15-22 2.0 0.47 0.50 

7 

0-5 0.8 0.36 0.33 
5-10 1.1 0.47 0.32 

10-15 1.2 0.57 0.25 
15-20 1.2 0.31 0.29 
20-30 2.0 0.10 0.22 

7 
(duplicate) 

0-5 1.0 0.38 0.24 
5-10 1.9 0.54 0.29 

10-15 2.5 0.62 0.31 
15-20 2.3 0.39 0.26 
20-30 1.7 0.06 0.24 

8 0-5 2.6 0.12 0.19 
5-10 1.1 0.05 0.16 

10-15 1.2 0.04 0.15 
15-20 0.7 0.06 0.13 
20-30 1.7 0.27 0.18 

9 
0-5 1.1 0.13 0.19 

5-10 1.0 0.13 0.16 
10-15 1.3 0.10 0.16 
15-20 0.6 0.08 0.14 
20-30 1.2 0.06 0.15 
30-40 2.7 0.07 0.19 

10 
0-5 1.3 0.11 0.25 

5-10 2.2 0.13 0.26 
10-15 2.9 0.12 0.24 
15-20 1.5 0.04 0.22 
20-30 1.1 0.06 0.18 
30-38 0.4 0.02 0.20 
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Table 18. Percent Sand, Silt and Clay in Sediment Cores as a Function 
of Depth (Sand < 62 ~m; Silt = 4-62 ~m; Clay < 4 ~m) 

Station Depth SAND SILT CLAY Number 

1 0-10 21 39 40 
15-20 31 33 36 
40-50 11 49 40 

2 0-10 46 49 5 
15-20 10 63 27 
30-42 49 10 41 

3 0-10 12 63 25 
15-20 14 68 18 
30-35 16 70 14 

4 0-10 79 14 7 
15-20 71 4 25 
30-40 8 40 52 

5 0-10 17 42 41 
10-15 34 47 19 
20-30 25 61 14 

6 0-10 38 48 14 
10-15 23 57 20 
15-22 21 73 6 

7 0-10 16 55 29 
10-15 11 49 40 
20-30 29 43 28 

7 0-10 16 52 32 
(duplicate) 10-15 10 54 36 

15-20 15 47 38 

8 -10 8 58 34 
10-15 3 65 32 
20-30 38 42 20 

9 0-10 56 27 17 
15-20 73 14 13 
30-40 55 31 14 

10 0-10 10 63 27 
15-20 77 10 13 
30-38 71 9 20 
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Table 19. Concentrations (f.J.g/kg) of Selected Aromatic Hydrocarbons 
in Sediment Core 1 

Core 1 (de~th, em) 
Compounds 0-5 5-10 10-15 15-20 20-30 30-40 40-50 

naphthalene 35 21 7 <4 6 <6 <5 
2-methynaphthalene 49 16 8 8 8 <5 6 
1-methynaphthalene <24 <4 <4 <4 <3 <5 <4 
biphenyl 26 15 9 9 10 6 5 
2,6-dimethylnaphthalene 77 4 11 10 <3 <5 <4 
2,3,5-trimethylnaphthalene <20 10 16 5 <3 <5 <4 
fluorene 72 17 18 12 <4 <6 <5 
dibenzothiophene 180 20 46 30 <19 <32 <27 
phenanthrene 665 136 44 21 15 6 10 
anthracene 324 80 19 23 <3 <5 <4 
1-methylphenanthrene 294 54 32 20 18 <5 9 
fluoranthene 1,640 275 115 94 15 <5 <5 
pyrene 6,102 1,865 753 188 49 <5 <5 
benz anthracene 1,284 316 21 37 9 32 <8 
chrysene 4,688 1,339 458 131 127 38 <8 
benz (e) pyrene 7,098 2,804 986 251 235 <21 <17 
benz(a)pyrene 5,467 1,934 1,015 488 548 245 134 
perylene 547 499 _ill 267 199 202 190 

Tot a 1 aromatics 28,546 9,405 3,905 1, 594 1,239 529 354 

Table 20. Concentrations (f.J.g/kg) of Selected Halogenated Organic 
Compounds in Sediment Core 1 

Core 1 (de~th, em) 
Compounds 0-5 5-10 10-15 15-20 20-30 30-40 40-50 

C1 3-butadiene-1 19 20 10 9 6 5 <4 
C1 3-butadiene-2 52 67 26 21 9 8 <5 
HCBD <1 <1 <1 <1 <1 <1 <1 

C1 1-biphenyl <22 10 <3 <3 <4 <1 <8 
c1 2-biphenyl <12 3 <2 <2 <2 <2 <4 

C1 3-biphenyl <2 <3 1 <2 <2 <1 <1 
C1 4-biphenyl 9 2 <1 <1 <1 <1 <1 

C1 5-biphenyl 9 <1 <1 <1 <1 <1 <1 

Total chlorinated 
butadienes 71 87 36 30 15 13 <10 

Total chlorinated 
biphenyls 18 15 1 2 <10 <6 <15 

Total selected 
halogens 89 102 37 32 15 13 25 
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Table 21. Concentrations (~g/kg) of Selected Aromatic Hydrocarbons 
in Sediment Core 2 

Core 2 (deQth, em) 
Compounds 0-5 5-10 10-15 15-20 20-30 30-42 

naphthalene 200 139 137 194 150 104 
2-methynaphthalene 125 33 43 64 55 49 
1-methynaphthalene 48 <25 <16 <24 <31 <19 
biphenyl 87 40 31 50 <26 45 
2,6-dimethylnaphthalene <31 <24 <15 <23 <29 <18 
2,3,5-trimethylnaphthalene <28 <22 <14 <21 <26 <16 
fluorene 218 35 38 80 75 98 
dibenzothiophene 353 <150 <94 75 <184 294 
phenanthrene 1,039 366 406 639 542 522 
anthracene 367 240 260 365 358 357 
1-methylphenanthrene 378 299 184 167 189 2,431 
fl uoranthene 1,409 1,884 1,275 1,614 1,621 5,087 
pyrene 2, 772 1,498 1,388 1,885 1,950 2,949 
benzanthracene 1,385 775 832 1,650 1,130 3,012 
chrysene 4,202 2,482 2,682 5,381 3,546 6,697 
benz(e)pyrene 2,241 1,813 2,362 3,472 3,800 3,226 
benz( a)pyrene 1,149 949 1,172 1,698 1,543 1,664 
peryl ene 321 167 282 530 488 427 

Total aromatics 16,294 10.720 11,092 17,864 15,447 26,962 

Table 22. Concentrations (~g/kg) of Selected Halogenated Organic 
Compounds in Sediment Core 2 

Core 2 (deQth, em) 
Compounds 0-5 5-10 10-15 15-20 20-30 

Cl 3-butadiene-1 193 117 127 215 117 
Cl 3-butadiene-2 851 286 352 1002 351 
HC80 22 <1 <1 <1 <1 
Cl 1-biphenyl 10 20 16 64 33 
Cl 2-biphenyl 40 <4 <3 14 15 
Cl 3-biphenyl 56 6 7 39 35 
Cl 4-biphenyl 45 2 4 76 26 
Cl 5-biphenyl 52 3 4 59 11 
Total chlorinated 
but ad i enes 1,066 403 479 1,317 468 

Total chlorinated 
biphenyls 203 31 31 152 120 

Total selected 
halogens 1,269 434 510 1,469 588 
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Table 23. Concentrations (J.Lg /kg) of Selected Aromatic Hydrocarbons 
in Sediment Core 3 

Core 3 (deeth, em) 
Compound 0-5 5-10 10-15 15-20 20-30 30-35 

naphthalene 284 273 298 185 203 197 
2-methynaphthalene 90 74 103 77 81 85 
1-methynaphthalene 38 <22 55 <21 23 < 21 
biphenyl 92 65 89 66 61 82 
2,6-dimethylnaphthalene <32 <26 <19 <25 <23 <24 
2,3,5-trimethylnaphthalene 31 <20 <15 <19 <17 <24 
fluorene 369 135 136 143 170 182 
dibenzothiophene 308 164 221 340 475 549 
phenanthrene 1, 719 948 823 922 1,124 1,184 
anthracene 939 507 426 455 581 609 
1-methylphenanthrene 598 388 212 220 107 232 
fluoranthene 4,724 3,729 3,048 4,420 7,541 8,143 
pyrene 3,578 3,517 4,135 4,664 6,762 7,246 
benzanthracene 1,687 1,749 1,886 2,388 5,707 6,947 
chrysene 4,107 4,534 4,348 5,014 11,841 14,582 
benz(e)pyrene 2,561 3,362 3, 758 4,050 7,340 10,297 
benz(a)pyrene 1,454 1,457 1,924 2,301 4,067 5,915 
peryl ene _ill 455 ____i§_ 586 995 1,502 

Total aromatics 22,866 21,357 21,945 25,831 47,078 57,752 

Table 24. Concentrations (J.Lg/kg) of Selected Halogenated Organic 
Compounds in Sediment Core 3 

Core 3 (deeth, em) 

Compound 0-5 5-10 10-15 15-20 20-30 30-35 

Cl 3-butadiene-1 199 272 275 172 224 199 

Cl 3-butadiene-2 571 800 749 452 567 492 

HCBD <1 <1 <1 3 5 7 

c1 1-biphenyl 32 55 70 60 217 145 

c1 2-bi phenyl 40 26 27 199 433 475 

c1 3-biphenyl 39 31 17 42 97 78 

Cl 4-biphenyl 34 28 66 75 199 125 

Cl 5-biphenyl 51 78 166 184 892 1,633 

Total chlorinated 
but ad i enes 770 1,072 1,024 627 796 698 

Total chlorinated 
biphenyls 196 218 346 560 1,838 2,456 

Total selected 
halogens 966 1,290 1,370 1,187 2,634 3,154 
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Table 25. Concentrations {]lg/kg) of Selected Aromatic Hydrocarbons 
in Sediment Core 4 

Core 4 (deRth, em) 
Compound 0-5 2-10 10-15 15-20 20-13 30-40 40-52 

naphthalene 116 54 34 <3 <4 <4 <4 
2-methynaphthalene 16 16 <3 27 29 30 37 
1-methynaphthalene 15 10 <3 <3 5 <4 <4 
biphenyl 21 14 5 <3 <3 8 9 
2,6-dimethylnaphthalene 22 20 <3 4 4 <4 <4 
2,3,5-trimethylnaphthalene 31 20 6 <3 <4 <3 <4 
fluorene 87 10 10 <3 <4 3 9 
dibenzothiophene 91 36 38 10 57 41 100 
phenanthrene 295 106 <3 <3 12 5 17 
anthracene 93 46 16 20 33 25 33 
1-methylphenanthrene 45 38 5 y 18 11 20 
fluoranthene 775 289 14 <3 7 6 7 
pyrene 451 274 30 <3 7 6 4 
benzanthracene 234 36 7 49 11 109 101 
chrysene 505 269 19 <5 99 5• 72 
benz(e)pyrene 8 444 16 <12 <16 <15 <16 
benz(a)pyrene 147 179 47 86 104 85 226 
peryl ene _1Q. 321 47 15 .JZ. 6 17 

Total aromatics 2,992 2,182 294 216 399 386 669 

Table 26. Concentrations (Jlg/kg) of Selected Halogenated Organic 
Compounds in Sediment Core 4 

Core 4 (deQth, em) 
Compound 0-5 5-10 10-15 15-20 20-30 30-40 40-52 

C 13 -butad i ene-1 64 7 4 7 8 5 11 

Cl 3-butadiene-2 208 4 7 <4 <4 3 7 
HCBD <1 <1 <1 <1 <1 <1 <1 
ell-biphenyl 103 <5 <3 <6 <7 <4 <4 
Cl 2-biphenyl 21 5 2 <3 <4 <2 <2 
Cl 3-biphenyl 8 4 <1 <1 <1 1 1 
Cl 4-biphenyl 9 2 <1 <1 <1 <1 4 

Cl 5-biphenyl 13 <1 <1 <1 <1 <1 <1 
Total chlorinated 

butadienes 272 11 11 7 8 8 18 
Total chlorinated 
biphenyls 154 11 2 <12 <14 1 5 

Total selected 
halogens 426 22 13 7 8 9 23 
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Table 27. Concentrations (llg/kg) of Selected Aromatic Hydrocarbons 
in Sediment Core 5 

Core 5 (de~th~ em) 
Compound 0-5 5-10 1 10-151 15-201 20-30 

naphthalene 480 484 495 656 420 
2-methynaphthalene 129 128 166 179 149 
1-methynaphthalene 59 57 71 65 72 
biphenyl 93 180 244 103 90 
2,6-dimethylnaphthalene 93 226 223 109 83 
2,3,5-trimethylnaphthalene 54 240 382 49 47 
fluorene 172 144 402 217 148 
dibenzothiophene 197 216 578 598 175 
phenanthrene 1,175 25,014 37,088 2,276 914 
anthracene 307 396 510 542 434 
1-methylphenanthrene 289 1,397 2,006 766 140 
fluoranthene 1,490 5,831 9,857 2,197 1,498 
pyrene 3,412 3,411 4,943 2,830 2,689 
benz anthracene 578 798 1,379 536 1,104 
chrysene 1,328 1, 701 2,940 2,919 2,262 
benz(e)pyrene 2,069 2,264 1, 667 3,038 2,876 
benz{a)pyrene 1,683 1,932 1,655 2,211 2,292 
perylene _1§?_ _____lli_ _ill _]]§_ ____1ZQ 

Total aromatics 13,793 44,583 64,743 19,629 15,763 

1some of the concentrations reported in the region of fluorene to pyrene {i.e., 
phenanthrene) are high as a result of interference due to the high concentra
tions of chlorinated biphenyls present in these samples. Thus, concentrations 
of aromatics in these regions for these core sections must be viewed with 
caution. 

Table 28. Concentrations ()lg/kg) of Selected Halogenated Organic 
Compounds in Sediment Core 5 

Core 5 (deQth, em) 

Compounds 0-5 5-10 10-15 15-20 20-30 

Cl 3-butad iene-1 1,213 1,184 975 585 462 

Cl 3-butad; ene-2 2,731 2,871 2,686 1,536 1,688 

HCBO 7 2 12 6 4 

Cl 1-biphenyl 164 141 646 229 113 
Cl 2-biphenyl 301 105 178 150 123 

Clrbiphenyl 105 3,327 2,930 1, 396 57 

Cl 4-biphenyl 62 95 136 76 64 

Cl 5-biphenyl 121 88 161 122 128 
Total chlorinated 

butadienes 3,951 4,057 3,673 2,127 2,154 

Total chlorinated 
biphenyls 753 3,754 4,051 1,973 383 

Total selected 
halogens 4,704 7,811 7,724 4;100 2,537 
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Table 29. Concentrations (flg/kg) 
in Sediment Core 5 

of Selected Aromatic Hydrocarbons 

Core 6 (deQth, em) 
Compound 0-5 5-10 10-15 15-20 

naphthalene 547 356 909 1,186 
2-methynaphthalene 241 118 328 438 
1-methynaphthalene 104 46 172 215 
biphenyl 132 98 168 196 
2,6-dimethylnaphthalene 103 105 187 231 
2,3,5-trimethylnaphthalene 19 22 22 61 
fluorene 482 278 658 1,055 
dibenzothiophene 372 197 598 312 
phenanthrene 2,014 1,182 2,755 4,359 
anthracene 672 634 718 853 
1-methylphenanthrene 1,028 127 187 329 
fluoranthene 60 61 112 175 
pyrene 74 78 85 3,435 
benzanthracene 315 283 194 327 
chrysene 954 952 1,245 1,764 
benz(e)pyrene 690 1,037 28 514 
benz(a)pyrene 251 747 902 786 
peryl ene 596 34 142 185 

Total aromatics 8,654 6,355 9,410 16,421 

Table 30. Concentrations (fig/kg) of Selected Halogenated Organic 
Compounds in Sediment Core 5 

Core 6 (de~th, em) 
Compound 0-5 5-10 10-15 15-20 

Cl 3-butadiene-1 8,057 18,445 35,010 23,280 
Cl 2-butad iene-2 9,742 22,149 42,039 27,223 

HCBO 19 106 49 46 
Cl 1-biphenyl 177 5,189 3,593 548 
Cl 2-biphenyl 549 1,590 1,466 415 

Cl 3-biphenyl 71 214 237 412 
Cl 4-biphenyl 166 96 129 110 
Cl 5-biphenyl 95 183 218 83 
Total chlorinated 
butadienes 17,818 40,700 77,098 50,551 

Total chlorinated 
biphenyls 1,057 7,272 5,643 1,566 

Total selected 
halogens 18,876 47,972 82,741 52' 117 
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Table 31. Concentrations {~g/kg) of Selected Aromatic 
Hydrocarbons in Sediment Core 7 

Core 7 (de~th, em) 
Compound 0-5 5-10 10-15 15-20 20-30 

naphthalene 361 173 147 271 265 
2-methylnaphthalene 85 64 68 106 99 
1-methylnaphthalene 58 3 45 72 73 
biphenyl 54 34 33 44 54 
2,6-dimethylnaphthalene 36 29 35 50 43 
2,3,5-trimethylnaphthalene 39 35 39 71 66 
fluorene 88 89 61 194 256 
dibenzothiophene 136 93 127 295 436 
phenanthrene 815 890 435 1,665 3,468 
anthracene 151 138 122 368 482 
1-methylphenanthrene 259 139 188 316 274 
fluoranthene 1,553 1,215 727 2,089 4,339 
pyrene 2,200 1,646 1,047 2,508 4,372 
benzanthracene 17 125 286 1,597 1,963 
chrysene 470 884 397 1,703 2,396 
benz(e)pyrene 1,151 1,333 709 2,344 3,425 
benz(a)pyrene 2,056 2,706 1,343 2,685 3,182 
peryl ene 157 67 158 526 ____§Q 

Total aromatics 9,686 9,661 5,967 16,904 25,853 

Table 32. Concentrations (~g/kg) of Selected Aromatic 
Hydrocarbons in Sediment Core 7 (duplicate) 

Core 7 (de~th, em) 
Compound 0-5 5-10 10-15 15-20 20-30 

naphthalene 350 208 140 408 359 
2-methylnaphthalene 92 85 79 146 147 
1-methylnaphthalene 63 56 52 17 108 
biphenyl 51 54 52 92 82 
2,6-dimethylnaphthalene 37 37 43 59 71 
2,3,5-trimethylnaphthalene 42 41 50 92 101 
fluorene 99 112 65 1,158 362 
dibenzothiophene 135 187 163 1,621 402 
phenanthrene 736 942 374 16,688 2,883 
anthracene 176 283 141 1,950 497 
1-methylphenanthrene 168 184 161 719 344 
fluoranthene 1,014 1, 643 522 20,874 3,232 
pyrene 1,553 1,957 854 18,555 3,509 
benzanthracene 571 1,260 320 8,673 1,849 
chrysene 202 483 150 3,572 1,240 
benz(e)pyrene 1,062 1,900 658 13,942 2,917 
benz( a)pyrene 2,177 2,459 1,437 13,161 2,854 
peryl ene _m 434 202 3,061 752 

Total aromatics 8, 753 12,325 5,463 104,889 21,709 

70 



Table 33. Concentrations (~g/kg) of Selected Halogenated 
Organic Compounds in Sediment Core 7 

Core 7 (de~th, em) 
Compound 0-5 5-10 10-15 15-20 20-30 

C 13 -but ad i ene-1 <3 11 14 19 9 
Cl 3-butadiene-2 19 36 54 64 25 
HCBD <1 <1 <1 <1 -<1 
ell-biphenyl 17 18 16 9 14 
Cl 2-biphenyl 4 3 3 5 3 
Cl 3-biphenyl <1 6 1 1 <1 
Cl 4-biphenyl <1 1 13 9 2 
Cl 5-biphenyl 3 7 9 <1 3 
Total chlorinated 
butadienes 19 47 68 83 34 

Total chlorinated 
biphenyls 24 35 42 19 22 

Tot a 1 se 1 ected 
ha 1 ogen s 43 82 110 102 56 

Table 34. Concentrations (~g/kg) of Selected Halogenated Organic 
Compounds in Sediment Core 7 (duplicate) 

Core 7 (de~th, em) 
Compound 0-5 5-10 10-15 15-20 20-30 

Cl 3-butadiene-l 19 21 4 14 11 
Cl 3-butadiene-2 66 63 22 41 19 
HCBD <1 <1 <1 <1 <1 
ell-biphenyl <21 39 26 39 11 
c1 2-biphenyl <12 3 3 4 3 
c1 3-biphenyl <2 1 1 3 <1 

c1 4-biphenyl <2 2 1 5 4 

Cl 5-biphenyl <2 7 7 7 16 
Total chlorinated 

butad i enes 85 84 26 55 30 
Total chlorinated 
biphenyls <39 52 38 58 34 

Total selected 
halogens 85 136 64 113 64 
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Table 35. Concentrations (]lg/kg) of Selected Aromatic Hydrocarbons 
in Sediment Core 8 

Core 8 (deQth 2 em) 
Compound 0-5 5-10 10-15 15-20 20-30 

naphthalene 2,434 34 13 37 813 
2-methylnaphthalene 3,443 13 7 14 152 
1-methylnaphthalene 631 16 11 17 23 
biphenyl 573 20 17 18 104 
2,6-dimethylnaphthalene 353 11 5 7 56 
2,3,5-trimethylnaphthalene 19 20 5 21 70 
fluorene 94 9 16 8 180 
dibenzothiophene 86 <17 <17 <17 <17 
phenanthrene 213 71 31 70 732 
anthracene 82 30 12 27 360 
1-methylphenanthrene 70 14 3 4 157 
fluoranthene 36 110 27 170 408 
pyrene 231 108 26 75 763 
benzanthracene 333 101 34 75 1,474 
chrysene 72 17 10 16 239 
benz{e)pyrene 106 34 64 29 1,848 
benz(a)pyrene 525 542 430 457 1,389 
perylene _ill_ _ill_ 246 ___1li __hill 

Total aromatics 9,522 1,412 957 1,381 10,005 

Table 36. Concentrations (Jlg/kg) of Selected Aromatic Hydrocarbons 
(naphthalenes and biphenyl) in Sediment Core Samples 

Compound All Cores, mean! so1 Core 8 (0-5 em) 

naphthalene 232 + 247 (n=53) 2,434 
2-methylnaphthalene 77 + 79 (n=58) 3,443 
1-methylnaphthalene 53 + 44 (n=38) 631 
biphenyl 55 + 51 (n=58) 573 
2,6-dimethylnaphthalene 55:!: 62 (n=41) 353 

1 
Except Core 8 (0-5 em). 

Table 37. Concentrations ( ]lg/kg) of Selected Halogenated Organic 
Compounds in Sediment Core 8 

Core 8 { deQth 1 em) 
Compound 0-5 5-10 10-15 15-20 20-30 

C1 3-butadiene-l 3 3 3 3 12 

c1 3-butad iene-2 8 5 3 6 37 

HC8D 1 1 1 

c1 1-biphenyl 21 5 5 6 11 

Cl2-biphenyl 3 3 20 3 3 

c1 3-biphenyl 1 1 1 1 1 

Cl 4-biphenyl 1 1 1 

c1 5-biphenyl 1 1 1 1 

Total chlorinated 
butad i enes 8 8 7 6 49 

Totzl chlorinated 
biphenyls 21 11 20 6 11 

Total selected 
halogens 29 8 20 12 60 
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Table 38. Concentrations (llg/kg) of Selected Aromatic Hydrocarbons 
in Sediment Core 9 

Core 9 (de~th, em) 
Compound 0-5 5-10 10-15 15-20 20-30 30-40 

Naphthalene 154 113 58 47 41 50 
2-methylnaphthalene 66 45 25 19 28 22 
1-methylnaphthalene 61 52 28 20 26 22 
biphenyl 44 32 29 23 31 29 
2,6-dimethylnaphthalene 34 51 36 25 10 13 
2,3,5-trimethylnaphthalene 60 32 29 14 27 20 
fluorene 111 49 28 20 20 26 
dibenzothiophene 184 109 73 42 12 45 
phenanthrene 554 222 131 87 97 93 
anthracene 320 144 94 74 97 59 
1-methylphenanthrene 147 98 71 39 31 57 
fluoranthene 1,145 613 326 194 162 167 
pyrene 553 280 158 238 232 112 
benz anthracene 526 354 258 257 167 122 
chrysene 1,066 695 584 49 241 169 
benz(e)pyrene 402 310 248 107 140 108 
benz( a)pyrene 159 94 70 53 49 43 
peryl ene 278 ~ 154 72 69 75 -
Total aromatics 5,864 3,478 2,400 1,830 1,480 1,232 

Table 39. Concentrations (llg/kg) of Selected Halogenated Organic 
Compounds in Sediment Core 9 

Core 9 (de~th, em) 
Compound 0-5 5-10 10-15 15-20 20-30 30-40 

Cl 3-butadiene-l 6 3 7 2 11 8 
Cl 3-butadiene-2 5 11 7 9 6 5 
HCBO <1 <1 ~1 ' 1 <1 " 
Cl rbiphenyl 8 11 <4 12 12 15 
Cl 2-biphenyl 27 <3 3 <2 <3 <2 

Clrbiphenyl 9 2 2 2 3 7 

Cl 4-biphenyl 67 2 55 36 12 8 
Cl 5-biphenyl 7 4 5 7 9 13 

Total chlorinated 
butadienes 11 14 14 11 17 13 

Total chlorinated 
biphenyls 118 19 65 57 36 43 

Total selected 
halogens 129 33 79 68 53 56 
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Table 40. Concentrations ()lg/kg) of Selected Aromatic Hydrocarbons 
in Sediment Core 10 

Core 10 (de~th, em) 
Compound 0-5 5-10 10-15 15-20 20-30 30-45 

Naphthalene 26 33 18 12 7 3 
2-methylnaphthalene 12 11 5 5 37 33 
1-methylnaphthalene 21 4 <3 8 <...:3 <3 
biphenyl 25 23 18 18 37 2 
2,6-dimethylnaphthalene 32 24 5 9 5 3 
2,3,5-trimethylnaphthalene 33 4 <3 4 <2 <2 
fluorene 19 39 5 23 5 <2 
dibenzothiophene 32 44 8 154 138 8 
phenanthrene 121 117 60 28 33 2 
anthracene 92 92 69 40 44 22 
1-methylphenanthrene 57 25 6 10 11 13 
fluoranthene 363 331 178 71 83 <3 
pyrene 228 285 124 106 149 6 
benzanthracene 174 210 142 13 21 <4 
chrysene 319 493 285 96 129 8 
benz(e)pyrene 23 225 133 22 <11 <10 
benz( a)pyrene 147 98 79 107 85 31 
peryl ene 81 118 ___§§_ 20 32 <7 

Total aromatics 1,805 2,176 1,186 746 816 124 

Table 41. Concentrations (Jlg/kg) of Selected Halogenated Organic 
Compounds in Sediment Core 10 

Core 10 (de~th, em) 

Compound 0-5 5-10 10-15 15-20 20-30 30-38 

C1 3-butadiene-l 10 9 16 6 8 9 

c1 3-butadiene-2 <6 6 7 3 2 3 

HCBD <1 <1 <1 <1 <1 <1 

c1 1-biphenyl 11 21 9 <7 7 4 

c1 2-biphenyl 6 <3 5 <3 <2 <2 

C1 3-biphenyl 2 <1 <1 <1 <1 <1 

C1 4-biphenyl 1 1 <1 <1 <1 <1 

c1 5-biphenyl 5 <1 <1 <1 3 <1 

Total chlorinated 
butadienes 10 15 23 9 10 12 

Total chlorinated 
biphenyls 25 22 15 <13 10 4 

Tota 1 se 1 ected 
halogens 35 37 38 9 20 16 
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Table 42. Phenanthrene/Anthracene Ratios in Sediment Core Samples 

Deeth (em) 
0-5 5-10 10-15 15-20 20-30 30-40 40-50 x + SDI 

Core 
1 2.1 1.7 2.3 0.9 NC2 NC NC 1.8 + 0.6 

2 2.8 1.5 1.6 1.8 1.5 1.5 1.8 + 0.5 

3 1.8 1.9 1.9 2.0 1.9 1.9 1.9 + 0.1 

4 3.2 2.3 NC NC 0.4 0.2 0.5 1.3 + 1.4 

5 3.8 NC NC 4.2 2.1 3.4 + 1.1 

6 3.0 1.9 3.8 5.1 3.5 + 1.4 

7 5.4 6.4 3.6 4.5 7.2 5.4 + 1.4 

7 (duplicate) 4.2 3.3 2.7 8.6 5.8 4.9 + 2.4 

8 2.6 2.4 2.6 2.6 2.0 2.4 + 0.3 

9 1.7 1.5 1.4 1.2 1.0 1.6 1.4 + 0.3 

10 1.3 1.3 0.9 0.7 0.8 NC 1.0 + 0.3 

1x ~ SD (all samples) 2.5 ~ 1.7 (n=54). 
2Not calculated because of the presences of interferences or because the 
compounds were below limits of detection. 
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Table 43. Concentrations of Selected Aromatic Hydrocarbons and Their Distributions 
Between Water, Suspended Matter and Surface Sediment 

Concentrations1 Distributions (%) 

Water2 Suspended 
Sediment 4 Suspended 

Compound Matter3 Water Matter Sediment 

naphthalene <0.003 700 480 <0.0003 59.3 40.7 
2-methylnaphthalene <o. oo3 196 129 <0.0009 60.3 39.7 
1-met~ylnaphthalene <0.003 138 59 <0.0015 70.1 29.9 
fluorene <0.004 236 172 <0.0010 57.8 42.2 
phenanthrene <0.004 1,109 1,175 <0.0002 48.5 51.5 
anthracene <0.004 326 307 <0.0006 51.4 48.4 
1-methylphenanthrene <0.004 1,010 289 <0.0003 77.8 22.2 
fluoranthene <0.004 1,912 1,490 <0.0002 56.2 43.8 
pyrene <0.004 2,789 3,412 <0.0001 45.0 55.0 
benzanthracene <0. 004 899 578 <0.0003 60.7 39.3 
chrysene <0.004 1,763 1,328 <0.0001 57.0 43.0 

Total selected aromatics <0.041 11,086 9,604 <0.0002 53.6 46.4 

1concentrations expressed in ~g/1 for water and ~g/kg dry wt for suspended matter and surface 
2sediment. 

No data for aromatic hydrocarbons in water were collected as a part of this study. The values 
3listed here were obtained from Riley et al. (1980, p. 51). 

Numbers in this column were obtained by taking the mean hydrocarbon concentrations from Station 5 

4during September, 1980, at 2 meters (see Table 7). 
Data from Table 35. 
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Table 44. Concentrations of Selected Halogenated Organic Compounds and Their Distributions 
Between Water, Suspended Matter and Surface Sediment 

Concentration1 Distribution (%) . 

Compound Water 
Suspend2d 

Sediment3 Suspended 
Matter Water Matter Sediment 

Clrbutadiene-1 252 616 1,213 12.1 29.6 58.3 
Clrbutadiene-2 <10 1,677 2,731 <0.2 38.0 62.0 
HCBD 4 8 7 21.1 42.1 36.8 

Cl 1-biphenyl 317 184 164 47.7 27.7 24.7 
Cl 2-biphenyl 220 881 301 15.7 62.8 21.5 
Cl rbi phenyl 3 398 105 0.6 78.7 20.8 
C 14 -biphenyl <2 4,950 62 < 0.1 98.8 1.2 
c1 5-biphenyl <2 893 121 <0.2 88.1 11.9 
Total chlorinated 
butadienes 256 2,300 3,951 3.9 35.4 60.7 

Total chlorinated 
biphenyls 540 4,298 753 9.7 76.9 13.5 

Total selected 
halogens 796 6,598 4,704 6.6 54.5 38.9 

1concentrations expressed in ~g/1 for water and ~g/kg dry wt for suspended matter and surface 

2sediment. 
Numbers in this column were obtained by taking the mean hydrocarbon concentrations from Station 5 

3during September, 1980, at 2 meters (see Table 13). 
Data from Table 28. 



Table 45. Input Rates {kg/yr) of Selected Individual and Classes 
of Organic Compounds to Hylebos and Blair Waterways 

Component 

total aromatics 
benzanthracene 
benz(a)pyrene 
trichlorobutadienes 
hexachlorobutadiene 
chlorinated biphenyls 

Hylebos Waterway1 

13.7 
0.7 
0.6 
2.8 
0.06 

189 

Blair Waterway1 

14.5 
0.4 
0.2 
0.2 
0.01 

21 

Assumes surface areas of 4,670,000 and 6,430,000 sq ft for main 
channel areas of Hylebos and Blair Waterways and an average sedimen
tation rate of 0.7 em/year. Concentrations for the selected 
organics were obtained from data in Tables 7 through 16. 

Table 46. Concentrations (~g/g) of Isomeric Forms of Chlorinated 
Biphenyls from Core 5 {10-15 em) as Determined by 
Battelle-Northwest and NOAA/NMFS 

Isomeric Form of 
Chlorinated Biphenyls 

Cl 1-biphenyl 
Cl 2-biphenyl 

Clrbiphenyl 
Cl 4-biphenyl 
Cl 5-biphenyl 
Cl 6-biphenyl 

Clrbiphenyl 
c 18-bi phenyl 
Cl 9-biphenyl 

Total chlorinated 
biphenyls 

1ND = not detected. 

Chlorinated Biphenyl Concentrations (%of Total) 
Battelle-Northwest NOAA/NMFS 

6.7 1.2 2.0 1.3 
105.7 19.1 27.0 18.0 

203.3 36.8 49.0 32.7 
151.8 27.5 60.0 40.0 

80.9 14.6 12.0 8.0 
4.9 0.9 0.2 0.1 

ND 1 0.2 

NO 0.2 

NO 0.2 

553 150 
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APPENDIX A 

SAMPLING METHODS 

Sampling of Hyl ebos and Blair Waterways was conducted from a Battelle
Northwest research vessel anchored at each sampling site. Sediment cores were 
collected by divers. Sampling methods for water and suspended matter were 
similar to those used last year (Riley et al., 1980). The location of the sta
tions for the collection of sediment cores, water, suspended matter, plankton, 
and surface microlayer samples in the waterways are shown in Figure 3. 

Sampling of the waterways occurred in September and December 1980. Sed i
ments were collected only in September 1980. In both September and December, 
water samples were collected on different days at three depths at two stations 
(surface, 2 m; midwater, 5 m; just above bottom, 9 m) and at a depth of 2 m at 
four additional locations in both waterways. 

Samples consisted of: (1) suspended matter, water, plankton; (2) surface 
microlayer obtained at two locations and collected over an approximately 3-hr 
period; and (3) filtered water samples collected at four additional locations 
in each waterway. Plankton was collected from only the 2 m depths at two loca
tions at which water was filtered for suspended matter. Samples of water were 
collected for "purge-and-trap" analysis below, adjacent to and above known dis
charge points at two locations in Hylebos Waterway and one location in Blair 
Waterway. Descriptions of sampling protocols for specific analyses are listed 
below. 

Sampling for Total Suspended Solids, Chlorophyll, Particulate 
Organic Carbon, Dissolved Organic Carbon and Salinity 

At each water column sampling station, samples were collected from three 
depths for total suspended solids, chlorophyll, particulate organic carbon, 
dissolved organic carbon and salinity. Suspended matter samples were collected 
in duplicate by pressure filtration of 1 to 3 l of seawater through a 0.4 fLm 
membrane filter. Water was collected for filtration by pumping. After com
pressed air pressure filtration, the sample was rinsed with a small volume of 
high purity distilled water to remove soluble salts in order to determine an 
accurate weight of the suspended matter. The samples were refrigerated during 
transport and storage. Samples were collected for chlorophyll analysis by fil
tering a known volume of seawater through a 47 mm diameter membrane (0.4 f.l.m) 
filter using the procedure described in Strickland and Parsons (1972). Parti
culate organic carbon samples were collected by filtration of several hundred 
ml of seawater through a precombusted glass fiber filter. The filter was 
stored frozen. Ten ml of the filtrate from each of the particulate organic 
carbon collections were stored under refrigeration prior to analysis for 
dissolved organic carbon. 
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Preparation of Samples for Dating Analyses 

One hundred grams of sediment (oven dried at 70°C) were pressed into pel
lets 2 1/2" diame.ter). The pellets were gamma counted for the presence of 
210pb, 137 Cs and 4UK. 

Sampling of Water for Volatile Organic Compounds (Purge-and-Trap Method) 

Glass bottles (125 ml) were cleaned with soap and water, rinsed rigorously 
with distilled water and dried in an oven at 120°C for several hours. The 
bottles were cooled and capped with a Hycar septum to prevent reintroduction of 
contamination prior to sample collection. Samples for "purge-and-trap" analy
sis were collected by removing the septum cap, completely filling the bottle 
with Puget Sound water and recapping with another Hycar septum. Three to four 
samples were collected at each sampling station. Samples were kept at wet ice 
temperature during the sampling cruises and during transport to the laboratory. 
At the laboratory, samples were stored in the refrigerator at 4°C until 
analyzed. 

Sampling of Filtered Water for Halogenated Organic Compounds 
(XAD-2 resin method) 

Preparation of Resin 

XAD-2 resin was cleaned of impurities by three sequential Soxhlet extrac
tions with methanol, acetonitrile and anhydrous ether, respectively. Each 
extraction 1 as ted 24 hours. After the ether extraction, the resin was rinsed 
thoroughly with methanol and stored in a glass-stoppered jar under methanol. 

Preparation of Resin Columns 

Cleaned (sonicated in soap and water, rinsed with distilled water and 
dried with acetone) stainless steel columns (5/8" O.D x 9" in length) fitted 
with Swagelok® stainless steel 5/8 to 1/4 inch reducing unions were connected 
to vacuum (aspirator). After addition of a plug of silanized glass wool to the 
bottom of the column, XAD-2 resin which had been slurried with methanol was 
added until sufficient space remained to add a small plug of glass wool at the 
top. Following addition of the resin, each end of the column was tightly 
sealed off with l/4 inch stainless steel plugs. The columns were stored in a 
refrigerator until they were used. 

Sampling at Station 

During the collection of suspended particles, the glass filtered water was 
sampled by pumping 20 liters of water over XAD-2 resin contained in the small 
stainless steel columns. The columns were stored refrigerated until analyzed. 
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Sampling of Suspended Matter for Aromatic Hydrocarbon and 
Halogenated Organics Analysis 

Suspended particulates were collected in duplicate at each depth by fil
tration of approximately 2,000 l of water through a glass-filtered filter with 
an effective pore size of 0.5 ~m. The filters were precleaned by combustion at 
450°C for two hours. The glass filters retained 98% ~ 0.5% of the particulate 
material compared to a 0.4 ~m membrane filters. Sampling apparatus consisted 
of a steel pump, a PVC hose, and a PVC Battelle large volume filter holder 
(Silker et al., 1971). The filter holder held eight filters in parallel, each 
30 em in diameter. The sampling apparatus was precleaned with detergent. The 
system blank was insignificant due to filters, filter holder, pump, and hose. 
The particulate material was stored frozen in wide mouth glass jars containing 
metal-lined caps. 

Sampling of Sediment for Aromatic Hydrocarbon and 
Halogenated Organics Analyses 

Sediment cores, 30-50 em long, were collected by SCUBA divers. Care was 
taken to avoid disturbing the sediment during collection and sectioning. Cores 
were sectioned into 5 or 10 em sections and frozen in the field. Sampling 
sites were selected to complement those areas previously sampled by the 
National Marine Fisheries Service and with consideration for suspected pollu
tion outfalls and post dredging activities. Duplicate cores were collected at 
one site to obtain some information regarding within-station variability. 

Sampling of Water from Surface Microlayer for Aromatic 
Hydrocarbon and Halogenated Organics Analyses 

Surface microlayer samples (1 l each) were collected by dipping a clean 
sheet of glass vertically in and out through the surface. The water layer 
remaining on the glass after each dip was scraped off with a metal scrapper and 
collected. The method which collects water from the upper 50-60 ~m of the sea 
surface is a standard technique used for microlayer sampling (Harvey and 
Burzell, 1972). A subsample of each micro layer sample was preserved for 
microscopic examination. 

Sampling of Phytoplankton 

One phytoplankton sample was collected at each of two water column sam
pling stations (Fig. 3) by pumping a measured volume of water from 2m depth 
first through a 243 ~m net to remove most zooplankton and secondly through a 
64 ~m plankton net to retain phytoplankton. A split of each phytoplankton sam
ple was preserved and later examined under a microscope to determine relative 
abundance of materials collected such as diatoms, microzooplankton, or wood 
fibers. 
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APPENDIX B 

ANALYTICAL METHODS 

Total Suspended Matter 

The concentration of total suspended matter (~g/1) was determined by 
weighing after drying at 60°C to constant weight. 

Particulate Organic and Dissolved Organic Carbon 

The concentrations of particulate organ ic carbon and dissolved organic 
carbon were determined by wet oxidation of carbon to C02 in sealed ampoules 
after inorganic carbon was removed. The C02 produced was quantified by IR 
light absorpt ion using an Oceanography International carbon analyzer. 

Chlorophyll ~' Salinity and Temperature 

The concentration of chlorophyll a was determined by measuring the extinc
tion of light in the acetone extraction solution, accord i ng to Strickland and 
Parsons (1972). Sa lini ty was determined using a Hytech salinometer standar
dized with standard seawater. The temperature of the water exiting the pumps 
was determined with a laboratory thermometer. 

Sediment Dating 

The relative activ i ties of 210Pb, 137cs, and 4°K were determined in 
the dried, pressed sediment pellets prepa2rS from sediment cores collected by 
divers and sectioned in the field. The Pb activity was measured using an 
intrinsic gemanium diode (i{tP.) that is designed for counting low energy gamma 
rays ( 20 - 200 kev). The Pb 47 kev gamma ray was counted by p 1 acing the 
sediment pellet on the IGD. The precision of the method for surface sediment 
is approximately + 10% for one standard deviation calculated on counting 
statistics. -

The act i vities of 137cs, 662 kev and 40K, 1460 kev gamma rays were 
measured simultaneously by count ing the sediment pellets on a hi gh resolution 
lithium drifted gemanium diode (geLi ) equipped with an anticoincidence shield. 

Ihe precisi..on, based on counting statistics, was approximately.:!:. 3% for both 
3tcs and 4UK in the surface sediments. 

Quantitative Analyses of Volatile Hydrocarbons in Puget Sound Waters 
{Purge-and-Trap Method) 

The procedure used for this analysis is very similar to that discussed by 
Bellar and Lichtenberg (1974). A sample of water containi o..g_ t~ou_l j;LatJ._iwl..s:::e ___ _ 
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organics is sparged with nitrogen gas and then passed through a stainless steel 
column packed with porous polymer beads (in this case, Tenax). Volatile organ
ics, which are adsorbed on the polymer, are then introduced into the gas chro
matograph (GC) or gas chromatograph/mass spectrometer (GC/MS) by heating the 
Tenax trap at about 200°C in a stream of helium. This process desorbs the 
organics from the trap and adsorbs them on to the front of the chromatographic 
column held at 0°C. After the volatiles have been introduced into the column, 
they are separated by conventional temperature-programmed gas chromatography. 

An important part of the procedure is the prevention of water sample expo
sure to an air interface prior to sparging, since the volatiles are rapidly 
lost to air. To avoid this loss, two hypodermic needles were inserted through 
the sample bottle septum, one of which was attached to a 100 ml glass syringe 
fitted with a stopcock valve. About 80 ml of water sample was then carefully 
drawn into the syringe and the valve closed. Thirty-five milliliters of sam
ple was expressed from the syringe into the sparging apparatus through a small
bore teflon tube, filling the apparatus from the bottom up. The remainder of 
the sample was stored in the syringe as a contingency sample. Just prior to 
sparging, 1 ~l of an enthanolic solution of internal standard mixture contain
; ng 0. 8 mg each of bromoch l oromethane, 1, 4-d i ch lorobutane, and 1-ch loro-2-
bromopropane was added. Nitrogen purge of the sample was at 30 ml/min for 20 
minutes. 

Separation of volatile components was accomplished on a 2 mm ID glass 6-ft 
column packed with 0.2% carbowax 1500 on carbopack, using 20 ml/min helium car
rier. After an initial hold at oac for sample introduction (5.5 min), the 
chromatographic oven was brought to 45°C in 1.5 min and then programmed at soc 
to 160°C. Instrumentation was a Hewlett-Packard Model 5985GC/MS System, 
including a Model 5840A Gas Chromatograph. Mass spectra were obtai ned by 
scanning in the e 1 ectron impact mode from mass 45 to 320 at 180 amu/sec at an 
electron multiplier voltage of 2,200. Application of the method to the analy
sis of Puget Sound Waters has previously been reported (Riley et al. 1980). 

Quantitative Analyses of Halogenated Organic Compounds in 
Water Following Adsorption on XAD-2 Resin 

Hydrocarbons sorbed to XAD-2 resin were eluted with two 25 ml portions of 
ethyl ether. Following removal of the void volume of water, the remaining 
fraction of the first portion of ether was allowed to sit in the column for 
15 min to all ow exchange of sorbed components and then eluted from the column .. 
This procedure was repeated with the second 25 ml portion of ether. Water 
underneath the combined ether extracts was removed with a Pasteur pipette and 
the ether was dried overnight in the presence of anhydrous sodium sulfate. The 
dried ether extracts were concentrated using Snyder columns, transferred to 
solu-vials and concentrated under a stream of nitrogen to 1 ml volumes. 
Following addition of 2-bromonaphthalene internal standard, the samples were 
analyzed on a Hewlett-Packard 5840 gas chromatograph equipped with a 50 m 
SP2100 quartz capillary column and electron capture detector. Chromatographic 
runs were programmed from 70 to 260°C at a rate of 4°/min following an initial 
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hold for 4 min. The run was held at 260°C for 15 min prior to recycle. 
Response factors for individual c11-Cl5 chlorinated biphenyls and hexachloro
butadi ene on the e 1 ectron capture detector were determined using authentic 
standards. Approximate response factors for the two tri ch lorobutad i enes were 
determined by relating their concentrations as measured by FID relative to 
hexachlorobutadiene and their response in the electron capture detector. 

Preparation of Suspended Particulate Matter Samples for the. 
Analysis of Aromatic Hydrocarbons and Halogenated Organics 

Samples of suspended matter from Hylebos and Blair Waterways were Soxhlet 
extracted with benzene/methanol according to a published procedure (Clark and 
Finley, 1973). One half of each of the concentrated extracts was chromato
graphed over 15 g of silica gel. The columns were first eluted with 40 ml of 
hexane to remove nonpo 1 ar hydrocarbons and then e 1 uted with 86 ml of hexane/ 
methylene ch 1 ori de 50/50 to e 1 ute a fraction containing aromatic hydrocarbons 
and the halogenated organic compounds. The fraction containing the aromatic 
hydrocarbons and halogenated organic compounds was concentrated under a stream 
of nitrogen to a volume of 1 ml. Following addition of a mixture of hexame
thylbenzene and 2-bromonaphthalene internal standards, individual components in 
the extracts were separated, characterized, and quantitated by combinations of 
capillary gas chromatographic (GC) and capillary gas chromatographic/mass 
spectrometric (GC/MS) techniques. 

Quantitation of Selected Aromatic Hydrocarbons and Halogenated 
Organic Compounds in Suspended Matter 

Individual aromatic and halogenated organic compounds were separated and 
quantitated using a Hewlett-Packard 5840 gas chromatograph equipped with a 50 m 
SP-2100 quartz capillary co 1 umn and fl arne ionization detector. The aromatic 
hydrocarbons that were quantitated were naphthalene, 2-methylnaphthalene, 
1-methynaphthalene, biphenyl, 2,6-dimethylnaphthalene, 2,3,5-trimethylnaphtha
lene, fluorene, dibenzothiophene, phenanthrene, anthracene, 1-methylphenanth
rene, fluoranthene, pyrene, benz(a)anthracene, chrysene, benz(e)pyrene, 
benz(a)pyrene and perylene. 

A standard mix of halogenated organic compounds consisting of hexachloro
butadiene, one each of the chlorinated benzene isomers and one each of the 
chlorinated biphenyl isomers (Cll - Cl5) was used to quantitate these classes 
of compounds in the suspended matter extracts. 

Preparation of Sediment Samples for the Analyses of Aromatic 
Hydrocarbons and Halogenated Organic Compounds 

Samples of sediment (100 g, wet wt) were placed in 150 ml Corex centrifuge 
tubes. Each sample was shaken twice with two 50 ml portions of methanol to 
remove the water. The methanol extracted sediments were slurried with methanol 
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and transferred to Soxhlet thimbles and Soxhlet extracted with benzene/methanol 
according to the procedure of Clark and Finley (1973). The Soxhlet extracts 
were combined with the two methanol extracts and rotary evaporated to near dry
ness. The concentrated extracts were transferred to 5 ml volumetric flasks. 
One ml (20%) of each was subjected to silica gel chromatography and GC and 
GC/MS analysis according to the procedures described for the organic chemical 
analysis of suspended matter. 

Preliminary Screening of Suspended Matter and Sediments 
for Halogenated Organic Compounds 

Samples of suspended matter and sediment from the waterways were screened 
for the presence of halogenated organic compounds using a Hewlett-Packard 5840 
gas chromatograph equipped with a 50 m SP2100 quartz capillary column and elec
tron capture detector. Individual compounds in samples showing significant 
electron-capturing activity were then quantitated by GC employing an electron 
capture detector. 

Characterization of Aromatic Hydrocarbons and Halogenated Organic 
Compounds in Suspended Matter and Sediment by GC/MS 

Chemical characterization of aromatic hydrocarbons and halogenated organic 
compounds associated with suspended matter and sediment was conducted using a 
Hewlett-Packard 5840-A gas chromatograph containing a 50 m SP2100 quartz capil
lary column operating in the splitless mode and coupled to a 5985 GC-equipped 
with 7900A and 7920 disc drives and operating in the electron impact and chemi
cal ionization modes. Samples contained in heptane were injected ·into the gas 
chromatograph at 70 'C, held at that temperature for 4 min and programmed at 
4 °/min to a final temperature of 260°C. Assignments of structure were based 

·on comparison to literature spectra. For organic compounds containing chlo
rine, the number of atoms of chlorine contained in a compound was established 
by comparison of chlorine isotope ratios of detected compounds to those 
reported by Mclafferty (1967). 
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