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SECTION 4
Summary of Sediment Monitoring Data

This section presents sediment chemistry results for offshore and beach stations sampled in 2004.
Also presented in this section is an overview and summary of all sediment chemistry results for
the 10-year period from 1995 through 2004.

Sediment samples were collected from 12 sites in 2004; 5 beach and 7 offshore stations. All
sediment data are presented in Appendix B. Station locator maps are provided in Section 2,
along with specific station information such as matrix, parameters, and frequency measured. A
summary of results for specific parameters (e.g., metals, organics) are provided in this section.

4.1 Sediment Chemistry Results

4.1.1 Offshore Sediments — 2004 Sampling Stations

Marine sediment samples were collected from seven ambient offshore stations in September
2004. The stations were located in Shilshole Bay, Elliott Bay (four stations) and in the Puget
Sound Central Basin (two stations). Offshore sediment sampling locations are shown in Figure
2-2. Samples were analyzed for conventional sediment parameters, metals, organotins, and trace
organic parameters, including semivolatile organic compounds, chlorinated pesticides, and
polychlorinated biphenyls (PCBs).

4.1.1.1 Sediment Conventionals

Offshore sediment samples were analyzed for grain size distribution, total organic carbon (TOC),
ammonia, and total sulfides (see, Tables B-1, Appendix B). The physical structure of marine
sediments affects the distribution and concentration of other conventional parameters such as
TOC, ammonia, and sulfides, as well as metals and trace organics. Figure 4-1 shows the grain
size distribution at the seven stations sampled in 2004.

Sediments collected from the two Puget Sound Central Basin stations and three of the four
stations located in Elliott Bay were comprised mainly of fine material — silts and clays. These
stations are all located in deep (430 to 820 feet), depositional environments that tend to
accumulate fine material. Percent fines at these five stations ranged from 65% to 98%.
Sediment collected from Station LTDFO01, located along the Seattle waterfront, was comprised of
39% fine material and 61% coarse material (sand and gravel). This station is shallower (110 feet
in depth) and in a more active hydraulic environment, influenced by nearshore currents from the
Duwamish River as well as marine vessel traffic. Sediment collected from Station KSPS01,
located in the Shilshole Bay area, was comprised of 8% fine material and 92% coarse material.
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Figure 4-1. Grain Size Distribution at 2004 Offshore Sediment Stations

This station is shallow, approximately 45 feet in depth, and is in a high-energy hydraulic
environment, influenced by the Ship Canal and locks activities, as well as high marine vessel
traffic. Very little fine material accumulates at Station KSPSO01.

Concentrations of total organic carbon (TOC), ammonia, and total sulfides were reasonably well

correlated with the amount of fine material present in the sediment sample.

Table 4-1

summarizes sediment conventional data for the offshore sediment samples collected in 2004.

Table 4-1. Analytical Results for Sediment Conventionals

Total Sulfides
TOC Ammonia

Station Depth (m) | % Fines | (mg/Kg DW) | (mg/Kg DW) | (mg/Kg DW)
KSPS01 20 7.9 2,760 1.43 0.98
LSCI01 204 97.7 19,000 9.88 517
LSMLO1 247 64.6 17,000 154 265
LSCWO02 183 84.8 20,200 11.8 275
LTCAO2 132 924 18,600 10.5 131
LTEDO4 90 77.3 19,700 7.71 329
LTDFO1 33 38.7 20,000 2.45 4.08

mg/Kg DW — Milligrams per kilogram on a dry weight basis.
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Sediment collected from the Shilshole Bay area station (KSPS01) had very low concentrations of
TOC, ammonia, and total sulfides, which correspond to the low percent fine material contained
in the sample.

Sediment collected from the two Puget Sound Central Basin stations (LSCIO1 and LSMLO01) and
three of the Elliott Bay stations (LSCWO02, LTCAO02, and LTEDO04) had similar concentrations of
TOC (17,000 to 20,200 mg/Kg DW or 1.7 to 2%), ammonia (7.71 to 15.4 mg/Kg DW), and total
sulfides (131 to 517 mg/Kg DW), all of which were much higher that the concentrations detected
at the Shilshole Bay area station.

Sediment collected from the Seattle waterfront station (LTDFO1) had much lower concentrations
of ammonia and total sulfides than the other Elliott Bay stations, which corresponds to the lower
percent fine material in the sample. The TOC concentration at this station, however, was within
the range of concentrations found at the other Elliott Bay stations and the Central Basin stations.
This elevated TOC concentration, in spite of lower percent fines may be anthropogenically
enhanced, due to the stations proximity to wood pilings along the waterfront. TOC, ammonia,
and total sulfides all show a similar correlation with percent fine material (R? between 0.536 and
0.597).

4.1.1.2 Metals

Offshore sediment samples were analyzed for sixteen metals in 2004 (see Table B-2, Appendix
B). Two metals, antimony and selenium, were not detected in any of the seven samples. Arsenic
was detected in one sample, collected from the Seattle waterfront station (LTDF01). Cadmium
was detected in five of seven samples, all at concentrations just slightly above the method
detection limit. Thallium was detected in four of seven samples. The remaining 11 metals were
detected in all seven samples. Table 4-2 provides a summary of the metals results and includes
the range of concentrations detected for each metal. The table also provides the sediment quality
standard (SQS) criterion for the eight metals regulated under the Sediment Management
Standards (Chapter 173-204 WAC).

With one exception, all reported concentrations of arsenic, cadmium, chromium, copper, lead,
mercury, silver, and zinc were well below their respective SQS chemical criteria. The mercury
concentration of 0.511 mg/Kg DW detected in the sample collected from the Seattle waterfront
station (LTDFO1) was greater than the SQS criterion of 0.41 mg/Kg DW.

Figure 4-2 compares sediment concentrations of five trace metals (chromium, copper, lead,
nickel, and zinc) between the seven offshore stations. A similar distribution pattern of metals
concentrations is shown between all seven stations for chromium, copper, nickel, and zinc. The
Shilshole Bay area station (KSPS01) exhibits significantly lower metals concentrations than the
six other stations. This can be attributed to the much coarser grain size distribution at this station
with a very low percentage of fine material. Metal concentrations at the other six stations are all
within the same range with the exception of lead at the Seattle waterfront station (LTDF01). The
lead at this station is significantly higher than at the other Elliott Bay stations. Lead historically
has entered the environment through motor vehicle emissions (leaded gasoline), smelter
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emissions, and urban runoff. Lead is present in some types of batteries, solder, and plumbing
materials. The Seattle waterfront sediment sampling station is proximal to a large City of Seattle
CSO as well as several storm drains, which most likely have contributed to elevated lead
concentrations at this station. The sediment lead concentration of 69.7 mg/Kg DW detected at
the Seattle waterfront station, however, is still less than 20% of the SQS criterion of 450 mg/Kg
DW.

Table 4-2. Summary of 2004 Offshore Sediment Metals Results

Detection Concentration Range
Metal Frequency (mg/Kg DW) SQS
Aluminum 77 6,230 — 19,400 --
Antimony or7 - -
Arsenic 1/7 <MDL (3.2) — 12.7 57
Beryllium 717 0.16 — 0.54 -
Cadmium 5/7 <MDL (0.20) — 0.57 5.1
Chromium 717 15.6 —42.0 260
Copper 717 6.53-49.9 390
Iron 77 9,600 — 31,100 --
Lead 77 7.27 -69.7 450
Manganese 717 167 - 579 -
Mercury 77 0.035-0.511 0.49
Nickel 77 17.2-36.9 --
Selenium o/7 - -
Silver 717 047-1.7 6.1
Thallium a/7 15-32 -
Zinc 717 24.0-97.8 410

mg/Kg DW — Milligrams per kilogram on a dry weight basis.

Figure 4-3 compares sediment mercury concentrations between the seven offshore stations.
Once again, the Shilshole Bay area station exhibited the lowest mercury concentration, owing to
the sediment’s extremely coarse grain size distribution. Similar mercury concentrations were
shown between the two Puget Sound Central Basin stations and between the three Elliott Bay
stations, at which mercury concentrations were twice as high as the Central Basin stations. The
mercury concentration range of 0.035 to 0.27 mg/Kg DW at these six stations is well below the
SQS criterion of 0.41 mg/Kg DW. The elevated mercury concentration of 0.511 mg/Kg DW at
the Seattle waterfront station, which exceeds the SQS criterion, is not unexpected. Elevated
mercury concentrations have been detected all along the Seattle waterfront during previous
sediment investigations. Mercury has entered the marine environment at this location through
CSOs and stormwater, as well as historically from dental and gold assaying activities at the
location of the old Miner’s Landing.
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Figure 4-2. Sediment Metal Concentrations at the 2004 Offshore Sampling Stations
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Figure 4-3. Sediment Mercury Concentrations at the 2004 Offshore Sampling Stations
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As evidenced by the low sediment metal concentrations at the Shilshole Bay area station, many
metals have a strong association with fine-grained sediments, particularly aluminum, arsenic,
chromium, copper, lead, nickel, and zinc. Figures 4-4 and 4-5 present the correlation between
percent fine material and chromium, copper, nickel, and zinc. Correlation coefficients for
chromium, nickel, and zinc are particularly high, ranging from 0.866 to 0.943.
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Figure 4-4. Grain Size Distribution vs. Chromium and Copper Concentrations
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Figure 4-5. Grain Size Distribution vs. Nickel and Zinc Concentrations
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4.1.1.3 Organics

Offshore sediment samples were analyzed for 98 trace organic compounds and four organotins in
2004 (see Tables B-3, B-4, and B-9, Appendix B). Trace organic analytes included 20
chlorinated pesticides, seven PCB Aroclors®, and 71 semivolatile organic compounds
(polynuclear aromatic hydrocarbons (PAHS), chlorobenzenes, phthalates, and others). A total of
29 organic compounds/organotins were detected in one or more of these samples. Table 4-3
summarizes sediment organic analytical results, providing the frequency of detection and
concentration range for each compound. Concentration range values are presented in units of
micrograms per kilogram, normalized to dry weight (ug/Kg DW). The minimum analytical
result for many of the compounds was “less than the method detection limit” (<MDL). The
numeric MDL has been provided in the table. Also included in Table 4-3 is the Puget Sound
Lowest Apparent Effects Threshold (LAET), provided as a measurement of sediment quality.
Please note that, for benzoic acid, the measure of sediment quality is provided as a dry weight-
normalized SQS chemical criterion (Chapter 173-204 WAC, Table I).

The chlorinated pesticide 4,4°-DDD was detected once, at the Seattle waterfront station
(LTDFO1). 4,4’-DDD is a breakdown product of the pesticide 4,4’-DDT, which was a common
household and industrial pesticide for three decades before it was banned in 1972. DDT and its
breakdown products are particularly persistent in the environment. The 4,4’-DDD concentration
of 5.16 pg/Kg DW detected at Station LTDFO1 is less than 35% of the LAET value of 16 pg/Kg
DW. 4,4’-DDD was the only chlorinated pesticide detected in 2004 offshore sediment samples.

1,4-Dichlorobenzene was detected at two stations, LTEDO4 (inner Elliott Bay) and LTDFO01
(Seattle waterfront), at concentrations of 1.37 and 1.95 pg/Kg DW, respectively. This compound
is the major component of urinal and toilet deodorant cakes and is also one component of drain
cleaners. 1,4-Dichlorobenzene enters the marine environment mainly from CSO discharges.
The two stations at which it was detected are the closest in proximity to CSOs, both in Elliott
Bay and the Duwamish River. Both of the detected 1,4-dichlorobenzene concentrations are well
below the LAET value of 97 ug/Kg DW.

Two phthalates were detected at all seven offshore stations. Phthalates are plasticizers, used to
keep a wide variety of plastic products pliable. Phthalates are ubiquitous in the environment,
entering marine waters from both point and non-point sources. Benzyl butyl phthalate was
detected at concentrations ranging from 18.7 to 48.4 ug/Kg DW, all below the LAET value of 63
png/Kg DW. Bis(2-ethylhexyl) phthalate, one of the most common plasticizers, was also detected
at all seven stations. This compound, however, was also detected in the laboratory quality
control method blank at a concentration that indicated bis(2-ethylhexyl) phthalate results for six
of the seven samples were most likely the result of laboratory contamination. Analytical results
for these six samples should, therefore, be considered “less than the method detection limit.”
The bis(2-ethylhexyl) phthalate concentration of 235 pg/Kg DW, detected in the sample
collected from the Seattle waterfront station (LTDF01), should be considered valid as reported.
This concentration is well below the bis(2-ethylhexyl) phthalate LAET value of 1,300 pg/Kg
DW.
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Table 4-3. Summary of 2004 Sediment Organics Results

Detection Concentration
Compound Frequency Range (ug/Kg DW) LAET
PCBs
Aroclor 1248 a/7 <MDL (1.7)—-21.2 --
Aroclor 1254 a/7 <MDL (1.7) - 53.4 -
Aroclor 1260 a/7 <MDL (1.7) — 60.1 --
Total PCBs a/7 <MDL (1.7) — 129 130
Chlorinated Pesticides
4,4-DDD 1/7 <MDL (1.3) - 5.16 16
LPAHSs
Acenaphthene 1/7 <MDL (9.4) — 23 130
Acenaphthylene 1/7 <MDL (20) — 46 71
Anthracene 5/7 <MDL (11) — 241 280
Fluorene 1/7 <MDL (17) — 42 120
Phenanthrene 717 17 — 306 660
Total LPAHs 717 17 — 658 1,200
HPAHs
Benzo(a)anthracene 717 25.3-333 960
Benzo(a)pyrene 717 35.1 - 538 1,000
Benzo(b)fluoranthene 717 23.9-501 --
Benzo(k)fluoranthene 717 18 — 358 --
Benzofluoranthenes, Total 717 43 — 859 1,800
Benzo(g,h,i)perylene 6/7 <MDL (24) — 345 640
Chrysene 717 23 - 507 950
Dibenzo(a,h)anthracene a/7 <MDL (20) — 79.0 230
Fluoranthene 717 36 — 582 1,300
Indeno(1,2,3-c,d)pyrene 5/7 <MDL (25) — 295 590
Pyrene 717 39.6 — 572 2,400
Total HPAHs 77 200 - 4,110 7,900
Chlorobenzenes
1,4-Dichlorobenzene 217 <MDL (0.17) — 1.95 97
Phthalates
Benzyl Butyl Phthalate 717 18.7 - 48.4 63
Bis(2-ethylhexyl) Phthalate 177 <MDL (34) — 235** 1,300
Organotins
Mono-n-butyltin 1/7 <MDL (4.8) — 21.6** --
Di-n-butyltin 6/7 <MDL (0.47) —19.2 -
Tri-n-butyltin a/7 <MDL (1.1) — 36.8** --
Total Butyltins <MDL (0.47) - 77.6 --
Miscellaneous Compounds
Benzoic Acid* 717 78 — 190 650
Carbazole 1/7 <MDL (9.4) - 57.6 --
Coprostanol 217 <MDL (19) — 465 --

* Listed standard for this compound is the Sediment Quality Standard (SQS)
**Data impacted by laboratory contamination (see narrative).
Hg/Kg DW — Micrograms per kilogram on a dry weight basis.

118



2004 Water Quality Status Report for Marine Waters Section 4
King County Department of Natural Resources & Parks Summary of Sediment Monitoring Data

Benzoic acid was detected at all seven stations at concentrations ranging from 78 to 190 pg/Kg
DW, all well below the SQS chemical criterion of 650 pug/Kg DW. This compound can be
introduced into the environment from anthropogenic sources (food preservation, dyes,
cigarettes), however, it is also a naturally-occurring byproduct of the metabolic processes in
shellfish and other benthic infauna.

Carbazole, a component of creosote, was only detected at the Seattle waterfront station
(LTDFO1). Coprostanol, a steroid and indicator of fecal contamination, was detected at two
stations; LSMLO1 (Puget Sound Central Basin) and LTCAOQ2 (central Elliott Bay). There are no
published sediment quality criteria or values for either of these compounds.

Tributyltin (TBT) was detected in all seven samples (see Table B-9, Appendix B). This
organotin, however, was also detected in the associated laboratory quality control method blank.
As a result, three of seven sample results for TBT should be considered “less than the method
detection limit.” The four remaining TBT sample results should considered valid as reported
with sediment concentrations ranging from 5.8 to 36.8 ug/Kg DW. TBT is still allowed as a
component in antifouling paints on ships over 25 meters. The highest TBT concentration of 36.8
Mg/Kg DW was detected at the Seattle waterfront station (LTDFO1), which is not unexpected,
given the high marine vessel activity in the vicinity of this station.

PAH compounds were detected at all seven offshore sediment stations. PAHSs are constituents of
creosote, commonly used as a wood preservative on marine pilings. Creosotes are complex
mixtures of chemicals, usually containing about 85% PAH compounds. PAHSs can also enter the
environment from fossil-fuel combustion and asphalt sealants. PAHs are associated with
urbanization and can enter the marine environment through atmospheric deposition, runoff from
streams and storm drains, along with creosote-treated pilings. Figure 4-6 shows the relative
Total PAH concentrations at the seven stations.

The lowest Total PAH concentrations were found at the two Puget Sound Central Basin stations,
LSCI01 and LSMLO1. These low concentrations can be attributed both to the depth of these
stations as well as their distance from any direct anthropogenic sources. Similar concentrations
of Total PAHs were found at the three Elliott Bay stations and the Shilshole Bay area station.
These four stations are closer in proximity to anthropogenic inputs but still considered somewhat
“open water.” The Total PAH concentration detected at the Seattle waterfront station (LTDFO01)
was almost five times higher than the next highest reported concentration. This would be
expected, given the station’s proximity to potential PAH sources such as creosote-treated pilings,
urban runoff, and high marine vessel activity. The Total PAH concentration of 4,770 ug/Kg DW
detected at Station LTDFO1, however, is still well below the LAET value of 9,100 pg/Kg DW.

PCBs were detected in four of seven samples — those collected from the four stations located in
Elliott Bay. PCBs were widely used for their insulating and fluidity-enhancing properties in
electrical equipment such as transformers and capacitors. PCBs were also used in such common
household and office products as ink and carbon paper. Although banned in 1977, PCBs are
present in old transformers and capacitors that are still in use today. PCBs resist degradation due
to their chemical structure.
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Figure 4-6. Total PAHs at 2004 Offshore Sediment Stations — Normalized to Dry
Weight

Major known sources of commonly-detected PCB Aroclors (1248, 1254, and 1260) are: the
cycling of PCBs previously introduced into the environment; releases from landfills containing
PCB waste materials; incineration of municipal refuse; and improper disposal of PCB-laden
materials. The cycling process involves volatilization from ground surfaces (water and soil) into
the atmosphere with subsequent removal from the atmosphere via deposition and revolatilization.
PCBs are also cycled through the environment by biological processes, such as bioaccumulation
and food chain transfer.

Total PCB concentrations detected at the four Elliott Bay stations ranged from 46.5 to 129 pg/Kg
DW. The highest concentration was detected at the Seattle waterfront station (LTDFO01) and is
just below the Total PCB LAET value of 130 ng/Kg DW. Figure 4-7 shows the relative Total
PCB concentrations at the seven offshore sediment stations.

The Washington State Sediment Management Standards chemical criteria for several organic
compounds requires the normalization of analytical data to organic carbon for comparison to
sediment quality values. Normalization to organic carbon is appropriate when TOC
concentrations are between 5,000 and 50,000 mg/Kg DW (0.5 and 5%, respectively). Sediment
TOC concentrations lower than 0.5% produce high-biased organic carbon-normalized chemistry
results and TOC concentrations greater than 5% produce low-biased results.
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Figure 4-7. Total PCBs at 2004 Offshore Sediment Stations — Normalized to Dry
Weight

TOC concentrations at the seven offshore sediment stations ranged from 0.3 to 2%. With the
exception of the Shilshole Bay area station (0.3% organic carbon), it is appropriate to normalize
sediment chemistry data to organic carbon. Table 4-4 shows the maximum organic carbon-
normalized value for each of the detected chemicals that are regulated under the Sediment
Management Standards. The Shilshole Bay area station (KSPS01) was included in this analysis
for comparative purposes.

All organic carbon-normalized maximum values were below their respective SQS chemical
criteria with one exception. The benzyl butyl phthalate concentration of 6.78 mg/Kg OC
detected at Station KSPS01 exceeds the SQS criterion of 4.9 mg/Kg OC. As stated earlier, this
station had an organic carbon content of 0.3%, which makes it inappropriate to normalize data to
organic carbon and produces an artificially high-biased result. Discounting this benzyl butyl
phthalate result, there were no exceedences of SQS criteria found during the 2004 offshore
sampling event.
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Table 4-4. Summary of 2004 Sediment Organic Results, Normalized to Organic

Carbon

Maximum Detected
Compound Value (mg/Kg OC) SQS
PCBs
Total PCBs | 6.44 | 12
LPAHs
Acenaphthene 1.2 16
Acenaphthylene 2.3 66
Anthracene 12 220
Fluorene 21 23
Phenanthrene 21.7 100
Total LPAHs 33 370
HPAHSs
Benzo(a)anthracene 23.9 110
Benzo(a)pyrene 42.1 99
Benzofluoranthenes, Total 44.3 230
Benzo(g,h,i)perylene 27.4 31
Chrysene 27.6 110
Dibenzo(a,h)anthracene 5.4 12
Fluoranthene 46.4 160
Indeno(1,2,3-c,d)pyrene 20.8 34
Pyrene 58 1,000
Total HPAHs 296 960
Chlorobenzenes
1,4-Dichlorobenzene 0.0973 3.1
Phthalates
Benzyl Butyl Phthalate 6.78 4.9
Bis(2-ethylhexyl) Phthalate 11.8** 47

**Data impacted by laboratory contamination (see narrative).
mg/Kg OC — Milligrams per kilogram normalized to organic carbon.
SQS - Sediment Quality Standard from Chapter 173-204 WAC (Table I).

4.1.2 Offshore Sediments — 1995 through 2004

Offshore sediment samples were also collected from the seven stations discussed in Section 4.1.1
in 1995, 1996, 1998, 2000, and 2002. This section will discuss analytical results for metal and
organic parameters for the 10-year period from 1995 through 2004.

4.1.2.1 Metals

Sediment samples collected from these seven stations between 1995 and 2004 were analyzed for
13 priority pollutant trace metals, along with several crustal metals (aluminum, iron, manganese,
and magnesium). Two of the priority pollutant trace metals, antimony and selenium, were never
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detected in the 42 sediment samples collected during this 10-year period. Table 4-5 shows
frequency of detection and concentration ranges for the other 11 priority pollutant trace metals.
The table also provides the SQS chemical criteria for the eight metals regulated under the
Sediment Management Standards.

Table 4-5. Summary of Offshore Sediment Trace Metals Results — 1995 to 2004

Detection Concentration
Metal Frequency | Range (mg/Kg DW) SQS
Arsenic 29/42 <MDL (3.2) - 17 57
Beryllium 41/42 <MDL (0.062) — 0.59 --
Cadmium 18/42 <MDL (0.18) - 0.57 5.1
Chromium 42/42 14.5-52.3 260
Copper 42142 4.9 -60.8 390
Lead 42/42 6.5 -69.7 450
Mercury 42/42 0.025 - 0.852 0.49
Nickel 42/42 16.0 — 39.7 --
Silver 16/42 0.37-1.7 6.1
Thallium 4/42 <MDL (12) - 33 --
Zinc 42/42 20.3-111 410

mg/Kg DW — Milligrams per kilogram on a dry weight basis.

The maximum detected sediment concentrations for arsenic, cadmium, chromium, copper, lead,
silver, and zinc during the 10-year monitoring period were all well below their respective SQS
chemical criteria. Concentrations were similar for all the metals listed above between years.

Mercury concentrations detected in 9 out of 42 samples exceeded the SQS of 0.41 mg/Kg DW.
Two of these samples were collected from the outer Elliott Bay station (LSCWO02). The
sediment mercury concentrations of 0.852 mg/Kg DW (2000) and 0.43 mg/Kg DW (2002) are
much higher than the range of concentrations detected in the other four samples collected from
station LSCWO02 (0.23 to 0.24 mg/Kg DW). One sample collected from the inner Elliott Bay
station (LTEDO4) in 1995 had a mercury concentration of 0.46 mg/Kg DW, which slightly
exceeds the SQS. The subsequent five samples collected from Station LTEDO4 had mercury
concentrations all less than the SQS, ranging from 0.27 to 0.40 mg/Kg DW.

The other six samples with mercury concentrations in exceedence of the SQS criterion were all
collected from the Seattle waterfront station (LTDFO1). The Seattle waterfront has had a history
of mercury contamination and the mercury concentrations detected at Station LTDFO01 (0.425 to
0.721 mg/Kg DW) are similar to mercury concentrations at other stations in the area. Two of the
mercury concentrations detected at Station LTDF01 (0.721 and 0.599 mg/Kg DW in 1995 and
1996, respectively) exceeded the CSL chemical criterion of 0.59 mg/Kg DW.
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Figures 4-8 through 4-11 show the 10-year mean concentrations for chromium, copper, lead, and
zinc, comparing the mean values between each of the seven stations. The error bars represent
one standard deviation. For each of the metals, the mean values at the Shilshole Bay area station
(KSPSO01) are consistently lower than the other six stations, corresponding with the much lower

percent fine material at this station.

Mean values for chromium, nickel, and zinc are very consistent between the six other stations.
The four Elliott Bay stations show slightly higher copper concentrations than the two Central
Basin stations. Lead concentrations are also higher at the Elliott Bay stations than at the Central
Basin stations, with an increasing trend in mean lead concentration from the outer Elliott Bay

station to the Seattle waterfront station.
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Figure 4-8. Mean Chromium Concentrations, 1995 to 2004.
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Figure 4-9. Mean Copper Concentrations, 1995 to 2004
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Figure 4-10. Mean Lead Concentrations, 1995 to 2004
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Figure 4-11. Mean Zinc Concentrations, 1995 to 2004.

Mean Zinc Concentration (mg/Kg DW)

Figure 4-12 presents 10-year mean mercury concentrations at the seven stations and compares
these concentrations to the SQS and CSL chemical criteria. The low mercury concentrations at
the Shilshole Bay area station (KSPS01) can, again, be attributed to the very coarse substrate at
this station. Higher mercury concentrations at the Elliott Bay stations can be attributed to the
stations’ proximity to anthropogenic inputs, especially the elevated concentrations at the Seattle
waterfront station (LTEHO2). Mercury concentrations at this station over the last 10 years have
always been greater than the SQS of 0.41 mg/Kg DW.
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The large error bars at the outer Elliott Bay station (LSCWO02) are attributed to one elevated
mercury concentration detected at this station. A concentration of 0.852 mg/Kg DW was
detected in the sample collected in 2000 at this station. Other mercury concentrations detected at
this station between 1995 and 2004 ranged between 0.24 and 0.43 mg/Kg DW.
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Figure 4-12. Mean Mercury Concentrations, 1995 to 2004, with SQS and CSL Criteria.

4.1.2.2 Organics

Sediment samples collected from these seven stations between 1995 and 2004 were analyzed for
PCBs, chlorinated pesticides, semivolatile organic compounds, and organotins (102 compounds).
Table 4-6 shows frequency of detection and concentration ranges for the 35 compounds that
were detected one or more times over the 10-year monitoring period. Data in this table are
presented on a dry weight basis for comparative purposes and the table includes the LAET
values and SQS chemical criteria for those detected compounds.

PCB analysis was performed on all seven samples from each of the six sediment monitoring
events during the 10-year monitoring period from 1995 to 2004. The analytical method
detection limit for PCB Aroclors® decreased ten-fold between the 2000 and 2002 monitoring
events. Low levels of PCBs were detected in samples collected during the 2002 monitoring
event from stations at which PCBs had not been detected during previous monitoring events.
Unfortunately, this change in method detection limits has made it difficult to detect trends in
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Table 4-6. Summary of Dry Weight Normalized Organics Results, 1995 to 2004

Detection Concentration
Compound Frequency Range (ug/Kg DW) LAET/SQS*
PCBs
Aroclor 1248 7142 <MDL (1.7) — 48.7 -
Aroclor 1254 13/42 <MDL (1.7) — 176 --
Aroclor 1260 15/42 <MDL (1.7) — 234 -
Total PCBs 15/42 <MDL (1.7) — 410 130
Chlorinated Pesticides
4,4'-DDD 5/42 <MDL (1.7) — 7.46 16
4,4-DDE 1/42 <MDL (1.7) - 5.0 9
4,4-DDT 1/42 <MDL (1.7) - 12.0 12
LPAHSs
Acenaphthene 7/42 <MDL (3.4) —74.0 130
Acenaphthylene 6/42 <MDL (20) — 79.9 71
Anthracene 22/42 <MDL (11) — 428 280
Fluorene 7142 <MDL (17) — 102 120
Naphthalene 2/42 <MDL (19) — 99 180
Phenanthrene 40/42 <MDL (41) — 1,730 660
Total LPAHs 40/42 <MDL (3.4) — 2,320 1,200
HPAHSs
Benzo(a)anthracene 40/42 <MDL (41) - 1,270 960
Benzo(a)pyrene 35/42 <MDL (66) — 898 1,000
Benzo(b)fluoranthene 31/42 <MDL (57) — 1,130 -
Benzo(k)fluoranthene 21/42 <MDL (57) — 569 -
Benzofluoranthenes, Total 31/42 <MDL (57) — 1,690 1,800
Benzo(g,h,i)perylene 34/42 <MDL (24) — 843 640
Chrysene 40/42 <MDL (41) — 1,210 950
Dibenzo(a,h)anthracene 15/42 <MDL (20) — 172 230
Fluoranthene 42/42 33-2,380 1,300
Indeno(1,2,3-c,d)pyrene 29/42 <MDL (25) — 852 590
Pyrene 42/42 39.6 — 2,210 2,400
Total HPAHs 42/42 121 -11,300 7,900
Chlorobenzenes
1,4-Dichlorobenzene 5/42 <MDL (0.17) — 4.60 97
Phthalates
Benzyl Butyl Phthalate 14/42 <MDL (8.2) — 105 63
Bis(2-ethylhexyl) Phthalate 35/42 <MDL (21) — 324** 1,300
Organotins
Mono-n-butyltin 31/35 <MDL (0.74) — 26.8** -
Di-n-butyltin 27135 <MDL (0.47) — 36.8 -
Tri-n-butyltin 32/35 <MDL (0.29) — 83.9** --
Total Butyltins 32/25 <MDL (0.29) — 138** -
Miscellaneous Compounds
Benzoic Acid* (SQS) 20/42 <MDL (145) — 776 650
Carbazole 6/42 <MDL (3.4) — 348 -
Coprostanol 3/42 <MDL (19) — 500 --
Dibenzofuran 3/42 <MDL (19) - 56 110
Phenol* (SQS) 6/42 <MDL (12) — 852 420

*LAET for all compounds except benzoic acid & and phenol (SQS).

**Data impacted by laboratory contamination.

png/Kg DW-micrograms per kilogram dry weight
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PCB concentrations over the 10-year monitoring period. Based on the data, the following
general statements can be made about PCB concentrations at the seven stations.

. PCBs have never been detected at the Shilshole Bay area station (KSPS01) and the two
Central Basin stations (LSCI0O1 and LSMLO1), at either the old or new method detection
limits.

« Low levels of PCBs were detected at the outer Elliott Bay station (LSCWO02) and the central
Elliott Bay station (LTCAO02) during the 2002 and 2004 monitoring events. PCBs had not
been detected during earlier monitoring events at these two stations. These total PCB
concentrations were between the new and old method detection limits and ranged from 36.9
to 52.4 ug/Kg DW for both stations, all well below the LAET value of 130 pg/Kg DW.

« PCBs have been detected intermittently at the inner Elliott Bay station (LTEDO4) over the
course of the 10-year monitoring period. Total PCB concentrations at this station have
ranged from undetected to 188 pg/Kg DW. The concentration of 188 ug/Kg DW, detected at
station LTEDO4 during the 1998 monitoring event exceeds the LAET value, however, total
PCB concentrations at this station during the subsequent three monitoring events have ranged
from undetected to 87 pug/Kg DW, all well below the LAET value of 130 pug/Kg DW.

. PCBs have been detected continually at the Seattle waterfront station (LTDF01). Total PCB
results for this station will be discussed later in this section.

Chlorinated pesticide analysis was also performed on all seven samples from each of the six
sediment monitoring events during the 10-year monitoring period from 1995 to 2004. 4,4’-DDD
was detected in five of the six samples collected from the Seattle waterfront station (LTDFO1).
Two associated pesticides, 4,4’-DDE and 4,4’-DDT were each detected once, also at Station
LTDFO1. All detected values were below their respective LAET values. These pesticides will
be discussed further later in this section.

PAHs were the most frequently detected class of compound in offshore sediments. One or more
PAH compounds was detected in all 42 samples collected during the 10-year monitoring period.
The maximum value for several of the PAH compounds exceeds its respective LAET value. All
of these maximum PAH values were detected in a single sample, collected from the Shilshole
Bay area station (KSPS01) during the 1995 monitoring event. Metadata for this sample indicate
that it was collected at a different location than other samples at Station KSPS01. Other data,
such a very coarse grain size distribution and low organic carbon content, make it difficult to
interpret the elevated PAH concentrations in this sample. Since dibenzofuran and carbazole
were also detected in this sample, it is assumed that the elevated PAH concentrations are the
result of exposure of the sediment to creosote. PAH compounds did not exceed LAET values in
any other sediment sample collected during the 10-year monitoring period.

Benzyl butyl phthalate was detected in 14 out of 42 samples with detected concentrations
ranging from 13.7 to 105 pug/Kg DW. Only one of these concentrations exceeded the LAET
value of 63 pg/Kg DW. The concentration detected in the sample collected in 1996 from Station
LSMLO1 (Central Basin) was 105 pug/Kg DW. Since this station is not near any potential
sources of benzyl butyl phthalate, it is possible that this reported concentration was a sampling or
analytical artifact. Benzyl butyl phthalate was not detected at this station during previous or
subsequent monitoring events.
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Benzoic acid was detected in 20 out of 42 samples with detected concentrations ranging from 78
to 776 pg/Kg DW. The highest detected value, found in a sample collected from one of the
Central Basin stations (LSMLO01) in 1995, exceeded the SQS chemical criterion of 650 pg/Kg
DW. The second two highest benzoic acid concentrations (643 pg/Kg DW each) were also
detected in deep stations (the other Central Basin station, LSCIO01, and the central Elliott Bay
Station, LTCAO02) during the 1995 sampling event. All three of these stations are distal to any
potential sources of benzoic acid. Benthic infauna studies in Puget Sound (Lie, 1974; Nichols,
1988 and 2001; Llanso et al., 1998) have shown that deep, muddy, clayey sediments such as
those found at these three stations can be dominated by a small clam, Macoma carlottensis.
Since the elevated benzoic acid concentrations at these stations were not found during
subsequent sampling events, it is assumed that the reported concentrations were most likely the
result of a seasonal artifact of a healthy bivalve community.

Phenol was detected in six out of 42 samples, all collected during the 2002 monitoring event.
The method detection limit for phenol was decreased by a factor of 10 between the 2000 and
2002 sampling events and this may explain why phenol was not detected during previous
sampling events. Most of the reported phenol concentrations from the 2002 monitoring event
were between the old and new method detection limits. Phenol, however, was not detected in
any samples collected during the 2004 sampling event at the new detection limit. A phenol
concentration of 852 ug/Kg DW was detected in the sample collected in 2002 from the Shilshole
Bay area station (KSPS01). This concentration exceeds the SQS chemical criterion of 650
pMg/Kg DW and may have been the result of the station’s proximity to treated pilings at the
Shilshole Bay marina. Again, however, phenol was not detected in samples collected from this
station during any previous or subsequent sampling events.

All other detected chemicals were below their respective LAET values during the entire 10-year
monitoring period.

Table 4-7 summarizes trace organic data, normalized to organic carbon for the entire 10-year
monitoring period. This table summarizes only those chemicals that were detected at least once
during the monitoring period and compares the organic carbon-normalized maximum detected
value to the respective SQS chemical criterion.

The SQS exceedences for the PAH compounds and dibenzofuran all occurred in the single
sample collected during the 1995 monitoring event from the Shilshole Bay area station
(KSPSO01), discussed earlier. There were no other SQS exceedences for PAHs and dibenzofuran.
There were two SQS exceedences for benzyl butyl phthalate during the 10-year monitoring
period. A benzyl butyl phthalate concentration of 6.78 mg/Kg OC was detected in the sample
collected during the 2004 monitoring event from the Shilshole Bay area station. This
concentration, however, is artificially elevated because of the low organic carbon content of this
sample (2,760 mg/Kg DW or 0.28%). This low organic carbon concentration would preclude
normalization of chemical data from this sample to organic carbon. The other benzyl butyl
phthalate SQS exceedence was from the sample collected during the 1996 monitoring event at
one of the Central Basin stations (LSMLO1), which was discussed earlier. The concentration of
5.94 mg/Kg OC exceeded the benzyl butyl phthalate SQS criterion of 4.9 mg/Kg OC.

129



2004 Water Quality Status Report for Marine Waters Section 4
King County Department of Natural Resources & Parks Summary of Sediment Monitoring Data

Table 4-7. Summary of 10-Year (1995-2004) Sediment Organic Results
Normalized to Organic Carbon

Maximum Detected
Compound Value (mg/Kg OC) SQS
PCBs
Total PCBs 19.8 12
LPAHSs
Acenaphthene 325 16
Acenaphthylene 4.66 66
Anthracene 194 220
Fluorene 43.5 23
Naphthalene 3.2 99
Phenanthrene 783 100
Total LPAHs 2,310 370
HPAHSs
Benzo(a)anthracene 575 110
Benzo(a)pyrene 407 99
Benzofluoranthenes, Total 656 230
Benzo(g,h,i)perylene 382 31
Chrysene 547 110
Dibenzo(a,h)anthracene 77.7 12
Fluoranthene 1,080 160
Indeno(1,2,3-c,d)pyrene 386 34
Pyrene 1,000 1,000
Total HPAHs 5,110 960
Chlorobenzenes
1,4-Dichlorobenzene 0.16 3.1
Phthalates
Benzyl Butyl Phthalate 6.78 4.9
Bis(2-ethylhexyl) Phthalate 15.8 47
Miscellaneous Compounds
Dibenzofuran 17 15

**Data impacted by laboratory contamination (see narrative).
mg/Kg OC — Milligrams per kilogram normalized to organic carbon.
SQS - Sediment Quality Standard from Chapter 173-204 WAC (Table I).

The only category of trace organic compounds that has been routinely detected over the 10-year
monitoring period and can, therefore, be compared between stations is Total PAHs. Figure 4-13
presents mean total PAH concentrations at the seven stations over the 10-year monitoring period.
Note that the sample collected from the Shilshole Bay area (KSPS01) in 1995 was not
considered in this evaluation, since it was collected from a different location than the other six
samples collected from this station.
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Figure 4-13. Mean Total PAH Concentrations, 1995 to 2004.
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The mean total PAH concentrations for the two Central Basin stations (LSCIO1 and LSMLO01)
were very low — 374 and 372 pug/Kg DW, respectively. Similar mean total PAH concentrations
were shown at the Shilshole Bay area station (KSPS01) and the three Elliott Bay stations
(LSCWO02, LTCAO02, and LTEDO4), ranging from 966 to 1,425 pg/Kg DW. Total PAH
concentrations for these six stations are all less than 20% of the LAET value of 9,100 pg/Kg
DW. Even though greatly elevated above the other stations, the mean total PAH concentration
(including the upper error boundary) at the Seattle waterfront station (LTEHO1) is still below the
LAET.

4.1.2.3 Seattle Waterfront Station LTDFO01

Station LTDFO1 is located approximately 450 feet offshore of the Seattle Aquarium at Pier 59
and south of the Bell Street Marina. Bottom sediments at this station are susceptible to
contamination from several sources: stormwater and CSO discharges, heavy marine vessel
traffic, historic land-use along the waterfront, and sediment transport from the Duwamish River.
This section summarizes 10 years of monitoring data for the most common sediment
contaminants; mercury, 4,4’-DDD, HPAHSs, and PCBs.
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Figure 4-14 shows mercury concentrations, normalized to dry weight.  All mercury
concentrations detected at the Seattle waterfront station have been greater than the SQS chemical
criterion of 0.41 mg/Kg DW. Mercury concentrations detected in the samples collected in 1995
and 1996 (0.721 and 0.599 mg/Kg DW, respectively) also exceeded the CSL chemical criterion
of 0.59 mg/Kg DW. The data indicate a possible downward trend in mercury concentrations (R
=0.532).
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Figure 4-14. Total Mercury Concentrations at LTDFO01, 1995 to 2004.

Figure 4-15 shows 4,4’-DDD concentrations, normalized to dry weight. 4,4’-DDD was detected
in five of six samples collected during the 10-year monitoring period, at concentrations ranging
from 2.81 to 7.46 pg/Kg DW. This compound was not detected in the sample collected during
the 1996 monitoring event. The 4,4’-DDD concentration of 7.46 pug/Kg DW detected in the
sample collected during the 1995 monitoring event exceeds the Dredged Material Management
Program (DMMP) “screening level” (SL) of 6.9 ng/Kg DW. This is the concentration at which
the DMMP requires toxicity testing of sediments destined for open water disposal. While not a
strict regulatory criterion, the SL does provide some measure of sediment quality. All other 4,4’-
DDD concentrations at the Seattle waterfront station have been below the SL value, ranging
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from undetected (MDL of 2.4 pg/Kg DW) to 5.19 pg/Kg DW. These data do not indicate an
apparent upward or downward trend in concentration.
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Figure 4-15. 4,4’-DDD Concentrations at LTDFO1, 1995 to 2004.

Figure 4-16 presents total HPAH concentrations, normalized to organic carbon. Total HPAH
concentrations have ranged from 140 to 470 mg/Kg OC and show no apparent increasing or
decreasing trend. Total HPAH concentrations detected during the 10-year monitoring period at
the Seattle waterfront station have all been less than 50% of the SQS chemical criterion of 960
mg/Kg OC.

Figure 4-17 presents total PCB concentrations, normalized to organic carbon. The total PCB
concentration of 19.9 mg/Kg OC, detected in the sample collected in 1996, exceeded the SQS
chemical criterion of 12 mg/Kg OC. All other samples have been below the SQS criterion,
ranging from 3.95 to 9.60 mg/Kg OC. The 10-year data set does not indicate either an increasing
or decreasing total PCB concentration at the Seattle waterfront station.
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Figure 4-16. Total HPAH Concentrations at LTDFO01, 1995 to 2004.
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Figure 4-17. Total PCB Concentrations at LTDFO01, 1995 to 2004.
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4.1.3 Beach Sediments — 2004 Sampling Stations

Beach sediment samples were collected from one ambient station and four stations near outfalls
in 2004, located at Richmond Beach (ambient), Carkeek Park, West Point, Alki Point, and
Vashon Island (see Figures 2-1 and 2-2). The samples were analyzed for grain size distribution,
total organic carbon, metals, and trace organic parameters, including chlorinated pesticides,
PCBs, and semivolatile organic compounds.

4.1.3.1 Conventionals

Grain size distribution results showed that sediments collected from the five beach stations were
all mainly comprised of sand and gravel (see Table B-5, Appendix B). Percent fine material in
all five samples was very low, ranging from 2 to 5%. Organic carbon was not detected in the
samples collected from Richmond Beach (JSVWO04) and West Point (KSSNO5). Total organic
carbon concentrations in samples collected from the other three beach stations ranged from 853
to 1,187 mg/Kg DW or 0.09 to 0.12%. These organic carbon concentrations are considered low
and would be expected in coarse sediments such as these.

4.1.3.2 Metals

Samples were analyzed for 14 metals (see Table B-6, Appendix B). Four metals — arsenic,
cadmium, mercury, and selenium — were not detected in any of the samples. The remaining 10
metals were detected in all five samples. Table 4-8 shows the concentration ranges for the
detected metals. There was very little variation in metal concentrations between beach stations.
Table 4-7 also shows the SQS chemical criteria for the eight metals regulated under the SMS
program. Detected concentrations of chromium, copper, lead, silver, and zinc were all well
below their respective SQS chemical criteria.

Table 4-8. Metal Concentrations in 2004 Beach Sediment Samples

Detection Concentration SQS
Metal Frequency Range (mg/Kg DW) | (mg/Kg DW)
Aluminum 5/5 6,180 - 7,710 --
Arsenic 0/5 -- 57
Beryllium 5/5 0.126 - 0.171 -
Cadmium 0/5 -- 5.1
Chromium 5/5 16.7 - 24.5 260
Copper 5/5 588-17.1 390
Iron 5/5 11,000 - 12,900 --
Lead 5/5 2.68 - 9.57 450
Manganese 5/5 130 - 183 --
Mercury 0/5 - 0.41
Nickel 5/5 20.5-32.1 --
Selenium 0/5 -- --
Silver 5/5 0.391 - 0.556 6.1
Zinc 5/5 23.6-31.3 410

mg/Kg DW — Milligrams per kilogram on a dry weight basis.
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4.1.3.3 Organics
Samples were analyzed for 20 chlorinated pesticides and seven PCB Aroclors (see Table B-7,
Appendix B). Chlorinated pesticides and PCBs were not detected in any of the five samples.

The samples were also analyzed for 72 semivolatile organic compounds including PAHSs,
chlorobenzenes, phthalates, and phenols (see Table B-8, Appendix B). A total of 15 semivolatile
organic compounds were detected in one or more of the beach sediment samples. The detected
compounds included 4-chloro-3-methylphenol, benzoic acid, benzyl alcohol, phenol, and eight
PAHs (benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene,
chrysene, fluoranthene, phenanthrene, and pyrene).

Three phthalate compounds were also detected — benzyl butyl phthalate, bis(2-ethylhexyl)
phthalate, and di-n-butyl phthalate. These plasticizers are ubiquitous in the environment,
however, they are also common laboratory contaminants. Quality control data indicated that
positive analytical results for these three phthalates were most likely the result of laboratory
contamination during sample analysis. Results for these three phthalates should be considered
estimated.

Table 4-9 shows the detection frequency and concentration ranges for the detected semivolatile
organic compounds. This table also provides the dry-weight SQS criterion for benzoic acid,
benzyl alcohol, and benzoic acid and the dry-weight LAET values for 11 of the other
compounds. These 11 compounds all have corresponding SQS criteria, which are based on
organic carbon-normalized values. When assessing sediment quality, however, it is more
appropriate to compare sample data to dry-weight LAET values when the organic carbon content
of the samples is less than 0.5% (Ecology, 1992). There are no Washington State sediment
quality guidelines for 4-chloro-3-methylphenol.

Table 4-9. Trace Organic Concentrations in 2004 Beach Sediment Samples

Detection Concentration Range SQS/LAET
Trace Organic Compound Frequency (Lg/Kg DW) (Mg/Kg DW)
Benzo(a)anthracene 1/5 3.41 1,100
Benzo(a)pyrene 4/5 5.69-9.10 1,000
Benzo(b)fluoranthene 4/5 4.20-7.69 1,325
Benzo(k)fluoranthene 1/5 5.18 1,325
Chrysene 1/5 5.18 1,400
Fluoranthene 1/5 10.7 1,700
Phenanthrene 1/5 8.98 1,500
Pyrene 2/5 5.69-11.0 2,600
4-Chloro-3-Methylphenol 3/5 13.2-16.1 --
Benzoic Acid 5/5 79.5-294 650
Benzyl Alcohol 1/5 9.02 57
Phenol 4/5 27.8-67.0 420
Benzyl Butyl Phthalate** 1/5** 14.3** 63
Bis(2-ethylhexyl) Phthalate** 5/5** 19.5 - 25.0** 1,300
Di-n-butyl Phthalate** 5/5** 11.2 - 27.8** 58

**Data are considered highly suspect due to likely laboratory contamination during sample analysis.
pg/Kg DW — Micrograms per kilogram on a dry weight basis.
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Based on the data, the following general statements can be made about organics in beach
sediments.

. Benzoic acid was detected at all five beach stations at concentrations ranging from 115 to
294 ng/Kg DW. This compound can be introduced into the environment from anthropogenic
sources (food preservation, dyes, cigarettes), however, it is also a naturally-occurring
byproduct of the metabolic processes in shellfish and other benthic infauna. The highest
detected benzoic acid concentration of 294 pg/Kg DW is well below the SQS chemical
criterion of 650 pg/Kg DW.

« Benzyl alcohol was only detected at Station KSHZ03 at a concentration of 9.02 ug/Kg DW,
which is well below the SQS criterion of 57 pg/Kg DW. This compound is found in many
household remedies and cosmetics, as well as in inks and dyes.

. Phenol was detected at four of the beach stations at concentrations ranging from 27.8 to 67.0
png/Kg DW, all well below the SQS chemical criterion of 420 pg/Kg DW. This compound is
a component of many disinfectants, both household and industrial.

« 4-Chloro-3-methylphenol was detected at Stations JSVWO04 (ambient), KSHZ03 (outfall),
and KSSNO5 (outfall) at concentrations of 13.4, 16.1, and 13.2 pg/Kg DW, respectively.
This compound is used in topical antiseptics and as a preservative in glues, paints, inks, and
textiles.

» Detected concentrations of the three phthalate compounds, again, should be considered as
estimated and, most likely, the result of laboratory contamination during sample analysis.
The detected phthalate concentrations, while highly suspect, are also all well below their
respective LAET values.

« One or more PAH compounds were detected in samples collected from all four of the outfall
beach stations. PAH compounds were not detected at station JSVWO04. Benzo(a)pyrene and
benzo(b)fluoranthene were detected at all four outfall stations. Pyrene was detected at two
stations — KSSNO5 and LSKS01. The remaining five detected PAH compounds -
benzo(a)anthracene, benzo(k)fluoranthene, chrysene, fluoranthene, and phenanthrene — were
only found at station LSKS01. The detected PAH concentrations were all very low and
similar to PAH concentrations found in an ambient beach sediment survey performed by
King County in 2004 (King County, 2004).

4.1.4 Beach Sediments — 1995 through 2004

This section presents a summary of metal and trace organic analytical results from beach
sediment samples collected over the 10-year period from 1995 through 2004.

4.1.4.1 Metals

A total of 81 beach sediment samples were collected from 1995 through 2004 for analysis of
metals. These samples were collected from 10 monitoring stations, located from Point Wells in
the north to Normandy Park in the south. Table 4-10 shows the ranges of metal concentrations
detected in beach sediments over this 10-year period. Note that not all of the 81 samples were
analyzed for the complete suite of metals shown in Table 4-10.
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Table 4-10 also shows that all concentrations of arsenic, cadmium, chromium, copper, lead,
mercury, silver, and zinc have been well-below their respective SQS chemical criteria.

Table 4-10. Metal Concentrations in Beach Sediment Samples — 1995 to 2004

Detection Concentration SQS
Metal Frequency Range (mg/Kg DW) (mg/Kg DW)
Aluminum 64/64 2,980 — 10,400 --
Arsenic 4/81 2.7-3.5 57
Beryllium 65/77 0.055-0.17 --
Cadmium 5/81 0.17-1.98 51
Chromium 81/81 537-314 260
Copper 81/81 3.02-36.0 390
Iron 64/64 5,130 — 16,600 -
Lead 79/81 1.7-18.9 450
Manganese 64/64 82.3-312 -
Mercury 8/81 0.024 — 0.055 0.41
Nickel 77177 6.45-38.4 -
Selenium 0/77 -- -
Silver 17/81 0.31-0.70 6.1
Zinc 81/81 14.8 -55.1 410

mg/Kg DW — Milligrams per kilogram on a dry weight basis.

4.1.4.2 Organics

The most commonly detected organic compounds in beach sediment samples collected between
1995 and 2004 have been PAHs. Figure 4-18 shows the range of total PAH concentrations
detected in 102 samples. These samples were collected both as part of King County’s ambient
and outfall beach monitoring programs and as part of the County’s response to the Dalco Passage
fuel spill in October 2004. As shown in Figure 4-18, PAHs were not detected in 55 of 102
samples. Detected total PAH concentrations ranged from very low (less than 10 pg/Kg DW) to
greater than 5,000 pg/Kg DW. The highest total PAH concentration of 5,920 was detected in a
sample collected in October 2004 near the Tallequah ferry dock on the south end of Vashon
Island. This elevated concentration is most likely due to the proximity of the sampling station to
creosote-treated pilings associated with the ferry dock. It should be noted that the highest
reported total PAH concentration is still well below the Puget Sound LAET value of 9,100
Hg/Kg DW.

PCBs have been detected only once in beach sediments collected between 1995 and 2004.
Avroclor 1260 was detected at a concentration of 28.9 pg/Kg DW in the sample collected from
the Normandy Park station (MTLDO03) during the August 2002 monitoring event. A field
replicate sample was collected from Station MTLDO3 during this sampling event and Aroclor
1260® was not detected, at a detection limit of 1.4 pg/Kg DW. PCBs were not detected at this
station during the three previous years nor were they detected in the subsequent 2003 monitoring
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event. This station was not sampled in 2004. The single detected total PCB concentration of
28.9 pg/Kg DW is well below the Puget Sound LAET of 130 pug/Kg DW.
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Figure 4-18. Total PAH Concentrations in Puget Sound Marine Beach Sediments 1995
to 2004

4,4’-DDT has also been detected only once in beach sediment samples. DDT was detected at a
concentration of 53.8 pg/Kg DW in the sample collected from the Carkeek Park station
(KSHZ03) during the July 1996 monitoring event. DDT has not been detected at Station
KSHZ03 during any of the subsequent monitoring annual events (1997 through 2004), at
detection limits ranging from 1.0 to 1.6 pg/Kg DW. The Puget Sound LAET for DDT is 12
Mg/Kg DW.
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