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Section 1: Introduction and Background 

Kennedy/Jenks Consultants prepared this Level III baseline ecological risk assessment (ERA) 
report on behalf of the Astoria Area-Wide Potentially Responsible Party (PRP) Group for the 
Astoria Area-Wide Petroleum Site (Site) located in Astoria, Oregon. The purpose of the ERA is 
to evaluate the potential for adverse impacts to the environment attributable to exposure to Site-
related petroleum constituents. Per the Kennedy/Jenks (2005) work plan, the assessment 
endpoints evaluated in this ERA included the following: 

● Protection of resident pelagic organisms (e.g., sculpin, stickleback, perch) from reproductive 
impairment caused by Site constituents 

● Protection of the benthic invertebrate community from reproductive impairment caused by 
Site constituents. 

 
Kennedy/Jenks conducted the Level III ERA in accordance with the Oregon Department of 
Environmental Quality (DEQ) approved 22 September 2005 ERA work plan (Kennedy/Jenks 
2005). The results of this risk assessment will be used by the PRP Group to assist in the 
selection and design of a final remedy for this Site, as applicable. 

The Level III ERA was completed as part of the remedial investigation/feasibility study (RI/FS) 
being performed pursuant to a Unilateral Order issued in December 2001 by the DEQ 
(No. ECSR-NWR-01-11). 

1.1 Site Location and Study Area 
The Site is located in the SW quarter of Section 7, Township 8 North, Range 9 West; the 
SE quarter of Section 12, Township 8 North, Range 10 West; and the NE quarter of Section 13, 
Township 8 North, Range 10 West of the Willamette Meridian. The Site location, relative to 
surrounding physical features, is shown on Figure 1. 

Per DEQ ERA guidance, a Level I ERA was completed in August 2004 (Hart Crowser 2004a). 
The study area for the Level I ERA was previously described as bounded on the north by Slip 2 
(approximately 600 feet from the shore toward the Columbia River), on the east by Portway 
Street, on the south by West Marine Drive, and on the west by the western property boundary of 
the former McCall Oil Bulk Plant (Chevron) property. The ERA study area encompasses a 
portion of the Columbia River within Slip 2 at the Port of Astoria, as well as the upland area as 
bounded above. The ongoing interim remedial action measure (IRAM) consists of a floating 
boom and free product absorbent system to contain petroleum hydrocarbons presently seeping 
into the Columbia River from the filled shoreline at the head of Slip 2. Further upland 
investigations are also underway to address the source(s) of the seep. 

On 20 August 2004, DEQ issued its finding in agreement with the Level I ERA that no 
ecologically important species and/or habitats were present in the upland portion of the Site but 
was not prepared to “discount the near-water and in-water portions of the site as ‘low quality 
habitat’” (DEQ 2004). Also, a preliminary Level II screening of sediment samples collected from 
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the southeast corner of Slip 2 was conducted in November 2003 (EnviroLogic Resources 2003). 
The Level II screening identified several polynuclear aromatic hydrocarbons (PAHs) that 
exceeded their respective DEQ marine sediment screening level values (SLVs). 

This Level III ERA addresses only the in-water portion of the Site within the southern half of 
Slip 2 – in particular, the area within and outside of the boom in the southeast corner of the 
Slip 2. 

1.2 Ecological Setting 
The Site is located on the Lower Columbia River estuary. Tides at the mouth of the Columbia 
River exhibit the diurnal inequality that is typical along the Pacific Coast. Average diurnal range 
of tides is approximately 8.6 feet, with the extreme tidal variation as high as 12 feet (Percy et al. 
1974). In the Columbia River, tidal impacts in water level have been observed as far upstream 
as Bonneville Dam (river mile [RM] 146) during low flow, reversal of river flow has been 
measured as far upstream as Oak Point (RM 53), and intrusion of salt water is typically to 
Harrington Point (RM 23) (LCFRB 2004). 

The Lower Columbia River estuary experiences a turbidity maximum, which is an area within 
which concentrations of suspended sediment are substantially higher than either downstream 
toward the mouth of the estuary or upstream in the river. This is the result of a net circulation 
pattern in which dense saline water flows landward in the bottom layers and less dense fresher 
water flows seaward in the surface layers (Percy et al. 1974). The lowest river flows generally 
occur during September and October, when rainfall and snowmelt runoff are low. The highest 
flows occur from April to June, resulting from snowmelt runoff. High flows also occur between 
November and March, caused by heavy winter precipitation. The discharge at the mouth of the 
river ranges from 100,000 to 500,000 cubic feet per second (cfs), with an average of about 
260,000 cfs (LCFRB 2004). 

The Port of Astoria is a developed area encompassing the northwest corner of downtown 
Astoria. Slip 2 (Figure 1) is located south of the Columbia River and is armored with riprap, 
wooden bulkheads, and sheetpiling around the pier faces. Dock ruins and historic wooden 
pilings were observed in the water just offshore of the piers. An Oregon Responder Barge and 
associated tug are moored on the east side of Slip 2. In the mid-1980s, there was a fire on Pier 
2 adjacent to the hydrocarbon seep. The fire damage is still evident from numerous burned or 
charred pilings and timbers. The slips at the Port of Astoria are dredged on an annual basis, 
which causes annual disturbance of the benthic community that may be present in the slip. A 
mudflat in the southwest corner of Slip 2 is exposed during low tide (Figure 2), with cattails and 
rushes the emergent vegetation growing out of the mudflat. This area in the southwest corner of 
Slip 2 was actively dredged until relatively recently, when the area came to be used for 
transshipment of dredged spoils in preparation for discharge to the flow lane (Hart Crowser 
2004b). The area within the current containment boom in Slip 2 is also exposed as a mudflat 
under low tide conditions. In general, Slip 2 provides poor quality habitat for aquatic and benthic 
organisms and does not resemble the “natural” habitat found at a relatively undisturbed 
reference site (Hart Crowser 2004b).  
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Section 2: Sediment and Surface Water Investigation 

Kennedy/Jenks Consultants conducted a surface sediment and surface water investigation at 
the Site on 26 January 2006. Divers from Northwest Underwater Construction (NWUC) of 
Vancouver, Washington, collected sediment samples and provided the sampling vessel for the 
investigation. Kennedy/Jenks personnel collected mid-water column samples from the NWUC 
sampling vessel. Station positioning, sampling methods, sample handling and custody, 
decontamination procedures, laboratory chemical and biological analyses, and field 
documentation were performed in a manner consistent with the Kennedy/Jenks (2005) ERA 
work plan. Any deviations from the DEQ-approved work plan are noted below. Photographs 
were taken to document site conditions and are presented in Appendix A. Field log data sheets 
were completed to describe each sediment sample and are presented in Appendix B. 

2.1 Station Location 
Kennedy/Jenks personnel used a handheld global positioning system (GPS) Garmin GPSMAP 
76S with a stated accuracy of ± 3 meters to obtain latitude/longitude coordinates for the seven 
sediment sampling stations (five Site and two reference) and five surface water sampling 
stations outlined in the Kennedy/Jenks (2005) work plan. Surface water samples SW-100, 
SW-101, SW-102, and SW-104 were collected from co-located stations with sediment samples 
SD-100, SD-101, SD-102, and SD-104, per the work plan (Figure 2). Table 1 summarizes the 
sampling station coordinates, approximate depth to mudline, approximate tidal height, and 
corrected depth to mudline (tide corrected to Columbia River Datum [CRD]). 

2.2 Sampling Methods and Documentation 

2.2.1 Surface Water Sampling 
At each surface water sampling station, an approximate depth sounding was first obtained with 
a graduated lead line. One change from the ERA work plan was the use of a surface-deployed 
water column sampler, as opposed to the proposed diver collection method of water samples. 
Furthermore, the water column samples were collected at each co-located station prior to 
collection of surface sediment samples. These procedures ensured minimal disturbance of the 
sediment bottom and undesirable turbidity in the water column samples that could potentially 
bias chemical analyses. 

Kennedy/Jenks staff deployed a 2.2-liter capacity Van Dorn horizontal water sampler to the 
midpoint of the water column. A weighted messenger was released to trigger water sample 
capture at the appropriate depth. Upon retrieval of the sampler, surface water samples were 
placed directly into precleaned laboratory containers, labeled, and placed into coolers with ice 
for transportation to Columbia Analytical Services (CAS), Kelso, Washington. Chain-of-custody 
procedures were followed as stated in the work plan during the course of sampling and analysis. 
The Van Dorn sampler was decontaminated in between stations by thoroughly scrubbing the 
unit with a soap and water solution, followed by a distilled water rinse. 
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2.2.2 Sediment Sampling 
Upon arriving at the sediment sampling station (or following the collection of surface water 
samples at co-located stations), a NWUC diver was deployed. The diver descended to the 
mudline and noted any visual observations. The diver collected the upper 10 cm of sediment 
from below the mudline using a handheld core tube. Both ends of the tube were then capped to 
prevent loss of material. Upon returning to the surface, the sediment was emptied into a 
stainless steel container. Multiple cores were collected at each sampling station to obtain the 
required sediment volumes for both chemical and biological testing. 

At each sampling station, the collected sediment was thoroughly homogenized by hand using a 
stainless steel spoon. Samples were placed into precleaned laboratory containers, labeled, and 
placed into coolers with ice for transportation to CAS. Chain-of-custody procedures were 
followed as stated in the work plan during the course of sampling and analysis. 
Decontamination of core tubes, stainless steel spoons, and the stainless steel container was 
accomplished in between stations by thoroughly scrubbing the equipment with a soap and water 
solution, followed by a distilled water rinse. 

Petroleum odors were noted during the collection of several of the surface sediment samples. 
These samples were located in the southeast corner of Slip 2, and consisted of samples 
SD-100, SD-101, SD-102, and SD-103 (Figure 2). 
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Section 3: Physical and Chemical Results 

3.1 Surface Water Chemical Analytical Results 
Surface water chemical analytical results are presented on Table 2 and compared to EPA 
ambient water quality criteria (AWQC) final chronic values (FCVs) for chronic toxicity of 
individual PAHs in water exposures (EPA 2003). Because no AWQC are available for benzene, 
toluene, ethylbenzene, and xylene (BTEX), surface water concentrations for these chemicals 
were compared to DEQ aquatic SLVs (Table 4). The objective of the surface water sampling 
and evaluation program was to evaluate whether petroleum constituents in the seep or sheen 
observed in Slip 2 may pose an ecological risk to pelagic (water column) aquatic receptors. No 
exceedances of any FCVs or SLVs were observed for all surface water samples analyzed. 
Therefore, chemical constituents in the water column at the Site pose no risk to aquatic 
ecological receptors. 

3.2 Sediment Physical Characteristics 
All seven surface sediment samples were analyzed for the full list of Washington State 
Sediment Management Standards (SMS) chemicals and six conventional parameters. Sediment 
grain size, total organic carbon (TOC), total solids, total volatile solids (TVS), ammonia, and 
total sulfides are summarized on Table 3. A summary of the laboratory chemical analytical 
results compared to DEQ (2001) marine/estuarine sediment SLVs is presented on Table 4. The 
complete laboratory analytical report is included as Appendix C. 

Sediment samples collected at the site were predominantly silt and clay grain sizes (Table 2). 
All sediment samples, including the two reference samples, contained at least 68 percent fine 
grained particles, with the exception of SD-102 (50.5 percent silt/clay). Levels of TOC and TVS 
were highest in SD-102. Ammonia as nitrogen, total solids, and total sulfide were lowest in 
SD-102. No other anomalies were observed in the sediment physical data. 

3.3 Sediment Chemical Analytical Results 
Sediment chemical analytical results are summarized on Table 4. Several sediment samples 
contained levels of multiple analytes exceeding DEQ marine/estuarine sediment SLVs. All 
samples collected had exceedances of SLVs for copper, likely due to high naturally occurring 
background concentrations in sediments. Reference samples REF-EBB and REF-YB and test 
sample SD-104 had slight exceedances of the DEQ SLV for mercury, with enrichment ratios 
less than two. Enrichment ratio is calculated by dividing the chemical concentration by the 
appropriate SLV for that chemical. Samples SD-101 and SD-102 had exceedances of the DEQ 
SLV for zinc. 

Concentrations of specific petroleum constituents in samples SD-100, SD-101, and SD-102 
were sufficiently high to warrant dilution by CAS prior to analysis; these analytes are flagged 
with a “D” and the dilution factor stated in the footnotes (Table 4). Exceedances of DEQ SLVs 
for the light PAHs (LPAHs) naphthalene, 2-methylnaphthalene, acenaphthene, acenaphthylene, 
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fluorene, phenanthrene, and anthracene were observed in samples SD-101, SD-102 and SD-
103. Exceedances of DEQ SLVs for the heavy PAHs (HPAHs) fluoranthene, pyrene, 
benz(a)anthracene, chrysene, benzo(a)pyrene, and dibenz(a,h)anthracene were observed in 
samples SD-100, SD-101, SD-102, and SD-103. Exceedances of DEQ SLVs for total LPAHs 
and total PAHs were also observed in samples SD-101, SD-102, and SD-103. Exceedance of 
the DEQ SLV for total HPAHs was observed in samples SD-100, SD-101, SD-102, and SD-103. 

Concentrations of total polychlorinated biphenyls (PCBs) (the sum of the detected Aroclors 
1248, 1254, 1260) in samples SD-100, SD-101, and SD-102 also exceeded the DEQ 
marine/estuarine sediment SLV. 

The reporting limits for several analytes were elevated in samples SD-100, SD-101, and 
SD-102. The sample extracts were diluted by a factor of 100 prior to analysis because of 
relatively high levels of target (i.e., petroleum) analyte concentrations. Because of the dilution in 
samples SD-100, SD-101, and SD-102, the reporting limits for 13 compounds exceeded their 
respective SLVs despite yielding non-detect results: acenaphthylene; acenaphthene; fluorene; 
anthracene, hexachlorobenzene; dimethyl phthalate; diethyl phthalate; di-n-butyl phthalate; 
dibenzofuran; hexachlorobutadiene; N-nitroso-diphenylamine; pentachlorophenol; benzoic acid. 
These are false exceedances of the SLVs based on the high levels of specific petroleum 
constituents identified on Table 4.
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Section 4: Biological Testing 

As part of the Level III baseline ERA, bioassay testing was completed on the five surface 
sediment samples from Slip 2 and both reference surface sediment samples. Northwestern 
Aquatic Sciences (NAS) of Newport, Oregon conducted the sediment bioassay tests. The suite 
of proposed marine/estuarine biological tests, selected according to the Dredged Material 
Evaluation Framework (DMEF) (Corps et al. 1998) for the Lower Columbia River Management 
Area (LCRMA), was as follows: 

● Acute 10-day Eohaustorius estuarius amphipod mortality test 

● Chronic 20-day juvenile Neanthes arenaceodentata polychaete survival/growth test 

● Acute 48-hour larval Mytilus galloprovincialis bivalve mortality/abnormality test. 

4.1 Bioassay Reference Selection 
Reference sediment samples were collected from two areas along the Lower Columbia River for 
use in the bioassay testing program. One reference sample was collected from inside the 
breakwater structure at the Port of Astoria’s East Boat Basin (REF-EBB). The other reference 
sample was collected along the southwest shore of Youngs Bay, just south of the entrance to 
the Skipanon Waterway (REF-YB). 

REF-EBB more closely matched the test sediments in terms of physical sediment 
characteristics, such as grain size. Based on physical and chemical analytical results, REF-EBB 
was selected as the reference sediment sample for use in bioassay testing. Selection of this 
reference sample was conducted in coordination with the PRP Group and based on our 2 June 
2006 meeting with DEQ (Kennedy/Jenks Consultants 2006a). 

4.2 Bioassay Results 
The results of the three marine/estuarine bioassay tests are summarized on Tables 5 through 7 
and discussed in the following sections. The complete laboratory bioassay reports are 
presented in Appendix D. 

4.2.1 Amphipod Mortality Test 
The performance criterion for the selected reference sample REF-EBB was not met for 
mortality, according to the guidance in the LCRMA DMEF. Mean mortality in REF-EBB 
exceeded mean mortality in the negative control sample plus 20 percent (Corps et al. 1998). As 
discussed during our 2 June 2006 meeting with DEQ, the use of REF-EBB was agreed upon as 
an appropriate reference sediment for test comparison, based upon similar grain size 
characteristics and very low levels of non-target contamination. 

The results of the acute 10-day amphipod mortality test are summarized on Table 5. Test 
samples SD-100, SD-101, and SD-102 resulted in 100 percent amphipod mortality, and test 
sample SD-103 yielded 61 percent mortality (Table 5). Of the three marine/estuarine tests run at 
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the Site, the greatest amphipod mortality occurred in sediment samples that contained the 
highest PAH concentrations. These were located in the southeast corner of Slip 2. Levels of 
PAHs decreased rapidly moving out beyond the containment boom, particularly at sample SD-
103 and beyond to the northwest. The results of the other two tests are further discussed below. 

Samples SD-100, SD-101, SD-102, and SD-103 resulted in “one-hit” failures compared to REF-
EBB, based on the LCRMA DMEF (Corps et al. 1998). When any one biological test shows a 
marked test sediment response relative to the negative control and reference sediment which 
exceeds the bioassay-specific response guidelines, and which is “statistically different” from the 
reference, the dredged material management unit is judged to be unsuitable for aquatic disposal 
and is deemed a “one-hit” failure per the LCRMA DMEF (Corps et al. 1998). Sample SD-104 
passed the amphipod mortality bioassay when compared to REF-EBB (Table 5). 

The low interstitial salinity (i.e., 1 to 7 parts per thousand [ppt]) found in the sampled Site and 
reference sediments may have caused initial environmental stress to the marine test organisms 
unrelated to chemical toxicity, even though interstitial salinity by the end of the test was within 
the typical range (i.e., 25 to 29 ppt) (Table 5). This low interstitial salinity range in the bulk 
sediment may partially explain the poor performance criteria for organisms in the relatively clean 
reference sediment. In fact, neither reference sediment REF-EBB nor REF-YB met the 
performance criterion for the amphipod bioassay. 

4.2.2 Polychaete Survival/Growth Test 
The results of the chronic 20-day polychaete survival and growth test are summarized on 
Table 6. None of the test samples showed significantly decreased individual survival or growth 
rate compared with reference sediment REF-EBB. Therefore, all test samples passed the “one-
hit” criterion for mean survival and growth. The performance criterion was not met for 
survival/growth for the selected reference sample REF-EBB, i.e., the mean growth rate for REF-
EBB was less than 80 percent of the negative control mean growth rate. However, DEQ agreed 
to use REF-EBB for statistical comparison purposes within the ERA during our 2 June 2006 
meeting. 

The results of the polychaete survival and growth test indicate the polychaete was not sensitive 
to the PAH constituents found in the test samples. Individual growth rates did not appear to be 
negatively impacted by the PAH concentrations whether the samples originated within the 
containment boom or were collected further out into Slip 2. Based on the relative insensitivity of 
the test, the results of the polychaete bioassay were not useful for the ERA but could be used to 
inform risk management decisions for the sediments found within Slip 2 during the FS phase of 
the project. The sublethal growth endpoint did not appear to be affected by the petroleum 
constituents found within the Slip 2 sediments. 

4.2.3 Larval Bivalve Mortality/Abnormality Test 
The results of the acute 48-hour larval bivalve mortality and abnormality test are summarized on 
Table 7. The normalized combined mortality and abnormality (NCMA) for the five test samples 
ranged from 56.4 to 87.3 percent. Reference sample REF-EBB had a NCMA of 61.8 percent. All 
test samples passed under the “one-hit” criterion for NCMA. The performance criterion was not 
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met for NCMA for the selected reference sample REF-EBB, as the NCMA exceeded the 
seawater control plus 35 percent standard. 

Results for the larval bivalve mortality and abnormality test were the most inconclusive of the 
three bioassays. Both reference samples performed poorly with little explanation for the source 
of larval abnormalities. Although initial interstitial salinity in the bulk test and reference 
sediments was low, this particular larval test mixes a small aliquot of sediment with typical 
salinity seawater and is thoroughly shaken (similar to an elutriate test for potential leaching of 
contaminants during dredging) prior to addition of the larvae. Therefore, low salinity cannot 
explain the poor NCMA performance of the reference sediments. Furthermore, test sediment 
SD-102, which contained the highest levels of PAH constituents of any sample, had the lowest 
percentage of NCMA (56.4 percent), i.e., the least amount of larval mortality/abnormality, and 
outperformed the “cleaner” reference sample REF-EBB (61.8 percent). Kennedy/Jenks has held 
discussions with the U.S. Army Corps of Engineers, DEQ, and NAS regarding performance 
issues with the juvenile polychaete and larval bivalve bioassay tests conducted in the Lower 
Columbia River estuary and Astoria region (Section 5.1). 
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Section 5: Discussion 

This section provides a summary of uncertainty analysis and conclusion. A review of chemical 
data quality is provided in Appendix E. 

5.1 Uncertainty Analysis 
There are several sources of uncertainty associated with this ERA. The identification of the type 
and number of environmental samples, sampling procedures, and sample analysis each contain 
components that contribute to uncertainties in the ERA. For example, it is generally not practical 
to sample all locations and media at a site. Decisions are made to select a subset of potential 
sampling locations and media based upon the anticipated presence of the chemical(s), i.e., 
petroleum constituents. These decisions are made with the use of historical and background 
information on the site and potential contaminants’ chemical and physical properties. 

Additional uncertainties may arise out of the sampling process and analytical methodologies 
used in site characterization. For example, surface sediments were sampled and tested for 
chemical constituents as well as biological toxicity because they represent the current exposure 
pathway for ecological receptors in Slip 2. The underlying sediments were not tested because of 
the lack of an exposure pathway, but the conceptual site model could change with dredging to 
accommodate additional vessels or capping to address toxic surface sediments. Additional 
sampling and analytical testing may be required during the FS phase of the project, depending 
on the recommended remedial alternative. 

Personal discussion with Mark Siipola of the Portland District U.S. Army Corps of Engineers 
indicated that other dredged material characterization projects recently conducted in the Lower 
Columbia River near Astoria also found similar low salinity and similar issues with the 
polychaete growth and acute larval bioassays (Kennedy/Jenks Consultants 2006b): 

● East Astoria Boat Basin (Corps 1998) – the reference sediment for the juvenile polychaete 
bioassay did not meet performance criteria. All three test sediments for the larval NCMA 
bioassay failed the “one-hit” criteria, with only minor PAH exceedences of DMEF screening 
levels (SLs) for PAHs in one test sample. A previous exceedence of the SL for DDT 
prompted the bioassay testing; however, DDT was not detected at levels of concern in the 
bioassay test sediments. 

● Skipanon Channel (Corps 2004) results – the reference sediment for the juvenile polychaete 
bioassay did not meet performance criteria, and test results were compared to the positive 
control. One test sediment for the larval NCMA bioassay failed the “one-hit” criteria, but no 
chemical concentrations exceeded their respective SLs in the test sediment. This test result, 
combined with the East Boat Basin result above, called the reliability of the larval test into 
question for the Astoria area. 

A third bioassay site at Unocal Astoria (Environmental Cleanup Site Information [ECSI] File No. 
1646) was referenced by DEQ for unexplained issues in the larval test, including poor NCMA 
correlation to the total PAH concentration gradient (DEQ 2006). 
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The marine/estuarine sediment bioassay protocols developed in Puget Sound may not perform 
as well in the Lower Columbia River estuary because of its unique hydrodynamics. The estuary 
experiences a large tidal range of up to 12 feet during maximum spring tides, as well as strong 
flood and ebb currents. Furthermore, low sediment interstitial salinities have been observed 
within the vicinity of the Site that pose unique bioassay testing challenges within the Lower 
Columbia River. 

5.2 Conclusion 
A Level III ERA was completed for the inwater portion of the Site, in particular the intertidal area 
in the southeast corner of Slip 2. The purpose of the ERA was to evaluate the potential for Site-
related petroleum constituents to cause adverse toxicity to aquatic and benthic ecological 
receptors. The assessment endpoints to be protected at the Site included 

● Protection of resident pelagic organisms (e.g., sculpin, stickleback, perch) from 
reproductive impairment caused by Site constituents 

● Protection of the benthic invertebrate community from reproductive impairment caused 
by Site constituents. 

 
The results of the ERA clearly indicate that petroleum constituents in the surface waters within 
Slip 2 are not causing adverse toxicity to pelagic aquatic ecological receptors, as all water 
column sample concentrations were below their respective FCVs or SLVs. 

Petroleum constituents within a small area of sediment in the southeast corner of Slip 2, 
encompassing the area just outside the containment boom and the shoreline, appears to be 
causing mortality and adverse toxicity to benthic organisms. The “one-hit” failures in the 
amphipod mortality bioassay indicated unacceptable toxicity in samples SD-100, SD-101, 
SD-102, and SD-103. Results of the juvenile polychaete bioassay indicate the concentrations of 
petroleum constituents found in Slip 2 sediments are not at sufficient levels to affect the 
sublethal or chronic growth endpoint. None of the test organisms failed the juvenile polychaete 
survival/growth bioassay test. 

The larval bivalve mortality/abnormality bioassay results were the most inconclusive of the three 
tests. None of the test organisms failed the bioassay, but the NCMA results did not trend with 
the PAH concentrations in sediment. Both the juvenile polychaete and larval bivalve tests had 
poor performance issues with the reference sediments. These issues were similarly 
encountered at other bioassay testing sites around the Lower Columbia River estuary. 

Based on the results of the ERA, the recommendation is to address the inwater sediments just 
outside the containment boom to the shoreline during the FS phase of the project. A remedial 
alternative that eliminates the source of the petroleum constituents and addresses the benthic 
toxicity of the surface sediments is the most desirable. Any additional sediment sampling to 
inform remedial decision-making will be conducted during the FS phase. 
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Tables 



Approximate Depth Approximate Approximate Depth
to Mudline Tidal Height to Mudline (ft)

Station ID Latitude Longitude (ft) (ft) (ft)(a)

SD-100/SW-100 46° 11' 13.9" N 123° 51' 35.9" W 5 7.8 -2.8
SD-101/SW-101 46° 11' 14.1" N 123° 51' 35.9" W 2.5 6.8 -4.3
SD-102/SW-102 46° 11' 14.4" N 123° 51' 35.3" W 1.5 5.6 -4.1

SD-103 46° 11' 14.1" N 123° 51' 36.6" W 6 4.6 1.4
SD-104/SW-104 46° 11' 13.6" N 123° 51' 38.8" W 10 3.7 6.3

SW-105 46° 11' 16.1" N 123° 51' 41.7" W 22 2.7 19.3
REF-EBB 46° 11' 51.5" N 123° 48' 00.0" W 16 0.2 15.8
REF-YB 46° 10' 43.6" N 123° 54' 03.0" W 2.5 1.8 0.7

Notes:
(a) Depth to mudline has been tide corrected to Columbia River Datum (CRD).
EBB = East Boat Basin
REF = Reference Sample
SD = Sediment Sample
SW = Surface Water Sample
YB = Youngs Bay

Table 1:  Sampling Station Coordinates
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Table 2:  Surface Water Chemical Analytical Results

Approximate
Sample Sample Water Depth

ID Date (ft)(a) Acenaphthene
SW-100 1/26/2006 -2.8 0.0082 J 0.0039 J 0.0018 U 0.004 J 0.0034 J 0.0092 J 0.0030 J
SW-101 1/26/2006 -4.3 0.14 0.082 0.0058 J 0.0097 J 0.0076 J 0.012 J 0.0033 J
SW-102 1/26/2006 -4.1 0.21 0.14 0.0077 J 0.015 J 0.011 J 0.015 J 0.0050 J
SW-104 1/26/2006 1.4 0.017 J 0.0095 J 0.0018 U 0.0023 J 0.0026 U 0.0048 J 0.0011 U
SW-105 1/26/2006 6.3 0.0080 J 0.0027 J 0.0018 U 0.0027 J 0.0026 U 0.0051 J 0.0013 J

EPA FCV or DEQ SLV (b) 193.5 72.16 306.9 55.85 39.3 19.13 20.73

Naphthalene AnthracenePhenanthrenenaphthalene FluoreneAcenaphthylene

LPAH Compounds (µg/L)
2-Methyl-

_______________________________________________________
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Table 2:  Surface Water Chemical Analytical Results

Approximate
Sample Sample Water Depth

ID Date (ft)(a)

SW-100 1/26/2006 -2.8 0.012 J 0.013 J 0.0021 U 0.0048 J 0.0032 J 0.0020 J 0.0016 U 0.0021 U
SW-101 1/26/2006 -4.3 0.016 J 0.020 J 0.0021 U 0.0035 J 0.0029 J 0.0019 J 0.0017 J 0.0030 J
SW-102 1/26/2006 -4.1 0.022 0.025 0.0021 U 0.0051 J 0.0020 J 0.0014 J 0.0016 U 0.0021 U
SW-104 1/26/2006 1.4 0.0038 J 0.0030 J 0.0021 U 0.0013 U 0.0020 U 0.0014 U 0.0016 U 0.0021 U
SW-105 1/26/2006 6.3 0.0049 J 0.0041 J 0.0021 U 0.0016 J 0.0020 U 0.0014 U 0.0016 U 0.0021 U

EPA FCV or DEQ SLV (b) 7.109 10.11 2.227 2.042 0.6774 0.6415 0.9573 0.275

HPAH Compounds (µg/L)

pyrene
Benzo(a)-

pyrene
Indeno(1,2,3-c,d)-

fluoranthene
Benzo(b)-

fluoranthene
Benzo(k)-

Pyrene anthracene
Benz(a)-

ChryseneFluoranthene
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Level III Ecological Risk Assessment Report-Astoria Area-Wide Petroleum Site       Page 2 of 3



Table 2:  Surface Water Chemical Analytical Results

Approximate
Sample Sample Water Depth

ID Date (ft)(a)

SW-100 1/26/2006 -2.8 0.0017 U 0.0037 U 0.14 U 0.12 J 0.13 U 0.22 U
SW-101 1/26/2006 -4.3 0.0022 J 0.0037 U 0.61 2.7 0.47 J 2.64
SW-102 1/26/2006 -4.1 0.0017 U 0.0037 U 0.89 3.9 0.68 3.7
SW-104 1/26/2006 1.4 0.0017 U 0.0037 U 0.14 U 0.12 J 0.13 U 0.22 U
SW-105 1/26/2006 6.3 0.0017 U 0.0037 U 0.14 U 0.11 U 0.13 U 0.22 U

EPA FCV or DEQ SLV (b) 0.2825 0.4391 130 9.8 7.3 13

Notes:
(a) Depth to mudline has been tide corrected to Columbia River Datum (CRD).
(b) EPA FCV for chronic toxicity of individual PAHs in water exposures, or DEQ SLV for BTEX for aquatic organisms in surface water.
BTEX = Benzene, toluene, ethylbenzene, and xylene.
DEQ = Oregon Department of Environmental Quality.
EPA = Environmental Protection Agency.
FCV = Final Chronic Value.
HPAH = Heavy polynuclear aromatic hydrocarbon.
J = Detected concentration was below the laboratory method reporting limit and above the method detection limit.
LPAH = Light polynuclear aromatic hydrocarbon.
SLV = Screening Level Value.
SW = Surface water sample.
U = Concentration was below the laboratory method detection limit.

Toluene Ethylbenzene Xylene

HPAH Compounds (µg/L)

anthracene
Benzo(g,h,i)-

perylene Benzene

Volatile Organic Compounds (µg/L)
Dibenz(a,h)-

_______________________________________________________
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Approximate
Water Sample Total Total Total Percent Percent

Sample Sample Depth Depth Ammonia Total Volatile Organic Carbon Sulfide Sand/ Silt/
ID Date (ft)(a) (cm) (mg/kg) Solids (%) Solids (%) (TOC)(%) (mg/kg) Gravel Clay

SD-100 1/26/2006 -2.8 0-10 21.4 46.5 6.48 2.60 1,030 29.1 73.5
SD-101 1/26/2006 -4.3 0-10 69.0 40.9 10.3 4.45 1,540 18.8 82.8
SD-102 1/26/2006 -4.1 0-10 16.6 27.1 29.2 15.6 699 54.8 50.5
SD-103 1/26/2006 1.4 0-10 66.8 43.7 6.77 2.39 2,340 9.9 87.0
SD-104 1/26/2006 6.3 0-10 47.9 45.1 6.42 2.04 1,620 8.2 94.4

REF-EBB 1/26/2006 15.8 0-10 43.3 49.0 5.46 1.72 1,320 13.7 87.3
REF-YB 1/26/2006 0.7 0-10 40.5 56.5 4.91 1.36 447 35.0 68.2

Note:
(a) Depth to mudline has been tide corrected to Columbia River Datum (CRD).

Conventional Sediment Parameters Grain Size

Table 3:  Sediment Physical Characteristics
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Approximate
Water Sample Percent

Sample Sample Depth Depth Sand Percent
ID Date (feet)(a) (cm) Gravel Silt/Clay Arsenic Cadmium Chromium Copper Lead Mercury Silver Zinc

SD-100 1/26/2006 -2.8 0-10 29.1 73.5 3.34 0.42 13.2 21 14.4 0.073 0.117 72.2
SD-101 1/26/2006 -4.3 0-10 18.8 82.8 6.97 0.498 15 33.6 17.8 0.1 0.122 144
SD-102 1/26/2006 -4.1 0-10 54.8 50.5 8.24 0.472 17.6 55 25.4 0.079 0.098 218
SD-103 1/26/2006 1.4 0-10 9.9 87.0 4.41 0.578 15 31 15 0.095 0.133 81.2
SD-104 1/26/2006 6.3 0-10 8.2 94.4 4.45 0.593 14.9 27.7 13.7 0.12 0.142 78.9

REF-EBB 1/26/2006 15.8 0-10 13.7 87.3 3.22 0.407 11.7 20.9 10.8 0.194 0.121 62.5
REF-YB 1/26/2006 0.7 0-10 35.0 68.2 4.8 0.759 15.7 20.3 19.4 0.178 0.155 85.8

DEQ SLV (b) 7 0.7 52 19 30 0.1 0.7 124

Table 4:  Sediment Chemistry and Grain Size Results

Grain Size Metals
(mg/kg)
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Table 4:  Sediment Chemistry and Grain Size Results

Approximate
Water Sample

Sample Sample Depth Depth
ID Date (feet)(a) (cm)

SD-100 1/26/2006 -2.8 0-10 7.1 J 2.6 U 3.1 U 2.2 U 3.7 U 280 U 310 U 310 U
SD-101 1/26/2006 -4.3 0-10 40 20 350 U 250 U 420 U 540 JD 350 U 600 JD
SD-102 1/26/2006 -4.1 0-10 160 60 520 U 370 U 630 U 620 JD 700 JD 1,540 JD
SD-103 1/26/2006 1.4 0-10 7.0 J 8.3 J 15 10 J 45 110 480 675 J
SD-104 1/26/2006 6.3 0-10 2.9 U 2.7 U 3.2 U 2.3 U 3.8 U 8.6 J 3.2 U 8.6 J

REF-EBB 1/26/2006 15.8 0-10 2.7 U 2.5 U 2.9 U 2.1 U 3.5 U 4.1 J 2.9 U 4.1 J
REF-YB 1/26/2006 0.7 0-10 2.4 U 2.2 U 2.5 U 1.8 U 3.1 U 3.7 J 2.5 U 3.7 J

DEQ SLV (b) 35 20 6 7 21 86 47 312

LPAH Compounds

Naphthalene naphthalene
2-Methyl-

Acenaphthylene Acenaphthene Fluorene Phenanthrene Anthracene LPAH
Total

(µg/kg)
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Table 4:  Sediment Chemistry and Grain Size Results

Approximate
Water Sample

Sample Sample Depth Depth
ID Date (feet)(a) (cm) Pyrene

SD-100 1/26/2006 -2.8 0-10 650 JD 290 120 210 160 54 76 48
SD-101 1/26/2006 -4.3 0-10 2,000 D 570 240 710 380 120 160 96
SD-102 1/26/2006 -4.1 0-10 4,100 D 1,100 920 2,500 D 1,400 JD 300 450 280
SD-103 1/26/2006 1.4 0-10 250 280 170 320 170 58 58 39
SD-104 1/26/2006 6.3 0-10 20 22 10 J 18 15 5.8 J 11 J 8.8 J

REF-EBB 1/26/2006 15.8 0-10 12 15 6.6 J 9.3 J 11 J 5.2 U 9.3 J 7.3 J
REF-YB 1/26/2006 0.7 0-10 11 13 5.8 J 8.6 J 10 4.5 U 9.3 J 7.7 J

DEQ SLV (b) 113 152 75 107 1,800 1,800 89 600

HPAH Compounds
(µg/kg)

Fluoranthene anthracene
Benz(a)-

fluoranthene
Benzo(b)-

Chrysene fluoranthene
Benzo(k)-

pyrene
Benzo(a)- Indeno(1,2,3-c,d)-

pyrene
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Table 4:  Sediment Chemistry and Grain Size Results

Approximate
Water Sample

Sample Sample Depth Depth
ID Date (feet)(a) (cm)

SD-100 1/26/2006 -2.8 0-10 11 44 1,663 JD 1,663 JD 2.8 U 4.1 U 3.3 U 460 U
SD-101 1/26/2006 -4.3 0-10 19 74 4,369 D 4,969 JD 3.2 U 4.7 U 3.7 U 520 U
SD-102 1/26/2006 -4.1 0-10 56 210 11,316 JD 12,856 JD 4.8 U 7.1 U 5.6 U 780 U
SD-103 1/26/2006 1.4 0-10 8.4 J 32 1,385 J 2,060 J 3.0 U 4.4 U 3.5 U 4.9 U
SD-104 1/26/2006 6.3 0-10 4.9 U 9.3 J 120 J 128.6 J 2.9 U 4.3 U 3.4 U 4.7 U

REF-EBB 1/26/2006 15.8 0-10 4.5 U 7.8 J 78.3 J 82.4 J 2.7 U 3.9 U 3.1 U 4.3 U
REF-YB 1/26/2006 0.7 0-10 3.9 U 9.3 J 74.7 J 78.4 J 2.4 U 3.4 U 2.7 U 3.8 U

DEQ SLV (b) 6 670 665 1,684 13 110 5 6

HPAH Compounds Chlorinated Benzenes
(µg/kg) (µg/kg)

peryleneanthracene
Dibenz(a,h)- Benzo(g,h,i)-

HPAH
Total Total

PAH
1,2-Dichloro-

benzene benzene
1,4-Dichloro- 1,2,4-Trichloro-

benzene benzene
Hexachloro-
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Table 4:  Sediment Chemistry and Grain Size Results

Approximate
Water Sample

Sample Sample Depth Depth
ID Date (feet)(a) (cm)

SD-100 1/26/2006 -2.8 0-10 3.9 U 7.6 U 560 U 3.3 U 140 J 28
SD-101 1/26/2006 -4.3 0-10 450 U 860 U 640 U 5.0 U 120 J 100
SD-102 1/26/2006 -4.1 0-10 670 U 1,300 U 960 U 5.6 U 160 J 4.5 U
SD-103 1/26/2006 1.4 0-10 4.2 U 8.1 U 6.0 U 3.5 U 18 J 2.8 U
SD-104 1/26/2006 6.3 0-10 4.0 U 7.8 U 5.8 U 3.4 U 7.6 J 2.7 U

REF-EBB 1/26/2006 15.8 0-10 3.7 U 7.2 U 5.4 U 3.1 U 6.1 J 2.5 U
REF-YB 1/26/2006 0.7 0-10 3.2 U 6.2 U 4.7 U 2.7 U 3.7 J 2.2 U

DEQ SLV (b) 6 6 58 63 1,300 61

Phthalate Esters
 (µg/kg organic carbon)

Dimethyl
phthalate phthalate

Diethyl Di-n-butyl
phthalate phthalate

Butyl benzyl Bis(2-ethylhexyl)- Di-n-octyl 
phthalatephthalate
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Level III Ecological Risk Assessment-Astoria Area-Wide Site       Page 5 of 6



Table 4:  Sediment Chemistry and Grain Size Results

Approximate
Water Sample

Sample Sample Depth Depth
ID Date (feet)(a) (cm)

SD-100 1/26/2006 -2.8 0-10 2.8 U 3.1 U 4.8 U 46 0.065 JD 15 J 7.4 U 6.3 U 12 U 1,900 U 8.0 U 210 U
SD-101 1/26/2006 -4.3 0-10 320 U 3.5 U 540 U 58 0.081 JD 11 J 8.4 U 22 14 U 2,100 U 9.1 U 240 U
SD-102 1/26/2006 -4.1 0-10 480 U 5.2 U 820 U 135 0.058 JD 19 J 13 U 25 21 U 3,200 U 14 U 360 U
SD-103 1/26/2006 1.4 0-10 16 3.3 U 5.1 U 17.5 J 0.028 JD 7.0 J 7.8 U 8.7 J 13 U 20 U 8.5 U 220 U
SD-104 1/26/2006 6.3 0-10 2.9 U 3.2 U 4.9 U 6.1 J 0.013 J 8.6 J 7.6 U 6.5 U 13 U 19 U 8.3 U 220 U

REF-EBB 1/26/2006 15.8 0-10 2.7 U 2.9 U 4.5 U 3.3 U 0.013 J 8.0 J 7.0 U 6.0 U 12 U 18 U 7.6 U 200 U
REF-YB 1/26/2006 0.7 0-10 2.4 U 2.5 U 3.9 U 23 J 0.010 J 5.5 J 6.1 U 5.2 U 9.8 U 16 U 6.6 U 170 U

DEQ SLV (b) 110 1 28 22 0.15 (c) 130 8 100 18 17 52~57 65

Notes:
Chemical results exceeding sediment benchmarks are shown in bold.
(a) - Depth to mudline has been tide corrected to Columbia River Datum (CRD).
(b) - DEQ SLV for marine/estuarine sediment.
(c) - PSDDA screening level for tri-n-butyltin in sediment.
(d) - Total PCBs are the sum of the detected Aroclor PCBs 1248, 1254, and 1260.
D = PAHs were diluted by a factor of 100, and tri-n-butyltin was diluted by a factor of 4 to obtain concentration.
J = Estimated concentration was less than the method reporting limit (MRL) and greater than or equal to the method detection limit (MDL).
U = Analyte concentration was not detected at or above the MRL/MDL.
µg/kg = micrograms per kilogram.
cm = centimeter.
DEQ = Oregon Department of Environmental Quality.
EBB = East Boat Basin.
ft = feet.
HPAH = heavy polycyclic aromatic hydrocarbon.
LPAH = light polycyclic aromatic hydrocarbon.
mg/kg = miligrams per kilogram.
PAH = polycyclic aromatic hydrocarbon.
PCB = polychlorinated biphenyl.
PSDDA = Puget Sound Dredge Disposal Analysis.
REF = Reference Sample.
SD = Sediment Sample.
SLV = Screening Level Value.
YB = Youngs Bay.

 (µg/kg)  (µg/kg)(µg/L)
Ionizable Organic CompoundsMisc. Extractable Compounds

Dibenzo-
furan butadiene

Hexachloro- N-nitroso-
diphenylamine PCBs (d)

Total Porewater
Tri-n-butyltin Phenol

2-Methyl-
phenol phenol

2,4-Dimethyl-
phenol

4-Methyl-
phenol

Pentachloro- Benzoic 
Acid

Benzyl 
Alcohol
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Table 5:  Summary of Acute 10-Day Amphipod Mortality Bioassay Results

Sample

Test Mean
Mortality (MT)

(%)

Significantly 
Different from  
REF-EBB at    
α = 0.05?

REF-EBB        
Reference Mean

Mortality (MR)
(%) MT - MR

One-Hit Criteria(a)

(MT - MR > 30%)
(Pass/Fail)

Two-Hit Criteria(b)

(significant difference 
from reference in any 

two tests)
(Yes/No)

Bulk      
Interstitial 

Salinity    
(ppt)

SD-100 100 Yes 23.0 77.0 Fail Yes 1.5
SD-101 100 Yes 23.0 77.0 Fail Yes 3.0
SD-102 100 Yes 23.0 77.0 Fail No 1.0
SD-103 61.0 Yes 23.0 38.0 Fail Yes 4.5
SD-104 24.0 No 23.0 1.0 Pass No 5.0
REF-EBB 23.0 -- -- -- -- -- 5.0
REF-YB 61.0 -- -- -- -- -- 7.0
Neg. Control 1.0 -- -- -- -- -- --

Notes:
(a) One hit required to fail bioassay.
(b) Two hits required to fail bioassay.
ppt - parts per thousand.
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Table 6:  Summary of Chronic 20-Day Juvenile Polychaete Survival and

Sample
Test Mean

Growth Rate (GT)

Significantly 
Different from      
REF-EBB at        
α = 0.05?

REF-EBB         
Reference Mean
Growth Rate (GR) GR x 50%

One-Hit Criteria(a)

(GT < GR x 50%)
(Pass/Fail)

Two-Hit Criteria(b)

(significant difference 
from reference in any 

two tests)
(Yes/No)

Bulk      
Interstitial  

Salinity    
(ppt)

SD-100 0.74 No 0.79 0.395 Pass Yes 1.5
SD-101 0.79 No 0.79 0.395 Pass Yes 3.0
SD-102 0.83 No 0.79 0.395 Pass No 1.0
SD-103 0.73 No 0.79 0.395 Pass Yes 4.5
SD-104 0.80 No 0.79 0.395 Pass No 5.0
REF-EBB 0.79 -- -- -- -- -- 5.0
REF-YB 1.09 -- -- -- -- -- 7.0
Neg. Control 1.03 -- -- -- -- -- --

Notes:
(a) One hit required to fail bioassay.
(b) Two hits required to fail bioassay.

Table 6:  Growth Bioassay Results
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Table 7:  Summary of Acute 48-Hour Larval Combined Mortality and

Sample

Test Mean
NCMA (NT) 

(%)

Significantly 
Different from 
REF-EBB at    
α = 0.10?

REF-EBB        
Reference Mean

NCMA (NR)       
(%) NR + 30%

One-Hit Criteria(a)

(NT > NR + 30%)
(Pass/Fail)

Two-Hit Criteria(b)

(significant difference 
from reference in any two 

tests)
(Yes/No)

SD-100 80.2 Yes 61.8 91.8 Pass Yes
SD-101 87.3 Yes 61.8 91.8 Pass Yes
SD-102 56.4 No 61.8 91.8 Pass No
SD-103 79.1 Yes 61.8 91.8 Pass Yes
SD-104 77.1 Yes 61.8 91.8 Pass No
REF-EBB 61.8 -- -- -- -- --
REF-YB 52.0 -- -- -- -- --
SW Control 0.0 -- -- -- -- --

Notes:
(a) One hit required to fail bioassay.
(b) Two hits required to fail bioassay.
SW - seawater.

Table 7:  Abnormality Bioassay Results
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Figures 







Appendix A 

Photographs 



 

Photo #1: Looking at the Van Dorn sampler post-deployment with water column sample inside. 

4”x6” 

Photo #2: Looking at the northwestern outer edge of the containment boom in Slip 2. 
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Photo #3: Looking toward the eastern corner of Slip 2. 

 

Photo #4: Looking south at the containment boom in Slip 2 toward the Port offices.  
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Appendix B 

Sediment Sampling Data Sheets 

















Appendix C 

Laboratory Chemical Analytical Reports 









































































































































































































































































Analytical Results

Kennedy/Jenks Consultants, Incorporated K0601413

K0601413-001

ug/L

NA

SD-100

01/26/2006

01/28/2006

Astoria Area-Wide/0592004.00

Soil

Client:

Project:

Sample Matrix:

Service Request: 

Date Collected: 

Date Received: 

Date Prepared: 02/28/2006

COLUMBIA ANALYTICAL SERVICES, INC.

Units: 

Basis: 

Sample Name:

Butyltins in Porewater (as cation)

Lab Code:

Extraction Method Specified in Analytical Method

Krone

EPA 3520C

METHOD

Analysis Method:

Extraction Method:

Preparation Method LowLevel: 

Note

Extraction 

Lot

Date 

Analyzed

Date 

Extracted

Dilution 

FactorMDLMRLQResultAnalyte Name

Tetra-n-butyltin ND 0.25 03/01/065 KWG060336303/09/060.0075U *

Tri-n-butyltin 0.10 03/01/065 KWG060336303/09/060.0030JD *0.065

Di-n-butyltin 0.25 03/01/065 KWG060336303/09/060.0028JD *0.013

n-Butyltin ND 0.25 03/01/065 KWG060336303/09/060.0085U *

* See Case Narrative

Surrogate Name %Rec

Control

Limits Note

Date 

Analyzed

85 23-137 AcceptableTri-n-propyltin 03/09/06

Comments:

1of1Page16:15:2903/09/2006Printed: Form 1A - Organic

Merged SuperSet Reference:
RR57513

u:\Stealth\Crystal.rpt\Form1m.rpt



Analytical Results

Kennedy/Jenks Consultants, Incorporated K0601413

K0601413-002

ug/L

NA

SD-101

01/26/2006

01/28/2006

Astoria Area-Wide/0592004.00

Soil

Client:

Project:

Sample Matrix:

Service Request: 

Date Collected: 

Date Received: 

Date Prepared: 02/28/2006

COLUMBIA ANALYTICAL SERVICES, INC.

Units: 

Basis: 

Sample Name:

Butyltins in Porewater (as cation)

Lab Code:

Extraction Method Specified in Analytical Method

Krone

EPA 3520C

METHOD

Analysis Method:

Extraction Method:

Preparation Method LowLevel: 

Note

Extraction 

Lot

Date 

Analyzed

Date 

Extracted

Dilution 

FactorMDLMRLQResultAnalyte Name

Tetra-n-butyltin ND 0.25 03/01/065 KWG060336303/09/060.0075U *

Tri-n-butyltin 0.10 03/01/065 KWG060336303/09/060.0030JD *0.081

Di-n-butyltin 0.25 03/01/065 KWG060336303/09/060.0028JD *0.0077

n-Butyltin ND 0.25 03/01/065 KWG060336303/09/060.0085U *

* See Case Narrative

Surrogate Name %Rec

Control

Limits Note

Date 

Analyzed

64 23-137 AcceptableTri-n-propyltin 03/09/06

Comments:

1of1Page16:15:3503/09/2006Printed: Form 1A - Organic

Merged SuperSet Reference:
RR57513

u:\Stealth\Crystal.rpt\Form1m.rpt



Analytical Results

Kennedy/Jenks Consultants, Incorporated K0601413

K0601413-003

ug/L

NA

SD-102

01/26/2006

01/28/2006

Astoria Area-Wide/0592004.00

Soil

Client:

Project:

Sample Matrix:

Service Request: 

Date Collected: 

Date Received: 

Date Prepared: 02/28/2006

COLUMBIA ANALYTICAL SERVICES, INC.

Units: 

Basis: 

Sample Name:

Butyltins in Porewater (as cation)

Lab Code:

Extraction Method Specified in Analytical Method

Krone

EPA 3520C

METHOD

Analysis Method:

Extraction Method:

Preparation Method LowLevel: 

Note

Extraction 

Lot

Date 

Analyzed

Date 

Extracted

Dilution 

FactorMDLMRLQResultAnalyte Name

Tetra-n-butyltin ND 0.25 03/01/065 KWG060336303/09/060.0075U *

Tri-n-butyltin 0.10 03/01/065 KWG060336303/09/060.0030JD *0.058

Di-n-butyltin 0.25 03/01/065 KWG060336303/09/060.0028JD *0.0082

n-Butyltin ND 0.25 03/01/065 KWG060336303/09/060.0085U *

* See Case Narrative

Surrogate Name %Rec

Control

Limits Note

Date 

Analyzed

78 23-137 AcceptableTri-n-propyltin 03/09/06

Comments:

1of1Page16:15:3903/09/2006Printed: Form 1A - Organic

Merged SuperSet Reference:
RR57513

u:\Stealth\Crystal.rpt\Form1m.rpt



Analytical Results

Kennedy/Jenks Consultants, Incorporated K0601413

K0601413-004

ug/L

NA

SD-103

01/26/2006

01/28/2006

Astoria Area-Wide/0592004.00

Soil

Client:

Project:

Sample Matrix:

Service Request: 

Date Collected: 

Date Received: 

Date Prepared: 02/28/2006

COLUMBIA ANALYTICAL SERVICES, INC.

Units: 

Basis: 

Sample Name:

Butyltins in Porewater (as cation)

Lab Code:

Extraction Method Specified in Analytical Method

Krone

EPA 3520C

METHOD

Analysis Method:

Extraction Method:

Preparation Method LowLevel: 

Note

Extraction 

Lot

Date 

Analyzed

Date 

Extracted

Dilution 

FactorMDLMRLQResultAnalyte Name

Tetra-n-butyltin ND 0.25 03/01/065 KWG060336303/09/060.0075U *

Tri-n-butyltin 0.10 03/01/065 KWG060336303/09/060.0030JD *0.028

Di-n-butyltin 0.25 03/01/065 KWG060336303/09/060.0028JD *0.0039

n-Butyltin ND 0.25 03/01/065 KWG060336303/09/060.0085U *

* See Case Narrative

Surrogate Name %Rec

Control

Limits Note

Date 

Analyzed

97 23-137 AcceptableTri-n-propyltin 03/09/06

Comments:

1of1Page16:15:4303/09/2006Printed: Form 1A - Organic

Merged SuperSet Reference:
RR57513

u:\Stealth\Crystal.rpt\Form1m.rpt



Analytical Results

Kennedy/Jenks Consultants, Incorporated K0601413

K0601413-005

ug/L

NA

SD-104

01/26/2006

01/28/2006

Astoria Area-Wide/0592004.00

Soil

Client:

Project:

Sample Matrix:

Service Request: 

Date Collected: 

Date Received: 

Date Prepared: 02/28/2006

COLUMBIA ANALYTICAL SERVICES, INC.

Units: 

Basis: 

Sample Name:

Butyltins in Porewater (as cation)

Lab Code:

Extraction Method Specified in Analytical Method

Krone

EPA 3520C

METHOD

Analysis Method:

Extraction Method:

Preparation Method LowLevel: 

Note

Extraction 

Lot

Date 

Analyzed

Date 

Extracted

Dilution 

FactorMDLMRLQResultAnalyte Name

Tetra-n-butyltin ND 0.050 03/01/061 KWG060336303/07/060.0015U *

Tri-n-butyltin 0.020 03/01/061 KWG060336303/07/060.00060J *0.013

Di-n-butyltin 0.050 03/01/061 KWG060336303/07/060.00055J *0.0023

n-Butyltin ND 0.050 03/01/061 KWG060336303/07/060.0017U *

* See Case Narrative

Surrogate Name %Rec

Control

Limits Note

Date 

Analyzed

83 23-137 AcceptableTri-n-propyltin 03/07/06

Comments:

1of1Page16:15:4903/09/2006Printed: Form 1A - Organic

Merged SuperSet Reference:
RR57513

u:\Stealth\Crystal.rpt\Form1m.rpt



Analytical Results

Kennedy/Jenks Consultants, Incorporated K0601413

K0601413-006

ug/L

NA

REF-EBB

01/26/2006

01/28/2006

Astoria Area-Wide/0592004.00

Soil

Client:

Project:

Sample Matrix:

Service Request: 

Date Collected: 

Date Received: 

Date Prepared: 02/28/2006

COLUMBIA ANALYTICAL SERVICES, INC.

Units: 

Basis: 

Sample Name:

Butyltins in Porewater (as cation)

Lab Code:

Extraction Method Specified in Analytical Method

Krone

EPA 3520C

METHOD

Analysis Method:

Extraction Method:

Preparation Method LowLevel: 

Note

Extraction 

Lot

Date 

Analyzed

Date 

Extracted

Dilution 

FactorMDLMRLQResultAnalyte Name

Tetra-n-butyltin ND 0.050 03/01/061 KWG060336303/07/060.0015U *

Tri-n-butyltin 0.020 03/01/061 KWG060336303/07/060.00060J *0.013

Di-n-butyltin 0.050 03/01/061 KWG060336303/07/060.00055J *0.0037

n-Butyltin 0.050 03/01/061 KWG060336303/07/060.0017J *0.0019

* See Case Narrative

Surrogate Name %Rec

Control

Limits Note

Date 

Analyzed

92 23-137 AcceptableTri-n-propyltin 03/07/06

Comments:

1of1Page16:15:5703/09/2006Printed: Form 1A - Organic

Merged SuperSet Reference:
RR57513

u:\Stealth\Crystal.rpt\Form1m.rpt



Analytical Results

Kennedy/Jenks Consultants, Incorporated K0601413

K0601413-007

ug/L

NA

REF-YB

01/26/2006

01/28/2006

Astoria Area-Wide/0592004.00

Soil

Client:

Project:

Sample Matrix:

Service Request: 

Date Collected: 

Date Received: 

Date Prepared: 02/28/2006

COLUMBIA ANALYTICAL SERVICES, INC.

Units: 

Basis: 

Sample Name:

Butyltins in Porewater (as cation)

Lab Code:

Extraction Method Specified in Analytical Method

Krone

EPA 3520C

METHOD

Analysis Method:

Extraction Method:

Preparation Method LowLevel: 

Note

Extraction 

Lot

Date 

Analyzed

Date 

Extracted

Dilution 

FactorMDLMRLQResultAnalyte Name

Tetra-n-butyltin ND 0.050 03/01/061 KWG060336303/07/060.0015U *

Tri-n-butyltin 0.020 03/01/061 KWG060336303/07/060.00060J *0.010

Di-n-butyltin 0.050 03/01/061 KWG060336303/07/060.00055J *0.0024

n-Butyltin ND 0.050 03/01/061 KWG060336303/07/060.0017U *

* See Case Narrative

Surrogate Name %Rec

Control

Limits Note

Date 

Analyzed

86 23-137 AcceptableTri-n-propyltin 03/07/06

Comments:

1of1Page16:16:0303/09/2006Printed: Form 1A - Organic

Merged SuperSet Reference:
RR57513

u:\Stealth\Crystal.rpt\Form1m.rpt



Analytical Results

Kennedy/Jenks Consultants, Incorporated K0601413

KWG0603363-3

ug/L

NA

Method Blank

NA

NA

Astoria Area-Wide/0592004.00

Aqueous equip b

Client:

Project:

Sample Matrix:

Service Request: 

Date Collected: 

Date Received: 

Date Prepared: 02/28/2006

COLUMBIA ANALYTICAL SERVICES, INC.

Units: 

Basis: 

Sample Name:

Butyltins in Porewater (as cation)

Lab Code:

Extraction Method Specified in Analytical Method

Krone

EPA 3520C

METHOD

Analysis Method:

Extraction Method:

Preparation Method LowLevel: 

Note

Extraction 

Lot

Date 

Analyzed

Date 

Extracted

Dilution 

FactorMDLMRLQResultAnalyte Name

Tetra-n-butyltin ND 0.050 03/01/061 KWG060336303/07/060.0015U

Tri-n-butyltin 0.020 03/01/061 KWG060336303/07/060.00060J0.012

Di-n-butyltin 0.050 03/01/061 KWG060336303/07/060.00055J0.0015

n-Butyltin ND 0.050 03/01/061 KWG060336303/07/060.0017U

Surrogate Name %Rec

Control

Limits Note

Date 

Analyzed

100 23-137 AcceptableTri-n-propyltin 03/07/06

Comments:

1of1Page16:16:0903/09/2006Printed: Form 1A - Organic

Merged SuperSet Reference:
RR57513

u:\Stealth\Crystal.rpt\Form1m.rpt



Preparation Method

QA/QC Report

Surrogate Recovery Summary

Kennedy/Jenks Consultants, Incorporated K0601413

PERCENT

Butyltins in Porewater (as cation)

Low

Soil

Astoria Area-Wide/0592004.00

Client:

Project:

Sample Matrix:

Service Request: 

Analysis Method:

Units: 

Level: 

Sample Name Lab Code

COLUMBIA ANALYTICAL SERVICES, INC.

Extraction Method Specified in Analytical Method

METHOD

Extraction Method: EPA 3520C

Krone

Sur1

K0601413-001SD-100 D85

K0601413-002SD-101 D64

K0601413-003SD-102 D78

K0601413-004SD-103 D97

K0601413-005SD-104 83

K0601413-006REF-EBB 92

K0601413-007REF-YB 86

KWG0603363-3Method Blank 100

KWG0603363-1Lab Control Sample 96

KWG0603363-2Duplicate Lab Control Sample 89

Form 2A - OrganicPrinted: 03/09/2006 16:16:16 1 of 1

Surrogate Recovery Control Limits (%)

23-137Tri-n-propyltin

Results flagged with an asterisk (*) indicate values outside control criteria.

Page

Results flagged with a pound (#) indicate the control criteria is not applicable.

RR57513
SuperSet Reference:

Sur1 =

u:\Stealth\Crystal.rpt\Form2.rpt



Lab Control Spike/Duplicate Lab Control Spike Summary

%Rec

Lab Control Spike

%Rec

Limits

Duplicate Lab Control Spike

%Rec
RPD

RPD

Limit

QA/QC Report

Duplicate Lab Control Sample

KWG0603363-2

Kennedy/Jenks Consultants, Incorporated K0601413

Krone

ug/L

NA

Lab Control Sample

KWG0603363-1

Butyltins in Porewater (as cation)

KWG0603363

Aqueous equip b

Low

Astoria Area-Wide/0592004.00

Client:

Project:

Sample Matrix:

Service Request: 

Extraction Method:

Analysis Method:

Units: 

Basis: 

Level: 

Extraction Lot: 

Analyte Name Result ResultExpected Expected

COLUMBIA ANALYTICAL SERVICES, INC.

Date Prepared: 

Date Extracted: 

Date Analyzed: 

02/28/2006

03/01/2006

03/07/2006

METHOD/EPA 3520C

10-1040.500 86 30Tetra-n-butyltin 0.500 88 20.439 0.429

24-1290.446 90 30Tri-n-butyltin 0.446 107 170.477 0.403

21-1190.384 67 30Di-n-butyltin 0.384 72 70.277 0.258

28-1430.312 89 30n-Butyltin 0.312 81 100.251 0.277

Form 3C - OrganicPrinted: 03/09/2006 16:16:23 Page 1 of 1

Results flagged with an asterisk (*) indicate values outside control criteria.

RR57513
SuperSet Reference:

Percent recoveries and relative percent differences (RPD) are determined by the software using values in the calculation which have not been rounded.

u:\Stealth\Crystal.rpt\Form3DLC.rpt



Appendix D 

Laboratory Bioassay Reports 



































































































































































































































































































































































































































Appendix E 

Chemical Data Quality Review 
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Appendix E: Chemical Data Quality Review 

E.1 Data Quality Assurance Review 
A total of seven sediment samples and five surface water samples were collected on 26 January 
2006. No field duplicate or field blank samples were collected. Sediment samples were submitted to 
Columbia Analytical Services (CAS) for analysis of the following: 

• Ammonia as Nitrogen (EPA Method 350.3M) 
• Total Organic Carbon (PSEP) 
• Total Solids (EPA Method 160.3M) 
• Total Volatile Solids (PSEP) 
• Total Sulfide (PSEP) 
• Grain Size (PSEP) 
• Total Metals (As, Cd, Cr, Cu, Pb, Ag, Zn - EPA Method 6020; Hg - EPA Method 7471A) 
• Polychlorinated Biphenyls (EPA Method 8082) 
• Semivolatile Organics (EPA Method 8270C) 
• Porewater Tri-n-butyltin (Krone Method). 
 
Surface water samples were submitted to CAS for analysis of the following: 

• PAHs (EPA Method 8270C SIM) 
• BTEX (EPA Method 8260B). 
 
The following criteria were evaluated in the data quality review process: 

• Holding times 
• Method blanks 
• Surrogate recoveries 
• Laboratory control sample and laboratory control sample duplicate (LCS) recoveries 
• Matrix spike and matrix spike duplicate (MS/MSD) recoveries 
• Laboratory duplicate/triplicate relative percent difference (RPD). 

E.2 Sediment Analytical Data 
Ammonia. All required holding times were met. No method blank contamination was detected. MS 
and LCS recoveries were within laboratory control limits. Laboratory duplicate RPDs were 
acceptable. 

Total Organic Carbon. All required holding times were met. No method blank contamination was 
detected. MS and LCS recoveries were within laboratory control limits. Laboratory duplicate and 
triplicate RPDs were acceptable. 
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Total Solids. All required holding times were met. Analysis of a method blank was not required per 
the method. Laboratory duplicate RPDs were acceptable. 

Total Volatile Solids. All required holding times were met. Analysis of a method blank was not 
required per the method. Laboratory duplicate and triplicate RPDs were acceptable. 

Total Sulfide. All required holding times were met. No method blank contamination was detected. 
MS and LCS recoveries were within laboratory control limits. Laboratory duplicate and triplicate 
RPDs were acceptable. 

Total Metals. All required holding times were met. Low-level method blank contamination was 
detected for chromium and reported as an estimated concentration that was less than the method 
reporting limit (MRL) but greater than or equal to the method detection limit (MDL) (B). The method 
blank concentration for chromium was well below the observed concentrations for all analyzed 
sediment samples. MS and LCS recoveries were within laboratory control limits. Laboratory 
duplicate RPDs were acceptable. 

Polychlorinated Biphenyls (PCBs). All required holding times were met. No method blank 
contamination was detected. Surrogate, LCS and MS/MSD recoveries were within laboratory 
control limits. The reporting limit was elevated for several Aroclor PCBs in samples SD-100, SD-
101, and SD-102 since the chromatogram indicated the presence of non-target background 
components. The matrix interference prevented adequate resolution of the target compounds at the 
reporting limit. The results were flagged (Ui) to indicate the matrix interference (Appendix C). The 
confirmation comparison criteria of 40% difference for Aroclor 1254 was exceeded in a few samples 
(SD-100, SD-101, SD-102, SD-103). The lower of the two values was reported because of an 
apparent interference on the alternate column that produced the higher value. 

Semivolatile Organics. All required holding times were met. Low-level method blank 
contamination was detected for bis(2-ethylhexyl)phthalate and reported as an estimated 
concentration that is less than the MRL but greater than or equal to the MDL (J). 

The control criteria for the 2,4,6-tribromophenol surrogate in sample SD-100 were not applicable. 
The control criteria for the 2-fluorobiphenyl and 2,4,6-tribromophenol surrogates in samples SD-101 
and SD-102 were not applicable. The analyses of the samples required a dilution (D), which 
resulted in a surrogate concentration below the MRL. No further corrective action was appropriate. 

The advisory criterion was exceeded for benzoic acid and chrysene in the LCS. Per CAS standard 
operating procedure (SOP) for this method, these compounds were not included in the subset of 
analytes used to control the analysis. The recovery information reported for these analytes was for 
advisory purposes only, i.e. to provide additional detail related to the performance of each individual 
compound. No further corrective action was required. The RPD for benzoic acid in the LCS was 
outside control criteria. The analyte in question was not detected in the associated field samples. 
Data quality was not significantly altered, and no further corrective action was appropriate. LCSD 
recoveries were with laboratory control limits. MS/MSD recoveries were within laboratory control 
limits. 

Samples SD-100, SD-101, and SD-102 required dilutions due to the presence of elevated levels of 
target analytes. The reporting limits were adjusted to reflect the dilutions. 

Porewater Tri-n-butyltin. All samples were reanalyzed past the recommended holding time due to 
a login error. The original analytical batch included analysis of bulk tri-n-butyltin in sediment but did 
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not include analysis of tri-n-butyltin in porewater. The porewater analysis was performed as soon as 
possible after receipt by the laboratory. Low-level method blank contamination was detected for tri-
n-butyltin and reported as an estimated concentration that is less than the MRL but greater than or 
equal to the MDL (J). 

The reporting limit was elevated in samples SD-100, SD-101, SD-102, and SD-103. The sample 
extract was diluted (D) prior to analysis due to relatively high levels of non-target background 
components. The extract was highly colored and viscous, which indicated the need to perform a 
dilution prior to injection into the instrument. Cleanup of the extract was performed within the scope 
of the method, but did not eliminate enough of the background components to prevent dilution. 

Insufficient sample volume was received to perform MS/MSD, and LCS/LCSD was analyzed and 
reported instead. Surrogate recoveries, LCS, and LCSD were within laboratory control limits. 
Laboratory duplicate RPDs were acceptable. 

E.3 Surface Water Analytical Data 
PAHs. All required holding times were met. Low-level method blank contamination was detected for 
benzo(k)fluoranthene and reported as an estimated concentration that was less than the MRL but 
greater than or equal to the MDL (J). The low-level method blank contamination did not impact the 
results for the analyzed samples and did not require qualification of the analyses. Insufficient 
sample volume was received to perform a MS/MSD. A LCS/LCSD was analyzed and reported in 
lieu of the MS/MSD for the surface water samples. Surrogate, LCS, and LCSD recoveries were 
within laboratory control limits.  

BTEX. All required holding times were met. No method blank contamination was detected. 
Surrogate and MS/MSD recoveries were within laboratory control limits. The advisory criterion was 
exceeded for ethylbenzene in one LCS. Per CAS SOP for this method, this compound was not 
included in the subset of analytes used to control the analysis. The recovery information provided 
for this analyte was for advisory purposes only, i.e. to provide additional detail related to the 
performance of each individual compound. No further corrective action was required. 

E.4 Data Quality Conclusion 
Based on our data QA review, all data are deemed acceptable for their intended use. 
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