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Figure 3-3.  Southern Budd Inlet Trawl Locations 
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Figure 3-4. Northern Budd Inlet Trawl Locations 
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4.0 Nature and Extent 

This chapter describes the results of the dioxin/furan, SMS chemistry, conventional parameter 
analysis, and the dioxin/furan results of the tissue and trawl samples as well as the results of the 
sediment rates and dating analysis.   

4.1 Surface Sediment Quality 

The following sections describe the surface sediment quality and the general nature and extent of 
contamination. 

4.1.1 Dioxins/Furans 

Dioxin/furan congeners were measured in 46 surface sediment samples (grab and core locations) 
in Budd Inlet.  An additional four surface sediment samples from intertidal beaches and two 
surface sediment samples from Capitol Lake were also analyzed.  Concentrations for 
dioxin/furan congeners in surface sediment samples are presented in Appendix B.  For discussion 
purposes in the text, all data presented in these tables has been converted to total TEQs based on 
the WHO 2005 mammalian TEF (Van den Berg et al. 2006). 

Dioxin/furan concentrations for the Budd Inlet surface sediment samples ranged from 2.9 to 60.3 
pg/g TEQ, with a mean concentration of 19.1 pg/g TEQ.  When broken down by area, the three 
samples of the North Inlet had the lowest mean TEQ concentration at 14.6 pg/g.  East Bay and 
West Bay had similar mean concentrations of 20.2 and 19.0 pg/g TEQ, respectively.  The highest 
concentrations were in the vicinity of the Hardel Mutual Plywood/Reliable Steel on the West 
Bay and at site BI-S30 at the discharge of Moxlie Creek in the East Bay (Figure 4-1).  The 
lowest dioxin/furan concentrations were offshore of Priest Point Park in an area of sandy 
substrate (Figure 4-2).  Dioxin/furan concentrations do not have numerical criteria under SMS 
for marine sediments.  However, a comparison to the Method B soil criterion for protection of 
human health (14 pg/g TEQ at most soil sites for unrestricted land use) shows that 34 of 50 
samples (68 percent) are above this criterion.  A total of 41 samples (82 percent) are above the 
proposed freshwater sediment AET for benthic infauna (8.8 pg/g TEQ). 

Capitol Lake sediment samples had substantially lower dioxin/furan TEQs than Budd Inlet with 
CL-S2 at 2.0 pg/g, and CL-S5 at 3.9 pg/g.  Though the sample size for Capitol Lake is much 
smaller than that for Budd Inlet, the fact that the dioxin/furan TEQs in Capitol Lake are up to an 
order of magnitude lower suggests that Capitol Lake did not have a direct source of dioxin/furan 
contamination. 

4.1.2 Conventional Parameters 

Conventional parameters (grain size, TOC, total solids, and total volatile solids) were measured 
at all of the surface chemistry locations and the results are summarized in Appendix B.  TOC 
content in the surface sediments was high, averaging 3.2 percent and ranging from 0.6 percent to 
9.3 percent (Figure 4-2).   
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When evaluating sediment contamination by SMS organics, concentrations of nonpolar SVOCs 
are normalized to TOC.  This is because SVOCs partition strongly to organic carbon.  A 
correlation (r2=0.38) exists between TOC and surface sediment TEQ (compare Figure 4-1 and 
4-2).  However, dioxin/furan concentrations have not been TOC normalized in this report.  The 
absolute toxicity, or TEQ, of sediment is more important for purposes of comparison and 
regulation than a TOC adjusted value. 

4.1.3 SMS Chemistry 

A total of 21 surface sediment samples in Budd Inlet, four intertidal beach samples, and one 
sample in Capitol Lake were analyzed for the SMS chemical parameters (Appendix B).  
Contaminant concentrations were below the SQS criteria for all but two samples.   

BI-Tissue1-Sediment (T1-Sed) and BI-Tissue1B-Sediment (T1B-Sed) are located near the 
Hardel Mutual Plywood and Reliable Steel sites (Figure 3-1).  Sample T1-Sed exceeded SQS for 
indeno(1,2,3-cd)pyrene, benzo(g,h,i)perylene, and buytlbenzylphthalate.  The cleanup screening 
level (CSL) was exceeded for bis(2-ethylhexyl)phthalate.  Sample T1B-Sed exceeded the SQS 
for bis(2-ethylhexyl)phthalate (Table 4-1). 

Several samples exceeded the SQS or CSL because of high detection limits (Table 4-1).  The 
most common compounds that exceeded the SMS criteria were the phenols (including 
pentachlorophenol) and hexachlorobenzene.  
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Table 4-1.  Budd Inlet Sediment Chemistry Exceeding SMS Criteria 

Station Number SQS CSL BI-S5 BI-S7 BI-S15 BI-S30 BI-S34 BI-C10 BI-C14 BI-C18 CL-S5 BI-T1-SED BI-T1B-SED 
BI-C4-0-1 

FT 
BI-C4-6-7 

FT 
BI-C5-3-4  

FT 
BI-C5-6-7 

FT 
Metals in mg/kg DW 
Mercury 0.41 0.59               0.91 
LPAH in mg/kg TOC 
Acenaphthene 16 57               26.46 
HPAH in mg/kg TOC 
Indeno(1,2,3-cd)pyrene 34 88          40.26      
Benzo(g,h,i)perylene 31 78          37.66      
Cl Aromatics in mg/kg TOC 
1,2,4-Trichlorobenzene 0.81 1.8   1.41 U 1.95 U        0.81 U 1.35 U 1.58 U 1.85 U 
Hexachlorobenzene 0.38 2.3   1.41 U 1.95 U 0.44 U 0.99 U 0.78 U 0.82 U 1.01 U   1.12 U 1.35 U 1.58 U 1.85 U 
Phthalate Esters in mg/kg TOC 
Butylbenzylphthalate 4.9 64          5.45      
bis(2-Ethylhexyl)phthalate 47 78          181.82 56.7     
Phenols in ug/kg DW 
2-Methylphenol 63 63            72 U  130 U 140 U 
2,4-Dimethylphenol 29 29 62 U 69 U 50 U 250 U  92 U 93 U 53 U 88 U  52 U 120 U   680 U 
Pentachlorophenol 360 690    500  U         500 U 1300 U 1400 U 
Miscellaneous in ug/kg DW 
Benzyl Alcohol 57 73      62 U 63 U         
Benzoic Acid 650 650      1600 U 1700 U 920 U        

 
U indicates non-detected compounds       
Normal text indicates detection limit exceeds SQS 

 
Detected value exceeds SQS 
Boldface indicates detected value exceeds CSL 
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4.2 Subsurface Sediment Quality 

The following sections describe the subsurface sediment quality and the general nature and 
extent of contamination. 

4.2.1 Dioxin/Furan Congeners 

Subsurface cores were collected at 18 locations and sectioned into 1-foot intervals.  A total of 43 
intervals from 15 different cores were analyzed for dioxin/furan congeners.  Concentrations for 
all samples and congeners are presented in Appendix B.  As with the surface samples, all 
dioxin/furan congener concentrations have been converted to total TEQ.  Subsurface data are 
presented in Figure 4-3 by depth interval.  The co-located surface samples (0–10 cm) are plotted 
separately from the cores to clearly indicate the actual sampling locations of the surface grabs. 

Whereas the lowest TEQ in the surface grabs was 2.89 pg/g, there were 23 subsurface intervals 
under 2.0 pg/g TEQ.  Seventeen of these intervals were under 1.0 pg/g TEQ.  Many of these low 
concentrations are close to the TEQ derived from the mean sediment method detection limits:  
0.30 pg/g TEQ (calculated using MDL, not ½ MDL).  

A gradient of decreasing TEQ with depth is evident (Figure 4-3).  This is consistent with the 
sampling and analysis plan for subsurface sediment, in which the core intervals selected for 
analysis were chosen to confirm the shallowest depth at which dioxins were absent or present at 
very low concentrations.  This required phased analyses, when the deepest interval analyzed still 
showed elevated dioxin/furan levels.  The decreasing TEQ gradient can be seen in core BI-C3, 
where concentrations decrease with depth over six intervals, and in core BI-C13, where 
concentrations decrease with depth over five intervals.  For example, concentrations in BI-C13 
are as follows: 26.2 pg/g for the surface sample (0–10 cm), 14.8 pg/g for the 1–2-foot interval, 
12.1 pg/g for the 2–3-foot interval, 0.43 pg/g for the 4–5-foot interval, and 0.41 pg/g for the 6–7-
foot interval. 

Dioxin/furan concentrations decrease with depth in 10 of the 15 cores, and most cores show a 
sharp drop in concentration similar to that of BI-C13, though the transition typically was 
measured within the 1–2-foot or 2–3-foot intervals.  A review of the sediment core logs indicate 
that the transition frequently occurs when the amount of fine organics in the sediment (typically 
consisting of highly organic silt) visually decreased with depth (Appendix C).  This pattern is 
consistent with TOC concentrations measured in the core intervals (see Section 4.2.2). 

Two cores that did not demonstrate decreasing TEQ with depth were stations BI-C4 and BI-C5.  
TEQ concentrations in BI-C4 increased from 29.1 pg/g in the 0–1-foot interval, 41.3 pg/g in the 
3–4-foot interval, to 62.5 pg/g in the 6–7-foot interval.  TEQ concentrations in BI-C5 increased 
from 230.6 pg/g in the 3–4-foot interval to 4212.5 pg/g in the 6–7-foot interval.  Both BI-C4 and 
BI-C5 locations are adjacent to each other and near an outfall from the former Cascade Pole site, 
which discharges underneath the Port of Olympia marine terminal facility. Dioxin/furan TEQ 
concentrations from cores C4 and C5 are of the same order of magnitude as the surface sediment 
from the Cascade Pole site prior to remediation (Landau 1993). 
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Cores collected to the immediate north and south of BI-C4 and BI-C5 had much lower TEQ 
concentrations, suggesting a localized accumulation of dioxin/furan contamination buried in the 
sediment under the pier of the Port of Olympia marine terminal facility. 

4.2.2 Conventional Parameters 

Similar to the surface samples, a correlation exists between TOC and dioxin/furan TEQ in the 
subsurface samples.  TOC concentrations decrease with depth for 8 of the 15 cores collected in 
Budd Inlet (Figure 4-2). However, correlations between percent sand and percent fines are weak.  
There are no consistent trends between the conventional parameters and core depth. 

4.2.3 SMS Chemistry 

Four subsurface samples were analyzed for the SMS chemical parameters.  The samples 
analyzed were from cores BI-C4 and BI-C5, the same cores with the high dioxin/furan TEQ.  
Mercury exceeded the CSL and acenaphthene exceeded the SQS for sample BI-C5-6–7FT (Table 
4-1). 

There were several analytes for which the detection limits exceeded their respective SQS and 
CSL (Table 4-1).  The most notable instances were for PCP at the BI-C4 and BI-C5 sites.  
Concentrations were reported as non-detects with detection limit values ranging from 500–1,400 
μg/kg dry weight (dw) at these sites.  Because PCP was used in wood treatment, and is a 
presumed source of dioxin/furan contamination to Budd Inlet, better detection limits for PCP 
would have provided more useful chemical data. 

4.3 Uptake by Ecological Receptors – Tissue Chemistry 

Benthic invertebrate sampling was conducted at five intertidal collocated surface sediment sites.  
Starry flounder and English sole were collected via bottom trawls in the north inlet and the West 
Bay.  The following sections describe the dioxin/furan concentrations in the tissue and fish 
samples and the general nature and extent of contamination in comparison to the sediment. 

4.3.1 Dioxin/Furan Concentrations 

Tissue samples were collected from five intertidal locations in Budd Inlet:  SI-30 near the inlet of 
Moxlie Creek in the East Bay, BI-Tissue1 and BI-Tissue1B in the West Bay between the Hardel 
Mutual Plywood and Reliable Steel sites, BI-Tissue2 just south of Priest Point Park in the East 
Bay, and BI-Tissue3 adjacent to the Cascade Pole site (Figure 3-1).  Littleneck/manila clams 
were collected at BI-Tissue1B and BI-Tissue2: ghost shrimp were collected at BI-Tissue1, BI-
Tissue2 and BI-Tissue3; and bent nose clams were collected at BI-S30, BI-Tissue1, BI-Tissue2, 
and BI-Tissue3 (Table 4-2).  At each of the tissue sampling locations, an intertidal sediment 
sample was also collected and analyzed. 

Bottom trawls for flatfish were conducted at three locations (Figures 3-3 and 3-4) including: one 
trawl set in the North Inlet; one set to the north of the navigation channel; and one set in the West 
Bay.  Flatfish species caught in the trawls included starry flounder and English sole. 
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As with the sediment concentrations, many of the calculated TEQs for the tissue samples are 
close to the values derived using the MDLs in the TEQ calculation.  Detection limits for tissue 
samples are lower than sediment, resulting in an mean TEQ of 0.12 pg/g (calculated using 
MDLs, not ½ MDL).   The TEQ for several tissue samples, such as littleneck/manila clams at BI-
Tissue-1B and BI-Tissue-2, are within a factor of 2 to 3 of the MDL TEQ.  

In the same manner that dioxin/furan congeners partition to TOC in sediment, they also partition 
to lipids in tissue samples.  For the shrimp and clams, there is a correlation (r2=0.64) between 
TEQ and percent lipids.  Ghost shrimp have the highest lipid content of the tissue samples, and 
the highest TEQ.  The mean concentration for ghost shrimp was 4.2 pg/g TEQ ww versus 1.1 
pg/g TEQ ww for all clam species (Table 4-2).   

Table 4-2.  Dioxin/Furan TEQ and Lipid Concentrations for  
Benthic Invertebrate Samples and Paired Sediment Samples 

   Dioxin/Furan TEQ (pg/g) Tissue 

Location Tissue Replicate
Tissue 
(ww) 

Sediment 
(dw) Lipids (%) 

BI-S30 Bent Nose Clam 1 2.37 60.3 0.77 
(Moxlie Creek discharge) Bent Nose Clam 2 2.26 60.3 0.68 
 Bent Nose Clam 3 2.55 60.3 0.71 
BI-Tissue1 Ghost Shrimp 1 3.8 4.3 2.28 
(Reliable Steel Intertidal) Ghost Shrimp 2 2.59 4.3 0.68 
 Ghost Shrimp 3 2.86 4.3 0.98 
 Bent Nose Clam 1 0.87 4.3 0.63 
 Bent Nose Clam 2 0.98 4.3 0.51 
 Bent Nose Clam 3 0.97 4.3 0.48 

BI-Tissue1B 
Littleneck/Manila 
Clam 1 0.31 25.1 0.97 

(Reliable Steel Intertidal)  
Littleneck/Manila 
Clam 2 0.27 25.1 0.89 

 
Littleneck/Manila 
Clam 3 0.31 25.1 0.73 

BI-Tissue2 Ghost Shrimp 1 3.68 4.2 1.75 
(South of Priest Pt Park) Ghost Shrimp 2 5.64 4.2 1.72 
 Ghost Shrimp 3 4.86 4.2 1.47 

 
Littleneck/Manila 
Clam 1 0.2 4.2 0.89 

 
Littleneck/Manila 
Clam 2 1.58 4.2 0.66 

 
Littleneck/Manila 
Clam 3 0.26 4.2 0.64 

 Bent Nose Clam 1 0.77 4.2 0.8 
 Bent Nose Clam 2 0.74 4.2 0.39 
 Bent Nose Clam 3 0.78 4.2 0.35 
BI-Tissue3 Ghost Shrimp 1 5.47 9.5 2.19 
(Cascade Pole Intertidal) Ghost Shrimp 2 4.37 9.5 1.85 
 Ghost Shrimp 3 4.85 9.5 1.89 
 Bent Nose Clam 1 1.08 9.5 0.79 
 Bent Nose Clam 2 2.25 9.5 0.36 
 Bent Nose Clam 3 1.79 9.5 0.59 

 dw dry weight 
 ww wet weight 
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With only three paired sediment and benthic samples per species, it is difficult to determine 
whether a correlation exists between sediment and invertebrate dioxin/furan concentrations.  At 
station BI-S30, only bent nose clams were present and sampled for chemical analysis.  
Dioxin/furan sediment concentrations were high at station BI-S30, as were the bent nose clam 
tissue concentrations (Table 4-2).  Similarly, of the ghost shrimp sampling locations, BI-Tissue-3 
had the highest sediment concentration and the highest mean TEQ for ghost shrimp.  The same is 
not true for littleneck/manila clams.   

Comparing contaminant concentrations between sediment and fish is challenging since fish have 
a large home range. A comparison of fish tissue residue to a single sediment location is not 
relevant.  Therefore, dioxin/furan concentrations in fish were compared to the mean TEQ for all 
surface sediment data in Budd Inlet.  From Section 4.1.1, the mean sediment concentration was 
19.1 pg/g TEQ.  The mean concentration for fish was 0.66 pg/g TEQ, with a range of 0.16 to 
1.23 pg/g TEQ (Table 4-3).  Little variation was observed between tissue replicates or species 
type.   

The mean tissue concentrations from each intertidal site or each bottom trawl are plotted against 
sediment concentrations in Figure 4-4.  Ghost shrimp had the highest tissue dioxin/furan 
concentrations, but some of the lowest sediment concentrations.  This is due to the higher lipid 
content of the shrimp compared to other species.  Bent nose clams were the only species where 
tissue concentrations were consistent with sediment concentrations; as the sediment 
concentrations increased, tissue concentrations increased.  For the fish, both starry flounder and 
English sole had similar dioxin/furan concentrations.   

Table 4-3.  Fish Species and Number Collected during Bottom Trawls  
and the Dioxin/Furan TEQ and Lipid Concentrations for Fish Samples 

Location Rep Tissue 
Number of 

Fish 
Mean Length 

(cm) 
Dioxin/Furan 

TEQ (pg/g ww) Lipids (%) 
Trawl Set 1 1 Starry Flounder 10 10.8 0.51 1.04 
(West Bay) 2 Starry Flounder 10 9.8 0.28 1.19 
 3 Starry Flounder 10 8.5 0.32 1.37 
Trawl Set 2 1 Starry Flounder 6 12.8 0.68 1.19 
(North Navigation  2 Starry Flounder 7 10.5 0.28 1.14 
Channel) 3 Starry Flounder 7 10.3 0.72 1.36 
 4 Starry Flounder 1 26.7 0.48 0.75 
 5 Starry Flounder 1 27.6 0.16 2.13 
Trawl Set 3 1 Starry Flounder 1 34 0.6 1.22 
(North Inlet) 2 Starry Flounder 1 34.1 1.18 1.01 
 3 Starry Flounder 5 15.2 0.96 0.76 
 4 Starry Flounder 5 15.5 0.81 0.75 
 5 Starry Flounder 5 14.3 0.5 0.71 
 1 English Sole 5 22.2 0.92 0.79 
 2 English Sole 5 22.9 0.8 1.09 
 3 English Sole 5 21.3 0.89 0.74 
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4.4 Sediment Dating and Biological Surface Mixed Layer 

Three sediment cores were collected for sediment dating using radioisotopes.  The top 120 cm of 
each core were analyzed.  The cores were BI-D1, BI-D2, and BI-D3 (see Figure 3-2).  BI-D1 
was located off the south end of the Hardel Mutual Plywood facility, BI-D2 was in the south end 
of the east bay near the outlet of Moxlie Creek, and BI-D3 in the center of Budd Inlet between 
Priest Point Park and West Bay Marina.  Despite its close proximity to the dredged navigational 
channel, BI-D3 had a depositional record with the expected exponential decline in Pb-210 
counts.  A discontinuity in this decline would indicate a disturbance of the sediment. 

Although the sediment dating locations were selected to be representative of Budd Inlet, not all 
the surface grabs and subsurface cores are expected to match the radioisotope dating profiles.  
Areas that have been dredged, remediated, or located near industrial outfalls may have had 
different depositional rates.  In particular, the samples collected near the pier in the west bay 
have high dioxin/furan concentrations deeper than what would be expected by the sedimentation 
rates measured in the radioisotope cores.  This discrepancy is likely due to a Cascade Pole outfall 
under the pier and the history of deposition and disturbance from construction and vessel activity 
in this area. 

4.4.1 Sedimentation Rates and Dating 

Dating sediment cores makes use of radioisotopes Pb-210 and Cs-137.  Pb-210 is formed by the 
decay of gaseous radon-222 and has a half-life of 22.3 years.  Binding strongly to sediment, 
sedimentation dates are determined by the decrease in Pb-210 activity.  Cs-137 owes its 
presences in the atmosphere to anthropogenic thermonuclear activities.  Cs-137 deposition began 
around 1952 and peaked around 1963–1964.  In marine system, deposition of Cs-137 occurs 
slowly.   

One important event that likely influenced sediment deposition in Budd Inlet was the creation of 
Capitol Lake in 1951.  Historically, the Deschutes River flowed into the east bay of Budd Inlet 
where it deposited its sediment load.  In 1951, an earthen dam was constructed to create a 
freshwater lake.  Shortly after construction, the lake began to act as a settling pond for suspended 
sediment in the Deschutes River, reducing deposition to Budd Inlet.  This event was factored into 
the calculation of the sedimentation rates for the core locations that would have been most 
influenced by the Deschutes River. 

The radioisotope results were modeled to date the cores and provide sedimentation rates.  Core 
D2 was not expected to be impacted by the dam at Capitol Lake and was modeled as a single 
core.  A change in Pb-210 was noted with depth in cores D1 and D3.  The time corresponding to 
this depth was believed to be when the dam was constructed.  The fill used to create the dam 
would have had lower amounts of Pb-210 (soil dug from the ground is older).  During 
construction, some of this fill would have spread throughout Budd Inlet and settled to the 
bottom, creating an artificially old layer in the sediment core.  Therefore, sedimentation rates 
were calculated in two sections for D1 and D3: one section for the years prior to 1951 (based on 
lead-210 discontinuity) and another rate for deposition after 1951.    




