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INTRODUCTION

This is a collection of data summaries on priority pollutants in point-source
discharges and surface sediments in Commencement Bay waterways and the 01d Tacoma-
Ruston shoreline. They were compiled during 1983 by the WDOE Water Quality In-
vestigations Section to assist in planning work for the Commencement Bay nearshore/
tideflats investigations (Superfund). Most of these data were collected between
1979 and 1982 and reported by WDOE, EPA, NOAA, and Battelle. Also included were
unpublished data from WDOE point-source sampling and a series of sediment collec-
tions made by EPA and WDOE. Water column data were reviewed for these summaries,
but not tabulated. Data on sediments deeper than the limit for dredging (taken

to be 60 feet) and biological data were not, in general, reviewed. Data on organic
compounds not classified as priority pollutants were also not reviewed.

The data were summarized by waterway in the six parts listed below. Each was
originally issued separately as the data were compiled and reviewed.* In the
interest of putting together a useful package in a timely fashion, an outline
format was used.

Part 1. Hylebos Waterway April 1983
Part 2. City Waterway May 1983
Part 3. Blair Waterway July 1983
Part 4. Sitcum Waterway July 1983
Part 5. Milwaukee, Puyallup, St. October 1983
Paul, Middle Waterways
and S.W. Shorc Commcncement
Bay
Part 6.  Summary December 1983

SAMPLING AND ANALYTICAL METHODS

the results presented here are trom studies conducted by a number of investigators
and should be compared with caution because of the variable collection, extraction,
and analytical methods employed. Even a casual review of the data will reveal that
detection 1imits vary between laboratories and that certain compounds are regularly
reported in some studies and rarely reported in others. The importance of consistent

sampling techniques and analytical methods in future Commencement Bay investigations
cannot he aver-emphasized.

The methods employed in obtaining most of the data compiled here are described in

the reports cited. The WDOE point source data on discharges other than ASARCO, St.
Regis, Tacoma Central STP, U.S. 0il, Reichhold, Pennwalt, Sound Refining, and Hooker/
Occidental (which are documented in WDOE "Class II" reports) and the data on sediment
samples collected by EPA and WDOE on 5/13/81, 7/31/81, and 8/03-04/81 are being re-
ported for Lhe first time. The procedures used in obtaining these new data are
briefly described below.

*The final versions of these reports supercede Parts 1-6 issued separately, since
they contain changes in the original text and/or data.



The WDOE point-source samples were collected in one-gallon glass jars (base/neutrals,
acid extractables, pesticides, and PCBs), 40 mL screw-top glass vials with teflon
septa (volatiles), and 2-1/2 or 5-gallon polyethylene cubitainers (metals and con-
ventional water quality parameters*). Sample bottles were cleaned according to EPA
priority pollutant protocol. Laboratory and field blanks were analyzed with the
point-source samples to check for sample contamination. All samples were composites,
typically collected over a 2-6 hour period. Rising tides precluded long compositing
periods at a number of discharges. Flows were measured with a magnetic flowmeter

or bucket and stopwatch.

Analysis was done at several different laboratories. Organics analysis was done by
EPA contract laboratories. Trace metals were analyzed at the WDOE Tumwater labora-
tory. Joe Blazevich, EPA Region X laboratory at Manchester, reviewed the organic
priority pollutant data reported by the contract laboratories.

The intertidal sediment samples taken by WDOE on 7/30-31/81 were collected by hand
using a stainless steel "cookie cutter" measuring 9 cm in diameter and 2.5 cm deep.
Several samples were taken in a transect along the lower beach, usually below or
near a point-source discharge, and pooled. After mixing with a glass or stainless
steel rod, subsamples were placed in glass (organics analysis) or plastic (metals
analysis) containers and analyzed as described above. A third portion of the sam-
ple was sent to the EPA Newport Taboratory for amphipod bioassay. (The results ot
bioassay tests are reported by R.C. Swartz in the Marine Pollution Bulletin Vol. 13,
No. 10, pp. 359-364, 1982.)

The subtidal sediments collected by EPA and WDOE on 5/13/81 and 8/03-04/81 were

taken with a Van Veen grab modified with rubber flaps to reduce loss of surface

fines during retrieval. Subsamples of the top 2 cm were taken by core and analyzed
as described above, except that a few samples were analyzed by the EPA Newport labora-
tory for a limited number of priority pollutants only.

*The data on conventionals are available on request.
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PART 1. HYLEBOS WATERWAY
(4/83; revised 1/84)

General Observations

1.

Subtidal surface sediments (generally from the dredged portion of the
waterway) display more chemical homogeniety than intertidal or source-
related sediments. For many priority pollutants, it appears that there
is a continuity of concentrations (gradients) in the medium-distance
scale (tenths of miles to several miles). The nature of concentrations
in sediments has been described as "patchy". This may be largely a
function of sampling locations being too far apart to detect gradients,
and analytical methods which vary between laboratories and from year

to year in the same laboratory.

RiTey (reference 10) proposed a method for determining annual Toads to
Hylebos sediments. Because of sediment disturbances from dredging,
the sedimentation rate used was that measured in a core from Commence-
ment Bay close to, but outside, Hylebos Waterway. This rate may be
different from that in the waterway. Based on Riley's method, the
following Toads have been estimated; they are compared with point-
source loads Lo Lhe walerway documented by WDOE surveys:

Pt. Source Loads Ratio of Dry
Load to Sediment Measured by WDOE Weather Loads To
Pollutant (kg/yr)  (Ibs/day) (1bs/day) Sediment Loads
Wet Ory
Weather Weather
PAH 15.4 .093 .27 2.9
PCBs 0.41 .0025 0
HCBD 0.10 .0006 .026 43
B(a)P 1.4 0086 0
As 100 61 16 5.2 8.5
Cd 1.7 .010 1.1 1.1 110
Cu 272 1.6 2.0 1.6 1.0
Hg 0.7 004 .07 007 1.8
Pb 232 1.4 1.2 17 12
Zn 320 1.9 9.6 .98 .51

Performing an overall mass balance on priority pollutants would require
estimating all sinks (primarily sedimentation and advection) and sources
(point, atmospheric, and incoming tidal waters from Commencement Bay).

It is not currently possible to obtain reasonable estimates for ad-
vection, atmospheric input, and loads from incoming tidal waters. Thus
it is not possible to accurately estimate how much of the total load to
the Hylebos has been accounted for in the source sampling. Because of
the wide variance in ratios between documented source loads and accumu-
Tation rates in the sediments, it appears likely that significant sources
of specific priority pollutants have not yet been identified.

Refer to

Data in:

Figure 6
Figure 7
Table 8
Table 9
Table 10

Table 2
Table 5
Table 10



HYLEBOS WATERWAY

EPA amphipod bioassays conducted by Swartz (reference 11) indicate
zones of high mortality are associated with sediments near Hooker
(Occidental), Sound Refining, Pennwalt, Kaiser Ditch, and Hylebos
Creek. Similar bioassays done at the University of Washington (refer-
ence 9) suggest that anoxia, particle size. and other factors (in the
absence of toxics) may influence mortality in this test. Therefore,
it is not clear what the relation is between amphipod mortality and
toxicants in waterway sediment.

Chapman's (reference 1) NOAA-sponsored assessment of sediment toxicity
in Puget Sound, using both lethal and sublethal bioassays, ranked
Hylebos sediments, along with those in Blair, as the third most toxic
of the sites studied. (City Waterway and El11iot Bay near Denny Way
CSO ranked first and second.) Additional in-depth study was recom-
mended for Hylebos Waterway.

General Considerations for Future Work

1.

To adequately estimate quantities, sources, and sinks of "toxic"
chemicals in the Hylebos, it will be necessary to perform improved
mass balances for these compounds. While this will probably involve
obtaining improved estimates of sedimentation rates, the primary
missing information is quantification of the flux of these chemicals
between Hylebos Waterway and Commencement Bay. Both hydraulic ex-
change and suspended solids transport need to be quantified.

There is a need for criteria which establish what amounts of contami-
nants in sediment represent a hazard to marine life and public health.

Metals - Ubservations

1.

EPA and WDOE point-source data show the highest concentrations of As,
Cr, and llg were in seeps and drains at the Pennwalt facility. The
maximum concentrations measured were 12,000 ug/L As, 1,870 ug/L Cr,
and 16.2 ug/L Hg. Samples from four seeps at other points along the
Hylebos shoreline, including one at Hooker (Occidental), also had
elevated concentrations of various metals.

High metals concentrations are apparently not characteristic of NPDES-
permitted effluents from Pennwalt, Hooker (Occidental), or Sound
Refining.

Melals luads calculated for most discharges were much less than one
pound per day. The largest loads were from Hooker (Occidental) and
Pennwalt effluents and in Hylebos Creek and Kaiser Ditch--largely by
virtue of the volume of these discharges rather than metals concen-
trations. The maximum load measured was 30.5 Tbs/day Ni in the Hooker
(Occidental) effluent.

(@2}

Refer to
Data in:

Table 1

Table 2
Table 3



10.

HYLEBOS WATERWAY

Based on comparisons with accumulation rates of metals in Hylebos
sediments, source loads documented by WDOE studies appear to account
for a substantial portion of the total load for certain metals (Cd,
possibly As), while they appear to account for only a fraction of the
loads for other metals (Cu, Pb, Zn).

Log sort yards which have used ASARCO slag for ballast are potential
significant sources of As, Cu, 7n and other metals to the Hylehos.
These loads have not been quantified. Most yards have agreed to
comply with a WDOE request to use other materials for ballast.

There are no metals data on runoff or nearshore sediment from General
Metals.

EPA data (reference 12) showed Hylebos bottom waters had higher Pb,
Cd, Cu, Se, Cr, and Ni concentrations than surface waters. The re-
verse was true for As, Zn, and Mn. There is some evidence that Cu and
As concentrations in the surface waters increase toward the head of
the waterway. Surface sediment concentrations show a similar pattern:
As, Cd, Cr, Cu, Hg, and Zn concentrations display gradients with
concentrations highest near the head of the waterway, lowest near the
mouth.

Some data show water column concentrations of Cu are above EPA cri-
teria for protection of marine Tife (references 3, 4, 12, and 13).
Substantial point-source Cu loads have not been found. Copper con-
centrations measured in seawater at "control" sites (Clam Bay) have
also exceeded [PA criteria. These are total rather than dissolved
concentrations. OQOyster larvae bioassays run by Joe Cummins at the EPA
Manchester laboratory (references 3 and 4) have not shown Hylebos
waters to he acutely toxic.

EPA water samples (reference 12 and 13) taken along the Pennwalt
shoreline below the seeps and drains mentioned above, had As, Hg, Pb,
and Zn concentrations above EPA criteria.

No core data exist for metals in Hylebos sediments. This is required
to determine depositional history of metals.

Metals - Considerations for Future Work

1.

Quantify metals loads from log sort yards which have used ASARCO slag
for ballast.

Sample runoff and nearshore sediment at General Metals.

The YDOE Southwest Regional Office should pursue the metals issue with
Pennwalt.

Refer to
Data in:

Figure 2
Figure 3

Fiaure 7



HYLEBOS WATERWAY
Refer to
Data in:
4. Obtain better data on Cu in the water column and assess the appli-
cability of the EPA criteria.

5. Determine stratification of metals in undisturbed sediment cores to
praovide depositional history of metals. This and other information
should be used to improve estimates of sedimentation rates along the
length of the Hylebos Waterway.

6. Investigate the use of metals ratios in sediments as a possible tool
in identifying sources.

Volatiles - Observations

1. Chloroform, trichloroethylene, tetrachloroethylene, and 1,2-trans- Fiqure 4
dichloroethylene were the major organic priority pollutants isolated
in EPA water column samples (reference 12). Concentrations were
highest off Hooker (Occidental) and decreased toward the head of the
waterway. Surface waters contained larger concentrations of volatiles
than bottom waters. EPA aquatic life criteria were not exceeded; EPA
human health criteria (cancer risk) for seafood consumption from these
waters were sometimes exceeded. Battelle water samples collected by
Riley (reference 10) for NOAA also showed 1,1,1-trichloroethane at
relatively high concentrations near Hooker (Occidental).

2. Volatiles have been detected in intertidal sediments close to sources. Table 8
They generally were not found in subtidal sediments; trace amounts of Table 9
chloroform were detected in only 2 of 20 samples and trichloroethylene
in 1 of 20 samples.

3. Based on WDOE measurements, the major organic priority pollutant loads Table
to Hylebos Waterway are volatiles from Hooker (Occidental) and Pennwalt. Table
The following loads and relative contributions to the total waterway
load were measured: bromoform 19.8 1bs/day (Pennwalt effluent = 94%);
chloroform 9.3 1bs/day (Hooker groundwater = 67%); trichloroethylene
2.4 1bs/day (Hooker groundwater = 92%); tetrachloroethylene 1.0 1b/day
(Hooker groundwater = 52%, Hooker effluent = 47%); and chlorodibromo-
methane 0.75 1b/day (Pennwalt effluent = 83%).

N O

4. Hooker (Occidental) appeared to be the major source of chloroform and Table 5
the chlorinated ethylenes. Tahle 6
5.  Pennwalt appeared to be the major source of bromoform. Bromoform was Table 5
present mainly in Pennwalt effluent, possibly due to discharge from Table 6

the chlorine stripper. Bromoform has been detected throughout the
waterway but in concentrations much lower than the volatiles mentioned
above (reference 10). Peak concentrations of 2 to 4 ua/L were de-
tected near Pennwalt (references 3 and 10).

6. Based on EPA and WDOE surveys, discharges other than Hooker (Occiden-
tal) and Pennwalt are probably not significant sources of halogenated
organic priority pollutants.



HYLEBOS WATERWAY

Volatiles - Considerations for Future Work

Develop criteria for chloroform in marine water.

Pursue groundwater, surface water, effluent, and sediment monitoring
at Hooker (Occidental) for 1,2-trans-dichloroethylene.

Because there are a variety of volatiles and other organic pollutants

in Hooker's (Occidental) groundwater and effluent, an effort to assess
the combined effects of these compounds should be undertaken. Bioassays
of groundwater, effluent, nearshore sediment, and receiving waters
should be conducted to determine the hazard to marine life. Specific
consideration should be given to tests which estimate the potential
mutagenic and carcinogenic characteristics of these discharges and
immediate receiving environment media.

Because substantial bromoform loads from Pennwalt may coincide with
operational changes. additional sampling may be warranted to determine
if this load is continuous. Additional immediate receiving water
sampling for volatiles, including bromoform, near Pennwalt may also be
warranted.

Base/Neutrals - Observations

1.

Pre

Base/neutral compounds have been detected infrequently in most dis-
charges to Hylebos Waterway. The greatest variety of compounds and
highest concentrations were in seeps from Pennwalt and Hooker (Occi-
dental), Kaiser Ditch, and in one of three samples from Morningside
drain. With the exception of Pennwalt, concentrations measured for
individual base/neutrals have been 20 ug/L or Tess.

A major constituent in Pennwalt seeps is hexachloroethane--concentra-
tions ranged from 21.3 to 478 ng/L in the four samples taken. Chlori-
nated benzenes, including hexachlorobenzene (HCB) were primarily
associated with Hooker discharges and the single Morningside drain
sample mentioned above. A trace of HCB was detected in Sound Re-
fining's process effluent.

Hexachlorobutadiene (HCBD) has been detected only in the above-
mentioned seeps and in the Hooker (Occidental) process effluent. As
much as 9 ng/L was measured in Pennwalt seeps. The Hooker (Occi-
dental) effluent had .2 ug/L.

Riley (reference 10) measured up to 18 ng/L (pptr) of HCBD and 252 ng/L
of trichlorobutadienes (not EPA priority pollutants) in the Hylebos
water column. The HCBD concentrations did not exceed EPA criteria.
Suspended matter samples contained up to 6256 ug/Kg (dry) total
chlorinated butadienes. Further examination of these compounds with
respect to impacts to pelagic organisms and human health effects was
recommended.

Refer to

Table 4



HYLEBOS WATERWAY

Chlorinated butadienes (CBD) and HCB have been detected in Hylebos
sediments. CBD concentrations peak near Hooker (Occidental). HCB
data also suggest a peak near Hooker (Occidental), but data for HCB in
Hylebos sediments are limited.

Kaiser Ditch is the only Hylebos discharge in which PAH compounds have
been detected frequently. A sediment sample from the mouth of the
ditch contained PAH compound at concentrations 10 to 20 times higher
than other Hylebos sediment samples. Settling basins at Kaiser Alu-
minum are the probable source of these compounds.

PAH concentrations in water have generally been below detection
limits.

A range of PAH compounds has been detected in waterway suspended
matter (reference 10) and sediment.

Concentrations of PAH in Hylebos surface sediments appear to be higher
at the head of the waterway, decreasing toward the mouth. There are
also indications that 4- and 5-ring PAH compounds are comparatively
higher at the head of the waterway, while 2- and 3-ring PAH are more
prevalent near the mouth.

Substantial concentrations of unidentified chlorinated organics occur
in the Hooker (Occidental) effluent (reference 16). Pentachloro-
propene, a mutagen, may be one of the unknowns (reference 17).

One Morningside drain water sample contained 4-bromophenylether,
nitrobenzene, 2-chloronaphthalene, and dichlorobenzene--all at low
concentrations. The first three compounds have not been detected in
other discharges to the waterway.

Base/Neutrals - Considerations for Future Work

1.

Testing procedures, standards, and criteria for chlorinated propenes
and chlorinated butadienes are needed.

Monitoring at Hooker (Occidental) should be modified to include
quantification of concentrations and loads for hexachlorobenzene,
chlorinated butadienes, and chlorinated propenes (groundwater, ef-
fluent, sediments, water column).

PAH compounds in Kaiser Ditch need further study. Information is
required on the longitudinal and vertical distribution of PAH in the
sediment, partitioning of PAH between water and suspended matter, PAH
loading to Hylebos Waterway, and fate of PAH after entering the water-
way. Bioassays of Kaiser Ditch water, suspended matter, sediment, and
PAH extracted from these media should be undertaken and should assess
mutagenicity and carcinogenicity as well as acute toxicity.

10

Refer to
Data in:

Table 8

Table 9
Table 10

Table 4b
Table 8

Table 8
Talbe 9

Figure 6

Table 4a




HYLEBOS WATERWAY

In general, the low PAH loading from identified sources and ubiquitous
nature of potential sources indicate that it may be difficult to
identify and quantify PAH loads from other sources. The "spill task"
outlined in the Superfund cooperative agreement may provide some

Riley (reference 10) detected polychlorinated biphenyls (PCBs) in
water column samples in the waterway. Clj-biphenyls ranged from
.022 - .316 nug/L; Clg-biphenyls ranged from .001 - .268 ng/L; and
C13-Cl5-biphenyls ranged from <.001 - .025 ug/L. Up to 4,950 pa/Kg
(dry) Cl1y-Cl3-biphenyls were measured in suspended matter.

The EPA criteria document indicates that acute toxicity to marine 1ife
only occurs at PCB concentrations above 10 ng/L. PCB concentrations
measured by Riley exceed EPA's 24-hour criterion (0.3 ua/L) for pro-
tection of marine organisms against chronic etfects. Riley also
recommended further examination of PCBs with respect to human health

PCBs are detected in Hylebos sediments at concentrations ranging up to
1.5 mg/Kg dry weight. No clear pattern of distribution is discernible

Although Riley's work suggests PCBs are currently entering the water-

The issue of historical versus ongoing sources should be addressed,

Only about half the point-source samples collected in Hylebos Waterway

The largest phenol concentration measured 1in Hylebos discharges was
190 pg/L in the Lincoln Avenue drain. Low concentrations of chlori-
nated phenols were also detected in Sound Refining effluent, Morning-

Acid extractables have not been detected in the few water column
samples analyzed for these compounds (references 3 and 4).

4.
additional information on PAH sources.
PCBs - Observations
1.
2.
effects and impacts on pelagic organisms.
3.
from the available sediment data.
4,
way, sources have not been identified.
PCBs - Considerations for Future Work
1.
and the need for further investigation assessed.
Acid Extractables - Observations
1.
have been analyzed for acid extractables.
2.
side drain, Kaiser Ditch, and Pennwalt discharges.
3.
4,

Traces of phenol and pentachlorophenol have been detected in a few
Hylebos sediment samples.

11

Refer to
Data in:
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Table 9
Table 10

Table 4

Table 4

Table 8
Table 9
Table 10



HYLEBOS WATERWAY
Refer to
Data in:

Acid Extractables - Considerations for Future Work

1. Investigate source(s) of phenol in Lincoln Avenue drain.

2. Available data indicate phenolics are probably not a significant
problem in Hylebos Waterway.

Pesticides - Observations

1. Although documented source loads for pesticides are generally very Table
low, the following sources have been identified: Pennwalt (seeps and Table
drains) - DDT and metabolites, aldrin, BHC; Hooker (seep near old
solvent plant) - DDT and metabolites; Lincoln Avenue drain - a-BHC.

[Sae s

2. Pesticides have generally not been detected in Hylebos water column
samples.

3. The following pesticides have been detected with some regularity in Table 9
subtidal Hylebos sediments: DDT and metabolites, aldrin, and o-BHC.
Les Williams (Tetra Tech, Bellevue) has pointed out that aldrin levels
in Hylebos sediments may represent a hazard to marine life. O0A/QC for
these data have not been re-examined.

4, Sediment concentrations of aldrin appear to be higher near the mouth Table
of the waterway; data for a-BHC and DDT are not adequate to determine Table
distribution patterns although two source-related sediment samples
near Pennwalt had relatively high DDT concentrations.

WO o

Pesticides - Considerations for Future Work

1. Efforts should be made to curtail discharge of DDT from the Pennwalt
property.

2. QA/QC for the data on aldrin in sediment should be re-examined.

Addendum

The table below contains data on Hylebos Waterway sediment samples overlooked
in preparing the data summary for Part 1. The detection of aldrin in these
samples is noteworthy. Samples 1302 and 1303 are subsamples of the grabs

for which EPA-MNewport laboratory analyses are reported in Table 9. Concen-
trations are mg/Kg, dry.



HYLEBOS WATERWAY

Addendum - continued.

Subtidal Subtidal South and
Off Off Subtidal Intertidal
Sound Lincoln  Off Near 11th
Location Refining Avenue Pennwalt St. Bridge
Original Agency Code A-8 A-9 49 18
Agency Responsible for Analysis EPA-Con. EPA-Con. EPA-Con. EPA-Con.
Latitude (47°) 16'36" 16'25" 16'10" 16'38"
Longitude (122°) 23'22" 22'44" 22'22" 23'41"
Year Collected 1981 1981 1981 1981
Percent solids 66 48
Volatiles
toluene - T -- -~
Base/Neutrals
acenapthene a a T -
hexachloroethane a a 44 -
fluoranthene a a 1.9 T
naphthalene a a .36
benzo(a)anthracene/chrysene a a 2.1 T
benzo(a)pyrene a a 1.5 T
3,4-benzofluoranthene/ a a 5 3 -
benzo(k)fluoranthene : :
anthracene/phenanthrene a a 1.1 T
fluorene a a T --
pyrene a a 1.5 T
bis(2-ethylhexyl) phthalate a a - T
Acid Compounds a a -- --
Pesticides and PCBs
aldrin .031 .025 .078 .04
a-BHC .022 - - -
v-BHC (Lindane) .021 - - -=
PCB-1254 -- 44 -- --

Not detected.
= Not detected, but detection limits high.
Trace amount.

1
—
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PART 2. CITY WATERWAY
(5/83)

General Observations

1.

Relatively few samples have been collected in City Waterway. There is
a lack of data on concentrations of priority pollutants in subsurface
sediments and limited water column data.

Review of the data available on Commencement Bay sediments suggests
City Waterway has relatively high concentrations of Pb, Cd, PAH, PAE
(phthalate acid esters), DDT, and PCB.

Chapman's toxicity survey (reference 1) of Puget Sound sediments
ranked City Waterway as the second most toxic site tested.

General Considerations for Future Work

1.

At present, there is insufficient data to compare rates of accumulation
of metals and organics in the sediment with source loadings. As noted
for Hylebos Waterway, major missing pieces of information include the
sedimentation rate and the flux of chemicals between City Waterway and
Commencement Bay. Most storm drains to the waterway have not been
sampled. As Lhese dala become available, an effort should be made to
calculate a mass balance for contaminants of concern in the waterway.

Metals - Observations

1.

The 15th Street storm drain had the highest metals concentrations
among the four point sources sampled. Only one sample has been collected
from this discharge.

The Targest metal Toads measured were 32 Ibs/day Pb; 16 Ibs/day Zn;
and 5.3 Tbs/day Cu from the west drain at the head of City Waterway
(Nalley Valley).

Water column samples collected by Dames and Moore (reference 2) in
October and December of 1980 indicated City Waterway had higher Cu and
In concentrations than other waterways. Surface waters had higher
concentrations than mid-depth or bottom waters. The highest Cu con-
centration measured, 9 pg/L, was intermediate between EPA's 24-hour
average criterion of 4 ug/L and not-to-exceed criterion of 23 ug/L.

Sediment metal concentrations were highest in the inner portion of
the waterway and declined near the waterway's entrance. High con-
centrations of Pb and Cd were observed.

Metals - Considerations for Future Work

1.

More point source, water column, and bottom sediment data need to be
collected. Field observations indicate the quantity and quality of
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CITY WATERWAY
Refer to
Data in:

water in drains to the waterway are highly variable. This should be
taken into account during sampling. Sediment samples should include
cores to determine vertical stratification of metals.

2. It should be determined if metals are reaching the waterway due to on-

going or past practices at American Plating Company, Fick Foundry, and
Martinac Shipbuilding Corporation.

Organics - Observations

1. The few organic priority pollutants detected in discharges to City Table 13
Waterway were largely restricted to the west drain at the head of the
waterway (1 of 2 samples only) and the 15th Street drain. Chloroform,
naphthalene, and cyanide were present in both discharges. The west
drain also contained butylbenzyl phthalate, toluene, and traces of
trichloroethylene and tetrachloroethylene. Phenol was found in the
15th Street drain. A1l concentrations were less than 10 na/L.

™

Organic priority pollutant loads calculated from WODE data are small. Table 14

3. No data quantifying organic pollutant concentrations in water column
samples from the waterway are available. Dames and Moore (reference
2) was unable to detect PCBs in 3 water samples (0.2 ug/L detection
Timit).

4. Volatiles were not detected in the three sediment samples that have Table 16
been analyzed for these constituents. Table 17

5. Relatively high concentrations of PAH, PAE, and PCB have been measured Table 16
in some waterway sediments. PAH and PCB were highest at NOAA station Table 17
5-09031 north of the 11th Street bridge.

6. The WDOE Southwest Regional Office has found that groundwater beneath
tank farms on the east shore of the waterway is grossly contaminated
with petroleum. Petroleum can be seen seeping into the waterway along
the tank farm shoreline. A sample of groundwater from a monitoring
well at "D" Street collected May 18, 1982 contained the following
concentrations of aromatic hydrocarbons:

"Water Fraction" "0i1 Fraction"

(EPA #23543) (EPA #23544)
benzene (ua/L) 3,400 No sample
ethylbenzene (ug/L) 7,000 weoom
toluene (ug/L) 46,000 oo
naphthalene (ug/L) 46,000 142,000
anthracene/phenanthrene (ng/L) 130 200
fluorene (ug/L) n.d. 100

n.d. = none detected

(Large numbers of substituted benzene and naphthalene compounds de-
tected in both fractions but not quantified.)
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A high concentration of HCBD, .236 mg/Kg (dry) has been reported by Table 16
the EPA Newport Taboratory in a sediment sample taken at the mouth of Table 17

the waterway.

Organics - Considerations for Future lork

1.

As noted for metals, more point-source and sediment data are needed.
Water column data are particularly sparse.

It should be determined if petroleum in the groundwater beneath City
Waterway tank farms has contaminated the waterway. If possible, the
Toad of PAH and related compounds to the waterway in seepage from this
source should be estimated.
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PART 3. BLAIR WATERWAY
(7/83)
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General Observations

1. A preliminary comparison of Blair Waterway sediment priority pollutant
data with the data available on sediment in other Commencement Ray
waterways indicates Blair is substantially less contaminated than
Hylebos, City, or Sitcum waterways. Nevertheless, as noted in Part 1,
Chapman (reference 3) ranked Blair Waterway along with Hylebos Water-
way as the third most toxic site tested in Puget Sound (behind City
Waterway and El1liot Bay near the Denny Way CSO). Blair was included
among those areas recommended for additional in-depth study.

General Considerations For Future Work

1. A substantial body of data exists on contaminants in water, suspended
matter, sediment, and point-source discharges in Blair Waterway.
Among the major missing pieces of information are the sedimentation
rate, depositional history of metals in the sediment, and flux of
contaminants between the waterway and Commencement Bay.

2. Four sites in Blair Waterway worthy of further examination as poten-
tial sources or "hot spots" for metallic and/or organic priority pol-
Tutants are: Murray Pacific and West Coast Orient (Portac) log sort
yards (metals); Lincoln Avenue south drain (metals and organics);
north shoreline between 11th Street and Lincoln Avenue (volatiles);
and sediment near 11th Street bridge (polyaromatic hydrocarbons).

Metals - Observations

1. Extremely high concentrations of As, Cu, Pb, Sb, and Zn have been Table 18
measured in runoff from the Murray Pacific Tog sort yard. The source
of these metals is thought to be ASARCO slag used as bailast. Runoff
from the other sort yard on Blair, West Coast Orient (Portac), has not
been sampled. This yard also used ASARCO slag. Log sort yards in the
Tacoma tideflats area recently agreed to comply with a request from
WDOE to use other materials for ballast.

2. Lincoln Avenue drain on Blair's south shore (and adjacent to Murray Table 18
Pacific) had an arsenic concentration of 850 pa/L in a sample col-
lected during wet-weather conditions (3/28/82). Dry-weather arsenic
concentrations were much Tower.

3. Other discharges where elevated metals concentrations have been ob- Table 18

served are two seeps at the mouth of the waterway near the Zidell
shipyard.
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BLAIR WATERWAY

The Tlargest metals loads to Blair Waterway measured during WDOE surveys
were from the south shore Lincoln Avenue drain -- 19, 3.8, 2.2, and 1.1
pounds per day of As, Zn, Pb, and Cu, respectively. Metals loads from
log sort yards have not been quantified.

Dames & Moore and EPA (references 4, 11) water column data for Blair
Waterway show metals were generally within EPA criteria for the protec-
tion of marine 1ife, except Cu and Se in the EPA samples which exceeded
maximum recommended values. Samples from the EPA control station at
Browns Point also exceeded the Cu and Se criteria.

Metals concentrations in Blair surface sediments are not high relative
to other waterways (i.e., Sitcum, City, and Hylebos).

There is a peak in metals concentrations in subtidal sediments in the
central part of Blair Waterway. The south shore Lincoln Avenue dis-
charge and runoff from the Murray Pacific yard are possible sources.
Lincoln Avenue drain has high metals concentrations in sediments at
Milwaukee Street and at the drain's mouth on the waterway south shore.

Amphipod bioassays conducted by Swartz (reference 10) showed lowest
survival in samples of sediment from the central part of the waterway.
This pattern was not observed in two other sediment bioassay investi-
gations (references 3, 8).

Metals - Considerations for Future Work

1.

Metals loads from the two sort yards on Blair Waterway should be quanti-
fied. The relationship between metals in sort yard runoff and waterway
sediments should be assessed.

Metals in the Lincoln Avenue south drain also appear to be a problem
warranting further study.

Data on metals stratification in Blair Waterway sediments should be
obtained from core samples.

Volatiles - Observations

1.

Detection of volatiles in point-source discharges to Blair Waterway
has been largely restricted to the north and south Lincoln Avenue
drains. Detection frequencies have been highest in the south drain.
Seven compounds (chloroform, 1,1-dichloroethane, 1,2-dichloroethane,
1,2-trans-dichloroethylene, 1,1,1-trichloroethane, trichloroethylene,
and tetrachloroethylene) have been detected in two or more of the
four samples collected by EPA and WDOE from in the south drain. Con-
centrations were generally less than 10 ug/L.
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BLAIR WATERWAY
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2. BRased on WDOE Class II inspections and receiving environment surveys Table 21

(references 1, 2, 14, 15), the two major MPDES dischargers to Blair

Waterway (Reichhold Chemicals and U.S. 0i1) are not significant sources

of volatiles. However, a number of volatiles have been detected in the

Reichhold storm drain system. With sufficient runoff, this drain over-

flows into the Lincoln Avenue north drain. Spills at the Lillyblad

plant, a solvent recycler, have been documented by WDOE inspectors as

a source of volatiles to Lincoln Avenue south drain.

3. The largest point-source loads measured for individual volatile com- Table 22
pounds were about 0.1 1b/day.

4. EPA (reference 11) has collected grab samples of surface and bottom
waters from eight sites in Blair Waterway. Most samples did not contain
detectable concentrations of volatiles. Chlorodibromomethane, 1,1,1-
trichloroethane, trichloroethylene, and methylene chloride were detected
at 1 ug/L or less in two or three of these samples, depending on the com-
pound in question.

5. Riley (reference 9), using more sensitive methods, was able to quantify
a number of volatiles (methylene chloride, haloforms, chlorinated
ethanes, chlorinated ethylenes, benzene, and toluene) in surface waters
at four sites along Blair's north shore between 11th Street and Lincoln
Avenue. The compound present in the largest concentrations, up to
33.5 ug/L, was 1,1,1-trichloroethane.

6. Volatiles concentrations were not in excess of EPA criteria for pro-
tection of marine 1ife in the above-mentioned water column samples.

7. Both the EPA and Riley surveys indicate Blair Vaterway has lower con-
centrations of volatiles in the water column than Hylebos Materway.

8. Volatiles have not been detected in Blair Waterway sediment. A sample Table 24

from within the Lincoln Avenue north drain had .006 mg/Kg toluene and Table 25
.003 mg/Kg 1,1-dichloroethane.

Volatiles - Considerations for Future Work

1. In 1ight of the relatively large concentrations of volatiles measured
by Riley, a survey of volatiles in seeps and drains on Blair's north
shore between Lincoln Avenue and 11th Street should be conducted.
Additional samples for volatiles analysis snhould also be collected
from the Lincoln Avenue south shore drain.
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Base/Neutrals and PCBs -~ Observations
1. The highest detection frequencies for base/neutral compounds in dis- Table 20
charges to Blair 'Yaterway have been in samples from the Lincoln Avenue
south drain. 1,2-dichlorobenzene was the only compound routinely de-
tected (three of four samples). All concentrations measured have been
less than 10 ug/L. PCBs have not been detected in noint-source samples.
2. As was the case for volatiles, WDOE-measured loads of base/neutrals to Table 22
the waterway have been small (i.e., 0.1 1b/day or less for individual
compounds).
3. EPA (reference 11) did not detect base/neutrals or PCBs in water column
samples.
4. Riley (reference 2) measured the following concentration ranges for
selected base/neutrals and PCBs in the water column:
C13-butadiene-1 <2 - 124 ng/L (pptr)
Cl3-butadiene-2 <2 - 54"
hexachlorobutadiene <1 - 4"
Cly-biphenyls 34 - 154 "
Clp-" <3 - 106 "
Cl3-" <1 - 24"
C'I4_Il <‘| - '| i
C‘lS_II <‘| - <2 "
Total C171-Clg-biphenyls 34 - 212 "
Hexachlorobutadiene (HCBD) did not exceed the 32 pg/L EPA considers
acutely toxic to marine 1ife; EPA has no chronic HCBD criteria. All
of the total selected chlorinated biphenyl concentrations measured
exceeded EPA's suyyesled 0.030 py/L 24-hour daverdaye crileria recom-
mended as protective of marine life. There are no criteria for the
lTower chlorinated butadienes. PAH were not measured in Riley's water
samples.
5. Riley (reference 9) also measured the following concentration ranges

for selected base/neutral compounds and PCBs in suspended matter:

Cl3-butadiene-1 <10 - 295 ug/Ka, dry
Cl13-butadiene-2 10 - 186 "
hexachlorobutadiene <1 - 21 "
C11-biphenyl <6 - 61 "
Cig-" <3 - 253 "
Clg- " 4 133
Clg-" <2 - 494
Clg-" <1 - 152 "
Total Cl1 - Clg biphenyls 6 - 779 "
Total polyaromatic hydrocarbons* 2,637 - 19,207 "

*18 compounds
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6. The concentrations of HCBD and chlorinated biphenyls measured by Riley
in Blair suspended matter are similar to concentrations in the Blair
subtidal sediments.

7. EPA and WDOE surveys have not detected butadienes or chlorinated bi- Table 20
phenyls in point-source discharges. Naphthalene and fluorene are the Table 21
only polyaromatic hydrocarbons that have been detected -- although
infrequently.

Blair sediment concentrations of HCBD are low relative to Hylebos Table 24
Waterway. Table 25

co

9. PAH concentrations in sediment are lowest in the first mile of Blair Table 25
Waterway (as measured from the head) and increase substantially sea-
ward of this point. Whether this indicates the location of predominant
sources or is related to the relatively recent (1964-1966) excavation of
the inner waterway is not known.

10. Riley (reference Y) tound extremely high concentrations of naphthalenes
(2.4 mg/Ka naphthalene, 3.4 mg/Kg 2-methyl naphthalene) in a sediment
core near the T11th Street bridge. Recent analyses done by lLaucks
Testing Laboratories for the Port of Tacoma (unpublished data) confirm
that high PAH concentrations exist in sediments from this part of
Blair Waterway. In general, however, PAH concentrations are lower in
Blair than in other waterways such as Hylebos and City.

11. A large concentration of bis(2-ethylhexyl) phthalate, 22.0 mg/Kg dry, Table 24

was reported in a sediment sample at the mouth of the Lincoln Avenue
south drain.

Base/Neulrals and PCBs - Counsiderations four Fulure Work

1. In Tight of the substantial concentrations of chlorinated butadienes
and chlorinated biphenvls measured in the water column, additional
work should be aimed at determing the sources, fate, and effects of
these compounds in Blair Waterway.

2. Based on available data, the Lincoln Avenue south drain is the only

point-source discharge where additional monitoring for base/neutrals
appears warranted.

Acid Extractables - Observations

1. Detection of acid extractables in discharges to Blair has been limited Table 20
to the detection of pentachlorophenol in the north and south Lincoln
Avenue drains.
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2. Reichhold Chemicals' storm drain effluent is a potential source of Table 21
phenols in the Lincoln Avenue north drain. Phenol, 2-chlorophenol,
2,4-dichlorophenol, 2,4,6-trichlorophenol, and pentachlorophenol have
been identified in this effluent (reference 14).
3. Acid extractables have not been detected in Blair Waterway sediments. Table 24
Table 25
Acid Extractables - Considerations for Future VWork
1. The Lincoln Avenue north drain is the only point-source discharge
where additional monitoring for acid extractables appears warranted.
Pesticides - Observations
1. Detection of pesticides in discharges to Blair has been limited to Table 20
traces of aldrin and «-BHC in one sample from the Lincoln Avenue south Table 21
drain. Aldrin was not confirmed by GC/MS.
2. Riley (reference 9) did not detect pesticides in water column sus-
pended matter,
3.  NOAA measured DDT compounds at low concentrations in sediment samples Table 24
from the two sites sampled in Blair. DDT was not at detectable Tevels Table 25

in samples analyzed by other investigators.

Pesticides - Considerations for Future Work

1. Pesticides do not appear to be a problem in Blair Waterway.
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General Observations

1. The major concern in Sitcum Waterway is high metals concentrations in
the sediments. In spite of reported high concentrations, bioassays on
Sitcum subtidal sediments by EPA, NOAA, and the University of Washing-
ton Fisheries Research Institute (references 1, 6, 7) have not shown
acutely toxic effects. EPA has tested some intertidal sediments that
elicited toxic responses (reference 7).

2. Sitcum Waterway water column samples have not been analyzed for or-
ganic priority nollutants. This is a substantial data gap.

3.  Organic priority pollutants have not been measured in large concen-
trations in most samples of water and sediment. Limited data suggest
further sampling for organics is warranted at four sites. These sites
are identified below.

Metals - Observations

1. Only one sample from each of the two drains discharging to Sitcum Table 27
Walerway has been analyzed for metals -- neither had high metals
concentrations. As, Cu, Pb, and Zn were higher in the drain in the
north corner of the waterway than in the south corner drain. Cu, Pb,
and Zn in the north drain were above EPA chronic criteria for protec-
tion of marine 1ife.

2. Metals loads for the north corner drain were two orders of magnitude Table 28
higher than the south drain. The maximum load measured for an indi-
vidual metal was only .70 1b/day (Zn).

Water column data on metals are limited to a sample collected by Dames
& Moore (reference 2) in October 1980. Cu and Zn were measured at 3
and 10 ug/L, respectively, while As, Cd, Cr, and Pb were below de-
tection Timits. No metal exceeded EPA criteria.

(o8]

4.  Sitcum sediments are higher in As, Cu, Pb, and Zn than sediments in Table 30
other Commencement Bay waterways. With the exception of As, the above Table 31
same metals are roughly twice as high in sediments from the north side
of the waterway than those from the south side. High Cu concentra-
tions in sediment have also been reported in two samples off the south
shoreline near the waterway entrance.

5. The highest concentrations of Cu, Pb, and Zn reported for Sitcum Table 30
sediments were in an intertidal sample near the mouth of the north
corner drain. 7,000, 19,000, and 3,200 mg/Kg (dry) of Cu, Pb, and Zn,
respectively, were measured.
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The source(s) of the metals in Sitcum sediments has not been identi-
fied. ASARCO slag used as rip-rap along the south shore and alumina
and Tead/zinc/copper concentrates unloaded at Pier 7 on the north side
of the waterway are possible sources. Three samples of ore have been
analyzed by WDOE as shown below. Metals concentrations differ widely
among the samples. Sample #2 matches some of the Sitcum sediment data
fairly well.

Ore Ore Ore
Sample #1 Sample #2 Sample #3
Collection
Date 12/07/82 3/02/83 9/20/83
As 1,014 mg/Ka (dry)
Cd 0.8 mg/Kg (dry) 38 " <.01 mg/Ka (dry)
Cr 1.8 " 3.6 " .02 "
Cu 27 " 6,900 " <1 "
Hg <.0002 "
Ni 3.7 " 12 " .83 "
Pb 190 " 6,300 " 2.7 "
Sb 2.0 "
Zn 63 " 7,300 " .02 "

No core data are avaliable on the vertical stratification of metals in
Sitcum sediments.

Metals - Considerations for Future Work

1.

The source(s) of metals in Sitcum sediments, whether historical or on-
going, should be identified.

Sediment cores should be taken to determine metals stratification.
The materials handling procedures used at Pier 7 should be reviewed
with the aim of reducing the spillage to the waterway that has been
observed by WDOE inspectors.

Water column samples should be taken.

Volatiles - Observations

1.

O0f the two major point-source discharges to Sitcum Waterway, only the
north corner drain has had detectable concentrations of volatiles.
Chloroform, 1,1,1-trichloroethane, and tetrachloroethylene were de-
tected in each of the two samples collected. 1,1,1-trichloroethane
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was present in the largest concentrations, 34 and 42 ug/L. Trichloro-
ethylene and 1,1,2,2-tetrachloroethylene were detected in the first of
these two samples. Detection limits were an order of magnitude higher
for the second sample.

The higher of the two loads measured for 1,1,1-trichloroethane was .25
1b/day.

Water column samples from Sitcum Waterway have not been analyzed for
volatiles.

Volatiles have not been detected in intertidal or subtidal sediments
collected within the waterway.

A sediment sample collected by the Port of Tacoma (unpublished data)
just outside the waterway entrance on February 26, 1981 and analyzed
by Laucks Testing Laboratories, had 87 mg/Kg chloroform, 1.2 mg/Kg
xylene, 1.5 mg/Kg dichlorobromomethane, and 210 mg/Kg toluene (dry-
weight basis). The sample was a composite of the top four feet of a
sediment core. Coordinates for the sample site are approximately
47°16'20" x 122°25'14", based on the sketch accompanying the raw data.
These high concentrations of volatiles are unique among the analyses
done to date on Commencement Bay sediments.

Volatiles - Considerations for Future Work

1.

With the exception of the north corner drain, volatiles have not heen
shown to be a problem in Sitcum Waterway. Additional sediment samples
(cores) should be collected outside the waterway entrance in the
vicinity of the Port of Tacoma sample mentioned above to verify those
measurements. The north corner drain should continue to be monitored
for volatiles and efforts made to identify the source(s) of these
compounds.

Water column samples should be taken.

Base/Neutrals - Observations

1.

Base/neutral compounds have not been detected in either of the two
drains to Sitcum Waterway.

No data are available on base/neutrals in the water column of Sitcum
Waterway.

Concentrations of hexachlorobutadiene in Sitcum sediments are low
relative to findings for Hylebos, Blair, and City waterways sediments.
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One sediment sample near the mouth of Sitcum Waterway (station STS-9,
Figure 17) had extremely high concentrations of PAH. Benzo(a)pyrene
was the compound present in the highest concentrations, 230 mg/Kq.

These are the highest PAH concentrations so far reported for Commence-

ment Bay sediments.

The concentration of PAH in the majority of Sitcum sediment samples
are not elevated relative to sediment in other Commencement Bay
waterways.

Base/Neutrals - Considerations for Future Work

1.

Acid

Sediments at station STS-9 should be sampled to verify this site as a
PAH "hot spot" and determine the horizontal and vertical extent of
contamination.

Water column samples are needed.

Extractables - Observations

Acid

Phenol and pentachlorophenol are the only acid extractable compounds

that have been detected in point-source discharges to Sitcum Waterway.

Less than 10 ug/L of each was measured in one of the two north corner
drain samples.

Groundwater beneath phenolic waste ponds on Georgia Pacific property
(formerly Pacific Resins and Chemicals) is contaminated with phenols.
This material has been removed through a WDOE enforcement action. A
two-year groundwater monitoring program has been initiated. This
site, Certain-Teed, and other small industries within the Sitcum
drainage basin are possible sources of phenols to the waterway.

No water column data are available on acid extractables.

Acid extractables have not often been detected in Sitcum sediments.
Phenol and pentachlorophenol have been found in small concentrations
in two and three samples, respectively, of the 10 samples that have
been analyzed for this fraction. One subtidal sample (station STS-3,
Figure 17) contained 2-chlorophenol. p-chloro-m-cresol. and 4-nitro-
phenol. 4-nitrophenol was present in large concentrations -- 2.3
mg/Kg. Phenol and pentachlorophenol were detected in an intertidal
sample near the north corner drain.

Extractables - Considerations for Future lork

Additional samples should be collected at station STS-3 and analyzed
for acid extractables.
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2. Because of the existence of sources of phenolic compounds within the
Sitcum north corner drainage basin, this drain should continue to be
monitored for these compounds.
3. Water column samples should be analyzed for acid extractables.
Pesticides and PCBs - Observations
1. Neither pesticides nor PCBs have been detected in discharges from the Table 27
two Sitcum Haterway drains.
2. Dames & Moore (reference 2) could not detect PCBs in the single water
sample they analyzed from the waterway (0.2 pg/L detection 1limit).
3. No data are available on pesticides in the water column.
4, The Dames & Moore water column sample mentioned above did not contain
detectable concentrations of PCBs (0.2 upa/L detection Timit).
5.  High concentrations of pesticides and PCBs have not been observed Table 3D

in Sitcum sediments.
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MILWAUKEE WATERWAY

(10/83)
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Observations
1. There are no known discharges to Milwaukee Waterway.
2. Water column data are 1Timited to one sample each from the inner and
outer waterway collected in October 1980 by Dames & Moore (reference
4). Cu was measured at 5 and 8 ug/L, Zn at 10 and 31 upa/L. As, Cd,
Cr, and PCBs were below detection Tlimits.
3. Only two sediment samples -- one intertidal, the other subtidal -- Table 39

have been collected in the waterway. Neither sample had high metals
concentrations. Trace amounts of PAH compounds were the only organic
priority pollutants detected in the intertidal sample. The subtidal
sample contained .0059 mg/Kg hexachlorobenzene, .0036 mg/Ka hexa-
chlorobutadiene, up to 1.2 mg/Kg of individual PAH compounds, .037
mg/Kg zDDT, and .223 mg/Kg PCBs. These concentrations are typical of
sediments in Commencement Bay waterways other than in the most contami-
nated areas; i.e., Hylebos and City waterways.

Considerations for Future MWork

1. A few more sediment samples, preferably cores, should be collected
in Milwaukee Waterway to confirm that it is not a major site of
contamination.
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PUYALLUP WATERWAY/RIVER
(10/83)

USGS data on the Puyallup River at Puyallup (r.m. 5.7) and WDOE data
on the river above the Tacoma Central STP (r.m. 1.7) indicate the
river has low background concentrations of metals. Three river water
samples have been collected immediately above the STP by WDOE and
analyzed for organic priority pollutants. The only compound detected
was 8 ug/L cyanide.

The results of WDOE's most recent Class II surveys at the Tacoma
Central STP have been reported by Yake (reference 20) who made the
following observations:

a. "The wide range of priority pollutants found in Tacoma Central's
wastewaters is generally typical of municipal wastewaters. Like-
wise, the concentrations reported are generally typical. The

primary exception to this generalization appears to be the chlori-
nated phenols which are present in substantially higher concentra-
tions than those observed in wastewaters from other municipalities."

b. "Although metals concentrations at Tacoma Central do not appear
to be unusually high when compared to wastewaters from olher major
cities throughout the country, they are elevated when compared to
sludge concentrations at most other Washington towns and cities.
This is particularly true for chromium, cadmium, nickel, and lead.
Arsenic is probably also elevated; however, data are not available
for arsenic concentrations in other Washington State wastewaters
and sludges. Effluent mercury concentrations measured during the
Tow-flow survey are well above EPA receiving water criteria."

C. "Effluent loads for metals and several other priority pollutants
(cyanide, tetrachloroethylene, and the chlorinated phenols) were
substantially higher during the storm flow sampling period. Ele-
vation of metals in wastewaters during storm flows in cities with
combined sewer systems has been previously documented."

d. "Many of the priority pollutants detected were only detected in
one or two of the three [sampling] periods. Concentrations often
varied substantially from one sampling period to another. Because
a large portion of Tacoma's wastewater flow is from industrial
sources, the potential for slug loads of specific pollutants from
spills, upsets, or batch processes is substantial. A continuing
program of wastewater analysis would provide a much more compre-
hensive and complete knowledge of pollutant concentrations and
effluent Toadings."
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e. "Concentrations of priority pollutants in the effluent are generally

Tow enough that they would not exceed EPA in-stream criteria for
the protection of aquatic and marine 1ife after the effluent is
fully mixed with the Puyallup River/Estuary. Possible exceptions

to this generalization may be mercury, cadmium, and lead. Factors
which may hinder ideal dilution include the absence of an effluent

diffuser and effluent pooling caused when low river flow and high
tidal conditions coincide."

f. "Based on data available, the primary treatment process employed
at the Tacoma Central plant does not appear to be very effective
in reducing priority pollutant concentrations in the wastewater
stream. Available literature suggests that secondary treatment
would be much more effective."

The Cleveland Street pump station effluent, about 1/3 mile upstream of
the STP, was sampled once by WDOE during wet weather. Metals concen-
trations were slightly higher than in the Tacoma Central STP effluent
sample collected during the same period. |,2-dichlorobenzene and
cyanide, 3.5 ug/L and 8 ug/L respectively, were the only organic
priority pollutants detected.

The STP effluent appears to account for a large percentage of the
priority pollutants load to Commencement Bay, as measured in WDOE
point-source surveys.

During normal downstream flow, dilution generally reduces metal and
organic priority pollutant concentrations in the Puyallup River to
background or non-detectable Tevels. An increase in arsenic concen-
trations has been observed at the river mouth in some samples. This
does not appear to be attributable to the STP effluent.

Riley (reference 14) analyzed samples of water and suspended matter
collected in July 1979 from the mouth of the Puyallup River. Tri-
chloroethylene and tetrachloroethylene were detected at <.1 nag/L.
Chlorodibromomethane and bromoform were tentatively identified at <.1
and <.2 pg/L, respectively. Samples of Puyallup River suspended
matter had low concentrations of metals and PAH. Analyses for
chlorinated base/neutrals, acid extractables, or pesticides were not
done.

WDOE receiving environment surveys at the Tacoma Central STP (refer-
ence 9) showed that with sufficiently large flood tide and low river
flow, slack water conditions occur at the STP outfall site, causing
pooling of the effluent. It was estimated that pooling equal or
greater in magnitude to that observed during the survey would have
been expected to occur on approximately 90 separate occasions during
water year 1980.
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Water samples from within this effluent pool were the only river water
samples collected during the WDOE surveys in which effluent organic
priority pollutants were present at detectable concentrations and
oyster Tarvae (Crassostrea gigas) and daphnid (Daphnia pulex) mortality
or abnormality were observed during bjoassays.

Priority pollutant analysis has been done on four samples of intertidal
sediment and two samples of subtidal sediment from the Tower Puyallup
River. Sedimenl immediately below the STP oulfall (stalion PI-2) had
high concentrations of toluene and bis(2-ethylhexyl) phthalate, 7.9 and
3.1 mg/Kg, respectively. Sediment from within the old St. Regis bleach
crib on the river's south bank had a relative high PAH concentration
and was acutely toxic in EPA amphipod bioassays (reference 17). Hexa-
chlorobutadiene has not been detected in Puyallup River sediments.

Considerations for Future Work

I

Loncentrations of priority pollutants in the Puyallup River appear to
be generally Tow. In order to accurately estimate priority pollutant
loads in the river, extremely sensitive (low detection level) ana-
lytical methods would be required for most pollutants.

Sediment from the St. Regis bleach plant crib and portions of the
Puyallup River reach adjacent to the Tacoma STP outfall are Tocalized
areas of concern because of elevated levels of contaminants and toxic
effects on bioassay organisms.
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1.

ST. PAUL WATERWAY
(10/83)

Observations

The three major discharges to St. Paul Waterway are from the St. Regis
paper mill, Tog sort yard, and sawmill operations. The paper mill
effluent is the Targest industrial discharge to Commencement Bay.

A high concentration of Hg, 1.2 ug/L, was measured in the single
sample WDOE has collected of the sawmill effluent. With this ex-
ception, metals concentations in sawnill and loy yard effluenls were
Tow (one sample each).

A Cu concentration of 100 ug/L was measured in the St. Regis paper
mill effluent during WDOE's most recent Class II inspection (reference
19). A net load of 30 1bs/day Cu, the largest metals load measured by
WDOE for St. Paul Waterway, was calculated for this discharge.

Only a few organic priority pollutants, in trace amounts, were de-
tected in the sawmill and log sort yard effluents.

1800 ng/L of chloroform was measured in the St. Regis paper mill
effluent during the most recent WDOE Class II survey (reference 19).
A chloroform 1oad of 480 1bs/day was calculated for this discharge.
This is the Targest load of an organic priority pollutant known to
occur in Commencement Bay.

Receiving water samples (reference 8) collected during the Class II
survey showed 420 pug/L chloroform in surface waters near the outfall
and 8.1 pg/L chloroform in inner St. Paul Waterway. There are no EPA
criteria for chloroform in marine waters. Some laboratory experiments
(references 10, 16) have demonstrated adverse effects on aquatic
organisms at chloroform concentrations as low or lower than 420 pg/L.

Oyster larvae (C. gigas) bioassays (references 8 and 19) on the paper
mill effluent and receiving waters showed both to be acutely toxic.

Three sediment samples have been analyzed from St. Paul Waterway.
Metals concentrations were not high relative to other Commencement Bay
waterways. High naphthalene concentations (.72 - 3.0 mg/Ka) were
characteristic of each St. Paul sediment sample. An extremely high
phenol concentration of 91 mg/Kg was measured in the sample collected
nearest the St. Regis outfall. 0.84 mg/Kg pentachlorophenol and
traces of 2,4,6-trichlorophenol, chloroform, and toluene were also
detected in this sample. Amphipod bioassays (reference 8) on the
outfall and innermost waterway sediment samples showed both to be
toxic.
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Considerations for Future Work

1. The following concerns appear worth additional study:

a.

The persistence of chloroform in the waters off St. Regis, and
its effect on salmonids and other pelagic organisms.

Areal extent and degree of toxicity of sediments adjacent to St.
Regis.

Verification of high concentrations of phenol and naphthalene in
St. Paul Waterway sediments.

The quantification and environmental fate of chlorinated resin

acids, gquaicols, propenes, and other potentially toxic or muta-
genic compounds which may be present in the St. Regis effluent.
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MIDDLE WATERWAY
(10/83)

Observations

1.

The major discharge to Middle Waterway is the storm drain at the head
of the waterway. WDOE has collected only one water sample here. Metals
concentrations were Tow except for 990 pg/L of Zn. The flow rate from
the drain, however, was only 0.01 MGD, resulting in a Zn load to the
waterway of .08 1b/day.

Detection 1imits for the organic priority pollutants analysis of this
sample were high. Chloroform and cyanide were measured at <10 ng/L
and 5 ng/L, respectively.

Dames & Moore (reference 4) was unable to detect As, Cu, Cd, Cr, Pb,
or PCBs in a water column sample collected in October 1980. Zn was
measured at 9 ug/L.

One intertidal sample and one subtidal sample have been taken of
Middle Waterway sediment. A third sample (subtidal) has also been
taken outside the waterway entrance. The subtidal sample from within
the waterway had high Cu, Hg, Pb, and Zn concentrations (486, 2.2,
230, and 353 mg/Kg, respectively) compared to the data on most other
Commencement Bay sediments. High metals concentrations were not
reported in the other two samples.

Results of organic priority pollutant analyses of Middle Waterway
sediments compare closely to the findings discussed earlier in this
report for Milwaukee Waterway sediments.

Considerations for Future Work

1.

The available data indicate Middle Waterway, 1ike Milwaukee Waterway,
is not a major site of contamination for the organic priority pol-
lutants. More data are needed on metals in the sediments and in the
drain at the head of the waterway.
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S.W. SHORE COMMENCEMENT BAY
(10/83)
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1. Relatively few samples have been collected in this part of Commence-
ment Bay.

2. Melals dala on the 01d Tacoma storm drain and Ruston STP eftluent indi- Table 32
cate these are not major sources of metals to the bay. Chloroform and
cyanide, at <10 ug/L and 5 ug/L, respectively, were the only compounds
detected in the storm drain. A varicty of organic priority pollutants
was detected in the Ruston STP effluent. The types and concentrations
of compounds found are not unusual for municipal wastewaters.

3. There is little usable data on intertidal or nearshore sediments Table 39
between City Waterway and the ASARCO smelter. One intertidal sample
near the Ruston outfall has been analyzed for priority pollutants.
ATl concentrations were low; however, weak acid digestion was used
for the metals analyses and detection 1imits were high for the base/
neutral and volatiles analyses.

4. Extremely high concentrations of As, Cu, and Zn (2000 - 8900 ug/L) Table 32
were measured in ASARCO's south and middle outfalls during WDOE's most
recent Class TI inspection (reference 7). Concentrations were one to
two orders of magnitude Tower in the north outfall. Considerable
dilution (up to 1649:1 for Cu) would be required to bring these ef-
fluent metals concentrations within EPA criteria for protection of
marine Tife. The ASARCO discharges constitute the largest known point- Table 33
source metals Toads to Commencement Bay. These loading data have not
been corrected for the concentrations of metals in the intake water.

5. Although several investigators report metals concentrations for ASARCO
receiving waters, a comprehensive study has not been performed.
Tatomer (reference 18) reported up to 42.6 ng/L Cu in surface water
samples collected adjacent to the smelter in 1972. More recently,
Battelle researchers (references 6 and 15) measured Cu in surface
water samples from seven sites in Commencement Bay along the ASARCO
shoreline (sampled August 19, 1982) and two sites in the yacht basin
behind the slag pile (sampled January-September 1982). Copper (total
Cu, unfiltered samples) ranged from 0.1 to 7.0 ug/L in the seven bay
samples. Variable concentations of Cu -- some extremely high -- were
found within the yacht basin. The results from nine samples are
reported; eight from the basin entrance and one at the far end of the
basin. Cu concentrations ranged from 3 to 1200 pg/L at the entrance.
The median Cu concentration was 28 ng/L. 4 ua/L Cu was measured in
the single sample from within the basin. Zn, Cd, Hg, and Ag were one
to two orders of magnitude ahove concentrations measured at the
study's control station (Sequim Bay) in the six basin samples analyzed
for these metals.
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One other source of data on the nearshore receiving waters is from
samples taken by Dames & Moore (reference 4). These data, however,
were collected during a strike at ASARCO, so metals loads were at a
minimum. A composite of surface, middle, and bottom waters taken in
October had 5 nug/L Cu. A discrete surface sample collected in Decem-
ber had no detectable Cu. As was not detected in the Dames & Moore
samples.

Carpenter (reference 1) conducted a comprehensive survey of As in
Puget Sound waters. He found uniform As concentrations everywhere in
the Sound except "within a few kilometers of the smelter". Fifty
surface water samples north of the smelter in the channel between the
mainland and Vashon Island averaged 2.2 ug/L As compared to 1.5 to 1.7
ug/L As at stations north of Seattle.

Data on metals in ASARCO nearshore sediments are limited to a single
WDOE intertidal sample which had high As, Zn, and Cu concentrations --
280, 300, and 900 mg/Kg, respectively.

There are considerable data available on metals in Commencement Bay
deepwater sediments, but this is outside the area addressed in this
report. Those samples nearest ASARCO were collected at depths of
about 60 meters by Crecelius (reference 3) and Malins (references 11,
12). Crecelius analyzed three samples and found 980 to 10,000 mg/Kq
As and similar amounts of Sb. He did not analyze for other priority
pollutant metals. Malins does not report As data for the MOAA station
nearest ASARCO (station number 10-09036). 126 mg/Kg Cu and 140 mg/Kg
Zn were measured in samples he collected at this site in 1979.

EPA (reference 5) and WDOE (reference 7) analyses on tissue from
demersal fish and from mussels indicate specimens collected near
ASARCO have higher melals councenlations than those in other parts of
Commencement Bay and Puget Sound.

Organic priority pollutant analyses have been conducted on the south
outfall only. One sample, a grab, was collected by the WDOE S.W. re-
gion on August 15, 1982 and analyzed for base/neutrals at the EPA
Manchester laboratory. 7.2 ug/L bis(2-ethylhexyl) phthalate was
detected.

The toxicity of the ASARCO receiving environment to marine life has
not been closely investigated. Chapman (reference 2) recently con-
ducted bioassays on two sediment samples collected off the ASARCO
facility. His report states that the metals in these samples are
"probably vrcfractory and not toxic".
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Considerations for Future Work

1. More study is required at ASARCO. The slag processing operation next
to the smelter should be included in future survey work. Among the
types of studies suggested are:

a.

b.

Determine net metals Toads for ASARCO discharges.

Heasure metals concenlalions in the receiving waters and assess
their toxicity.

Determine the availability of metals in sediments near ASARCO to
marine organisms. Determine if these sediments are toxic.

Analyze ASARCO discharges for organic priority pollutants.
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PART 6. SUMMARY
(12/83)

1. Point Source Data

EPA and WDOE data on 60 individual discharges to Commencement Bay have been
reviewed. The data base consists of over 100 samples collected between
September 1979 and April 1982.

Some of the important limitations inherent in these data may not have been
sufficiently emphasized in preceding parts of this report. Although con-
centrations and flow data for municipal and industrial discharyes are
considered to be reasonably accurate, the data on storm drains and natural
drainages are subject to the vagaries of precipitation, upstream uses, and
tidal effects. In many cases, only one or two samples have been collected
from a given discharge. For many discharges, only dry-weather data are
available. In addition, analytical methods for some compounds, PAH for
example, have not always been sufficiently sensitive to detect or quantify
them in water. In light of these and other considerations, EPA and WDOE
are continuing to monitor those discharges where large numbers and/or high
concentrations of contaminants have been found. Perhaps the most important
caution in interpreting these data is the fact that the relative importance
of other sources of contaminants such as aerial fallout, release from
sediments, spills, advection, etc., has not been determined. Keeping these
Timitations in mind, the following obscrvations were made.

Metals concentrations in most discharges were not large. In general,
higher concentrations appeared to be associated with wet weather rather
than dry weather. Especially high metals concentrations were found in
seeps to Hylebos Waterway, Pennwalt seeps and drains, log sort yard runoff,
the Lincoln Avenue south drain to Blair Waterway, the 15th Street storm
drain to City Waterway, and ASARCO's south and middle outfalls.

Metals loads representative of dry weather have been calculated from the

WDOE data and summarized in Table 40*. The largest total loads were for

As, Cu, and Zn --390, 313, and 220 pounds/day, respectively. ASARCO dis-
charges contributed most of the Toads for these metals (64 percent to 95
percent depending on the metal in question) as well as 80 percent of the
total Cd Toad of 12 pounds/day. The St. Regis paper mill effluent was only
10 percent of the overall Cu load, but constituted the largest load of Cu

to an individual waterway (St. Paul) by a substantial margin. The Targest

Cr and Ni loads, 16 and 31 pounds/day, respectively, were to Hylebos Water-
way and accounted for 66 percent and 76 percent of the total. Hooker (Occi-
dental) was the major source of Cr and Ni loads. The Tacoma Central STP was
the major Hg source based on its 1oad of .087 pound/day. It also contributed
36 percent and 21 percent of the total Pb and Zn Tloads. The remaining water-
ways (Blair, Sitcum, St. Paul, Middle, Milwaukee, and City) as well as the
01d Tacoma storm drain and Ruston STP had small metals loads.

*Because of its very large flow and Tow metals concentrations, loads for the
Puvallup River were not included in Table 40. These data have been calculated
and are in Part 5.
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SUMMARY

Relatively few organic priority pollutants were detected in most discharges,
as shown in Table 41. Overall detection frequencies for the major compound
groups, in descending order of frequency were volatiles > acid extractables
> base/neutrals > pesticides > PCBs. Cyanide, an inorganic compound, was
routinely detected (i.e., 64 percent of samples). The individual compounds
most frequently detected were chloroform (54 percent), trichloroethylene
(37 percent), tetrachloroethylene (31 percent), phenol (26 percent), naph-
thalene (24 percent), chlorodibromomethane (20 percent), bis(2-ethyThexyl)
phthalate (20 percent), pentachlorophenol (19 percent), and anthracene/
phenanthrene (18 percent). Interlaboratory differences in detection limits
make it difficult to determine if organics concentrations tended to be
higher in wet weather, as was noted for metals.

Most of the sampling effort has been concentrated on Hylebos Waterway
discharges. The greatest variety of compounds was detected here. Chemi-
cals such as trichlorofluoromethane, bromoform, carbon tetrachloride,
chloroethane, 1,1-dichloroethylene, several PAH, hexachlorobutadiene, 2-
chloronaphthalene, nitrobenzene, 4-bromophenylether, and aldrin were de-
tected only in Hylebos discharges. Detection of pesticides was largely
restricted to Pennwalt and Hooker (Occidental) discharges to the Hylebos.

Only a few additional compounds were detected outside Hylebos Waterway or
at greater frequencies. For example, the highest detection frequency and
widest array of phenolic compounds were found in the Tacoma Central STP
effluent. Chlorobenzene and 1,2-dichloroethane were detected only in Blair
Waterway. PCBs were not detected in any of the EPA or WDOE Commencement
Bay noint-source samples.

Table 42 summarizes the WDOE data on organic priority pollutants loads.
Loads greater than one pound/day were calculated for chloroform (492
pounds), bromoform (19.8 pounds), phenol (4.9 pounds), trichloroethylene
(3.8 pounds), bis(2-ethylhexyl) phthalate (3.4 pounds), naphthalene (2.1
pounds), dichlorobromomethane (1.9 pounds), butylbenzyl phthalate (1.9
pounds), tetrachloroethylene (1.7 pounds), di-n-octyl phthalate (1.4
pounds), toluene (1.1 pounds), and 2-chlorophenol (1.1 pounds). A cyanide
load of 3.1 pounds/day was also calculated.

The total calculated load for many compounds was contributed entirely by
discharges to Hylebos Waterway. The total chloroform, dichlorobromometh-
ane, and toluene loads were overwhelmingly due to the St. Regis effluent
(St. Paul Waterway). Effluents from the Tacoma Central and Ruston STPs
contributed most of the dichlorobenzenes and phthalates loads, with the
former contributing 96 to 100 percent of the Toads for five of the six
phenols detected. Pentachiorophenol loads came primarily from the north
Lincoln Avenue drain into Blair Waterway. For some compounds of concern in
Commencement Bay such as PAH and hexachlorobutadiene, extremely low loads
were measured. As mentioned above, PCBs were not detected in point sources.
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Water Column Data

The data available from EPA, Battelle, Dames & Moore, and WDOE surveys
suggest that, outside the immediate vicinity of discharges, the waters of
Commencement Bay and adjacent waterways do not have especially high metals
concentrations. Most metals measurements have been at levels not considered
harmful to aquatic 1ife. However, the receiving waters near ASARCO, Penn-
walt, Tacoma Central STP, and log sort yards on Blair and Hylebos waterways
have a potential for adverse effects on marine life because of elevated
metals, especially arsenic, copper, zinc, lead, mercury, and cadmium.

There are data indicating copper may be at levels harmful Lo marine 1ife in
Hylebos Waterway.

iMost of the water column data on organic priority pollutants are from Blair
and Hylebos waterways. Concentrations of PCBs, chlorinated butadienes,
chlorinated ethylenes, and haloforms are higher here than reported for most
other marine waters. PCBs exceed certain of the EPA criteria for protec-
tion of marine Tife. No PCB sources have been identified. Low concentra-
tions of hexachlorobutadiene have been measured in Hooker and Pennwalt
discharges. Hooker (Occidental) is the major known source of chloroform
and chlorinated ethylenes to Hylebos Waterway. Pennwalt is the major known
bromoform source. Blair water column data suggest an as yet unidentified
source of volatiles may exist somewhere along the middle of the north
shoreline.

Organic priority pollutant concentrations in the water column are also of

potential concern in St. Paul Waterway off St. Regis (chloroform) and in
the Puyallup River at the Central STP outfall (a variety of compounds).

Sediment Data

Priority pollutant data from 115 samples of surface sediment collected by
NOAA, Battelle, EPA, and WDOE in Commencement Bay walerways and Lhe Ruston
shoreline were reviewed. Most samples were from Hylebos, Blair, and Sitcum
waterways -- 46, 26, and 14 samples, respectively.

The subtidal sediment data have been summarized in Table 43 by showing
maximum and median pollutant concentrations.

As is now well known, Sitcum Waterway sediments have the highest concen-
trations of As, Cu, Pb, and Zn; the latter three metals possibly derived
from spilled ore. Sediment(s) in City and Hylebos waterways have the
second and third highest levels of metals in sediment. Horizontal gra-
dients in metal concentrations are evident in Hylebos, Blair, Sitcum, and
City waterways. There are no core data for metals.

Volatiles generally were not detected in subtidal sediment except for trace
amounts in a few Hylebos and St. Paul waterways samples. Sediment-associated
volatiles have been detected most frequently in the Hylebos intertidal

zone -- 6 of 13 samples had one or more compound(s) detected. Fach of

these 6 samples was either a Pennwalt- or Hooker (Occidental)-related
sediment.



SUMMARY

Acid extractables, 1ike volatiles, were rarely detected in most waterway
sediments. Three sediment samples adjacent to St. Regis had phenol con-
centrations of 1.2, 1.6, and 91 mg/Kg. Chlorinated phenols have been de-
tected in two samples -- one near the St. Regis outfall and one in Sitcum
Waterway. 2.3 mg/Kg of 4-nitrophenol was also detected in the Sitcum
sample.

DDT and metabolites are the only pesticides routinely detected in most
waterways. Especially high concentrations -- up to 3.6 mg/Kg zDDT --
occur in Pennwalt intertidal sediments. Pennwalt seeps and drains consti-
tute the major known discharge of DDT compounds to Commencement Ray.

With the exception of trace amounts in a single Sitcum sediment sample,
aldrin has been detected only in Hylebos Waterway sediments and deepwater
sediments on the northeast side of Commencement Bay between the Hylebos and
Browns Point. The highest concentrations are off Hooker (Occidental).
Aldrin has been detected in one discharge -- the east sewer at Pennwalt.

The predominant organic priority pollutants in Commencement Bay waterways
sediment are the base/neutrals hexachlorobenzene (HCB), hexachlorobutadiene
(HCBD), PAH, and phthalates, and PCBs. Up to 1.3 mg/Kg HCB, 3.3 mg/Kg
HCBD, and 1.7 mg/Kg PCBs have been measured in Hylebos surface sediments.
The median concentrations of HCB and HCBD in Hylebos subtidal sediment are
an order of magnitude above the medians for other waterways. PAH and
phthalates appear to be highest in City Waterway.

A gradient of decreasing PAH in surface subtidal sediments moving from the
head of Hylebos Waterway toward its mouth was observed and may be partly
associated with Kaiser Aluminum sludge beds on upper Kaiser ditch. 1In
contrast, PAH in Blair Waterway sediments are lowest in the innermost
waterway; both high and Tow concentrations are reported from samples sea-
ward of Lincoln Avenue. A source material for PAH has not been found in
Blair. There are not sufficient data on City Waterway sediments to de-
termine if a PAH concentration gradient exists.

Mo gradients in HCB, HCBD, or PCB concentrations were apparent in the
subtidal surface sediment data on the Hylebos or other waterways. Varia-
tions in the detection limits achieved by different laboratories make
identification of gradients difficult. The highest HCB and HCBD concen-
trations are near Hooker (Occidental). Seven Hylebos sediment samples have
had high PCB concentrations, around 1 mg/Kg, but these were collected at
stations scattered throughout the waterway.

Core data on Hylebos sediment show up to 77 mg/Kg chlorinated butadienes, 7
mg/Kg PCBs, and 105 mg/Kg aromatic hydrocarbons in subsurface layers. The
Tower chlorinated butadienes (tri, tetra, penta) have been found at higher
concentrations than hexachlorobutadiene in both surface and subsurface
sediment samples. EPA does not include the lower chlorinated butadienes
among the priority pollutants.
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Major Considerations for Future Work

For each of the Commencement Bay waterways previously discussed in Parts

1 - 5 of this report, an attempt was made to point out data gaps and survey
needs. The following considerations were among the most important of
these:

a. Develop sediment criteria for protection of marine life.
b. Mass balance contaminants of concern in Hylebos, Blair, and Cily
waterways.

C. Collect more water column data in Sitcum, St. Paul, and City waterways.

d. Collect more sediment data, including cores, in Sitcum, Milwaukee, St.
Paul, Middle, and City waterways.

e. Conduct receiving environment surveys at Hooker (Occidental), ASARCO,
and St. Regis -- include objectives outlined in Parts 1 and 5.

f. Re-examine data on aldrin in Hylebos and nearby Commencement Bay

sediments.

g. Identify the source(s) of elevated volatiles found in the Blair water
column.

h. Measure metals concentrations and loads to waterways from log sort

yards where ASARCO slag was used for ballast.
i.  Evaluate the Kaiser ditch system as a source of PAH to Hylebos Waterway.
j. Determine the significance to pelagic marine 1ife of observed levels

of haloforms, chlorinated aliphatics, chlorinated butadienes, and

polychlorinated biphenyls in the Blair and Hylebos water columns.

k. Analyze sediment, water, and biota for potentially toxic chemicals not
included among EPA's priority pollutants.
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Figure 1. Hylebos Haterway:
. point source samples.
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Table _1. HMetals Concentrations in Point Source Discharaes (ua/L total metal)

TSta-
Date Tire > tion Flow
Discharae Saupled Sarpled Moo (MBD) A Cd Cr Ly Hg Ni__Pb Sb__In_
Surface Punoff West of 1Tth Street 9/23/¢0 0853 1 16 .7 3 17 4250 30 <2 100
Surface Runoff fast of 11th Strent 9/23/00 0915 2 a2z 3 5 37 07 23 73 <2150
30und Refining
West Drain 9/21/80 1230 33319 3 74 .5 2 14 2122 10 <2 <20
v 6/30/21 " 071 <10 3 <10 27 .33 <50 <1 <b
Drain =004 6/30/81 1015-1420  WOCE 4 L0039 <15 <2 <10 <1 42 7 <50 4 72
Final £ffluent 6/3/80 1600 EPA 22307 5 (.072) 3 1.5 N 16 83 1721 2 90
" 6/30/81 0545-1420 WOCE N L0529 22 <2 <10 3 500 <50 <1 40
Drain 003 6/30/51 +O0E 6 001 37 <2 <10 10 .54 <50 8 175
West Drain opposite Lincoln Avenue 4/28/82 1410-1615 OOt 7 .060 389 <2 <10 <10 26 <20 <20 <5
Seepage opposite Lincoln Avenue 9/23/80 0935 £PA 38202 8 262 34 115 1,240 1.4 435 1,720 <2 11,800
East Drain opposite Lincoln Avenue 4/28/8 1335-1650 WDOL ] 050 12 <2 <10 <10 <.2 <20 <20 15
Morningside Orain 9/23/80 0930 EPA 38300 10 14 7 4 15 07 17 2 <2 200
" 8/17/81 1130-1410  WDCE " (.13) 7 <5 <10 20 20 <0 40 170
" 3/29/82 11251540 WDCE “ .78 20 <2 <10 10 <.2 <20 <20 100
Hylebos Creck 6/3/00 1350 EPA 22313 N 51 N 1 6 2.0 15 10 2 45
" . 8/17/81 1240-1430  WDOE " 4.06 <5 <5 <10 <10 <.2 <10 <50 10
" 3/29/82 1200-1600  WOOE " 31.74 36 <2 <10 <10 23 <20 <20 29
Kaiser Ditch 6/3/80 1545 EPA 22306 12 (1.5) 18 .2 2 23 1.7 12 13 2 25
" 9/23/80 0958 £pA 38203 " 65 3.2 10 64 .21 66 26 <z 100
» : 9/23/80 1140 EPA 38308 " 12 4 1 15 2108 30 <2 60
. 8/17/81 1100-1415  WDOE i 2.81 <5 <5 <10 <10 24 <100 <50 <5
# 3/29/82 1215-1520 WDOE " 1.81 83 <5 <10 30 53 80 70 55
Ponnwalt
East Preperty Line Ditch 9/23/80 1153 EPA 38210 13 545 <.2 24 19 91 12 10 3 30
° 6/2/31 1115-1455 WDOE " .0014 470 0.5 400 37 .98 112 50 40
East Seep 6/3/80 1150 EPA 22305 14 (.002) 180 1.6 464 46 1.7 100 35 56 35
“ 9723780 1118 EPA 38207 " 62 <2 700 11 3.6 12 437 7 230
" 6/2/81 1100-1450  WnnE " L0014 36 .6 1,870 1§ 5.8 147 &7 49
West Seap . 8/23/20 138 EPA 38209 15 5,505 <.2 1,850 31 16.2 18 105 62 80
“ 6/2/81 1020-1515  WDOE " (.001) 5,000 1.9 1,530 90 3.4 82 95 400
Eist Sewer ; 6/2/31 . 1015-1525  WDOE 16 .0289 1,920 1.1 7 18 6 <3 6 <20
West Sever 6/3/80 1140 - EPA 22303 17 (.002) 7,500 .5 3 50 ey a1z 127 60
" 6/3/81 1000-1600  4uDOE N 0074 12.000 .3 7 29 3R B 8 20
Fiual £77lugat 5/3783 1125 EPA 22302 18 (13) 33 3.2 9 74 3 35 13 2 30
" 6/2-3/31 1230-1230 WOCE " 12.4 €0 16.4 9 7% 3 15 32 30
Seep near U.S. Gypsum 9]23,/80 1150 EPA 38316 19 2,100 <.2 230 1,637 .35 179 920 515 17,200
U.S. Gypoun Hoated Discharge 9/23/dO 1Y15 EPA 38307 20 30 .8 <1 6 21 7 4 <2 60
Linzoln Avenue Drain 4728762 1410-1630 WDOE 2t .02% 37 <2 <10 <10 <2 <20 <20 21
Buffelin Cooling Water 6/3/80 1530 EPA 22301 22 (.007) 15 N 1 6 .38 13 13 2 20
Seep near Buffelin 9/23/80 111e EPA 38302 23 112 5 320 341 63 178 70 7 1,350
Drainage opposite Sound Refining 923780 1100 EPA 33305 24 130 .4 210 372 1.6 179 130 20 1,780
Orainage ar East and 4/28/82 1300-1635 WONE 25 040 31 -2 10 20 75 2200 <20 77
Tieh Straat Sricge
Hooier
Final Effluent 6/3/80 1040 EPA 22300 26 (1) 9 3.3 8 74 .38 20 219 2 10
" 9/25-26/79 11G0-1100 WOOGF " 15,6 <30 130 5 250 2 <50 16
9/23780 1045 £pA 22304 " 106 i1 1 5 .14 15 68 9 +20
Solvent Plaat 9/23/¢0 1615 EPA 38333 27 105 1.2 320

533 5.3 373 &30 6 1,550

{ ) = Estimated
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Table 2. Hylebos Waterway: Metals loads Based on WDOE Data Collected September 1979 -
April 1982 (pounds/day).

Discharge Date Sampled As Cd Cr Cu Hq Ni Pb In

Sound Refining:

kest Drain 6/33/81 - 0018 - - .
Drain 004 5730-7/1/21 - - - - LCOu0
o iluent / S17sh - - .- -
- -- - 00007 L00)
West Drain opposite Lincoln Avenue 4728/82 L0465 ~— - - -a -
East Crain opposite Lincoln Avenue 4/28/82 0050 - - — - .- - .0063
Morningside Drain 8/17/8% (.c076) - - (.022) (.0003) -~ (.043) (.18}
" 3/29/82 I3 - - .065 - - .65
Hylebos Creek 8/17/81 -- -~ - - -— - -- .34
" .3/29/82 9.5 - - o 061 - ~- 1.7
Kaiser Ditch 8/17/8% -- -~ - - L0056 -- - -
" 3/29/82 1.3 - - 45 . 0080 1.2 1.1 83
Pennyialt:
tast Property Line Ditch 6/2/861 . 0055 00001 .0047 .0004 L0000} L0013 0006 0005
fast Seep 6/2/81 .0604 LGC00Y .0218 .0002 L0001 0037 L0030 L0005
Hest Seep 6/2/81 (.042) {.00002) (.013) {.0008) {.00003) {.0007) {.0008) (.0033)
East Sewer 6/2/81 .45 .0003 L0017 0043 .0001 - .0014 -
West Sewer 1 6/2/81 .74 .00002 .0004 .0018 00002 0004 0065 L0012
Process tffluent 6/2-3/81 3.9 [ 0.10 1.5 0 75 d2 .40
Lincoln Avenue Drain 4)28/82 .0089 e - ~~ - e - L0051
Orsinage at East end 11th Street Oridge 4/28/82 .010 —— - 0060 .0003 - - Rz
Hooker:
Process Eff'ruent‘ 9/25-26/7% -- - 16 fleg.2 - 30.5 Neg. Neg.
Sum of Toads to Hylebos ‘r.'aterway% 5.2 ’ 1.1 16 1.6 L0070 31 A7 .98
Sum of loads to iylebos Waterway 16 1.1 16 2.0 070 32 1.2 9.6
{ ) = Calculated using an estimated flow
]Het load; corrected for amount of constituent present in saltwater intake
Zﬂega‘cive Toad; i.e., less metal in final effluent than saltwater intake
3C51cu1ated using August data for Morningside Drain, Hylebos Creek, and Kaiser Ditch
4

Calculated using Maith daie fur Murninigside Drain, Hylebos Creek, and Katser Uitch



Table 3. Hylebos Waterway: Relative Metals Contributions from
Major Point Source Discharges.

Load
Metal Major Discharge (pounds/day)
Nickel Hooker process effluent 30.5%
Kaiser Ditch (3/29/82) 1.2
Pennwalt process effluent .75
Chromium Hooker process effluent 16
Pennwalt process effluent .10
Arsenic  Hylebos Creek (3/29/82) 9.5
Pennwalt process effluent 3.9
Kaiser Ditch (3/259/82) 1.3
Pennwalt west sewer 4
Pennwalt east sewer .46
Morningside drain (3/29/82) 13
Zinc Hylebos Creek (3/29/82) 7.7
Kaiser Ditch (3/29/82) .83
Morningside drain (3/29/82) .65
Pennwalt process effluent .40
Hylebos Creek (8/17/81) .34
Morningside drain (8/17/81) (.18)
Copper Pennwalt process effluent 1.5
Kaiser Ditch (3/29/82) 45
Cadmium  Pennwalt process effluent 1.1
Lead Kaiser Ditch (3/29/82) 1.1
Pennwalt process effluent A2
Mercury  Hylebos Creek (3/29/82) ’ 061
Kaiser Ditch (3/29/82) .0080
Kaiser Ditch (8/17/81) .0056
* = Based on single set of analyses by Can-Test. Possible
anomoly; should be verified by resampling.
() = Based on estimated flow.
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Table 4c. Hylebos Haterwsy: Organic Priérity Pollutant Concentrations in South Shore Discharges - U.S. Gypsum to Hooker {ug/L).

Hooker
Shore Seep
Seep .S, Drainage  Drainage near
near Gypsum Lincoln Buffelin  Seep opposite at S, End 01d
Heated Avenue Cootling snung 11th St. Eftiuent Solvent
1 Dischar Orai b r R ‘ir.Q 2 i
Date S 4 g i 9 C 28)79
Time Sau 15 1410-1630 1530 110¢ 1300-1635 1100-1160
Investiqator EPA £EPA WDCE EPA EPA WDOE WDOE
Sample fHumber 32310 38307 Jo18o 2230y 38205 J0481 --
Station Number : 19 20 21 22 24 25
Flow (MGD) .029 {.067} .040 (15) 15.50
Volatiles
chloroform -~ 8.4 <10 - - - a 17 N 9.3 950
dichlorobromomethane - - a - - - a 1.1 - - 3.6
chlorodibromomethane - - a - - - a 2.2 1 -— 7.6
broeoform - ~— a -- - - 2 1.7 9 -~ -
chlaroethane .- - a -- -— -~ a - - - 5
1,2-dichloroethane - - a - - - a - - - 35
1,2-trans-dichloroethylene - —-— a - 3.7 - a - -— 3.8 130
1,1-dichloroethylene - - a - - - a - . - 5
1,1,1-trichloroethane - - a - - -- & - - - 2
trichloroethylene - T a - 2.7 - a - - 3.4 57
tetrachloroethylene —— -— & - - -— é 3.0 4 2.8 280
1,1,2,2-tetrachloroethane - - a - - - a - - — 1400
toluene - - a - -- - 2 -~ - -- -
i.3 - a - - - 2 - - - 6.6
.64 - a - - - a - - - T
fluorene .62 - a - - - F - - P -
pyrene - — a -- 23 -- a - -- - 10
chrysene/benzo{a)anthracene -— - a - - - a - - - i
fluoranthene - - a - - - a -~ - T 7.3
hexachloroethane - - a - - — 3 - - - 3.4
hexachlorobutadiene - -— a - - - 2 -- .2 - 1.9
1,2-dichlorobenzene - -— a -- - - a - - — T
1,3-dichlorobenzene - -— a -—- - - a - -- - T
1,4-dichlorobenzene - - a - —— - a ~ - - T
1,2,4-trichiorobenzens -~ -- a - - .- a -~ -- -~ 6.9
hexechlorobenzene - - a - — - a T .3 .- T
2-chloronaphthalene - - 2 - - -- 2 -- -- - 4.5
bis{2-ethylhexyl) phthaiate a 2 - 20
di-n-butyl phthalate a a - i
Acid Extractables
phenol <10 2 1
pentachlorophenol 190 2 .
Pesticides
a-BHC .130 -— -
4,4'-D0T - - 187
4,4'-DDE ~- - 110
4,4'-D0D - -~ .086
Hiscellaneous
“Cyanide 5 8

(

} = Estimated .
- = Not detected

2 = Mot detected, but detection limit high relative to other analyses

T = Trace; value is5 greater than the limit of detection but Tess than the limit of quantification {1 ug/L in most cases)
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Table 7. iy

Staticn Code

Collector

Ao Waterway:  Sediment Sites.

Analysis By

Location Mame

*HI-1
THS-1

40

38

37

39

A-8

4

32
2-09678
2-00028
2-09078
124
1-24°

£PA/DOEY
EPAC
CFAf

orn

EFA/DOE
nne
0oz
DOE
EPA
BNW
DOE
DOE
NoAAS
NOAA
NOAA
EPA
EPA/DOE
DOE
EPA
EPA
BNM
EPA
EPA
EPA
DOE
EPA
DOE
EPA
EPA
EPA
DOE
EPA
BN
EPA
NCAA
HOAA
NOAA
LPA
EPA

L BNW

EPA/DOE
EPA/DOE
FPA
EPA/OOE
BNW
EPA
EPA/DGE
EPA/DOE
EPA

£PA/DOED
EPA-Con |
EPA-Huw®
BN

opa

EPA-Cun
EPA/DOE
EPA/DDE
EPA/DOE
EPA/DOE
EPA/Con
BHI
EPA/DOL
EPA/DOE
NOAA
HOAA
NOAA
EPA-New
EPA/DGE
EPA/DCE
EPA~-Con
EPA-Con
BRW
CPA-New
EPA-Con
EPA-Con
EPA/DOE
EPA-Con
EPA/DOF
EPA-Con
EPA-Con
EPA-Con
EPA/DOE
EPA-New
BNYW
EPA-Con
NCAA
NOAA
KOAA
EPA-tew
EPA-Con
BNW
EPA/DOE
EPA/DOE
EPA-Con
EPA/DOE
BNW
EPA-Con
EPA/DOE
EPA/DCE
EPA-Con

Hylebos Waterway at Hylebas Creok
Hylebos Waterway of f Hylebos Creek
Hylebos Haterway oer

Unoee

: terway ot Haiser Ditch
Hylebos Waterway at Kaiser Oi
Ponnwalt, cast proparty line drain

Pennwalt, west seep

Hylebos Waterway at Pennwalt south drain
Lower turning basin, north side of channel
Penawalt, east sewer

Pernwalt, west sewer

Hyiebos Haterway, lower turning basin

Hylebos Waterway, lower turning basin

Hylebos Waterway, lower turning basin

Hylebos Waterway, lower turning basin

Hylebos Haterway off Pennwalt mid-channel
Pennwalt, near main effluent

Hylebos Waterway at north end of Pennwalt
Hylebes Wd, off N. end of Pennwalt mid-channel
Central Hylebos W, S. side of channe}
Hylebus Walerwday near 1i1th Avenue

Hylebos Haterway at Lincoln Ave. NE side
Hylebos Waterway at Lincoln Avenue drain
Sound Refining, east end

Hylebos Waterway near Sound Refinery mid-channel
Sound Refining, near process effluent outfall
Hylebos Waterwsy off Sound Refinery, SW side
Hylebos Haterway off Sound Refinery, mid-channel
Hylebos MWaterway at Sound Refinery

Sound Refining, west end

Hylebos Waterway near 11th Avenue »
Hylebos Waterway, north side subtidal flat
Hylebos Wi of f PRI NW dock, wid-channel
Hylebos Waterway, east 11th St. Bridge
Hylebos -Waterway, east 11th St. Bridge
Hylebos Waterway, east 11th St. Bridge
Hylebos Waterway opposite MNavy dock

Hylebos Waterway opposite Havy dock

Lower Hylebos Waterway, south side

Hylebos Waterway at Hooker seep

Hylebos Waterway at Hooker dock Ho. 2
Hylebos UWW of f Hooker dock Mo. 2, mid-channel
Hylebos katerway opposite Hooker outfall
Lower Hylebos Waterway, S. side of channel
Hylebos WW of f Hocker dock MNo. 1, mid-channel
Hylebos Waterway of f marina, mid-channel
Entrance of Hylecbos Waterway, SW side
Entrance to Hylebos Waterway, NE shore

Latitude

g1

16"

17!

Longitude Date
122° Collected

40" 21" 33" 7/31/81
42 21 35% 8/04/81
46" 21 1
a1 .8
K 21 57
56" 22" ~
55" 22! 7/31/81
03" 22t 15" 6702781
04" 220 7t 6/02/81
05" 22t 19" 6/02/81
06" 22' 18" 8/04/81
0g" 22' 14" 1980
06" 22" 19¢ 6/02/81
o7 22t 2 6/02/81
10" 22t gt 1979
10" 22 19" 6/05/80
16" 22t 18 3/05/81
12" 22' 19" 5/12/81
e 22' 20 8/04/31
10" 22" 25" 6/02/81
12 22 26" 8/04/81
13" 22+ 25" 8/04/81
12" 220 21" 1980
bt 22" 44 5/13/83
27" 22" 46" 8/04/31
25" 22" 49" 7/31/81
31 22 59" 6/30/81
3 23" 02" 8/G4/81
33" 234 05" G/30/81%
32" 23' 08" 8/04/81
33" 23* 07" 8/04/81
34" 23t o7 8/04/81
34 23' 10" 6/30/81
36" 23+ 22" 5/13/81
aa 23 22° 1930
45" 23" 55" 8/04/31
agr 23' 49" 1979
44" 23° 49" - 6/05/80
48" 23" 49° 3/05/81
a7e 23" 49" 7/31/81
47" 23° 49" 7/31/81
43" 23' 59" 1980
43" 24' 00" 7/31/81
46" 24" 03" 8/04/81
48" 24 01" 8/04/81
53" 24" 03" 7/31/81
51 24¢ 10" 1980
55" 24 13" 8/04/81
58 24° 18" 8/03/81
Q3" 24 25t 8/03/81
13" 24t 36" 7/31/81

SEPA - contrac

CUSEPA {Schwartz)
dUSEPA contract iaboratory

USEPA (Schwartz), WDOE (Johnson)
3% £

[2 c izborazory (organics),
H00E - Tumwater laboratory (metais)

€yserA - Newport laboratory
fRattelle 1 (Riley, et al.) for NORA, OMPA-12

9HOMA (Malins, ot al.) OHPA-2, etc.
*HS = Hylebos, Subtidal
+HI = Hylebos, Intertidal
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Table 8. Hylebos Vaterway: Intertidal {and source-related) Surfocs’ Sediment Priority Tollutent Concentrations (my/Kg dry weight).
Station Code HI-T7THTD HI-3 e Hi-5TRIS6 T THTT HI-8 =90 T TTHEE HI-T2 7 THI-TS
A?g:‘;'PS‘f;g?gs“"e EPA/DOE  EPA/LOE EPA/DOE [PA/DOE EPA/DOE EPA/DOE EMA/DOE EPA/DOF [PA-Con LPA/GOE EPA-Con EPA/DOE [PA/DOE  EPA-Con
Original Agency Code 1-2 1-18 1-22 1-24 I-17 1-16 1-25
Miles trom Head of Wi 00 .49 TN 74 77 .79 .82 .91 1.32 2.23 7.3% 2.47 3.24
Year Cellecter 1931 1981 1981 1981 1951 1981 1981 19y 1981 1981 %81 198y
37 53 77 ] 47 72 64 53 65 8.3 .73 71 75
tetals
TR 150 A &5 a7 560 690 270 240 [73] 31 14.2] <1 20 [3.51
Cd 0.70 0.4€ 0.20 0.40 2.3 3.7 0.57 1.5 [<0.2] 0.24 [<:13] 1.2 0.25 [<.13]
Cr 26 16 9 40 28 13 23 37 [<2] 9.0 [<1.3] 2.9 8.0 [<1.2]
Cu &1 a7 23 28 1400 1000 72 1400 [20] 37 [<6.2] 4.2 21 [<6.3]
Hg 0.18 <0.1 0.20 0,31 0.97 15 0.1 0.49 [<.04] <0.1 [<.02]  <0.1 <0.7 {<.02]
Ni 21 19 8.7 1 28 8% 27 25 [13] 8.3 [<5] n 9.3 [<5]
Pb 66 20 21 22 300 310 84 610 [87] 17 [29] 6100 20 [15]
In 160 54 74 60 620 240 250 400 [120] 37 [19] 30 35 18]
Volatiles
““chioroform - - - 2.17 1.52 T - T - - - - - --
dichlorobrononethane - -- -— .18 7.6 - - - - -- - - - .-
chlorodibromomethane - -- -- T - - - - — - -— o .02 -
bromoform - - - T ~— - -- - - - —-— - e e
1,1, -trichloroethane -~ -- - T - -- .- - - e -~ - - -
trizhloroethylene -- - - T - - - - - - - -- -- -
tetrachlorosthylene - - - .74 .Y 1 - - - - - 27 e -
toluene - - - -~ - - - T -~ - - -~ - -
Base/Neutrals
hexachloroethane .- - - - - -- - - a -- - 2.6 - a
1.2.4-trichlornhanzene .o - - - - - - - a - - .38 - a
hexachlorobenzene - -~ ~— - - e - - a .- P 47 -- a
hexachlorobutadiene - - - T - - - - a - .- A - a
naphthalene -- T - - ~- ~— - .34 a -~ -- .33 - a
acenaphithene -- .97 ~= - -- .32 - -- a -- - -- - a
acenaphthalere -- - - - - ~- ~- o ars - .~ .- - &
anthracene/phenanthrene -- 49 .3 .18 .86 3.6 .20 ¥.37 & - ~= T - &
fluorene - i.6 - ~— - - - - a - - - - a
pyrene T 95 .29 T 1.14 2.6 .24 1.52 a - -~ T - a
chrysene/
benzo{a)anthracene - 95 .47 T 2.1 3.5 .31 2.25 a - e - a
flusrenthene T 11u u.4 .18 1.05 1.8 .25 1.76 a e - ¥ - &
dibenzo(a,h)anthracene  -- 2.1 - - - - - - 3 - . o — H
benzogagpyrene T 24 - - 1.4 2.8 - 1.13 a - — - “- a
benzo{k)fluoranthene/ ' . g
3,4-benzofluoranthene 7~ 32 o - 1.8 2.4 .15 .28 a - o 1 o a
banzo{o,h,i)perylena 4.6 - -— .40 - - - a - - .- - 3
ideno(1,2,3-cd)pyrene - 4.8 - . .38 —— —— _— a - - - -~ a
diethyl phthalate - - - - T s —— — a . -~ . . a
bis(z-ethylhexyl) )
phthalate o o o o o o o o 2 o o - o @
butylbenzyl phthalate -- - - - -- - o= == e b -- - -
Acid Extractables
pheno - - - - - - e - a T - - - Ed
pentachloraphenol - - - - - - - - a -— - - 3
Pesticides and PCBs
aldrin - - - - - - ~ T - - - .95 062 -
a-BHC - - - T - - - - - - - - - .
g-BHC - - - - T - - T - - — - - -
y-BrC {Lindane) - - - - - — e - - - - T -~ -
4.,4'-DDD -- - -- - .57 RE e - - - - “- . -
4,400 - - - - T .67 - T - .- .- - - -
4,4'-007 - - -- - 3.0 .36 - -~ -- - - - - -
total D07 forms - -~ - - 3.6 1.18 -- T - -- - — - -
PCR-1238 - .98 - - -~ - . .- -- - -- - - -
PCR-1254 - - . - - - - T - - .- - - -
PCB-1269 - - - - . - .42 - 17 -- -- - - -
totel PCs - .98 -- -- - - 42 T 7 - - - - o

Not detected

ot detected, but detection levels too high to be usefyl

Trace amounts

Weak acid digestion (0.1 N nitric acid w/5 q. wet sediment)

A1l data represant samples ohtained from the top 2-5 cm. of sediment

uou

o

it
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Yable 9a. Hylebos Materway: Subtidal Surface’ Sediment Priority Pollutant Concentrations (i

Kg dry weight).

Station Code HS-T HS-? HS-3 I S S S TN N [ HS-10 TR
?g:{”%ﬁjz‘;‘;"“me EPA-Con EPA-Hew BNW  EPA-Con EPA-Con EPA-Con B4 NOMA  [PA-New EPA/DOE EPA-Con
Original Agency Code 58 A-10 1 53 54 52 2 1-09027 H-1 48 46
Miles from Head of Waterway .05 10 .26 47 .49 .78 .78 .84 .86 .87 .94
[ tysy 1981 EE N EE S =1 O L L & -1 1979 1usy 1981 1981 1981 1981
56.5 37 43,0 35.1 4.4 277 36 38 42,5
Hetais
TTASTT [20] 1ge [a2] [6.1] [56] 12 170 203 . 110 [31)
cd [0.42] 2.7 [<0.23] [<0.287 [<1.1] (9.61) 3.0 1.2 3.2 1.6 [«.24]
Cr {5.8] 0.¢ [6.3] (5.0} [<11] 47.6 52 59 401 32 [5.9]
Cu {19] 173 [<11] [<14] [<56] 259 227 200 211 190 [18.1]
Hg [<.00] [<.05] [<.06] [<0.22] 0.79 1.2 0.22 .47 [<.05]
Ni {13} N3] 18] {<45) (64.4) 35 [9.4]
Pb {37} 123 [79] [64] [<45] 154 164 170 197 160 [164]
In {73] 259 [3500] [116] [84] 324 404 320 334 270 [134]
Voiatiles
chioroform - — — - . .
dichlorobromomethane -- -- - — - --
chlorodibromomethane -- - - - - -
Lrowoforn - - - - - -
1,i,1-trichicroethane - - - — — .
trichloroethylene - - - - -- -
tetracntoroathylene - - — — _— _—
toluene -- -- - -- — -
Base/ieutrals
hexachloroethane a a a 2 - a
1.2,4-trichiorobenzenc a a a a - a
hexachlorobenzene a T 2 a 3. .02 .05 03 - - a
hexacnlorobutadiene a -- -~ 2 a a .022 .09 085 .095 -- -- a
aaphthalene 2 .093 .035 a 3 a .200 0 .085 .12 .044 - a
acenaphthene a a a a .04 .02 .033 -~ a
acenaphthalene a a a a - 013 .- a
anthracene/phenanthrene a .48¢ .989 a 2 a 1.406 .60 .21 1.44 .343 T a
fluorens a .045 .072 2 a 2 .218 .04 .035 .95 .033 -~ a
pyrane a 3.55% 6.102 D b a 2772 1.6 1.1 3.8  4.05* T a
chrysene/ .«
benzo(a)antiracene b 1.32 5.972 D 0 D 5.587 4.0 3.1 4.9 2.07 79 ]
fluoranthene a 1640 O 0 & I.409 [ W 2.8 i &
dibenzs(a,h)anthracene D a a a - a
benzogagpyrrme a 5.467 D D a 1.149 .50 52 .87 .68 a
benzo{k)fluoranthens/ - .
3,4-benzofluoranthene a D 0 a 2.9 2.0 3.9 1 a
beunzo{g,h,i)perylene a a & 2 -- 3
ideno{1,2,3-cd)pyrene a a a a .43 .26 33 - a
diethyl phthalate a .092 a a a -~ a
bis{2-ethylhexyl) phthalate a 1.72 2 a a 1.76 - a
butylbenzyl phthalate a -- a a a .36 Coee a
Acid Extractables
phenoi 2 a a a e a
pentachioronhenol a a a a - a
Pesticides and PCBs
TelerinT - - - - - 1 1 - -
@-BHC - - - - - --
A-PHC - - - - - -—
v-8HC (Lindane) - -- - - - -- 1 . -
4,4'-000 - — -- — - .05 031 I - - -
4,4 -DRE - .224 - - .- .0 L0301 e - .
4,4°-00T -- 645 - - - .07 .08 1 - - -
total DDT forms -— .869 : - - - .16 085 1 - - -
PCR-1243 - - - - - - - .
PLB-1254 —- T - -- . .39 - -
Pra-1260 — - - . —— - . .
total PCBs ~ ¥ .018 - - -— .203 115 .98 1 .38 .53 -

"

Hot detected

1
i

a = Not detected, but detection Jevels toc high to be useful
D = Detected despite poor detection limits; not quantified .
I = hot determined due to interference
{ ) = tecause it appears that these data may be anomolous, they were not used for qraphical or statistical interpretation
* = Pyrene + fluoranthene
T = Trace arGunt
U] = veak acia digestion (001 N onitric ocid w/b wet graes of sediwent)

soe ALY data represent sauples obteined from the top 2-5 ca. of sediment

€0
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Teble h.

Hylebos Haterway:

Subtidal Surface’ Sediment P

vity Pollutant Concentrations

(9/8g dey weight) - continued,

Station Code ] HS-12 7 HSSYS Hs-4 HS-16 TTHESTE T HSSYTT T THSSTE T HS TG TS 20 T RS2 HS-22 HS-237 HS-24HS-2%
‘f‘gi”ﬂﬁigz“"me EPA-Con BNW  EPA-New EPA-Con EPA/DOE EPA-Con EPA/DOE EPA-Con EPA-Con EPA-Con EPA/DOE EPA-New BN  EPA-Con
Original Agency Code 47 3 A-9 45 40 33 37 39 A-8 4 32
Miles from Head of Waterway .94 .98 1.28 1.32 1.51 1.54 1.60 1.61 1.62 1.63 1.68 1.82 1.90  2.17
Yoar Collected 1981 1929 1931 1981 193] 1981 1981 1981 1921 1081 1081 1081 1980 1981
Percant S5uiids 49.3 58 43 41 47.3 53 45,5 56.8 5% 39 50
Metals )
AT [39] 120 [13] 57 07} 40 [8.5] Ps] [31] 48 37 7
Cd [<.24] 1.1 [.27] 0.99 [<.21}  0.73 [<.18] <, 20} [.37] 0:77 0.38 [<.16]
Cr {12} 29.0 [4.4] 24 [4.2] 19 [3.0] [5.3] [6.3] 23 20.0 {<1.6]
Cu {83] 179 [<10] 210 [5.3] 130 [<9] [17] [49] 130 53 [17}
Hg f<.05] [<.04] 0.38 [<.04] 0.33 [<.04] [<.04] 0.26 [<.03]
Hi [20] {<8] 20 [<8.5] 18 [<7] [15] [<8] 17 [<7]
Pb [1523 147 [48] 23 [93] 11 {21} [120] [59] 22 41 [43]
In f220] 202 [77] 170 [es] 220 [71] {903 [89] 140 150 {98]
Yolatiles
chioroform - - .- - - - - — T -
dichlorobrogomethane - - - - - - - - - -
chlorodibromomethane - - ~ - -— - - -— - -
bromoforn - - - - - - o - - -—
1,1, -trichloroethane - .- ~om ~— - - e - - -
trichloroethylene -- - e - - - - -~ T e
tetrachloroethylene -- ~- -- - -- - - - ~- --
toluene -- - T .- T - .- - T -
trals
loroethane a a - a - a 3 a - a
1,2,4-trichlorobenzene a a - a -~ a E a -- a
hexechiorobenzene a 105 a b a - a & a T 052 &
hexachlorobutadiene 2 <. 001 -- a T a ~— a 3 a T <001 &
naphthalene a .284 096 a T 2 - E] a a .23 .084 A6 @
acenaphthene a 2 ~— a - -3 a a T &
acenaphthalene a a — a - a a a -— 3
anthracene/phenanthrene a 2.658 .285 a 1.2 a 68 a a a 76 .188 .388  a
fluorene 3 .39 .07 a - a -~ a a a - .027 .087 a
pyrene a 3.578 2.28* a 1.4 a 1.1 D a a 1.4 .84~ 451 a
ngﬁsmanthracene a 5.794 1.57 a 2.2 a 2.3 o a @ 1.5 .51 739 2
fluoranthene a 4.724 a 1.6 a 1.8 n a 2 1.7 775 a
dibenzo(a,h)anthracene a a - a - & a a - &
benzogagpyrane a 1.454 a 1.3 a .99 a a a .68 47 a
benzo(k)fluoranthensa/ : ~ .
3,4-benzofluoranthene a -8 1.4 2 1.4 8 @ @ -9 a
benzo{q,h,i)peryliene a a .34 a .32 a a a .24 a
ideno(1,2,3-cd)pyrena a 2 T a .24 a a a F)
diethyl phthalate a .094 a T 2 - a a a - -~ a
bis{2-ethylhexyl) phthalate a 1.44 ] - a - a a a .62 .30 &
butyibenzyl phthalate a - a T a -- a a a .23 &
Acig Extractables
pheno a a T a T a 2 a a
pentachlorophenol a a - a e & & a -e &
Pesticides and PCBs
aldrin .02 .052 ~— ~= - .034 -~ 057 - 03
a-BHC -- 025 - - -- .034 - .063 - -
8-BHC -~ - - - - - -- - -— e
v~BHC {Lindane) - - - - - - -- .04 - -
4,4'-00D -- - -- -- - - - -- - - - -
4,4 -DDE - - - . - -- - - . - - -
4,4'-DOT — 382, - . - -- . -- - - . -
total COT forms - .382 - - - - - - - - - -
PCB-1248 - - - - - - -- - - - - -
pCe-1254 - 1,228 - - - - - - - - - -
PLE-1260 0.64 - .40 .27 - .34 1.7 - - .34 - 107
total PCEs 0.64 L1960 1,224 .40 .27 -~ .34 1.7 -- -- .34 - 154 107

Hot detected

'

a =
D =

( X) = lot determined due to interference
* = Pyrene + fluoranthenpe

_ T = Trace amount

{1-

Net detected, but detection Jevels too high to be useful
Getected despite poor detection limits; not quantified

s eak anid digestion (0.1 N nitric acid w/S wet arams of sedinent)
= ALY data represent samples obtained from the top 2-5 cm. of sedivent

Because it appears that these data may be anocmolous, they were not used for graphical

or statistical interpretation



Table Gc.  lyiebos Waterway: Subtidal

Station Codn

Kg dry weignt) - conti

Agency Responsible

for Analysis

Original Agercy Code
Miles from tiead of Waterway
Year Collected 1979

Surface

wd.

2-08028

.22
1980

Sediment Priority Pollutant Concentrations

RS27 THSZ28T T HST29 T TUHSTI0 T HSeaTT UHS-32T T
EPA/DOE  EPA-Con BN

BRY

5

2.32
1950

3

2.4

=

30 6 28

2 2.43 2.53 2.59

31

tPA-Con  EPA/DOE

27
2,68
1981

THSS33 T

EPA/DOE

24
2.88
1981

Percent Solids

Fetals

As
Cd
Cr
Cu
Hg
Wi
Pb
In

(6.8)
33.5
84.8
.428
(41.9)

1
134

Yolatiles
chioroform
dichlorobromnomethane
chlarodibromomethana
bromoform
1,1, -trichloroethane
trichloraethylene
tetrachloroethylene
toluene

Base/Neutrals

“hexachloroethane
1,2,4-trichlorobenzene

hexachlorobenzene 5
hexachlorcbutadiene {
naphthalene (2.6
acenaphthene {.31
acenaphthalene (
anthracene/phenanthrece {

fluorene (.82}
pyrene (6.7}

chrysens/
benzo(a)anthracene

fluoranthene (6.4)
dibenzo{a,h}anthracane

benzo(a)pyrene (1.7}

benzo{k)fluoranthens/ a1.0)
3,4-benzofluoranthene

benzo(g,h,i}perylene
idenol1.2.3-cd pyrene (a.m
diethyl phthalate
bis(2-ethylhexyl) phthalate
butyibenzy! phthalate

Acid Extractables
phenoT ’
pentachlorophenol

Pesticides and PCBs
aldrin -
a~BHC
g-BHC
y-BHC (Lindare) -
4,4'-DDD 010
4,4'-DDE , .0002
4.8'.0NT nn3
total DDT forms .015
PCB-1248
PCB-1254
PCB-1260
total PCBs 1.15

1.9
1.0
.26
.64

USRI

.15
.56
.23
.052

.64
.084
.87

.85
.75
.19
i

.076

bt ot et B

.607
.48

1.482
172
3.412

1.506
1.490

1.683

1.683

1951 1981 1980 16t

.GS
547

2.686
.482
074

1.269
.060

251

[ VRS- U VR "I R - - - VRIS - TR Y R R -Y)
T - - - - T - - T T

o
»

- 1.057 --

60

56

wonowouoa

0

wonon

Not detected

Not detected, but detection levels too high to be useful

Detected despite poor detection limits; not quantified
Not determined due to interference

Because it appears that these data may be anomolous, they

fnterpretation
Pyrene + fluoranthene
Trace amount

were not used for graphical

Witk acid digestion (0.1 N onitric acid w/5 wet qrams of sediment)
AYL date represent seaples obteined from the top 2-5 cm. of seaiment

99

or

statistical



Table 10. Summary of Hylebos Sediment Priority Pollutants Data (mg/Kq dry weight).
¥

intertidal E R T S P B
{including source~ Load to
related) Sedi ;. . Subtidal Sediments Sedipents
Constituent Hini Hax Tinuin Minimun  Haxine Median (Obs/day)
<] 530 27 203 48 0,61
0.2 3.7 0.33 3.2 0.9% 0.01
r 9 40 n 59 24 0.30
Cu . 4.2 1400 53 259 130 1.6
Hg <0.1 15 0.19 1.2 0.22 004
Ni 9.3 86 15 35 18 23
Pb 20 6100 11 197 m 1.4
In 35 620 58 404 150 1.9
- 2.17 - T - --
dichlorobromomethane - 7.6 - —-— -- .-
chlorodibromomethane - 0.2 - - o -
bromzoform - T - - - -
1,1,1-trichloroethane - T - - - -
trichloroethylene - T - T - -
tetrachloroethylene ~—= 74 - - - -
toluzne - T - T e -
Base/Nautrals .
hexachloroethane - 2.6 - -~ - - -
1,2,4-trichiorobenzene - 0.38 ~— - - -
hexachlorobenzene - 0.47 - 1.3 {.06) (.0008)
hexachlnrobutadiene - 0.71 - 3.3 (.05} (.0006)
naphthalene -- 0.34 -— .55 .10 .0013
acenaphthene N - 0.97 -- 069 {.05} {.0006)
acenaphthalene - - - 090 {.05) (.0006)
anthracene/phenanthrene -- 49 T 2.69 62 L0078
fluorene - 1.6 — .48 (.08} {.co1)
pyrene -— 95 T 6.1 1.3 017
chrysene/
benzo(a)anthracene o 95 ¥ 6.0 2.0 025
fluocanthene - 110 - 4.7 1.0 013
dibenzo(a,h)anthracene - 2.1 - T - e
benzosa)pyrene - 24 .- 5.5 .68 0086
benzo{k)flunranthena/ . P
3,4-benzofluoranthene o 3 T 2.9 1.3 -016
benzo(g,h,i)peryiene - 4.6 - .34 (.1) (.001)
idenc(1,2,3~cd)pyrene - 4.8 ~— 43 .24 .0030
diethyl phthalate -~ T ~ .094 .05 0006
bis(2-ethylhexyl) phthalate -- - — 1.76 .30 .0038
butylbenzyl phthalate - - — .36 (.1) (.c01)
Acid Extractables
phenol - T - T —— -
pentachlorophenol -~ T —- - -- -
Pesticides and PCBs
TTaldrin T - .95 - .82 (.02) (.0003}
a-BHC - T - .063 (.01) (.0001)
g-BHC - T - - - -
v-BHC (Lindane) - -~ - .04 - ——
4,4'-00D - .57 - .05 (.005) {.0C0006)
4,4 -DBE -- .67 - .22 (.005) (.00006)
4,4'-D07 .- 3.0 - .65 (.01) {(.0001)
total DCT forms -- 3.6, - .87 (.015) (.0002)
PCB-1248 - .98 - - - -
PCB-1254 - T - 1.2 (.05) (.0006)
PCB-1260 . - A2 - 1.7 (1) (.001)
total PCBs - .98 - 1.7 .2 0925

= None detected

Ty arount

ctinated wedian

strong acid digestion data only

= Sediment lowding estimates based on following assuymptions: median values equal wmean vatues,
sed ifgtagion rate of .35 gr of dry solids per cwé per year, area of Hylebos Waterway equals

6 x 12 m
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Table 17.

dry weight).

Summary of City Waterway Sediment Priority Pollutant Data (ma/Kg,

Intertidal Sediments

Subtidal Sediments

Constituent Minimum Maximum Minimum Ma x1mum Median
Metals*
As 36 46 18 63 37
Cd 2.0 3.8 .28 10.7 4.4
Cr 33 34 13.2 59 35
Cu 220 320 33 280 190
Hg .21 .35 .34 1.03 .80
Ni 36 36 32 33.3 33
Pb 290 600 25 820 225
n 270 620 60 742 267
Base/Neutrals
hexachlorobenzene - -- - .057 (.003)
hexachlorobutadiene - - - .236 (.0045)
naphthalene -— T - 4.0 .58
acenaphthene -— T 1 .71 17
acenaphthalene - T - .31 (.2)
anthracene/phenanthrene 26 1.5 L1982 7.0 1.7
fluorene - T T .81 .24
pyrene T 2.1 <.57 10 (2.8)
chrysene/benzo(a)anthracene  ~- 1.3 .347 8.5 2.3
fluoranthene 25 2.2 1.2 6.1 1.8
benzo(a)pyrene - 1.3 .65 2.6 1.0
benzo(k)fluoranthene/ _ 11 1] 6.6 1.3
3,4-benzofluoranthene L ) ) :
benzo(g,h,i)perylene - T - - I
ideno(1,2,3-cd)pyrene -— T e 1.3 (.35)
dimethyl phthalate - -- e .063 --
diethyl phthalate - - - .085 --
di-n-butyl phthalate -— - - T .357 15
di-n-uclyl phthalate -— - . 357 1.7 .8
bis(2-ethylhexyl) phthalate 1.4 2.6 .372 9.6 7
butylbenzl phthalate -- - 155 .86 7
Acid Extractables
phenol - T - - 1
Pesticides and PCBs
T 4,47-DDD - -- - .030 (.025)
4,4'-DDE - - -- .0077 (.005)
4,4'-DDT -- -- - .020 (.01)
total DDT forms - -- -- .077 (.046)
PCB-1254 -- -- -— T -—
PCB-1260 - .06 - - -
total PCBs -~ .06 T .647 (.3)
T = Trace amount

o~

Insufficient data
- = None detected
Estimated median

-
FoHon

o
{

H

Strong acid digestion data only
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Table 19.

Blair Waterway:

Metals Loads Based on WDOE Data Collected
April 1981 - March 1982 (pounds/day).

Date
Discharge Sampled As (Cd Cr Cu Hg Ni Pb  7Zn
Lincoln Avenue Drain, 4721781 2.1 0.10 0.74 0.27 0.0021 1.0 1.0 1.7
Nerth Shore
Wapato Creek 3/29/82 1.1 -- - .51 .0078 .51 -- .73
Drain at West Corner 8/17/81 .43 ~-- - 043 .0014 -~ -- 064
of Turning Basin
" 3/29/82 .31 -~ - 26 - — = 2.1
Lincoin Avenue Drain, 5/5/81 .35 ~- - L0563 -~ -~ -- .38
South Shore
" 3/29/82 19  -- - | I -~ 2.2 3.8
Sum of loads Lo
Blair Waterway 4.0 0.1 0.74 0.88 .011 1.5 1.0 2.9
Sum of Toads to
Blair Waterway 23 .10 .74 2.1 .0093 1.5 3.2 8.3

]Ca1cu1ated using August Turning Basin Drain data and May south Lincoln Drain

data (dry weather).
2

weather),

“Calculated using March data for Turning Basin and south Lincoln drain (wet
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Table 21. Blair Waterway: Priority Pollutants in Discharges to the Lincoln Avenue
Drainages (ug/L}.
North Lincoln Drain
to Blair South Lincoln Drain to Blair
Sewer Discharge
to Lincoln Drain
Reichhold Storm Drain U.s. 0il Downstream of
Discharge . Effluent B Effiuent U.S. 0i1 Qutfall
Date Sampled 4721-22/81 3/29/82 5/5/81 5/5/81
Time Sampled 1415-1415 1230-1600 1020-1600 1215-1545
Flow (MGD) ne discharge 0.045 .238 577
Hetals
As <5 7 <16 <16
Cd 12 <5 <2 <7
Cr 130 <10 45 10
Cu 36 10 10 5
Hg R 0.76 43 <. 2
Ni 86 80 <10 <10
Pb 150 15 <14
n 85 200 125 70
*Mo 1,800
Volatiles
chioroform ya e - 3.9
chloroethylene 161 —— - -
1,1-dichloroethane - -- - 2.0
{,2-trans-dichioroethylene - T - 1.1
1,1,1-trichloroethane 8 T -— 6.0
trichloroethylene 232 66 - -
tetrachloroethylene 422 ~ - 2.2
toluene 3 - —— .1
dichlorofluoromethane T - - -
trichlorofluoromethane 320 10 - o
Base/Meutrals
,4-dichlorobenzene - - 0.9
naphthalene - - 9.7
Acid Extractables
phenol 28 220 - -=
2-chlorophenol 68 30 - -
2,4-dichlorophenol 25 T -— -—
Z,4,6-trichlorophenocl 15 T - -
pentachlorophenol 182 26 ~— 3.0
*4-chlorophenol T -
*2,3,4,6-tetrachlorophenal T ~—
*2 4-bis{1,1-dimethyl ethyl} ~ _
phenol
*3-(1,1-dimethyl ethyl) T N
phenol
Pesticides
aldrin - - N
a-BHC - -- JpEE
Hiscellaneous
cyanide <5 -- -
*formaldehyde .65 19.7 38 mg/L

-- = not detected

—f
i

of quantification

%
X
o

not a priority pollutant
value not confirmed by mass spectrophotometer

111

= Trace; value is greater than the 1imit of detection but

Tess than the limit
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Table 26.  Summary of Blair Waterway Sediment Priority Pollutant Data (mg/Kg dry weight).

Intertidal
(including source-
related) Sediments Subtidal Sediments
Constituent Minimum Max imum Minimum Maximum Median
Metals*
As <5 890 1 77 53
Cd .3 6.3 <.10 .66 .34
Cr 12 150 8.8 29.5 18
Cu 22 850 13 106 70
Hg <. 1 .43 <, 077 .26 )
Ni 11 89 11 22.4 15
Pb 21 340 6 74 49
In 68 740 28 132 87
Volatiles
toluene -— .006 - - -
1,1-dichloroethane - .003 -— - -
Base/Neutrals
1,2-dichlaorobenzene - 12 - - -
1,4-dichl..robenzene - .04 - - --
hexachlorcbenzene - - —_— .003 {.0025)
hexachlorobutadiene - - - .228 (.003)
naphthalene - . 049 -- 2.434 .055
acenaphthene - - - .090 (.02)
acenaphthalene - - - .030 (.004}
anthracene/phenanthrene - .39 - .874 .2
fluorene - - - 11 .05
pyrene - .49 - .870 .23
chrysene/benzo(a)anthracene -- .73 -- 1.6 A7
fluoranthene -— .65 - 1.15 .24
benzoga;pyrene - .098 -— 525 .13
benzo(k)fluoranthene/
3,4-benzo fluoranthene o 65 o 72 45
perylene - - - .30 .15
ideno(1,2,3-cd)pyrene - . 049 - .18 .07
diethyl phthalate - 1.9 -— 092 -
bis(2-ethylhexyl) phthalate -- 22 T 1.725 .48
butylbenzyl phthalate - 2.5 - .18 --
di-n-butyl phthalate - - -- 1 -—
dimethyl phthalate - - - .009 --
di-n-octyl phthalate - 1.6 - .246 -
Pesticides and PCBs
a~-chlordane , -- - - .003 .00017
a-BHC - T . -—— _——
vy-BHC (Lindane) -- .0066 - - -
4,4'-DDD -- -- -- .006 L0017
4,4'-DDC - - - U029 .0007
4,4'-DDT - -— -- .003 .0025
total DDT forms - - - .0134 .0075
PCB-1242 -- -- -- T --
PCB-1248 - .74 - T -
total PCBs - .74 - .128 (.02)
* = Strong acid digestion data only T = Trace amount

ton

—
—
o

None detected Estimated median
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fable 27. Sitcum Waierway:

Discharges {(ug/L).

Metal and Organic Priority Pollutants in Point Source

Discharge North Corn=r Drain South Corner Drain
Date Sampled 7/28/81 3/29/82 7/28/81 3/29/82
Time Sampled 0850-1040 1230-1600 0910-1100 1240-1600
Irvestigator WDOE WDOE WDOE WDOE
Sampie Number 30108 J1344 30109 J1345
1.D. Number 37 38
Flow (MGD) (.15) .72 (.020) .086
L:,}i;s:__ . : 00 10
Cd <2 <2
Cr <10 <10
Cu 30 <10
Hg <,20 <. 20
Ni <20 <20
Pb 70 20
Zn 180 39
Volatiles
chloroform 3.8 <10 —_— —
dichlorobromomethane -~ d — —
chlorodibromomethane - a _— —
trichlorofluoromethane -— a — —_—
1,1,1-trichloroethane 34 42 - i
trichloroethylene 11 a - -
tetrachloroethylene 8.4 <10 - -
1,1,2,2-tetrachloroethane 2.2 a - -
toluene - a — —
Base/Neutrals - - —_— —
Acid Extractables
phenol - <10 - —
pentachicruosheno] - <10 —_— —
Pesticides and PCBs - - - _—
Misceilaneous
cyanide 5 5
{ Estimated

Not detected

0on i

Not detected, but detection limit high relative

117
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Table 28. Sitcum Waterway: Metal and Organic Priority Pollutant Loads Based
on WDOE Data Collected July 1981 and March 14982 (pounds/day).

Discharge Hortn Corner Drain South Corner Drain

Date Sampled 7/28/61 _ 3/29/82 7/28/81 " 3]29/82

Volatiles
chloroform (.0048) .030 - -
dichlorobromomethane —— - - -
chlorodibromomethane - - - -
trichlorofluoromethane - - - -
1,1,1-trichloroethane (.04
trichloroethylene (.01
tetrachloroethylene (.01
1,1,2,2-tetrachloroethane (.00
toluene - - - -

Base/Neutrals - — - -

Miscellaneous
cyanide .030 .0036

()

Calculated using an estimated flow
Not detected
Calculated using 1/2 quantification limit

o

*
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Table 31. Summary of Sitcum Waterway Data (mg/Kg dry weight).

Intertidal
(including source-
related) Sediments Subtidal Sediments
Constituent < Minimum Maximum Minimum Maximum Median
Metals*
As . 40 140 23 472 170
Cd .37 6.8 1.0 7.0 3.8
cr 13 41 8.8 58.7 27.4
Cu 110 7,000 139 2,100 581
Hg <0.1 17 10 .79 .34
Ni 1 51 9.8 35.1 16
Po 68 1,38G0 219 753 450 -
Sb 3.8 5.6 4.5 7.2 5.8
n 130 3,200 295 1,720 700
Base/Neutrals
“hexachlorobenzene - - - .0083 (.003)
hexachlorobutadiene - R - .004 (.002)
naphthalene - - - .48 (.2)
acenaphthene - - - 3.0 (.1)
acenaphthalene - - - .074 (.02)
anthracenea/phenanthrene - T T 19 .49
fluorene e - - 6 L071
pyrefne T 1.1 T 38 1.0
chrysene/benzo(alanthracene -~ 99 - 77 0.39
fluoranthene T 1.1 .24 27 0.56
benzo%agpyrene T 1.1 -— 230 0.30
_benzo(k)fluoranthene/
3,4-benzofluoranthene T 1.2 T 9 0.85
benzo(g,h,i)perylene —— - - 15 -

- jdeno(1,2,3-cd)pyrene — T - 11 (.08)
dimethyl phthalate - - - .009 -
diethyl phthalate - w-— -~ .093 -
di-n-octyl phthalate - o - A1 -
di-n-butyl phthalate - - - .164 --
butylbenzyl phthalate - - -- .080 --
bis(2-ethylhexyl) phthalate -- .62 - 1.07 .27

“"Acid Extractables
phenol - - .27 - .38 -
2-chlorophenol - - -~ .33 --
pentachlorophenol - T - T -
p-chloro-m-cresol - - - 0.4 --
4-nitrophenol - - . - 2.3 --

" Pesticides and PCBs
aldrin -- - - 002 -
v-BHC (Lindane) - - - .00038 --
4,4'-DDD - - - .0073 (.003)
4.4'-DOE ~ - -~ .0038 (.001)
4,4'-D0T - -- -~ .0066 (.002)

total DDT forms - - - .023 (.o1)

PCB-1260 - .04 -- - -

- fotal PCBs - .09 - .21 .06
T = Trace amount

-- = None detected

() = Estimated median
® =

= Strong acid digestion data only



TabTe 32. Metals Concentrations in Discharges to the Puyallup River, St. Paul and Middle
Waterways and S.W. Commencement Bay (ug/L, total metal).

T T Dete 7T frvesti= Stution o

Discharee . Samplted Lgator Moo {MaD)  As GG Cu Hy Wi Pb 7

PuvaTluy River \

TPuyallyy River at Puyaliup dan-May, 1973-14:2 usGs 2,264 2 .8 7 9 A 5 8 19
" " o July-tov, 1978-1 UsGs 1,374 2 .5 8 15 .07 17 25
River hove Pumgy Station 2/16182 130021715 WoOE 44 12,240 2 -5 <20 20 <, 20 5 4 iz
Clevelind Street Pump Station 2/16/82 1300-1600 WDOE 43 51 32 <5 <20 220 .20 9 200 250
Riwver sbove STP 7/28/81 092 1.0 HOOE 42 1,650 18 10 .2 10 .24 <l 100 n
° ! N 8/25/31 0740-1040 WOOE 42 1,160 4 <5 <10 <10 <10 <20 23
Central STP Eff Yuent RIXETEY 0900-140 WOOE 41 (17) ) 10 57 50 <. 20 39 ~100 1E
" oo 8/25-26/81 0940-0940 WOO0E 41 16.5 12 2.0 76 53 .63 59 39 350
" oo 2/16-17/82 1230-1230  WDOE 4] .7 23 1 <10 50 <, 20 170 80 137
River fouth 7/28/8} 0300-1200 WDOE 40 1670 28 10 <2 9 <20 < <100 15
" " R/25/31 WO0E 39 1,170 11 <5 <19 20 .20 10 20 13
. " . PYREYEY it WhOE 41 123305 <5 <20 20 <20 8 4 50

St. Paul Materway

TSt. Regis Paper Co. Final Eff. 8/11-12/81 0930-0930 . WDOE 45 32.2 16 <10 20 100 <2 <50 <100 %3
St. Regis Log Sort Yard Effluent  9/14/81 0930-1330 WOOE 46 .232 2 <1 <3 10 .21 11 6 65
St. Regis Sawmill Ifffuent 9/14/81 0930-1330 WDOE 47 116 10 2 <3 10 1.2 <3 2 25

. Middle Witerway o
Drain at Head of Waterway 4/28/82 i230-1500 WOOE 48 010 25 4 <10 30 <.2 <20 <20 890

Southwest Shore Corrmencement Bay
Cld Tacoma Storm Crain 9/14/81 1030-1355 WDOE 53 .64 4 <1 5 <10 43 <3 <2 20
w " " " &/28/R2 T415-1630 VIDOE S3 1.18 ] z <ic 10 .26 <20 <Z0 62
Ruston ST? Effluent 9/14/81 0955-1330 WDOE 54 4.8 k4 <1 10 65 .36 <3 6 330
" L 4/28/82 1545 WOOE 54 5.8*% 21 5 <10 50 .39 <20 <20 25C

ASARCO

T%outh Qutfall (into disp. pond) 2/24 25/33 24 hv. comp WOGE 55 4,32 BYU0 250 <20 6606 170 140 35C2
Dispersion Pond Seepage . 2/24/81 1115 WDOE 56 6100 150 ~20 4500 190 70 2003
Middle futfall 2/24-25/81 24 hr, comp WDOE 57 1.02 5500 70 <10 3600 <G 270 2067
North Qutfall 2/24-25/81 24 bhr, comp WDOE 58 .32 150 <5 21 700 <50 80 75

]USGS NASQAN staticn 12101500 (means for period indicated)

* = Average April flow 1979-1982
{ ) = Fstimated
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fabla 23,

panie Prierity Pollutant (on

Papersili

Tard

ons in Bischarges to St Pagl wad Middle Waterways and S.W. Cusmencement Bay

Atierway

i Micdie
Waltorway

Drain at
Head of

S.H.

Shore Commencesent fay

(u']/L).

Effluent Vot [AREH era Storm Dreain Rt
871010700 3, RAEYARN ap2u/82 9714/
3 1230-1 500 { 1415-1630 0945
WEOE WHOF HDOE WBOE £
30705 J0479 Joary 35700 J0476
a5 47 a8 A - 4 o
32.2 232 He .00 .64 7.18 4.8 5.8*%
- - <10 - <10 - <10
.- - 3 -- a <10
- - A - a - w10
trichiorofluorcmethane - -- -- a - d ~- a
1,1,1-trichioroethane - - - a — a . a
trichloroethylene -~ -- - 2 .- a -- a
tetrachloroethylene - -- -- a -- a 8.7 <10
1,1,2,2-tetrachloroethane  -- 2 — a — a — a
toluene 3.0 -- - a -— a - <10
Base/Neutrals
“naphthalena 4.4 0.4 - a - a 5 a
anthracene/phenanthrene - - — a — a _— a
1,3-dichlorcbenzene - .- - 2 - a 2 a
butylbenzyl phthalate - -- 4 a — a a4 2
di-n-octyl phthalate - - — a - a 21 a
“phenol - -- -~ a - a - <10
pentachlorephenol -- -- — a — a s a
Pesticides
-~ - -— - - -- -— .040
ide 5 - 5 12 88
* = Average April flow 1979-1982
~- = Rot detected
@ = Not cetected, but detection limit high relative to other analyses
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Table 36, Oroanae 2

Discharge

Date Sampled
Time Seuipled
Invest] ur
Sewple

3t

Flow (MGD)

Volatiles
chloroforn
dichiorobromemethane
1,1-dicaloroethane
1,1, -trichloroethane

- o

5

benzens
ethyl benzene

anthracene/phenanthreane
1,2-dichlorobenzene
1,3-dichlorchenzene
1,4~dichlorobenseses
bis(2-ethylhexyl) pnthalate
butylibenzyl phthalate
di-r-octyl phthalate

Acid Fetractables
pheaol
2. 4-dinethyliphenci
2-chloraghenol
2,4-dichlorophencl
2,4,6-trichlorophenci
pentachiorophenct

Hiscelldaneous

1
tyanide

urity Pollutant Conee

River
ahove
Pump
Station
2/16/82
1300-1715
WDOL
BIVERKY

have Coutral
aoossen/ey
0745-1000
WOOE

Pavallup Rivee wd oci g

{ ) = Estimated
-~ = Not detected

6

¥

11

cies G/,

uent R
/6177182
1230-1239

HioE

IR
JUA52

L

Wi

1,650+

F:

r
6t
40

Froor Mouth
5/ 451
0330

9.,

2167807
100-1732

WDOE
Joa4g

12,330



r

Table 37. Organic Priority Poliutants Loads to the Puyallup River from the Central
STP and Cleveland Strest Pump Station (pounds/day).

Cleveland Street

Discharge Central STP Pump Station
Date Sampiad 7/28/81 8/25-26/81 2/16-17/82 2/16/82
Volatiles
cnloratorm (2.6) 2.7 1.7 -
dichlorobromomethane (.45) - - ~-
1,1-dichloroethane - .15 -- -
1,1,1-trichloroethane - 15 6 -
trichloroethylene (.62) 1.4 - -
tetrachloroethylene (.37) 32 66 -
toluene (1.4) - 4.7 -
benzene (8.9) - 1.8 -
ethylbenzene (.28) - - -
Base/Neutrals
naphthalene (.35) .62 2.9 -
anthracene/phenanthrene (.10) - - -
1,2-dichlorobenzene - .45 - 1.5
1,3-dichlorobenzene (.51) - -— -
1,4-dichlorobenzene - 77 - -
bis(2-ethylhexyl) phthalate (2.4) 3.4 - -
di-n-octyl phthalate -- .29 - -
butylbenzyl phthalate (3.0) - - -
Acid Extractables :
phenoci , (3.8) 4.7 11 -
2,4~dimethylphenol (.72) .54 - -
2-cnlorophenoi - 1.1 3.4 -
Z,4-dichlorophenol -~ .62 5.0 -—
2,4 .6-trichlorophenol - .73 6.6 --
pentachlorophenol (2.8)* - 14 -
Pesticides
T 2-BHC - - 060 —
Miscellaneous
cyanide - 2.5 51 -
{ } = Calculated using an estimated flow
-~ = Not detected
* = Calculated using 1/2 quantification Timit
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¢} 0/4 0 0/3 © 0/3 0 06/3 0 a 0/5 0 0/1 0 &Y 6 ¢/ 6 2N
O o4 0 /3 32 /3 0 0/3 4 a 16 17 /Y ¢ o/ 0 o/ 0 13772
7 0/4 © /3L 6/3 0 0/3 0 a o/5 0 0/1 0 o/1 0 o/v o 6/77
0 0/ © 0/3 © 0/3 0 0/3 ¢ 3 0/5 © 0/l 0 e/r 0 ¢/t 0 5/
0 0/6- 0 0/3 © /3 0 0/3 0 a 0/5 0 0/v 0O o/ 0 o/ o /N
0 c/4 0 0/3 G /3 0 0/3 0 2 0/5 0 0/17 © 017 0 6/ 0 9N
¢ 0/4 G 0/3 ¢ 0/3 © 0/3 ¢ a 0/5 0 0/v 0o 0/1 0 o/ 6 /7
tusranthe 4] 0/6 0 0/3 ¢ 0/3 0 0/3 0 a 0/5 0 01 0 0/ 0 ¢/v 0 YN
bi] 6/35 Y7 % 7 0/4 0 0/3 © /3 0 6/3 0 a 0/5 0 0/1 @ o/1 0 o/r 0 7
adicne 6/36 17 0/1% 0 0/4 O 0/3 ¢ 0/3 0 0/3 G a 0/5 0 6/t 0 o/l 0 G/'t 0 o/N
crobenzene 212 6 /15 27 0/4 0 /3 33 0/3 0 0/3 0 a 0/5 0 0/1 0 6/1 O [S7 0 R R V4
robenien 2/36 6 /14 0 0/4 0 /3 33 0/3 0 0/3 0 a 0/% 0 e/ 6 /1 100 100 a7
2/36 6 VAL 0/4 0 /3 33 0/3 ¢ 0/ 0O a 0/5 0 (A 6/1 0 cnoo0 GyNn
hevachiored 5/3% 14 114 7 0/4 0 0/ 0 0/3 0 0/3 0 a 0/5 0 0/1 0 6/1 0 o 0 8/
2-chleronepnthelens 1/36 3 0/14 0 0/4 0 0/3 0 0/3 0 0/3 0 3 0/5 0 o/1 0@ o/1 o 6/v 0 /7
dircthyl /16 6 6/ 0 0/4 0 0/3 0 0/3 C 0/3 0O 3 0/5 0 0/r ¢ 0/1 0 0/1 0 /4%
cietn; 2115 13 1 25 G/ U u/s o U/2 U /3 o a O/b 0 o/ o (SR Y o/t v RRE S
di-n-by /16 6 0/6 0 0/4 0 /> O 6/3 G 0/3 0 a 6/5 0 0/1 0 c/v O o/t o V4l
di-n-cciyl pht a/15 0 074 0 0/ 0 /3 33 0/3 0 0/3 ¢ 2 0/5 0 /v 0 W1 owg ¢/ o 2/
0/16 0 G6/6 0 0/4 O /3 33 0/3 ¢ /3 33 a /5 20 91 0 1/1 100 G/Y 0 4/4i
4715 25 W4 25 0/4 O 2/3 67 0/3 0 0/3 0 a 0/5 0 6/l 0 0/1 0 1/1 100 8/41
i€ 6 0/4 0 0/4 G 8/ 0 0/3 0 0/3 0 a 0/5 0 0/t 0 g/l 0 o/ 0 /A
/16 6 o/4 0 0/4 0 /2 0 0/3 O 0/3 0 a 0/5 © 0/ ¢ 6/1 0 o/1 0 /A
G/t 0 /i 7 0/4 0 6/3 © 0/3 0 /3 0 a 0/5 0 0/1 0@ o/ 0 o/7 0 W7
*Potection frequency = number of samples in which 2 compound is detected : total nunber of samples analyzed for that compound.
ag . : - . . .
Botection Vimits bigh in single sanple collected.

NCIE:  Analyses euploying poor detection limits not used in this tabulation.
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