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This report presents results for the final sampling event of the five-year monitoring program 
at the Norfolk combined sewer overflow (CSO) sediment remediation site, along with a 
discussion of the monitoring program as a whole. The purpose of the five-year program was 
to monitor sediment placed as backfill material at the site for potential recontamination from 
CSO and other discharges. The final sampling event was conducted in April 2004 and 
represents the seventh time the site has been sampled after completion of remedial activities 
in March 1999, as well as the conclusion of the five-year monitoring program. The objective 
of the final sampling event was to collect data on the chemical characteristics of the backfill 
material five years after placement and compare those data to baseline and previous 
monitoring years' chemical conditions. Included in this report are a project background, 
descriptions of sampling and analytical methodologies, analytical results, a quality assurance 
review of the analytical data, and a final overview and discussion of the entire five-year 
monitoring program. Figures and tables referenced in this report are located at the end of the 
narrative. 

1.1 Project Background 

Sediment remediation at the Norfolk CSO site was undertaken to partially fulfill 
requirements of a 1991 Consent Decree, which defined the terms of a natural resources 
damage agreement between King County and the City of Seattle and federal, state, and tribal 
natural resources trustees. The Norfolk CSO site was chosen by the Elliott BayDuwamish 
Restoration Program (EBDRP) Panel as one of four sites prioritized for potential sediment 
remediation. 

A site characterization and cleanup study was performed in 1994 and 1995, and the cleanup 
study report was issued in 1996 (EBDRP, 1996). Chemicals of concern at the site included 
mercury, 1,4-dichlorobenzene, bis(2-ethylhexyl) phthalate, and polychlorinated biphenyls 
(PCBs), all present at concentrations exceeding State of Washington Sediment Management 
Standards (SMS) sediment chemical criteria values that define cleanup screening levels. 
PCB "hot spot" concentrations at the site also exceeded Toxic Substances Control Act 
(TSCA) limits for hazardous waste disposal. 

Site remediation began in early February 1999 and was completed by late March 1999. 
Remedial activities consisted of dredging and disposal of contaminated sediment and 
backfilling the dredged area to original grade with clean sediment from the Duwamish River 
Turning Basin. Contaminated sediments were removed from the site by mechanical dredge 
and dewatered on shore in a containment area initially designed to segregate batches about 50 
cubic yards (cy) in size and later reconfigured to handle larger batches. 

Sediment samples were collected daily from each 50-cy batch and analyzed for PCBs to 
determine the appropriate disposal destination. Sediments with a PCB concentration greater 
than 45 parts per million (ppm) were transported to a Subtitle C landfill in Arlington, Oregon 
for disposal. Sediments with a PCB concentration less than 45 ppm were transported to a 
Subtitle D landfill in Bremerton, Washington for disposal. A total of 5,190 cy of sediment 
was removed during the remediation, of which approximately 1,900 cy were transported to 
the Subtitle C landfill as hazardous waste. Sediment was generally removed to a depth of 
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three feet. Remediation in the PCB hot spot areas, however, required removal of sediment up 
to a depth of nine feet. Confirmational testing, subsequent to dredging activities, indicated 
that, in some of the deepest-dredged areas, sediments were left in place that contained PCB 
concentrations greater than SMS chemical criteria. Discussions with project oversight 
personnel fiom the EBDRP Panel and State of Washington Department of Ecology 
(Ecology) determined that, at a depth of nine feet below original grade, these PCB- 
contaminated sediments could be left in place. 

Clean backfill sediment was obtained from the Duwamish River Turning Basin during 
normal maintenance dredging operations by the Army Corps of Engineers (ACOE). Data 
'collected by the Corps prior to maintenance dredging indicated that this material was suitable 
for use as backfill material (ACOE unpublished data, 1998). A sample was also collected 
fiom the Turning Basin sediment after it was placed on a barge and just prior to backfilling 
activities. Analytical results fiom this sample confirmed the suitability of the sediment as 
backfill material (King County unpublished data, 1999). No organic chemicals were detected 
in the sample and metals were detected at levels indicative of natural, area-wide crustal 
sediment concentrations. Approximately 6,700 cy of Turning Basin sediment were used to 
backfill the dredged area at the Norfolk CSO sediment remediation site. A site closure report 
was issued in August 1999 (EBDRP, 1999). 

The site hydraulic permit, issued by the Washington State Department of Fish and Wildlife 
prior to remediation, requires that the site be monitored for a period of five years following 
remedial activities to evaluate possible recontamination of the backfill sediment as a result of 
continuing CSO or storm water discharges. To comply with this permit, a five-year 
monitoring plan was prepared that included sampling and analysis of surficial sediments 
fiom four stations in the backfilled area. Resulting analytical data allowed King County to 
evaluate the chemical characteristics of the sediment and assess possible recontamination 
over time. Monitoring activities were performed in accordance with a sampling and analysis 
plan addendum (Kmg County, 1999). 

1.2 Site Description 

The Norfolk CSO sediment remediation site is located in the Duwamish River, upstream of 
the Turning Basin, at approximately river kilometer 10 in the City of Tukwila (Figure 1). 
The site is located upstream of the river reach maintained for commercial navigation and, as 
such, has maintained its natural channel as well as some riparian habitat (EBDRP, 1996). 
The shoreline is characterized by a steeply-sloping, erosional bank maintained with large 
concrete riprap. The bank joins a gently-sloping, intertidal mud shoreline that is completely 
exposed during extreme low tides. 

The Norfolk CSO outfall originates at King County's Norfolk Street Regulator Station near 
South 102"~ Street and East Marginal Way in Tukwila (EBDRP, 1996). The outfall structure 
has a flap gate over the 84-inch discharge pipe and a concrete splash plate that is exposed 
during normal low tides. The remediation site is located adjacent to the outfall structure and 
is characterized by exposed, intertidal mud habitat as well as subtidal riverbed. The intertidal 
zone has been channelized, both by the discharge of the Norfolk CSO and by a storm drain 
that drains a Boeing Company parking lot adjacent to the CSO outfall. 
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This section describes sampling activities conducted in April 2004. All sampling activities 
were conducted following guidance suggested in the Puget Sound Protocols (PSEP, 1997a 
and 1998). 

2.1 Sample Locations and Station Positioning 

Four sediment sampling locations were established for annual monitoring and were assigned 
corresponding state plane coordinates (NAD83) specific to each station. These four 
sampling locations were selected prior to the October 1999 six-month sampling event (King 
County, 2000) and were designed to assess potential recontamination at the site and evaluate 
the chemical characteristics of the backfill material at the following locations: 

within the Norfolk CSO channel, prior to its confluence with the Boeing storm drain (SD) 
channel (station NFK501); 
on the delta after the confluence of the Norfolk CSO and Boeing SD channels (station 
NFK502); 
within the Boeing SD channel prior to its confluence with the Norfolk CSO channel 
(station NFK503); and 
upriver of both the Norfolk CSO and Boeing SD channels (station NFK504). 

Station locations were selected to monitor sediment quality in those areas with the greatest 
potential for recontamination; one station in the Norfolk CSO channel, one station in the 
Boeing SD channel, and one station on the delta formed after the confluence of the CSO and 
SD channels. The upriver station was selected to provide background or reference data. 

The prescribed station coordinates are presented in Table 1 and station locations are shown in 
Figure 2. 

Sediment grab samples were collected fiom the King County research vessel Chinook, which 
is equipped with a differential global positioning system (DGPS). The DGPS is a satellite- 
based navigation system that operates using a receiver to calculate ground position by 
triangulating data transmitted by a constellation of satellites operated by the Department of 
Defense @OD). The ship-board "differential" receiver receives both the DOD signal and 
signals originating from base stations operated by various agencies including the Coast 
Guard and King County. System software applies a differential correction and calculates a 
precise, real-time navigational position. 

Representative samples were collected at each station by compositing sediment from 
multiple grabs into single samples for both the 0 to 2 centimeter (cm) and 0 to 10 cm depth 
strata. Coordinates, shown in Table 1, were recorded using DGPS for each individual 
sediment grab as the sampler contacted the river bottom. 

2.2 Sample Collection and Handling 

Four 0 to 2 cm and four 0 to 10 cm depth stratum sediment samples were collected April 5, 
2004 from the routine monitoring stations at the Norfolk CSO sediment remediation site. 
Water depth at the four sampling stations ranged from 1 to 2 meters (- 3.3 to 6.6 feet) on a 
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slack to ebbing tide between +1 and +4 feet (referenced to mean lower low water). Samples 
were collected using a stainless steel, modified, 0.1 m2 van Veen grab sampler deployed from 
the Chinook. Samples at station NFKSOl were composited fkom three separate deployments 
of the grab sampler and samples at stations NFKS02, NFKS03, and NFKS04 were 
composited fkom two deployments. Between 14 and 17 cm of sediment was recovered in 
each grab, allowing collection of a sample aliquot fkom the top 10 cm without sampling 
sediment that had touched the sides or bottom of the grab sampler. 

Sediment aliquots fkom the 0 to 2 cm depth stratum were collected from one side of each 
grab using a 200 cm3 stainless-steel "cookie cutter." Sediment aliquots fkom the 0 to 10 cm 
depth stratum were collected fkom the other side of each grab using a stainless-steel spoon. 
Each of the aliquots was placed into separate stainless-steel bowls, covered with foil, and 
placed into an ice-filled cooler between grab deployments. After collecting aliquots fkom 
two or three grabs per station, the sediment sample was thoroughly homogenized and then 
split out into pre-labeled containers. Sample containerswere supplied by the King County 
Environmental Laboratory and were pre-cleaned according to analytical specifications. 

Two sets of sample compositing equipment were dedicated to each station, precluding the 
need for decontamination of this field gear. The Van Veen grab sampler was decontaminated 
between stations by scrubbing with a brush and river water followed by a thorough in situ 
rinsing. 

Samples were stored in ice-filled coolers fkom the time of collection until delivery to the 
King County Environmental Laboratory. Samples were delivered under chain-of-custody 
and were maintained as such throughout the analytical process. Samples were stored fiozen 
(-1 8°C) until analysis with the exception of samples for particle size distribution (PSD) 
analysis. PSD samples were stored refrigerated at approximately 4OC. All analyses were 
conducted by the King County Environmental Laboratory. 
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Eight estuarine sediment samples collected April 25,2004 were submitted for analysis of 
conventional, metal, and organic parameters. This section describes the types of analysis 
performed, as well as analytical methodologies used and the associated quality 
assurance/quality control (QNQC) procedures followed. Analyses were selected to allow 
comparison of sediment data to the SMS sediment chemical criteria found in Tables 1 and 3 
of Chapter 173-204 WAC (Ecology, 1995). 

3.1 Conventionals 

Conventional analyses included percent solids, total organic carbon (TOC), and PSD. 
Percent solids and TOC analyses were performed to provide data necessary to normalize 
sediment data to dry weight and organic carbon, respectively. TOC analysis also allows 
evaluation of possible organic enrichment at the site over time. Percent solids analysis was 
performed following SM 2540-G, gravimetric determination, and TOC analysis was 
performed following EPA Method 9060, high-temperature combustion with infixed 
spectroscopy. PSD analysis allows evaluation of the gross physical characteristics of the 
backfill material and any changes imparted by sedimentation or scouring. PSD analysis was 
performed according to method ASTM D422, a combination of sieve and hydrometer 
analyses. 

3.2 Metals 

Metal analyses included 12 priority pollutant metals, as well as the crustal metals aluminum, 
iron, and manganese. Metal analysis allows assessment of potential recontamination at the 
site over time. SMS provides regulatory chemical criteria for eight of the metals included in 
this suite of analytes; arsenic, cadmium, chromium, copper, lead, mercury, silver, and zinc. 
With the exception of mercury, all metal analyses were performed following EPA Method 
3050N6010B; strong-acid digestion with inductively coupled plasma optical emission 
spectroscopy (ICP-OES). Mercury was analyzed according to EPA Method 245.5, cold 
vapor atomic absorption spectroscopy (CVAA). 

3.3 Organics 

Organic analyses included base/neutral/acid extractable semivolatile compounds (BNAs) and 
PCBs. Organic analysis also allows assessment of potential recontamination at the site over 
time, especially by PCBs and phthalates. BNA analysis was performed following EPA 
Method 3550B/8270C (SW-846 [EPA, 1995]), using gas chromatography with mass 
spectroscopy (GCIMS). PCBs were analyzed by EPA Method 808 IN8082 (SW-846), using 
gas chromatography with electron capture detection (GCIECD). The suite of analytes 
included all organic compounds regulated under SMS. 

I 
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3.4 Quality Assurance/Quality Control (QA/QC) 

All analyses were performed following guidance recommended under the Puget Sound 
Protocols (PSEP 1986, 1997b, and 1997c) including associated QAfQC practices. 
Laboratory QNQC practices produced data of sufficient quality to pass QAl review. 
Analytical data were reviewed following QAl guidelines (Ecology, 1989) and were flagged 
with data qualifiers where appropriate. A comprehensive report of analytical data, including 
qualifier flags is included as Appendix A. The QAl review narrative is included as 
Appendix B. 
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This section discusses analytical results and compares the data to sediment criteria specified 
under SMS (Ecology, 1995). Tables 2 through 10 referenced in this section summarize 
pertinent analytical data. Complete analytical data are located in Appendix A. Metals and 
organics data have been compared to both Sediment Quality Standards (SQS) and Cleanup 
Screening Levels (CSL) in Tables 4 through 7. Analytical data for this sampling event have 
also been compared to previous sampling events in Tables 8a-d and 9a-d. 

4.1 Particle Size Distribution (PSD) 

PSD results are summarized in Table 2. The ratio of percent fine material (silt and clay) to 
percent coarse material (sand and gravel) was highest at the Boeing SD channel station 
(NFK503) in the 0 to 10 cm sample (55.5:40.0%) and was lowest at the combined channel 
delta station (NFK502) in the 0 to 2 cm sample (4.5:96.5%). 

Percent fine material decreased significantly between 2003 and 2004, from 29 to 7.6%, in the 
0 to 10 cm sample collected at the Norfolk CSO channel station (Table 8a). Percent fine 
material increased significantly, from 4.5 to 47.4%, in the 0 to 2 cm sample collected at the 
upriver reference station, which had a previous dramatic decrease from 2002 to 2003 (Table 
9d). 

4.2 Conventionals 

Conventional analytical results are summarized in Table 3 and include percent solids, used to 
calculate dry-weight sediment concentrations of metal and organic data and TOC, used to 
normalize certain organic parameters to organic carbon content. Percent solids results range 
from 48.2 to 87.2%. 

TOC concentrations in the 0 to 2 cm depth stratum samples range fiom 2,280 to 24,100 
milligrams per kilogram, normalized to dry weight (mgKg DW), or approximately 0.2 to 
2.4%. TOC concentrations in the 0 to 10 cm depth stratum samples range from 1,650 to 
25,900 mgKg DW, or approximately 0.2 to 2.6%. TOC concentrations in both depth strata 
at all four stations remained fairly consistent between the 2003 and 2004 monitoring events, 
with two exceptions: 

the TOC concentration detected in the 0 to 10 cm sample from the Norfolk CSO channel 
station (NFK501) decreased fiom 2.2 to 0.3%; and 
the TOC concentration detected in the 0 to 2 cm sample from the upriver reference 
station (NFK504) increased from 0.2 to 1 :9%. 

4.3 Metals 

Metals analytical results are summarized in Table 4. Metals data have been normalized to 
dry weight for comparison to SMS chemical criteria. Silver was detected for the first time 
during the Norfolk five-year monitoring program, at concentrations ranging fiom 0.46 to 
0.98 mg/Kg DW, in all eight samples. The MDL values for silver range from 0.23 to 0.41 
mg/Kg DW. The quality assurance review indicates that silver results may be biased high, 
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based on quality control analysis of a standard reference material (Appendix B). Silver 
results are all less than 7% of the SQS criterion of 6.1 mg/Kg DW. Reported concentrations 
of arsenic, cadmium, chromium, copper, lead, mercury, and zinc are all well below their 
respective SQS criteria. Reported concentrations of all metals (Appendix A) are at levels 
indicative of natural, area-wide crustal concentrations (Dexter et al, 198 1). 

The elevated lead concentration reported in the 0 to 2 cm sample collected in 2003 at the 
Norfolk CSO channel station (NFK5Ol) (King County, 2003) was not seen during the 2004 
monitoring event. Lead concentrations reported for the 2004 monitoring event at the Norfolk 
CSO channel station are 13 and 4.1 m a g  DW, respectively, in the 0 to 2 and 0 to 10 cm 
samples. 

4.4 Organics 

Organic analytical results are summarized in Tables 5,6, and 7. Data for ionic organic 
compounds have been normalized to dry weight for comparison to SMS chemical criteria and 
are presented in Table 5. 

Data for non-ionic organic compounds, normalized to organic carbon, are presented in Table 
6 for comparison to SQS and CSL chemical criteria. Normalization to organic carbon can 
produce biased results, however, when the organic carbon content of the sample is very low 
(Ecology, 1992). When the organic carbon content of a sample is near 0.1 or 0.2% (1,000 to 
2,000 mg/Kg DW), even background concentrations of certain organic compounds can 
exceed the SQS or CSL. Low organic carbon concentrations, ranging from 1,650 to 3,130 
mg/Kg DW (0.17 to 0.3 1 %) were reported for both the 0 to 2 and 0 to 10 cm samples 
collected from the combined channel delta station (NFK502) and the 0 to 10 cm samples 
collected fiom the Norfolk CSO channel and upriver reference stations (NFK501 and 
NFK504). Although organic carbon-normalized data for these samples are presented in 
Table 6 for comparative purposes, Table 6 should be considered an appropriate summary of 
analytical results only for the 0 to 2 and 0 to 10 cm samples from the Boeing SD channel 
station (NFK503) and the 0 to 2 cm samples fiom the Norfolk CSO channel (NFK503) and 
upriver reference (NFK504) stations. 

For sediment with a TOC content less than 0.5% (5,000 mg/Kg dry weight), Ecology 
recommends comparing dry weight-normalized, non-ionic organic data to Puget Sound 
lowest apparent effects thresholds (LAET) and second lowest apparent lowest effects 
thresholds (2LAET) (EPA, 1988), which are considered to be equivalent to the SQS and CSL 
criteria, respectively. This comparison allows a more appropriate evaluation of sediment 
quality relative to organic compounds (Ecology, 1992). Table 7 presents dry weight- 
normalized data and should be considered the appropriate data summary only for both the 0 
to 2 and 0 to 10 cm samples from the combined channel delta station and the 0 to 10 cm 
samples from the Norfolk CSO channel and upriver reference stations. Data for the other 
samples are again presented in Table 7 for comparative purposes only. 

The quality assurance narrative (Appendix B) states that analytical results for two organic 
compounds were impacted by laboratory contamination, indicated by detectable 
concentrations in the quality control laboratory method blank. Table 10 compares sample 
analytical results for benzoic acid and bis(2-ethylhexyl) phthalate, on which various data 
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analyses have been performed to evaluate the impact of laboratory contamination. Table 10 
compares analytical results for these two compounds using the following five methods of 
evaluating sample results to account for method blank contamination: 

sample concentration reported with no adjustment for the method blank concentration; 
sample concentration reported with the method blank concentration subtracted from the 
dry weight sample result - after normalization to dry weight; 
sample concentration reported with the method blank concentration subtracted &om the 
wet weight sample result - prior to normalization to dry weight (because the method 
blank is anhydrous sodium sulfate, it is considered to be 100% solids and the wet weight 
and dry weight values for any compound are the same); 
sample concentration reported with its associated dry weight MDL raised to five times 
the method blank concentration; and 
sample concentration reported with its associated dry weight MDL raised to ten times the 
method blank concentration. 

4.4.1 Ionic Organic Compounds 

Benzoic acid was detected in seven of eight samples at concentrations ranging from 47 to 
292 micrograms per kilogram normalized to dry weight (pg/Kg DW). This compound, 
however, was also detected in the associated quality control laboratory method blank at a 
concentration of 43 pg/Kg DW. Table 10 compares benzoic acid results using various 
methods of evaluating analytical data compromised by laboratory contamination. Section 
4.4.4 provides a summary of this analysis. 

The Environmental Protection Agency @PA) recommends considering sample results that 
are less than five times the concentration reported for the laboratory method blank as 
"undetected" for compounds such as benzoic acid (EPA, 1999). If the MDL for benzoic acid 
is raised to five times the method blank concentration, a value of 2 15 pg/Kg DW, seven of 
eight sample results are "less than the MDL." The benzoic acid concentration of 292 pg/Kg 
DW in the 0 to 2 cm sample from the Norfolk CSO channel station (NFK501) should be 
considered valid as reported. This benzoic acid concentration is less than 45% of the 
SQSICSL of 650 pg/Kg DW. 

The remaining ionic organic compounds were not detected in any sample and dry weight- 
normalized MDLs for all ionic organic compounds are below SQSICSL chemical criteria for 
all samples. 

4.4.2 Non-Ionic Organic Compounds Compared to SQSKSL Criteria - NFKSOI (0 to 2 
cm), NFK503 (0 to 2 and 0 to I0  cm), and NFKS04 (0 to 2 cm) 

Organic carbon concentrations ranging from 1.89 to 2.59% were reported for both the 0 to 2 
and 0 to 10 cm samples from the Boeing SD channel station (NFK503) and the 0 to 2 cm 
samples collected from the Norfolk CSO channel and upriver reference stations (NFK501 
and NFK504, respectively). This section discusses organic analytical results for these four 
samples only since the data can appropriately be normalized to organic carbon for 
comparison with SQS and CSL chemical criteria. Analytical results for the other four 
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samples will be discussed in Section 4.4.3 because the low organic carbon concentrations 
justify comparison of dry weight-normalized data to LAET and 2LAET values. 

4.4.2.1 Low-Molecular Weight Polynuclear Aromatic Hvdrocarbons (LPAHs) 
Anthracene and phenanthrene were detected in both the 0 to 2 and 0 to 10 cm samples from 
the Boeing SD channel station and in the 0 to 2 cm sample from the Norfolk CSO channel 
station. Anthracene concentrations in these three samples ranges from 0.44 to 0.73 mg/Kg 
OC, all less than 0.5% of the SQS criterion of 220 mg/Kg OC. Phenanthrene concentrations 
range from 2.23 to 4.94 mg/Kg OC, all less than 5% of the SQS criterion of 100 mg/Kg OC. 
Total LPAH concentrations for these three samples are all less than 2% of the SQS criterion 
of 370 mgKg OC. 

LPAH concentrations are significantly higher in the 0 to 2 cm sample from the upriver 
reference station. Anthracene was detected at a concentration of 5.16 mg/Kg OC, however, 
this concentration is still less than 3% of the SQS criterion. Phenanthrene was detected at a 
concentration of 152 mg/Kg OC, which exceeds the SQS criterion of 100 mg/Kg OC and is 
approximately 32% of the CSL criterion of 480 mg/Kg OC. Acenaphthene, naphthalene, and 
2-methylnaphthalene were also detected in this sample at concentrations of 5.90, 1.6, and 2.4 
mg/Kg OC, respectively, representing 37,2, and 6% of their respective SQS criteria. The 
total LPAH concentration of 170 mg/Kg OC in this sample is 46% of the SQS criterion of 
370 mg/Kg OC. 

Organic carbon-normalized MDLs are below SQS criteria for all LPAHs in each of these 
samples. 

4.4.2.2 High-Molecular Weitzht Polvnuclear Aromatic Hvdrocarbons (HPAHs) 
Eight of nine HPAHs were detected in both the 0 to 2 and 0 to 10 cm samples from the 
Boeing SD channel station and the 0 to 2 cm sample at the Norfolk CSO channel station. 
Dibenzo(a,h)anthracene was not detected in these three samples. All reported HPAH 
concentrations were less than their respective SQS chemical criteria and the range of total 
HPAH concentrations, from 27 to 49.1 mgKg OC, is less than 6% of the SQS criterion of 
960 mg/Kg OC. No individual HPAH concentration for these three samples is greater than 
11% of its associated SQS criterion. 

All nine HPAHs were detected in the 0 to 2 cm sample collected from the upriver reference 
station and at significantly higher concentrations than the other three samples. The 
fluoranthene concentration of 276 mg/Kg OC in this sample exceeds the SQS criterion of 160 
mg/Kg OC and is 23% of the CSL criterion of 1,200 mg/Kg OC. Other HPAH 
concentrations were all less than their respective SQS criteria with reported values 
representing 8 to 31% of the SQS. The total HPAH concentration of 530 mg/Kg OC is 
approximately 55% of the SQS criterion. 

4.4.2.3 Chlorobenzenes 
Chlorobenzenes were not detected in any of these four samples and all organic carbon- 
normalized chlorobenzene MDLs are below SQS criteria. 
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4.4.2.4 Phthalates 
Benzyl butyl phthalate was detected at concentrations ranging fiom 1.08 to 1.64 mg/Kg OC 
in all four samples. The highest concentration is approximately 33% of the SQS criterion of 
4.9 mgKg OC. Benzyl butyl phthalate analysis was not affected by laboratory 
contamination. 

Bis(2-ethylhexyl) phthalate was also detected in all four samples at concentrations ranging 
fiom 11.9 to 25.7 mgKg OC. The highest concentration is approximately 55% of the SQS 
criterion of 47 m a g  OC. Bis(2-ethylhexyl) phthalate was detected in the quality control 
laboratory method blank, however, the reported concentrations of this compound in all four 
samples is greater than 10 times the method blank concentration. The high sample to method 
blank concentration ratio indicates that bis(2-ethylhexyl) phthalate results for these four 
samples are not greatly impacted by laboratory contamination and may be used as reported. 
Refer to Section 4.4.4, Table 10, and Appendix B for information regarding these method 
blank contamination issues. 

The other phthalates were not detected in any of these four samples and all organic carbon- 
normalized phthalate MDLs are below SQS criteria. 

4.4.2.5 Miscellaneous Compounds 
Dibenzofuran was detected at a concentration of 6.01 mgKg OC in the sample collected 
from the 0 to 2 cm depth stratum at the upriver reference station (NFK504); the first time this 
organic compounded has been detected at the Norfolk monitoring site. This reported 
dibenzofuran concentration is 40% of the SQS criterion of 15 m a g  OC. Dibenzofuran was 
not detected in the other three samples and hexachlorobutadiene and N-nitrosodiphenylamine 
were not detected in any of the four samples. Organic carbon-normalized MDLs for these 
three compounds are below SQS criteria for all four samples. 

4.4.2.6 PCBs 
PCBs (as total AroclorsB) were detected at concentrations ranging from 4.46 to 18.3 m a g  
OC in all four samples. Total PCB concentrations (comprised of Aroclors 1248 and 1254) 
are distributed as follows: 

Norfolk CSO Channel NFK501 (0 to 2 cm) - the total PCB concentration of 7.82 mg/Kg 
OC is approximately 65% of the SQS criterion of 12 mg/Kg OC. 
Boeing SD Channel NFK503 (0 to 2 cm) - the total PCB concentration of 5.19 mg/Kg 
OC is approximately 43% of the SQS criterion. 
Boeing SD Channel NFK503 (0 to 10 cm) - the total PCB concentration of 18.3 mg/Kg 
OC exceeds the SQS and is approximately 28% of the CSL criterion of 65 mgKg OC. 
Upriver Reference NFK504 (0 to 2 cm) - the total PCB concentration of 4.46 mg/Kg OC 
is approximately 37% of the SQS criterion. 

4.4.3 Non-Ionic Organic Compounds Compared to LAET/2LAET Values - NFKSOI (0 to 
10 em), NFK502 (0 to 2 and0 to 10 cm), and NFK504 (0 to 10 em) 

The low organic carbon content (0.17 to 0.3 1 %) of both the 0 to 2 and 0 to 10 cm samples 
from the combined channel delta station (NFK502) and the 0 to 10 cm samples fiom the 
Norfolk CSO channel and upriver reference stations (NFK5Ol and NFK504) makes it 
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inappropriate to organic carbon-normalize the non-ionic organic data. Table 7 compares dry 
weight-normalized data for these four samples to LAET and 2LAET values. Dry weight- 
normalized data for the other samples are presented in this table for comparative purposes 
only. 

4.4.3.1 Low-Molecular Weight Polynuclear Aromatic Hydrocarbons (LPAHs) 
LPAHs were not detected in either the 0 to 2 or 0 to 20 cm sample collected from the 
combined channel delta station. Phenanthrene was the only LPAH detected in the 0 to 10 cm 
samples collected from the Norfolk CSO channel and upriver reference stations, at 
concentrations of 9.1 and 10 /.@Kg DW, respectively, or approximately 0.6% of the LAET 
value of 1,500 pgKg DW. Dry weight-normalized MDLs for all LPAHs are LAET values. 

4.4.3.2 Hi&-Molecular Weight Polynuclear Aromatic Hydrocarbons (HPAHs) 
Benzo(a)anthracene, benzo(a)pyrene, total benzofluoranthenes, and pyrene were detected in 
all four samples. Chrysene and fluoranthene were also detected in the 0 to 2 cm sample from 
the combined channel delta station and the 0 to 10 cm samples fiom the Norfolk CSO 
channel and upriver reference stations. Total HPAH concentrations range fiom 2 1 to 110 
& K g  DW with the highest concentration representing less than 1% of the LAET value of 
12,000 & K g  DW. Dry weight-normalized MDLs for all HPAHs are below LAET values. 

4.4.3.3 Chlorobenzenes 
Chlorobenzenes were not detected in any of these four samples and all dry weight- 
normalized chlorobenzene MDLs are below LAET values. 

4.4.3.4 Phthalates 
Benzyl butyl phthalate was detected at a concentration of 10 pgKg DW in the 0 to 10 cm 
sample collected fiom the upriver reference station. This concentration is approximately 
16% of the LAET value of 63 pgKg DW. Benzyl butyl phthalate was not detected in the 
other three samples. 

Bis(2-ethylhexyl) phthalate was detected in all four samples at concentrations ranging fiom 
19.3 to 46.7 pgKg DW, all less than 4% of the LAET value of 1,300 pg/Kg DW. All four of 
the reported bis(2-ethylhexyl) phthalate sample concentrations, however, are less than 10 
times the associated method blank concentration of 7.0 pgKg DW and, therefore, should be 
considered as "less than the MDL" at a new MDL of 70 pgKg DW. All dry weight- 
normalized phthalate MDLs, including bis(2-ethylhexyl) phthalate, are below LAET values. 

4.4.3.5 Miscellaneous Comvounds 
Dibenzofuran, hexachlorobutadiene, and N-nitrosodiphenylamine were not detected in any of 
these four samples and dry weight-normalized MDLs for these three compounds are below 
LAET values. 

4.4.3.6 PCBs 
PCBs were not detected in either the 0 to 2 or 0 to 10 cm sample collected from the 
combined channel delta station or in the 0 to 10 cm sample collected from the upriver 
reference station. Dry weight-normalized MDLs for all PCB Aroclors are below the LAET 
value of 130 pg/Kg DW. 

Norfolk CSO Sediment Remediation Project - Final Monitoring Report 12 
June 2005 



PCBs (Aroclors 1248 and 1254) were detected in the 0 to 10 cm sample collected from 
Norfolk CSO channel station. The total PCB concentration in this sample of 473 pg/Kg DW 
exceeds the LAET and is 47% of the 2LAET value of 1,000 pg/Kg DW. This 2004 total PCB 
concentration is significantly hgher than the total PCB concentration of 89.8 pg/Kg DW 
detected in 2003 (Table 8a). 

4.4.4 Evaluation of Laboratory Contamination on Sample Results 

The quality assurance review for this sampling event (Appendix B) indicates that laboratory 
contamination impacted sample results for two compounds; benzoic acid and bis(2- 
ethylhexyl) phthalate. Detectable concentrations of these compounds were reported in the 
quality control laboratory method blank. Table 10 summarizes the evaluation of impacts 
these method blank results have had on sample results. 

4.4.4.1 Benzoic Acid 
Benzoic acid was detected in the method blank at a concentration of 43 pg/Kg. It was 
detected in seven of eight samples at concentrations ranging fiom 47 to 292 &Kg DW. 
Table 10 shows the effects on sample data of both "blank correction" and "MDL 
adjustment." The method blank concentration of 43 pg/Kg is the "concentration at the 
instrument" or "wet weight." Since the method blank matrix is anhydrous sodium sulfate, it 
is considered to have a total solids value of loo%, thus making wet and dry weight 
concentrations equivalent in the method blank. Table 10 shows the effect of subtracting the 
method blank concentration fiom the sample concentration both before and after 
normalization to dry weight. The benzoic acid results for two of seven detected samples is 
adjusted to less than the MDL. Benzoic acid results for an additional four samples is lowered 
by greater than 50%. 

Environmental Protection Agency (EPA) data validation guidance (EPA, 2001) recommends 
adjusting the MDL for any sample in which the detected concentration is less than five times 
the method blank concentration when laboratory contamination is the result of a compound 
such as benzoic acid. Raising the MDL to 2 15 pg/Kg DW (five times the concentration 
detected in the method blank) results is seven of eight sample results being qualified as "less 
than the MDL". A new MDL of 215 pg/Kg DW is still well below the benzoic S Q S  of 650 
pg/Kg DW. The remaining sample result of 292 pg/Kg DW (NFKSO1,O to 2 cm) should be 
considered valid as reported. 

4.4.4.2 Bis(2-ethylhexvl) Phthalate 
Bis(2-ethylhexyl) phthalate was detected in the method blank at a concentration of 7.0 
pg/Kg. It was detected in all eight samples collected during this sampling event at 
concentrations ranging from 19.3 to 626 pg/Kg DW. 

Subtracting the method blank concentration from either dry weight-normalized or wet weight 
bis(2-ethylhexyl) phthalate sample results does not significantly lower reported 
concentrations for four of eight samples; the 0 to 2 cm samples at the Norfolk CSO channel 
and upriver reference stations and both the 0 to 2 and 0 to 10 cm samples fiom the Boeing 
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SD channel station. Bis(2-ethylhexyl) phthalate results for the remaining four samples are 
lowered by 19 to 43 %. 

EPA data validation guidance recommends adjusting the MDL for samples in which the 
detected concentration is less than times the method blank concentration for common 
laboratory contaminants such as phthalates when a detectable phthalate result is reported for 
a method blank (EPA, 2001). Raising the MDL to 70 & K g  DW qualifies results as "less 
than the MDL" for both the 0 to 2 and 0 to 10 cm samples collected from the combined 
channel delta station and the 0 to 10 cm depth stratum samples at the Norfolk CSO channel 
and upriver reference stations. The new dry weight-normalized MDL of 70 & K g  DW is 
below the LAET value of 1,300 pg/Kg DW. The resulting organic carbon-normalized MDLs 
(22 to 42 m a g  OC) also are below the SQS criterion of 47 m a g  OC. Bis(2-ethylhexyl) 
phthalate sample results fiom both depth strata in the Boeing SD channel and the 0 to 2 cm 
depth stratum at the Norfolk CSO channel and upriver reference stations are all significantly 
greater than ten times the method blank concentration. An additional method of adjusting 
phthalate MDLs, in which the MDL is raised to the value of the detected sample 
concentration, is discussed further in Section 6.2.2 

Based on this evaluation, bis(2-ethylhexyl) phthalate sample results fiom the combined 
channel delta station (NFK502) and the 0 to 10 cm depth stratum samples fiom the Norfolk 
CSO channel and upriver reference stations (NFK501 and NFK504) have been compromised 
by laboratory contamination and should be considered as "less than the MDL." Bis(2- 
ethylhexyl) phthalate sample results fiom the Boeing SD channel station (NFK503) and the 0 
to 2 cm depth stratum samples at the Norfolk CSO channel and upriver reference stations 
may be considered valid as reported with little impact to the sample results fiom laboratory 
contamination. 
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The sampling and analysis performed in April 2004 represents the final event of the Norfolk 
CSO five-year monitoring program and completes the monitoring required under the cleanup 
action plan. Further monitoring at the site under this program is not planned at this time. 
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6 SUMMARY AND DISCUSSION 

This section will provide a summary of both the April 2004 monitoring event as well as the 
critical issues from the entire five-year monitoring program. 

6.1 Summary of the Year-Five, April 2004 Monitoring Event 

Eight estuarine sediment samples were collected in April 2004 from the Norfolk CSO 
sediment remediation site, five years after completion of remedial activities. Samples were 
collected from the surface of backfill material placed at the site and analytical results were 
compared to baseline chemical conditions of the backfill material to evaluate possible 
recontamination. Samples were collected from two depth strata at each of four stations: one 
sample collected from the 0 to 2 cm depth stratum to evaluate chemical concentrations in 
recently deposited sediment; and one sample collected from the 0 to 10 cm depth stratum to 
evaluate sediment chemical concentrations over the entire biologically-active zone. Analytes 
included sediment conventionals along with metal and organic parameters regulated under 
SMS criteria. 

6.1.1 Summary of Primary Issues by Chemical Class 

This section summarizes the April 2004 results for the primary chemicals of concern at the 
Norfolk site; metals, PAHs, phthalates, and PCBs. 

6.1.1.1 Metals 
Metals concentrations throughout the backfill material at the Norfolk sediment remediation 
site continue to be detected at concentrations close to regional background levels (Dexter et 
al, 1981). The lead concentration of 222 mgKg DW detected in the sample collected from 
the 0 to 2 cm depth stratum at the Norfolk CSO channel station (NFK501) in April 2003 
appears to have been an anomaly. The lead concentrations detected in both depth strata at 
NFK501 in April 2004 were 13 and 4.1 mgKg DW. Concentrations of some metals appear 
to be increasing slightly at the Norfolk CSO channel station (NFK501) and Boeing SD 
channel station (NFK503). These increasing metals concentrations appear to correspond 
with increasing levels of fine material and organic carbon that have accumulated over the 
past few monitoring years at both stations (Tables 8a, 9% 8c, 9c). All metals concentrations 
are well below associated SQS chemical criteria in samples collected during the April 2004 
sampling event. 

6.1.1.2 PAHs 
Total LPAH concentrations were all less than 2% of the SQS and total HPAH concentrations 
were all less than 5% of the SQS at three of four stations; NFK501, NFK502, and NFK503. 
Both LPAH and HPAH concentrations reported in the 0 to 2 cm sample collected from the 
upriver reference station (NFK504), however, were significantly elevated over previous years 
(Tables 8d and 9d). Two compounds, phenanthrene and fluoranthene, exceeded their SQS 
chemical criteria, however, the reported total LPAH and total HPAH concentrations were 
both well below the SQS criteria. A corresponding increase in PAH concentrations was not 
seen in the 0 to 10 cm sample at NFK504, indicating that the elevated PAH concentrations 
are present in recently deposited sediment. 
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6.1.1.3 Phthalates 
Assessment of phthalate sediment concentrations continues to be difficult due to laboratory 
contamination, indicated by positive phthalate results in laboratory QC method blanks. 
Bis(2-ethylhexyl) phthalate was the only phthalate compound detected in the method blank 
associated with the April 2004 monitoring event, at a relatively low concentration of 7.0 
pgKg DW. This positive method blank result, as a result, did not significantly impact 
interpretation of bis(2-ethylhexyl) phthalate sample results. Quantifiable concentrations of 
bis(2-ethylhexyl) phthalate were detected in four of eight samples (from NFKSOI, NFK503, 
and NFK504) at concentrations ranging from 1 1.9 to 25.8 mgKg OC. The highest 
concentration was detected in the 0 to 2 cm sample collected from NFKSO 1, however, this 
reported result is less than 55% of the SQS criterion of 47 mg/Kg OC. All other phthalate 
results were well below associated SQS criteria or LAET values. 

6.1.1.4 PCBs 
Samples collected from three of four stations during the April 2004 sampling event have 
detected total PCB concentrations. PCBs were not detected in either sample collected from 
the combined channel delta station (NFK502). A total PCB concentration of 4.46 mg/Kg OC 
was reported in the 0 to 2 cm sample collected from the upriver reference station (NFK504), 
which is approximately 37% of the SQS criterion of 12 mgKg OC. PCBs were not detected 
in the 0 to 10 cm sample at NFK504. PCBs were detected in both the 0 to 2 cm and 0 to 10 
cm samples collected from the Norfolk CSO channel and Boeing SD channel stations 
(NFK501 and NFK503, respectively). Total PCB concentrations reported for the 0 to 2 cm 
samples at both NFK501 (7.82 mgKg OC) and NFK503 (5.19mgKg OC) were below the 
SQS. Total PCB concentrations detected in the 0 to 10 cm samples at both of these stations, 
however, exceeded the SQS or LAET. The total PCB concentration of 473 pgKg DW 
reported for NFK501 (0.3 1% TOC) .exceeds the LAET and is approximately 47% of the 
2LAET of 1,000 pgKg DW. The total PCB concentration of 18.3 m a g  OC reported for 
NFK503 (2.4 1 % TOC) exceeds the SQS and is approximately 28% of the CSL. PCB 
concentrations for both of these stations in the April 2003 monitoring event were below the 
SQS andlor LAET. 

6.1.2 Summary of Primary Issues by Monitoring Station 

This section summarizes the primary issues of concern by monitoring station based on results 
of the April 2004 and other monitoring events. 

6.1.2.1 Norfolk CSO Channel Station INFKSOl) 
Total PCB concentrations are once again elevated at NFK501. The detected concentration of 
473 pgKg DW reported for the 0 to 10 cm sample (0.3 1% TOC) exceeds the LAET and is 
approximately 47% of the 2LAET value of 1,000 pgKg DW. The total PCB concentration 
of 7.82 mgKg OC reported for the 0 to 2 cm sample (2.00% TOC), however, is below the 
SQS criterion of 12 m a g  OC. While elevated PCB concentrations had been reported for 
NFK501 during past monitoring events, the total PCB concentrations of 4.28 mgKg OC (0 
to 2 cm) and 4.06 mgKg OC (0 to 10 cm) reported for the April 2003 monitoring event 
indicated at that time that sediment quality had improved to a level that met SMS chemical 
criteria (King County, 2003). 
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6.1.2.2 Combined Channel Delta Station (NFK502) 
There are no chemicals of concern at the combined channel delta station at the end of the 
five-year monitoring period (Tables 8b and 9b). PCBs have not been detected in the 0 to 2 
cm depth stratum for the last three monitoring rounds. PCBs were detected once in the 0 to 
10 cm depth stratum in the last three monitoring rounds. Total PCBs were detected at a 
concentration of 21.0 /@Kg DW in the 0 to 10 cm sample collected in 2003, which is less 
than 20% of the LAET. PCBs were not detected during the 2004 monitoring event, at a 
detection limit of 2.5 to 5.0 /..@Kg DW. Percent fines and TOC have remained consistently 
low at this station, indicating that this area of the cap is not prone to sediment deposition. 

6.1.2.3 Boeinn SD Channel Station INFK503) 
Total PCB concentrations are also once again elevated at NFK503. The detected 
concentration of 18.3 m a g  OC reported for the 0 to 10 cm sample exceeds the SQS and is 
approximately 28% of the CSL criterion of 65 m a g  OC. The total PCB concentration of 
5.19 m a g  OC reported for the 0 to 2 cm sample, however, is well below the SQS of 12 
m a g  OC. While very elevated PCB concentrations had been reported for NFK503 during 
past monitoring events, the total PCB concentrations of 4.13 m a g  OC (0 to 2 cm) and 7.93 
m a g  OC (0 to 10 cm) reported for the April 2003 monitoring event indicated at that time 
that sediment quality had improved to a level that met SMS chemical criteria. 

6.1.2.4 U~river Reference Station INFK504) 
Both LPAH and HPAH concentrations increased significantly over those detected during the 
April 2003 monitoring event in the 0 to 2 cm sample collected from NFK504. While a 
corresponding higher TOC concentration (1.89%) was also reported at this station, the 
elevated PAH concentrations are much higher than reported in previous years, in samples 
with similar TOC results (Table 9d). Reported concentrations of phenanthrene (1 52 m a g  
OC) and fluoranthene (276 m a g  OC) exceeded the SQS criteria (100 and 160 m a g  OC, 
respectively). Both total LPAH and total HPAH concentrations, however, were about half of 
the SQS criteria. Elevated concentrations of PAH compounds were not seen in the 0 to 10 
cm sample at NFK504. Dibenzofuran was also detected in the 0 to 2 cm sample at a 
concentration of 6.01 m a g  OC, which is 40% of the SQS criterion of 15 m a g  OC. This 
is the first time this compound has been detected at the Norfolk monitoring site. Carbazole 
(not regulated under SMS) was detected at a higher concentration than in past monitoring 

m 
events (Appendix A). The increased PAH concentrations, along with the first-time detection 
of dibenzofuran and increased carbazole concentration indicate the deposition in the last year 
of sediment possibly contaminated by creosote. 

0 

6.2 Summary of the Five-Year Monitoring Program 

Sediment quality at the Norfolk CSO site has been monitored since April 1999, one month m 

after placement of the remedial sediment cap. The five-year monitoring program was 
undertaken to meet a requirement of the site hydraulic permit, issued by the Washington 
State Department of Fish and Wildlife prior to remediation. The permit required that the site I 

be monitored for a period of five years following remedial activities to evaluate possible 
recontamination of the sediment as a result of continuing CSO or storm water discharges. 
The two groups of chemicals of primary interest during the monitoring program were PCBs, I 

detected at very elevated concentrations during remedial activities, and phthalates, due to 
predicted rapid recontamination by storm water and CSO discharges. 

m 
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Monitoring stations were established at the following four locations: 

NFK501- the Norfolk CSO channel prior to its confluence with the Boeing SD channel; 
NFK502 - a delta formed at the terminus of the combined Norfolk CSO and Boeing SD 
channels; 
NFK503 - the Boeing SD channel prior to its confluence with the Norfolk CSO channel; 
and 
NFK504 - an upriver reference station, still located on the sediment cap. 

Sediment samples were collected from these four stations in April 1999 to establish a 
baseline, against which subsequent sediment data could be compared. A subsequent survey, 
performed in June 1999, found that the CSO and SD channels had altered their courses 
slightly after placement cap and stations NFK501, NFK502, and NFK503 were relocated to 
their present sampling points prior to the October 1999 monitoring event (King County 
2000a). The October 1999 monitoring event was performed to evaluate site conditions six 
months' after placement of the sediment cap. Subsequent monitoring events were performed 
on an annual basis from April 2000 to April 2004. 

A supplemental sampling event was conducted by King County to assess elevated PCB 
concentrations detected during the October 1999 scheduled monitoring event (Kmg County 
2000b). Very elevated PCB concentrations were detected inshore of the Norfolk sediment 
cap during the supplemental sampling event and were attributed to the Boeing parking lot SD 
outfall. Both The Boeing Company and Ecology completed additional sediment 
characterizations to further investigate the possible sources and transport of PCBs at the site 
and Boeing completed a sediment remediation of the inshore area in September 2003. 

This section discusses and summarizes four main issues of interest over the five-year 
monitoring program: 

the spatial distribution of sample-collection points at the four monitoring stations over the 
course of the monitoring program; 
evaluating trends in phthalate concentrations to assess the predicted recontamination of 
the sediment cap; 
the distribution of PCBs at the site; and 
chemicals of concern at the end of the five-year monitoring program. 

6.2.1 Distribution of Sample-Collection Points 

Figure 3 shows the distribution of sample-collection points over the 5-year monitoring 
period, based on recorded DGPS coordinates collected with each grab sample, which are 
plotted on a 2002 USGS aerial photo. Grab sampling locations at the combined channel delta 
station (NFK502) and upriver reference station (NFK504) have been tightly distributed, with 
all sample-collection points at both stations within approximately 10 feet of each other. The 
distribution of sample-collection points at the Norfolk CSO channel station (NFK501) and 
Boeing SD channel station (NFK503) has been somewhat more widely distributed, due to the 
shallow depths and tidal dependence of the sampling locations. All sample-collection points 
at NFK501 have been located within 30 feet of each other and, at NFK503, within 20 feet of 
each other. All sample-collection points from these two stations have been located within 
their respective channels. 
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6.2.2 Potential Recontamination by Phthalates 

One of the primary reasons for requiring the five-year monitoring program was concern 
about potential rapid recontamination of the cap by phthalate compounds present in storm 
water and remaining CSO from the Norfolk outfall. During preparation of the Norfolk 
cleanup study report O(zng County, 1996), simplified recontamination modeling indicated 
that phthalates in Norfolk CSO discharges could recontaminate the surface of the clean 
backfill material. Evaluating trends in phthalate concentrations at the site has become more 
complicated due to frequent laboratory contamination by these ubiquitous compounds. 
Laboratory phthalate contamination has been apparent for several of the sampling events, 
indicated by positive phthalate results in laboratory QC method blanks. 

Table 1 1 summarizes phthalate analytical results for the five-year monitoring program using 
the most widely-accepted method of assessing data impacted by laboratory contamination. 
Samples with detected phthalate concentrations that have been qualified with a "B" flag, 
indicating laboratory contamination, have been qualified as "undetected" when the sample 
concentration is less than 10 times the concentration detected in the associated method blank. 
The qualified sample result has been reported as "less than the method detection limit" 
(<MDL) and the new, numeric MDL has been raised to a value equal to the detected sample 
concentration, as recommended in data validation guidelines (EPA, 2001). 

Two phthalate compounds, diethyl phthalate and dimethyl phthalate have never been 
detected during the five-year monitoring program. Dry weight-normalized MDLs for these 
two compounds have always been below LAET values. When appropriate, organic carbon- 
normalized MDLs have also always been below SQS criteria. 

Di-N-octyl phthalate was detected once, in a sample collected from the 0 to 2 cm depth 
stratum at the Norfolk CSO channel station (NFK5Ol) during the April 2003 monitoring 
event. The dry weight-normalized di-N-octyl phthalate concentration of 146 pg/Kg DW was 
well below the LAET of 420 pg/Kg DW and the organic carbon-normalized concentration of 
4.98 mg/Kg OC was also well below the SQS criterion of 58 mg/Kg OC. 

Di-N-butyl phthalate was not detected in samples collected during the October 1999, April 
2000, and April 2004 monitoring events. Di-N-butyl phthalate was detected in samples 
collected during the April 2001 and April 2003 monitoring events, however, a positive result 
for this compound in the laboratory QC method blank caused all sample results to be 
reported as "<MDL." Adjusted numeric MDLs for all samples were below both the LAET 
value and SQS criterion when appropriately normalized to either dry weight or organic 
carbon. Detected di-n-butyl phthalate concentrations were reported in six of eight samples 
collected during the April 2002 monitoring event. Dry weight-normalized concentrations 
ranged from 9.5 to 21.3 pg/Kg DW and organic carbon-normalized concentrations ranged 
fiom 0.39 to 1.1 mg/Kg OC, both of which were well below the LAET value of 1,400 pg/Kg 
DW and the SQS criterion of 220 mg/Kg OC, respectively. 

Benzyl butyl phthalate was not detected in any sample collected during the first two 
monitoring events, October 1999 and April 2000. Benzyl butyl phthalate was detected in six 
of eight samples collected during the April 2001 monitoring event at concentrations ranging 
fiom 22.1 to 57.5 pg/Kg DW. When appropriately normalized to organic carbon, the benzyl 
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butyl phthalate concentration of 6.63 mg/Kg OC in the 0 to 2 cm sample collected from the 
Norfolk CSO channel station and the concentration of 5.03 mg/Kg OC in the 0 to 10 cm 
sample collected from the combined channel delta station both exceeded the SQS criterion of 
4.9 mg/Kg OC. The other four detected sample results for benzyl butyl phthalate were all 
less than the SQS. Laboratory contamination caused all benzyl butyl phthalate results to be 
reported as ''<MDLV for both the April 2002 and April 2003 monitoring events. All of the 
adjusted numeric MDLs, when appropriately normalized to organic carbon, were below the 
SQS criterion. Benzyl butyl phthalate was detected in five of eight samples collected during 
the April 2004 monitoring event at dry weight-normalized concentrations ranging from 10 
to32.9 pg/Kg DW. Four of these five sample results could appropriately be normalized to 
organic carbon and the resulting concentrations, ranging fiom 1.08 to 1.65 mg/Kg OC, were 
all below the SQS. The dry weight-normalized result for the one sample that was not 
appropriate to normalize to organic carbon was below the LAET. 

Bis(2-ethylhexyl) phthalate has been detected in the laboratory QC method blanks associated 
with every monitoring event. Adjusted MDLs have ranged fiom 19 to 4 10 pg/Kg DW, all 
well below the LAET of 1,300 pg/Kg DW. One adjusted, organic carbon-normalized MDL 
of 52 mg/Kg OC has exceeded the SQS of 49 mg/Kg OC. In spite of the continued 
laboratory contamination problem with this compound, usable bis(2-ethylhexyl) phthalate 
data have been reported for the last four monitoring rounds, April 2001 to April 2004. All 
reported dry weight-normalized bis(2-ethylhexyl) phthalate concentrations, ranging fiom 192 
to 1,130 pg/Kg DW, have been below the LAET. When it has been appropriate to normalize 
these results to organic carbon, one reported concentration exceeded the SQS. The bis(2- 
ethylhexyl) phthalate concentration of 63.1 mg/Kg OC in the 0 to 2 cm sample collected in 
2002 fiom the upriver reference station (NFK504) exceeded the SQS and was 80% of the 
CSL. The concentration has declined to below the SQS at this station, however, to 11.9 
mg/Kg OC in the sample collected during the April 2004 monitoring round. This declining 
trend in bis(2-ethylhexyl) phthalate concentrations has been evident at all four stations over 
the last two monitoring rounds. The highest reported bis(2-ethylhexyl) phthalate 
concentration fiom the April 2004 monitoring event was 25.8 mgKg OC in the 0 to 2 cm 
sample collected from the Norfolk CSO channel station. This concentration is less than 55% 
of the SQS. 

Based on this evaluation, it appears that the previously predicted recontamination by 
phthalates to a level greater than the SQS is not occurring at the Norfolk CSO sediment 
remediation site. 

6.2.3 Distribution of PCBs 

Figure 4 shows plots of dry-weight normalized PCB concentrations over time at all four 
Norfolk monitoring stations. PCB concentrations have been presented on a dry-weight 
normalized basis to allow ease of comparison, both between stations and over time. The 
plots compare the concentrations to both the LAET (130 pg/Kg DW) and the 2LAET (1,000 
pg/Kg DW) as a measure of sediment quality. An "exceedence" of the LAET or 2LAET, 
however, does not necessarily constitute an exceedence of SMS criteria if the PCB 
concentration should be correctly normalized to organic carbon (an organic carbon content 
greater than 0.5% DW). The plots have been notated with an asterisk for those values that 
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appear to exceed the LAET but, when correctly normalized to organic carbon, do not exceed 
the SQS criterion of 12 mgKg OC. 

PCBs were first detected at the Norfolk CSO sediment remediation site in samples collected 
during the October 1999 monitoring event, six months after completion of remedial 
activities. PCBs were detected in both depth strata at three of the four stations (NFKSOl, 
NFK502, and NFK503) and in the 0 to 2 cm depth stratum at the upriver reference station 
(NFK504). The highest total PCB concentrations fiom this monitoring round were detected 
in both the 0 to 2 and 0 to 10 cm samples collected fiom the Boeing SD channel station 
(NFK503). Total PCB concentrations at station NFK503 exceeded both the SQS criterion (0 
to 2 cm sample) and the LAET value (0 to 10 cm sample) when appropriately normalized to 
organic carbon or dry weight, respectively (King County, 2000a). 

Because an apparent gradient in PCB concentrations existed, fiom lowest at station NFK502 
(combined channel delta), then MKS01 (Norfolk CSO channel), to highest at NFK503 
(Boeing SD channel), a supplemental sediment sampling event was conducted in February 
2000 to assess PCB concentrations inshore of the remedial sediment cap. Results of this 
sampling showed very elevated PCB concentrations proximal to the Boeing SD outfall and 
indicated that this inshore area was a likely source of PCB recontamination on the Norfolk 
sediment cap. Total PCB concentrations in the three samples collected closest to the Boeing 
SD outfall were all greater than six times the CSL (King County, 2000b). Ecology 
conducted a sediment characterization inshore of the Norfolk remedial cap in June 2002. 
Results fiom their study verified King County's earlier sampling event in the vicinity of the 
Boeing SD outfall, showing elevated total PCB concentrations at the outfall (Ecology, 
unpublished data 2002). 

The highest PCB concentrations were also detected in samples collected fiom the Boeing SD 
channel station during the April 2001 monitoring event. Total PCB concentrations in these 
two samples were 130 and 190% of the 2LAET. PCB concentrations reported for all stations 
began to decrease in the April 2002 and April 2003 monitoring events. Total PCB 
concentrations at all four monitoring stations were below the SQS or LAET for the April 
2003 monitoring event (King County 2003). 

The Boeing Company conducted a sediment remediation inshore of the cap in September 
2003, during which approximately 60 cy of PCB-contaminated sediment were removed. 
Results fiom the King County's April 2004 sampling event, however, showed an increase in 
PCB concentrations at two stations. Total PCB concentrations were again elevated above the 
SQS or LAET in the 0 to 10 cm depth stratum at the Norfolk CSO channel and Boeing SD 
channel stations ( ~ ~ ~ 5 0 1  and NFK503). These results indicate that there may still be some 
residual PCB concentrations at the Norfolk remediation site. 

6.2.4 Chemicals of Concern at the End of the Five-Year Monitoring Program 

The following chemicals are still present at the Norfolk CSO sediment remediation site at the 
end of the five-year monitoring program in concentrations that exceed SMS chemical criteria 
or LAET values. 
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PAHs - Two P A .  compounds were detected in the 0 to 2 cm sample fiom the upriver 
reference station (1.89% TOC) at concentrations that exceed SQS criteria. 
1. The fluoranthene concentration of 276 mgKg OC exceeds the SQS criterion of 160 

mgKg OC but is less than 25% of the CSL criterion of 1,200 mgKg OC. 
2. The phenanthrene concentration of 152 mgKg OC exceeds the SQS criterion of 100 

mg/Kg OC but is less than 35% of the CSL criterion of 480 mgKg OC. 

PCBs - Total PCBs, comprised solely of Aroclors 1248 and 1254, were detected at two 
stations at concentrations that exceed either the SQS criterion or LAET . 
1. The total PCB concentration of 18.3 mgKg OC detected in the 0 to 10 cm sample 

fiom the Boeing SD channel station (2.59% TOC) exceeds the SQS criterion of 12 
mgKg OC but is less than 30% of the CSL criterion of 65 mg/Kg OC. 

2. The total PCB concentration of 473 pg/Kg DW detected in the 0 to 10 cm sample 
fiom the Norfolk CSO channel station (0.3 1% TOC) exceeds the LAET of 130 pg/Kg 
DW but is less than 50% of the 2LAET of 1,000 pg/Kg DW. 

There have been period exceedences of SMS criteria on the Norfolk sediment cap. These 
exceedences, however, have been sporadic in nature and do not appear to show a consistent 
upward trend. Surface recontamination of the sediment cap fiom discharges of the Norfolk 
CSO, to levels approaching SQS chemical criteria, does not appear to have occurred over the 
five-year monitoring period. There appear to be some residual PCB concentrations at the site 
that are greater than the SQS criterion or LAET. 
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Figure 4 - Comparison of Total PCB Concentrations Over Time at the Norfolk Site (Data Presented on a Dry Weight Basis) 

NFK501- Norfolk CSO Channel NFK502 - Combined Channel Delta 

Asterisked (*) values -exceed SQS when appropriately 
normalized to organic carbon (TOC 2 0.5%) 

NFK503 - Boeing SD Channel NFK504 - Upriver Reference 





Table I 
Sample Location Coordinates 
Norfolk CSO Sediment Remediation Project 
Five-Year Monitoring Program, Year Five, April 2004 

Station Name I Northing (NAD83) 
NFK501 Prescribed Station 1 190170 

Easting (NAD83) 
1278584 

NFK501 Grab 1 
NFK501 Grab 2 

NFK502 Grab 1 I 190154 1 1278513 

1278587 
190173 l g o l 7 O  1 1278591 

NFK501 Grab 3 
NFK502 Prescribed Station 

NFK503 Grab 1 I 190197 1 1278543 

190164 
190159 

NFK502 Grab 2 
NFK503 Prescribed Station 

1278589 
1278514 

190158 
190195 

NFK503 Grab 2 
NFK504 Prescribed Station 

NOteS 
NAD83 - North American Datum, 1983 

1278516 
1278544 

NFK504 Grab 1 
NFK504 Grab 2 

Page 1 of 1 

190191 
190080 

1278625 
190080 190078 1 1278628 

1278542 
1278625 



Table 2 
Particle Size Distribution 
Norfolk CSO Sediment Remediation Project 
Five-Year Monitoring Program, Year Five, April 2004 

Phi Size 
>p-2.00 
p-2.00 
p-1.00 

Class 
Gravel 

Gravel 

Gravel 

Sand 

Sand 
Sand 

Sand 

~otai'Sand 
Silt 

Silt 

Silt 

Clay 
Clay 

Total Clay 

Percent Distribution 
NFK 501 NFK501 NFK502 NFK502 
0 - 2 c m  0 - 1 0 c m  0 - 2 c m  0 - 1 0 c m  

0.1 <MDL (0.1) 0.2 <MDL (0.1) 

<MDL (0.1) <MDL (0.1) 0.2 0.1 
2.0 4.0 2.0 3.0 

11.9 22.9 46.5 40.6 
16.2 39.5 24.0 19.8 
4.0 8.0 3.0 5.0 

Percent Distribution 
I NFK503 NFK503 NFK504 NFK504 

Notes 
<MDL (#) - Analyte not detected above the methoddetection limit. Value is parentheses is the numeric MDL. 

Phi Size Class 
>p-2.00 Gravel 
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0 - 2 c m  0 - l O c m  0 - 2 c m  0 - l O c m  
<MDL (0.1) <MDL (0.1) 0.6 <MDL (0.1) 



Table 3 
Sediment Conventional Results 
Norfolk CSO Sediment Remediation Project 
Five-Year Monitoring Program, Year Five, April 2004 

TOC (mg/~g  DW) 1 20,000 3,130 2,280 1,650 

Conventionals 
Solids (%) 

0 - 2 c m  0 - l O c m  0 - 2 c m  0 - l O c m  
50.4 77.9 87.2 79.9 

TOC (mg/Kg DW) 1 24,100 25,900 18,900 2,940 

Conventionals 
Solids (O/O) 

Notes 
TOC - Total organic carbon. 

mg/Kg DW - Milligrams per kilogram dry weight, based on percent solids analysis. 

0 - 2 c m  0 - l O c m  0 - 2 c m  0 - l O c m  
48.2 48.7 50.8 74.9 
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Table 4 
Sediment Metal Results 
Norfolk CSO Sediment Remediation Project 
Five-Year Monitoring Program, Year Five, April 2004 

Metal 
Arsenic 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Silver 
Zinc 

Metal 
Arsenic 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Silver 
Zinc 

Concentration (mg/Kg DW) 
NFK501 NFK501 NFK502 NFK502 
0 - 2 c m  0 - l O c m  0 - 2 c m  0 - l O c m  
<MDL (4.8) <MDL (3.1) <MDL (2.9) <MDL (3.0) 

0.36 <MDL (0.18) <MDL (0.17) <MDL (0.19) 

21.2 11.9 10.9 11.5 
29.0 11.9 12.0 13.3 
13 4.1 6.1 5.5 

0.063 <MDL (0.024) <MDL (0.023) <MDL (0.025) 

0.75 0.46 0.46 0.50 
78.2 38.9 44.4 43.2 

Concentration (mg/Kg DW) 
NFK503 NFK503 NFK504 NFK504 
0 - 2 c m  0 - 1 0 c m  0 - 2 c m  0 - 1 0 c m  SQS 

57 
5.1 
260 
390 
450 
0.41 
6.1 
410 

CSL 
93 
6.7 
270 
390 
530 
0.59 
6.1 
960 

CSL 
93 
6.7 
270 
390 
530 
0.59 
6.1 
960 

mg/Kg DW - Milligrams per kilogram dry weight, based on percent solids analysis. 
<MDL (#) - Analyte not detected above the methoddetection limit. Value is parentheses is the numeric MDL. 
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Table 5 
Sediment Ionic Organic Results 
Norfolk CSO Sediment Remediation Project 
Five-Year Monitoring Program, Year Five, April 2004 

Ionic Organics 
Benzoic Acid 
Benzyl Alcohol 
2,4-Dimethylphenol 
2-Methylphenol 
4-Methylphenol 
Pentachlorophenol 
Phenol 

Ionic Organics 
Benzoic Acid 
Benzyl Alcohol 
2,4-Dimethylphenol 
2-Methylphenol 
4-Methylphenol 
Pentachlorophenol 
Phenol 

Concentration (pg/Kg DW) 
NFK501 NFKSO1 NFK502 NFK502 

Concentration (pg/Kg DW) 
NFK503 NFK503 NFK504 NFKS04 

SQS CSL 
650 650 

SQS CSL 
650 650 

pg/Kg DW - Micrograms per kilogram dry weight, based on percent solids analysis. 
<MDL (#) - Analyte not detected above the methoddetection limit. Value in parentheses is the numeric MDL. 

B5, B10 - Compound detected in laboratory method blank. Sample concentration is less than 5 times the 

method blank concentration (B5) or greater than 5 times but less than 10 times the method blank 

concentration (B10). 
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Table 6 
Sediment Non-Ionic Organic Results (Organic Carbon Normalized) 
Norfolk CSO Sediment Remediation Project 
Five-Year Monitoring Program, Year Five, April 2004 

Non-Ionic Organics 
LPAHs 
Acenaphthene 
Acenaphthylene 
Anthracene 
Fluorene 
2-Methylnaphthalene 
Naphthalene 
Phenanthrene 
Total LPAH 
HPAHs 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzofluoranthenes (Total) 
Benzo(g, h,i)perylene 
Chrysene 
Dibenzo(a, h)anthracene 
Fluoranthene 
Indeno(l,2,3-c,d)pyrene 
Pyrene 
Total HPAH 
Chlombenzenes 
1,2-Dichlorobenzene 
1,4-Dichlorobenzene 
Hexachlorobenzene 
1,2,4-Trichlorobenzene 
Phthalates 
Bis(2-ethylhexyl) Phthalate 
Benzyl Butyl Phthalate 
Di-N-butyl Phthalate 
Di-N-octyl Phthalate 
Diethyl Phthalate 
Dimethyl Phthalate 
Miscellaneous Compounds 
Di benzofuran 
Hexachlorobutadiene 
N-Nitrosodiphenylamine 
PCBs 
Total PCBs 

Concentration (mg/ Kg OC) 
NFK501 NFK501 NFK502 NFK502 
0 - 2 c m  0 - l O c m  1 0 - 2 c m  0 - 1 0 c m  

TOC 2.000/0 TOC 0.31% ' TOC 0.23% I TOC 0.17% 
1 

SQS CSL 

mg/Kg OC - Milligrams per kilogram organic carbon, based on total organic carbon analysis. 
<MDL (#) - Analyte not detected above the method dedion limit. Value in parentheses is the numeric MDL. 

TOC O/O - Percent total organic carbon on a dry weight basis, based on total solids analysis. 

B5, B10, B - Compound detected in laboratory method blank. Sample concentration is less than 5 times the 

method blank concentration (B5), greater than 5 times but less than 10 times the method blank 

concentration (BlO), or greater than 10 times the method blank concentration (B). 

Shaded Column - Organic carbon content less than 0.5% and comparison with organic carbon-normalized 

SQSICSL values is inappropriate. Data presented for comparison with other stations only. 

Shaded Cell with Double Border - Detected concentration exceeds the SQS andlor CSL. 
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Table 6 (cont.) 
Sediment Non-Ionic Organic Results (Organic Carbon Normalized) 
Norfolk CSO Sediment Remediation Project 
Five-Year Monitoring Program, Year Five, April 2004 

Non-Ionic Organics 
LPAHs 
Acenaphthene 
Acenaphthylene 
Anthracene 
Fluorene 
2-Methylnaphthalene 
Naphthalene 
Phenanthrene 
Total LPAH 
HPAHs 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzofluoranthenes (Total) 
Benzo(g,h,i)perylene 
Chrysene 
Dibenzo(a, h)anthracene 
Fluoranthene 
Indeno(l,2,3-c,d)pyrene 
Pyrene 
Total HPAH 
Ch/orobenzenes 
1,2-Dichlorobenzene 
1,4-Dichlorobenzene 
Hexachlorobenzene 
1,2,4-Trichlorobenzene 
Phthala tes 
Bis(2-ethylhexyl) Phthalate 
Benzyl Butyl Phthalate 
Di-N-butyl Phthalate 
Di-N-octyl Phthalate 
Diethyl Phthalate 
Dimethyl Phthalate 
Misce11aneous compounds 
Dibenzofuran 
Hexachlorobutadiene 
N-Nitrosodiphenylamine 
PCBs 
Total PCBs 

Concentration (mg/Kg OC) 
NFK503 NFK503 NFK504 NFK504 
0 - 2 c m  0 - l O c m  0 - 2 c m  0 - l O c m  

TOC 2.41% TOC 2.59% TOC 1.89% TOC 0.29% SQS CSL 

mg/Kg OC - Milligrams per kilogram organic carbon, based on total organic carbon analysis. 
<MDL (#) - Analyte not detected above the method dection limit. Value in parentheses is the numeric MDL. 

TOC O/O - Percent total organic carbon on a dry weight basis, based on total solids analysis. 

85, B10, B - Compound detected in laboratory method blank. Sample concentration is less than 5 times the 
method blank concentration (65), greater than 5 times but less than 10 times the method blank 

concentration (BIO), or greater than 10 times the method blank concentration (6). 
Shaded Column - Organic carbon content less than 0.5% and comparison with organic carbon-normalized 

SQSICSL values is inappropriate. Data presented for comparison with other stations only. 
Shaded Cell with Double Border - Detected concentration exceeds the SQS andlor CSL. 
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Table 7 
Sediment Non-Ionic Organic Results (Dry Weight Normalized) 
Norfolk CSO Sediment Remediation Project 
Five-Year Monitoring Program, Year Five, April 2004 

Non-Ionic Organics 
LPAHs 
Acenaphthene 
Acenaphthylene 
Anthracene 
Fluorene 
2-Methylnaphthalene 
Naphthalene 
Phenanthrene 
Total LPAH 
HPAHs 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzofluoranthenes (Total) 
Benzo(g, h,i)perylene 
Chrysene 
Dibenzo(a,h)anthracene 
Fluoranthene 
Indeno(l,2,3-c,d)pyrene 
Pyrene 
Total HPAH 
Chlombenzenes 
1,2-Dichlorobenzene 
1,4-Dichlorobenzene 
Hexachlorobenzene 
1,2,4-Trichlorobenzene 
Phthalates 
Bis(2-ethylhexyl) Phthalate 
Benzyl Butyl Phthalate 
Di-N-butyl Phthalate 
Di-N-octyl Phthalate 
Diethyl Phthalate 
Dimethyl Phthalate 
Miscellaneous Compounds 
Dibenzofuran 
Hexachlorobutadiene 
N-Nitrosodiphenylamine 
PCBs 
Total PCBs 

Concentration (vg/Kg DW) 
NFK501 NFK5Ol NFK502 NFK502 
0 - 2 c m  0-1Ocm 0 - 2 c m  0-1Ocm 

TOC 2.00% TOC 0.31% TOC 0.23% TOC 0.17% 

<MDL (26) - - - .. <MDL (17) <MDL (15) <MDL (16) 

< MDL (28) - <MDL (18) <MDL (16) <MDL (18) 

<MDL - - - -  (28) - <MDL (18) <MDL (16) <MDL (18) 

99.0 --- - 9.1 <MDL (4.6) <MDL (5.0) 

110- 9.1 <MDL (4.6 - 17) <MDL (5.0 - 19) 

MET* ZMET* 
SQS CSL 

pg/Kg DW - Micrograms per kilogram dry weight, based on percent solids analysis. 
<MDL (#) - Analyte not detected above the methoddection limit. Value in parentheses is the numeric MDL. 

- LAETRLAET equivalent to SQSICSL criteria, respectively. 

85, 610, B - Compound detected in laboratory method blank. Sample concentration is less than 5 times the 

method blank concentration (B5), greater than 5 times but less than 10 times the method blank 

concentration (BlO), or greater than 10 times the method blank concentration (6). 

Shaded Column - Organic carbon content greater than 0.5% and comparison with dry weight-normalized 

LAETl2LAET values is inappropriate. Data presented for comparison with other stations only. 
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Table 7 (cont.) 
Sediment Non-Ionic Organic Results (Dry Weight Normalized) 
Norfolk CSO Sediment Remediation Project 
Five-Year Monitoring Program, Year Five, April 2004 

Non-Ionic Organics 
L PAHs 
Acenaphthene 
Acenaphthylene 
Anthracene 
Fluorene 
2-Methylnaphthalene 
Naphthalene 
Phenanthrene 
Total LPAH 
HPAHs 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzofluoranthenes (Tota 
Benzo(g, h,i)perylene 
Chrysene 
Dibenzo(a, h)anthracene 
Fluoranthene 
Indeno(l,2,3-c,d)pyrene 
Pyrene 
Total HPAH 
Chlorobenzenes 
1,2-Dichlorobenzene 
1,4-Dichlorobenzene 
Hexachlorobenzene 
1,2,4-Trichlorobenzene 
Phthalates 
Bis(2-ethylhexyl) Phthalate 
Benzyl Butyl Phthalate 
Di-N-butyl Phthalate 
Di-N-octyl Phthalate 
Diethyl Phthalate 
Dimethyl Phthalate 
Miscellaneous Compounds 
Dibenzofuran 
Hexachlorobutadiene 
N-Nitrosodiphenylamine 
PCBs 
Total PCBs 

Concentration (pg/Kg DW) 
NFK503 NFK503 i NFK504 NFK504 
0 - 2 c m  0 - l O c m  0 - 2 c m  0 - l O c m  LAET* ZLAET* 

SQS CSL 

pg/Kg DW - Micrograms per kilogram dry weight, based on percent solids analysis. 
<MDL (#) - Analyte not detected above the method dection limit. Value in parentheses is the numeric MDL. 

* - LAETl2LAET equivalent to SQSICSL criteria, respectively. 

65, 610, B - Compound detected in laboratory method blank. Sample concentration is less than 5 times the 

method blank concentration (B5), greater than 5 times but less than 10 times the method blank 

concentration (61 O), or greater than 10 times the method blank concentration (6). 

Shaded Column - Organic carbon content greater than 0.5% and comparison with dry weight-normalized 

LAETl2LAET values is inappropriate. Data presented for comparison with other stations only. 

Shaded Cell with Double Border - Detected concentration exceeds the LAET andlor 2LAET. 
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Table 8a - Norfolk CSO Channel 
Five-Year Dry Weight Comparison of Sediment Constituents 
0 to 10 cm Depth Stratum at NFK501 
Norfolk CSO Sediment Remediation Project 
Five-Year Monitoring Program, Year Five, April 2004 

Metals (ma/Kg DW) Oct-99 Apr-00 Apr-01 Apr-02 Apr-03 Apr-04 SQS CSL 
Arsenic -. 4.1 1 <MDL (3.8) j 5.4 8.3 . - . . 1 <MDL (3.1) 57 93 - 
Cadmium -- <MDL (0.20) <MDL (0.21) <MDL (0.23) I <MDL (O26, 0.16 1 <MDL (O.l%Jl 5.1 _C61 
Chromium -. I 4 14.1 17.4 - 19.5 -111 11.9 260 
Copper - - 13.4 12.0 -- 18.5 27.0 23.7 ! , 11.9- 
Lead .. - 

A 450 530 
Mercury D . 0 2 7 ) ~ A  .o%z z A z ~ i 2 4 ) 1 ~  -~ ,- 0.41 TA~?i-- - 

Zinc 1 51.3 / 43.7 1 59.0 79.0 67.8 1 78.2 1 410 960 
Non-IonicOrganics(pq/KgDW) Oct-99 Apr-00 Apr-01 Apr-02 Apr-03 Apr-04 LAW 2LAET 

~enzo(a)pyrene <MDL (36) ~ M D L  (37) 61.4 1- 117 1 101  . 1 i;;:: 1 31000 Benzotluoranthenes (Total) I-)+ <MDL (59) 174 
- -- 265- - -- 

272 3,600 

..- 

Total H P A K -  
1,2-Dichlorobenzene - .  . - -- 

1,2,4-Trichlorobenzene -- 

- Hexachlorobenzene .. .~ 

Di-N-octyl Phthalate -. 

Diethyl Phthalate 
Dimethyl Phthalate 
Dibenzofuran 540 4 700 - 

Ionic Organics (pg/Kg DW) Oct-99 Apr-00 Apr-01 Apr-02 Apr-03 Apr-04 SQS 
Benzyl Alcohol 
2-Methylphenol -- 

---. .. 

Pentachlocophenol 690 , 

Phenol 1 1,200 
Conventionals Oct-99 Apr-00 Apr-01 Apr-02 Apr-03 Apr-04 
Total Organic Carbon (mg/Kg DW) 1 ~ .. . 3,240 1 2,350 . -- -- 1 -- 8,670 . 1 . 21,300 / 22,1001 3,130 : - ~ ~  _ 1 
Total Organs Carbon (% DW) 2.13 2.21 0.31 I 

Percent Gravel 1.5 ! - 3 . 9  1.2 1 . , 4 0 
Percent Sand -- 

Pgcent S~lt  16.6 - -- -- - - 

Percent Clay TT1 3.7 4.0 

mg/Kg DW - 
v ~ / K s  DW - 
<MDL (#) - 

SQS - 
CSL - 

MET - 
2MET - 

Shaded Cell - 

Milligrams per kilogram normalized to dry weight, based on percent solids analysis. 
Micrograms per kilogram normalized to dry weight, based on percent solids analysis. 
Analyte not detected above the method dection limit. Value in parentheses is the numeric MDL. 
Sediment Quality Standard (Table I, Ecology 1995). 
Cleanup Screening Level (Table 111, Ecology 1995). 
Lowest Apparent Effects Threshhold (EPA 1988). 
Second Lowest Apparent Effects Threshhold (EPA 1988). 
Analytical result exceeds a numeric sediment criterion (if appropriate to normalize to dry weight). 
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Table 8b - Combined Channel Delta 
Five-Year Dry Weight Comparison of Sediment Constituents 
0 to 10 cm Depth Stratum at NFK502 
Norfolk CSO Sediment Remediation Project 
Five-Year Monitoring Program, Year Five, April 2004 

- 

Metals (mg/Kg DW) Oct-99 Apr-00 Apr-01 Apr-02 Apr-03 Apr-04 SQS CSL 
Arsenic -- -- 

1 3.5 I 4.6 , <MDL ( 5 6 ) l -  3.3 1 4.7 I <MIX (3.0) 1 57 , 93 
Cadm~um 

- -. 6.7 
Chromum 
Copper -- 

Lead -. - -- 530 
-- 

Mercury 0 5 9  - 

Anthracene - 

Fluorene -. 

2-Methylnaphthalene . -- 1,400 ~ 

K W 5 s ! e n e e  . _ i 6 L  

Sher <MDL (0.26) 
pp - - - k 52.5 Zlnc 
Non-IonicOrganics(pg/KgDW) Oct-99 
Acenaphthene -- <MDL - (15) 
Acenaphthylene <MDL (22) 

Phenanthrene -- 

Total LPAHs .- - .. 

Eknzo(a)anthracene - 

Eknzo(a)pyrene -- -- 
13.7 16a4 .- 

Eknzofluoranthenes (Total) -. 

Benzo(g,h,i)Perylene <MDL (38) <MDL (37) <MDL (12) I <MDL (9.8) l o  1 (MDLSO) I 670 - 1 720 
Chrysene - - 1 & ( i 2 & 2 0  j <M=) , 33.8 - <MDL (5.0) 1,400 2,800 

<MDL (0.27)-1 M D L  (0.30) 

46.8 46.5 
Apr-00 Apr-01 

<MDL (15) <MDL (11) 

fiDL (22) <MDLG3) 

Indeno(l,2,3-c,d)pyrene 690 
Pyrene 
Total HPAHs 
- -- - 

Hexachlorobenzene --- 

Di-N-octyl Phkalate - 

<MDL (0.231 

43.9 
Apr-02 

<MDL (8.6) 
<MDL (18) 

Diethyl Phthalate -- -. 

<MDL (0.96) <MDL (0.94) <MDL (0.39) 1 <MDL (0.32) <MDL (&3!) <MDL (0.33) 
~ 1 s o .  -~ 

b f ; h ~ i  ( d < M D L ( O . 3 9 )  1 <MDL (&0.30){&.:-tp L L  ' 51 

<MDL (0.22) j 0.50- - 
44.2 1 43.2 

Hexachlorobutadiene <MDL (38) j <MDL (37) i <MDL (1.1) <MDL (0.92) <MDL (0.86) 1 4 D L  (0.94) 11 120 
N-Nitrosodiphenylarnine -~ <MDL (38) 1 <MDL.(~<-~ <MDL (30)- + D L  (25) <MDL (23- 28 i 40 
Total PCBs 71.6 / 10 ! 94.1 <MDL(2.5-4.9) 21.0 I<MDL(~ .~ -~ .o )  130 1,000 
Ionic Organics (pg/Kg DW) Oct-99 Apr-00 Apr-01 Apr-02 Apr-03 Apr-04 SQS CSL 

' 6.1 6.1- - 

410 960 

4-Methylphenol .. - . . - -- . . - 

2,4zDimethylphenol 
-- 

29 
Pentachlorophenol .. . 

Apr-03 Apr-04 LAET 2LAET 
<MDL (8.0) <MDL (8.8) 730 - 

<MDL (I?) / <MDL (19) + &  - 1  1 300 

Phenol 1 <MDL (150) <MDL (150) <MDL (14) 1 <MDL (11) <MDL (10) <MDL (11) 420 1 1,200 
Conventionals Oct-99 Apr-00 Apr-01 Apr-02 Apr-03 Apr-04 
Total Organ~c Carbon (mg1Kg DW) 1 3,730 1 2,560- 1,650 , - - 

0.37 1 Total Organic Carbon ('10 DW) 1 0.14 - L p -  0.50 
Percent Gravel I -. -- - i 3.1 
Percent Sand - -  . -- 92.6 
Percent Sdt 
Percent Clay 

mg/Kg DW - 
w/Kg DW - 
<MDL (#) - 

SQS - 
CSL - 

LAET - 
2MET - 

Shaded Cell - 

Milligrams per kilogram normalized to dry weight, based on percent solids analysis. 
Micrograms per kilogram normalized to dry weight, based on percent solids analysis. 
Analyte not detected above the method dection limit. Value in parentheses is the numeric MDL. 
Sediment Quality Standard (Table I, Ecology 1995). 
Cleanup Screening Level (Table 111, Ecology 1995). 
Lowest Apparent Effects Threshhold (EPA 1988). 
Second Lowest Apparent Effects Threshhold (EPA 1988). 
Analytical result exceeds a numeric sediment criterion (if appropriate to normalize to dry weight). 
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Table 8c - Boeing Storm Drain Channel 
Five-Year Dry Weight Comparison of Sediment Constituents 
0 to 10 cm Depth Stratum at NFK503 
Norfolk CSO Sediment Remediation Project 
Five-Year Monitoring Program, Year Five, April 2004 

Metals (mg/Kg DW) Oct-99 Apr-00 Apr-01 Apr-02 Apr-03 Apr-04 SQS CSL 
Arsen~c- - I 4.3 1 4.4 <ME (3.2) 11 1 14 1 <MDL (5.1) I 57 I 93 
G d m & ! ! - .  I <MDL (0.21) 1 <MDL (021) t MDL (0.20) 0.37 1 >:I 1 6.7 I <MDL (0.28) 1 0.31 I 

22Z4 Chromium . 1 1 4 . 1  1 1 2 . c  12.0 21.7 25.9 -- 260 1 270 - 1  L 

Silver 
-- - . 6.1 

' 
6.1 <MDL (0.26) 1 <MDL(O.29 1 <MDL (0.26) ~-<-MDL (0.38) <MDL (0.35) 1 0.8c , 

Zinc ] 53.7 i 44.5 I 46.4 1 79.9 93.6 92.0 410 960 
Non-IonicOrganics(pg/KgDW) Oct-99 Apr-00 Apr-01 Apr-02 Apr-03 Apr-04 LAET 2LAET 
Acenaphthene--- I <MDL (1.5) <MDL (15) ~ ~ L D L  (9.4) j <MDL (14)  <MDL (14) I <MDL (14)..! . .  5 0 0  1 730 
Acenaphthylene - -.-- -~ 1 < M L  2 2 )  4JDl_(22) 1 <MDL(zo). . <*DL (30) <My?) 1   MY-^) I 1,300 i 1.300 
Anthracene -- . . 
-- <M+(22) <MDL(22) MDL(5 .4 )  l 14 i 960 4,400.. 

~ .. 4 - 
FkJrene - ._ - -  _~ rMDL (22) -<KDL (22) <MDL ( 1 8 )  i OIDL (26) ' <MDL (25) I <-MDL (27) ! 540 0 1,000 
2-Methylnaphthalene . ?!DL (59) <MDL (3. 5 M D L  (19) W . . -  2 L  (27) 1 <FIN (29) 1 . .  6/0 1. 1,400 
Naphthalene - . <MDL (59) ~ <MDL (59) <MDL (2) I <MDL (28) <M;;;27) 1 <MDL(29) 2,100 1 2,400 1 + ~- 

Phenanthrene _ -  <MDL ( 19 )  <MDL ( 5 . 4 ) r  936.. 1 83.0 - ~ -~ 1,500 I 5,400 
Total LPAHs , - 4 0 h 1 5 - 5 9 )  +IDL(SQ.20) 110 1 120 I 97 5,200 13,000 -. .~. . - 

Benzo(a)ant&cene , 1 28 1 < M D L ( Z ~ ) ~  3.0 77.1 1 77.0 75.4 1 1,300 1,600 
- 

Benzo(a)pycene 
-- . ...- <MDL (37)- <MDL (37) (MDL (4.0) 1 89.2 P i  -99.2 , 91.6 1,6!'? 1 3,000 

Ionic Organics (vg/Kg DW) Oct-99 Apr-00 Apr-01 Apr-02 Apr-03 Apr-04 SQS CSL 

2-Methylphqol _ <MDL (37) <MDL (37) 1 <MDL ( 2 6 )  <MDL (38) <MDL (37) <MDL(33) 63 
4:Methylphenol 1 <MDL (37) rMDL (37) <MDL (22) ~ < E L  (32) <MD+DL (33) 4 670 
2,CDlmethylphenol- <MDL (37) -- <MDL (37) <MDL (9.4): <MDL (14) - <MDL (14) <MDL (lMl-L- 29 L 29 ---t-- 
Pentachlorophenol - - , < ~ ~ . ( 3 7 )  <MDL (37) <MDL (6.7) I t M D L  (10) <MDL (9,7) <MDL (10) i 360 690 - 

Phenol <MDL (150) <MDL (150) <MDL (12) I <MDL (18) <MDL (17) <MDL (18) 1 420 1,200 
Conventionals Oct-99 Apr-00 Apr-01 Apr-02 Apr-03 Apr-04 

2,010 3,600 - 25,500 - - -  24,300 1 25,900 
Total Organ~c Carbon (% DW)- 2.52 2.43- 1 2.: + a ' 

- 

Percent Gravel -- 0.2 1.0 - L 
Percent Sand - 

Percent S~lt 
& - -- 

Percent Clay 6.8 1 5.5 13.5 1 I 

mg/Kg DW - 
W K g  DW - 
<MDL (#) - 

SQS - 
CSL - 

LAET - 
ZLAET - 

Shaded Cell - 

Milligrams per kilogram normalized to dry weight, based on percent solids analysis. 
Micrograms per kilogram normalized to dry weight, based on percent solids analysis. 
Analyte not detected above the method dedion limit. Value in parentheses is the numeric MDL. 
Sediment Quality Standard (Table I, Ecology 1995). 
Cleanup Screening Level (Table 111, Ecology 1995). 
Lowest Apparent Effects Threshhold (EPA 1988). 
Second Lowest Apparent Effects Threshhold (EPA 1988). 
Analytical result exceeds a numeric sediment criterion (if appropriate to normalize to dry weight). 
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Table 8d - Upriver Reference Station 
Five-Year Dry Weight Comparison of Sediment Constituents 
0 to 10 cm Depth Stratum at NFK504 
Norfolk CSO Sediment Remediation Project 
Five-Year Monitoring Program, Year Five, April 2004 

Metals (mg/Kg DW) Oct-99 Apr-00 Apr-01 Apr-02 Apr-03 Apr-04 SQS CSL 
Arsen~c 5.7 1 6.0 <MDL (4.2) 1 4.8 1 4.K I <MDL (3.3) I -- 57 1 93 I 
-- - - - -- --L 

Cadmlum - 
Chrom~um 
Copper 

- -- 
390 

L+ - -- 

Total HPAHs 
1,2-Dichlorobenzene 

I Mercury 
-~ . . - -. <MDL (0.026)/ <MDL(O.O2_7) 0.038 , 0.068 <MDL (0.024) <MDL (0.027) _ 0.41 _; 0.59 
Silver - <MDL (0.26) I <MDL(0.27) 1 <MDL (OL33) <MDL (0.32) <MDL (0.22) -~ 0.57 -~ ~- 6.1 6.1 
Zinc 5 2 . 9 4 6 . 8  1 60.6 61.9 40.8 45.4 410 ! 960 
Non-IonicOrganics(vg/KgDW) Oct-99 Apr-00 Apr-01 

Conventionals Oct-99 Apr-00 Apr-01 Apr-02 Apr-03 Apr-04 
Total Organic Carbon (mg/Kg DW) 1,890 + 1 - - 3,090 1 9,080 1 13,100 I 1,100 -- -- 1 2 , 9 4 0  1 - --I-- -- 

1,2,4-Trichlorobenzenc_.. -- I <MDL (0.93) / < E L 0 . 9 2 )  I <MDL@+) <MDL (0.42) I <MDL (0.31) <MDL (0.35) - 31 I 51 
Hexachlorobenzene-- - .- IMDL ( o . 9 3 w D L  (0.92) < E ( l . l ) + l l l  <MDL (0.78) 5MorJ0.88) ' 70 ... ... .~~. 

Total Organic Carbon (% DW) I 
- - - 

Percent Gravel I 
- -  -- 

A c e n a p h t h ~  <MDL (12) <MDL (11) <MDL(&3) <MDL (9.3) 5 0 0  ., 1 730 
Acenaphthylene 1,300 
Anthracene 
- -. 

Naphthalene -- 

Phenanthrene -. - .. 

Total LPAHs -. .. .- - 
5.5 

Benzo(a)anthracene .- 

Benzo(a)pyrene _ -- 7.32 13.1 

Apr-02 

Di-N-octyl Phthalate 
Diethyl ~hthaiate -~ 

Percent Sand -- . 

Percent S~lt - 

Percent Clay 0.7 0.1 6.6 

mg/Kg DW - 
lJg/Kg DW - 
<MDL (#) - 

SQS - 
CSL - 

MET - 
2MET - 

Shaded Cell - 

Apr-03 

<MDL (22) ! <MDL_(/l) <MDL ( 1 3 )  <MDL (13) <MDL (9.4). <MDL (11) so-. . .. 

Milligrams per kilogram normalized to dry weight, based on percent solids analysis. 
Micrograms per kilogram normalized to dry weight, based on percent solids analysis. 
Analyte not detected above the method dection limit. Value in parentheses is the numeric MDL. 
Sediment Quality Standard (Table I, Ecology 1995). 
Cleanup Screening Level (Table 111, Ecology 1995). 
Lowest Apparent Effects Threshhold (EPA 1988). 
Second Lowest Apparent Effects Threshhold (EPA 1988). 
Analytical result exceeds a numeric sediment criterion (if appropriate to normalize to dry weight). 
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2,100 _ 

Dimethyl Dibenzofuran Phthalate ~- < M w 7 )  i A q D L ( l 0 1  < M D y r F T  ii-.~~. 

Apr-04 LAET 2LAET 

73 
160 

~- 

- 700 
<MDL (15) / <MDL(15) <MDL (18) - 
<MDL (37) I <MDL (36)- <MDL (23) 

<MDL (18) .-<MDL (13) <MDL_(;8,0)~ 

. <MDL (23) <MDQ7) <MDL (1% 

~exachlorobutad'&e - 

N-Nitrosodiphenylamine 
<MDL (1.2) <MDL (0.88) (MDL (1.0) 

<MDL (32) 9 4 4 4 )  , <MDL (8.0)- 
51.5 <~~~(2.44.7)<~~~(2.7-5.3) 130 

120 

40 - 
1,000 

<MDL (37) 1 <MDL (36) 1 <MDL (1.2) 

<MDL (37) <MDL (36) <MDL (33) 

31 
Apr-01 
<MDL (10) 

tMDL (32) 
<MDL (27) 

rMDL (12) 

<MDL(8.3) 
<MDL (15) 

4 13.2 
Apr-02 Apr-03 Apr-04 SQS CSL 

Total PCBs 
Ionic Organics (vg/Kq DW) 
Benzyl Alcohol ~ ~ - -  ~- 

2-Methylphenol 
-~ -- . 

4-Methylphenol . - 

2,4-Dimethylphenol 
~ e n t a c h l o r o p h e r  .~. -- 

Phenol 

IMP (').WL, 

<MDL (26) 

<MDL (11) 

<MDL (8.1) 
<MDL (15) 

<MDL (5.7 

Oct-99 Apr-00 
<MDL (37) 1 <MDL (36) 
<MDL (37) 1 <MDL (36) 
<MDL (37) / <MDL ( 3 6 1  

<MDL g 7 )  1 <MDL ( 3 6 ) -  
<MDL (37) 1 - <MDL (36) 
<MDL (150) / <MDL (150) 

<MDL (7.1) 

< M D L J 3 L 1 ) S 2 ~ L L M ~ ) - 1 . .  

<M&(19) 
<MDL(8.3) 
<MDL (5.9) 

<MDL (11) 

<-MDL (8.0) I 57 1. . ?--- 
63 63 

<MDL (21) 

4.L ( 9 3  1 $ -- <MDL (6.7) -- 690 
<MDL (12) 420 1 -1,200- 



Table 9a - Norfolk CSO Channel 
Five-Year Dry Weight Comparison of Sediment Constituents 
0 to 2 cm Depth Stratum at NFK501 
Norfolk CSO Sediment Remediation Project 
Five-Year Monitoring Program, Year Five, April 2004 

Metals (mq/Kg DW) 013-99 Apr-00 Apr-01 Apr-02 Apr-03 Apr-04 SQS CSL 
Arsenic I 4.6 -1 ,- 5.1 I <MDL (3.6) I 7.4 I 7.8 <MDL(OL483, 57 I 93 
Cadmium <MDL (0.20) ' <MDL (0 20) <MDL (0.22) <MDLL_(0.32) 0 . 2 3  0.36 - 

Chymium 
1 -  

17.1 j f i 9 . 8  1 18.0 
- - 

21.2 

Eknzofluoranthenes (Total) 3,200--- -- 3,600 - 

Eknzo(g,h,i)perylene 670 720 
Ch~ysene 1,400 - - -- 2,800 
~ibenzo(a,h)anthragne 230 540 - 
Fluoranthene 236 1,700 2,500 
1ndeno(l,2,3-ccJ)~~r~e 119- . -  57.7 I 600 690 
P~renq-  2,600 3,300 

Copper 390 ~ 390 
Lead 6.2- 450 53 0 
Mercury- -- 0.039 0.043 0.076 0.11 0.063 - -  0.41 1 0.59 
Silver _ - 
-- 

<MDL (0.21) 0 .75 6.1 1 6.1 - 

Zinc 1 52.4 48.4 76.4 89.9 78.2 410 1 960 

Total H P A H ~  2 5 0 " 0 "  1 1,800 1,840 982 ; - 12,000 -- 17,000 
1,2-D~chlorobenzene 
-- - 

<MDL (0.93) <MDL (0.91) t M D L  (0.38) <MDL (0.55) <ADL (0.59) , <MDL (0.52) 35 50 -- 
1,2,4-Trichlorobenzene -- I <MDL (0.93) , <MDL (0.91) <MDL (0.38) <MDL (025) <MDL (0.59) I <MDL (0.52) 1 31 -- 5 1 

Non-IonicOrganics(pg/KgDW) Oct-99 

Hexachlorobenzene -_- 

Di-N-octyl Phthalate . 

Apr-00 Apr-01 Apr-02 Apr-03 Apr-04 LAET 2LAET 

Diethyl Phthalate -- 

Dimethyl Phthalate -. - 

Dibenzofuran 
Hexachlorobutadie~ - 

N-Nitrosod~phenylamine -- 28 40 
125 

-7 -- 

Total PCBs I 45.9 1 6.8 60.9 168 157 1 130 I 1,000 
Ionic Organics (pg/ Kg DW) Oct-99 Apr-00 Apr-01 Apr-02 Apr-03 Apr-04 SQS CSL 
Benzyl Alcohol 
2-Methylphenol -- 
4-Methylphenol - 

- - 

2,4-Dimethylphenol 
Pentachlorophenol 690- 

Acenaphthene I 730 
- 

Acenaphthylene -- 

Anthracene 4,400 
Fluorene 

Naphthalene --- 2,400 
Phenanthrene 
Total LPAHs 
Eknzo(a)anthracene -- - 

92.6 1 5 0  154 76.4 1,600 3,000 

Phenol 1 <MDL (150) / <MDL (140) 1 <MDL(13) <MDL (19) 75.7 1 <MDL (18) 1 420 1 1,200 
Conventionals 013-99 Apr-00 Apr-01 Apr-02 Apr-03 Apr-04 
Total Organic Carbon (mg/Kg DW) 4,170 5,530 1 - -  8,180 1 W%;O kW% i 2;;!-): ~ I 
Total Organic Carbon (O/O DW) -- I 0.42 I 0.55 0.82 -1 -,- 

Percent Gravel 
Percent Sand - - -- 

Percent S~lt  - 36.0- -- 

Percent Clay I 1.6 0.9 3.8 7.1 

Notes 
mg/Kg DW - Milligrams per kilogram normalized to dry weight, based on percent solids analysis. 
vg/Kg DW - Micrograms per kilogram normalized to dry weight, based on percent solids analysis. 
<MDL (#) - Analyte not detected above the methoddection limit. Value in parentheses is the numeric MDL. 

SQS - Sediment Quality Standard (Table I, Ecology 1995). 
CSL - Cleanup Screening Level (Table 111, Ecology 1995). 

LAET - Lowest Apparent Effects Threshhold (EPA 1988). 
2LAET - Second Lowest Apparent Effects Threshhold (EPA 1988). 

Shaded Cell - Analytical result exceeds a numeric sediment criterion (if appropriate to normalize to dry weight). 
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Table 9b - Combined Channel Delta 
Five-Year Dry Weight Comparison of Sediment Constituents 
0 to 2 cm Depth Stratum at NFK502 
Norfolk CSO Sediment Remediation Project 
Five-Year Monitoring Program, Year Five, April 2004 

Metals (rng/Kg DW) Oct-99 Apr-00 Apr-01 Apr-02 Apr-03 Apr-04 SQS CSL 
Arsen~c 1 6.2 ' 5:3 1 <MDL (3.6) 1 4.6 1 4.3 1 <MDL(2.9) ! 57 1 93-- 
Cadm~um - 

-- --- 
I <MDL (0.23) <MDL (0.21) 1 <MDC(O.21) <MDL (0.18) I <MDL (0.15) _ <MDL (0.17) 7T<z ! 1 6 . 7 3 y - /  15.1 lo.gl -%k !--;6 Chromium -- - 

EPL- -- 18.6 - -  13.3 _ 11.7 15.5 13.7 12.0 390- 390 
- t  - 

Lead 
-- - - 9.0 7.0 9.39 4.4 3.5 6.1 - 450 530 
Mercury - -  -- -- 

0.042 - 0.063 -- 0.031 <MDL (0.023) <MDL (0.022) <MDC(0.023) 0.41 0.59- - 

Slker <MDL (0.31) , <MDL (c), <MDL (028) <MDL (0.24) <MDL (0.21) 0 . 5  6.1- 6.1 
Z~nc 1 62.2 49.4 1 51.6 43.7 1 44.5 44.4 410 960 
Non-IonicOrganics(pg/KgDW) Oct-99 Apr-00 Apr-01 Apr-02 Apr-03 Apr-04 LAET 2LAET 
Acenaphthene --- I <MDL (17) I <MDL (15) 1 %DL (10) i <MDL (8.3) I <MDL (7.7) 1 <MDL (8.0) ! 500 1 730 
Acenaphthylene -- 
Anthracene__ _ 
Fluorene 

-- -. .-...- 

Total L P A H s -  -- 

Benzo(a)anthracene- -- 

Benzo(a)pyrene - -- -~ 
12.1 

Benzofluoranthenes (Total) ! <MDL (67) 1 <MDL (59) 1 128 j 9.31 .it- 27.1 . - 12 1 3,200 j 3,600 
<MDL (42) / <MDL (37) <MDL (12) <MDL (9.5) <MDL (8.8) I_<MDL (9.2) 1 670 _ 1 720 Benzo(gh)perylene Lp- -- - 

N-N~trosodrphenylam~ne --- <MDL (42) 1 <MDL (37) 1 <MDL(30) 1 <MDL (24) 1 <-EL (22) <MDL (6.9) 1 
+ 6 1 . 8  1 

28 1 40 
Total PCBs 70.6 161 I < ~ ~ ~ ( 2 . 4 4 . 8 ) < ~ ~ ~ ( 2 . 2 - 4 . 4 ) ' < ~ ~ ~ ( 2 . 3 - 4 . 6 ) 1  130 1 1,000 
Ionic Organics (vg/Kg DW) Od-99 Apr-00 Apr-01 Apr-02 Apr-03 Apr-04 SQS CSL 
Benzyl Alcohol - I <MDL (42) / <MDL (37) 1 yMDL(8.9) 1 <MDL (7.1) 1 <MDL(&6) ' 'MDL (6.9) 1 57 1 73 

Percent Gravel - 8~i j 0.8 +MDL(O.I) 1 0.8 -- 
Percent Sand I 86.9 89.1 93.2 92.0 '" ,721 , + 
Phenol 1 <MDL (170) <MD1 (150) I <MDL (13) <MDL (11) I <MDL (9.9) , <MDL (10) 1 420 1 1,200 
Conventionals Oct-99 Apr-00 Apr-01 Apr-02 Apr-03 Apr-04 

Percent Silt-. _ 
Percent Clay 

Total Organic Carbon (mg/Kg DW) 
Total Organic Carbon (O/O DW) -. -- 

mg/Kg DW - 
clg/Kg DW - 
<MDL (#) - 

SQS - 
CSL - 

MET - 
2MET - 

Shaded Cell - 

7,030 i 3,390 6,510 1 1,260 1,690 2 , 280 
0.70 I 0 . 3 4 -  ,- - 0.65 0.13 , 0.17 -- 0.23 1 I--- 

Milligrams per kilogram normalized to dry weight, based on percent solids analysis. 
Micrograms per kilogram normalized to dry weight, based on percent solids analysis. 
Analyte not detected above the method dection limit. Value in parentheses is the numeric MDL. 
Sediment Quality Standard (Table I, Ecology 1995). 
Cleanup Screening Level (Table 111, Ecology 1995). 
Lowest Apparent Effects Threshhold (EPA 1988). 
Second Lowest Apparent Effects Threshhold (EPA 1988). 
Analytical result exceeds a numeric sediment criterion (if appropriate to normalize to dry weight). 
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Table 9c - Boeing Storm Drain Channel 
Five-Year Dry Weight Comparison of Sediment Constituents 
0 to 2 cm Depth Stratum at NFK503 
Norfolk CSO Sediment Remediation Project 
Five-Year Monitoring Program, Year Five, April 2004 

Dibenzofuran 

Naphthalene 
Phenanthrene .- - 

Total LPAHs ~ 

Benzo(a)anthracene 
Benzo(a)pyrene 

Ionic Orqanics (yq/Kg DW) Oct-99 Apr-00 Apr-01 Apr-02 Apr-03 Apr-04 SQS CSL 

Benzofluoranthenes (Total) 
Benzo(g, h,i)perylene -. 

Benzyl Algohol 
- 

2-Methylphenol 
4-Methylphenol 
2,4-Dimethylphenol 
Pentachlorophenol 690 
Phenol 1 <MDL (150) / <MDL (150) 1 <MDL (12) <MDL (19) 1 33 1 <MDL (19) 420 1,200 
Conventionals 013-99 Apr-00 Apr-01 Apr-02 Apr-03 Apr-04 
Total Organic Carbon (mg/Kg DW) 1 6,490 1 4,930 1 2,770 1 26,200 1 27,600 1 24,100- 1 I 

-- 76 
<MDL (38) 

Total 0rgan=rbon-(% DW) . - , - - 0.65 1 0.49. 0.28 2.62 - _ 2 . 7 6  , 2.41 j i 

Chb'sene -- 72.4 

Percent Gravel 
Percent Sand 
- I 90.8 43.4 -~ -. 

Percent Silt - ~ - - ~ ~  ! 6.5 2.6 46.7 -..- 

Percent Clay , 1.5 0.1 0.6 8.5 6.1 13.4 

<MDL (59) 16-~- 
<MDL (37) 1 <MDL(11) 

Notes 
mg/Kg DW - Milligrams per kilogram normalized to dry weight, based on percent solids analysis. 
pg/Kg DW - Micrograms per kilogram normalized to dry weight, based on percent solids analysis. 
<MDL (#) - Analyte not detected above the methoddection limit. Value in parentheses is the numeric MDL. 

SQS - Sediment Quality Standard (Table I, Ecology 1995). 
CSL - Cleanup Screening Level (Table 111, Ecology 1995). 

LAET - Lowest Apparent Effects Threshhold (EPA 1988). 
2MET - Second Lowest Apparent Effects Threshhold (EPA 1988). 

Shaded Cell - Analytical result exceeds a numeric sediment criterion (if appropriate to normalize to dry weight). 
Page 1 of 1 

Dibenzo(a,h)anthracene ~~ ~ - - C ~ L ( 6 0 )  t MDL (59) , <MDL (9;4)_~~- 18 15 1 <MDL (15)~-- -. 230 . 1- 5%-- 
Fluoranthene 
- ~ .~ 119 

~--- - . - . - - 24.5 249 - 52.2 ...I - 216 -- 1,700 2,500 137 
Indeno(l,2,3-c,d)pyrene-~ - -~ 

j <MDL (38) < E L  (37) t - < ~ ~ ~  (12) j 5 8 . 9 . .  63.2 27 600 
Pyrene .. - 5.9 - - ~ ~  38.4 ~.-- ~ - 234 190 122 ~~ ~.~ 2 m o  ~ . ~ . ~  3,300 ~ P ~ - ~  

1 .  - ~ -  - - - -  
Total HPAHs - l t l o o  
1,2-Dichlorobe~ne 
1,2,4-Trichlorobenzene 
-- - - . . . -. 

Hexachlorobenzene 
Di-N-octyl Phthalate 
Diethyl Phthalate 
E h y l  &halate 

34 ... 7.9 

- .. 3,200 . .. ~ 1 - .~ 3,600 .. -~ ~ 

213 

_ 52.5 67Qi 720 
1,400 2 , 8 ! - ~  

--.- 225 1 128 

146 
77.4 37.8 

115~- 1 I - -  83.0 



Table 9d - Upriver Reference Station 
Five-Year Dry Weight Comparison of Sediment Constituents 
0 to 2 cm Depth Stratum at NFK504 
Norfolk CSO Sediment Remediation Project 
Five-Year Monitoring Program, Year Five, April 2004 

Metals (mg/Kg DW) Oct-99 Apr-00 Apr-01 Apr-02 Apr-03 Apr-04 SQS CSL 
Arsen~c - - 6.3 -- 7.3 <MDL (4.7) 1 5.9 5.6 5 . 9 L  57 93 - 
Cadmum - -- 6.7 <MDL (0.22) , <MDL (0.23) 1   DL (0.28) 1 <MDL (0.23) I <MDL (0.18) , <MDL (0.30)_' 5.1 
Chrom~um 
-- -- -- 

I 18.2 I 22.1 1 21.1 - 16.7- I ii:: 1 19.4 260 p 7 0  
Copper - - - 17.1 7 18.4 24.9 - 23.3 28.3 - 390 390 
Lead- - 
-- - - 1 8.2 8.7 18.0 9.5 

- 5.4 15.7 450 530 
M e r c u ~  I 0.028 0.049 
- - 0.072 1- 0.040 t;MDFa@$ 0.069 1 6.41 1 -  -059 

Ionic Organics (pg/Kg DW) Oct-99 Apr-00 Apr-01 Apr-02 Apr-03 Apr-04 SQS CSL 
Bemy1 Alcohol - ~- 1 <MDL (39) <.MDL_4!) 1 <MDL (11) 1 < ~ ~ ~ ( 9 . 3 )  <MDL (7.1) ! <MDL (12) - 5 7  1 .  -- ~ 73 
2-Methylphenol I <MDL (39) 1 <MDL (41)-1 <MDL (36) <MDL(29)- <MDL (22) I <MDL (31) j 63 , 6 3 ~ ~  ~~ ~ - 

Silver -- ~ ~.-~ I <MDL (0.29) j (0.30) o) <MDL (0.38) i <MPL@31) <MDL (0_22).1 0 8 7  . -- 
Zinc 56.6 56.1 68.3 56.1 1 43.3 78.0 
Non-Ionic Organics (pa/Kg DW) Oct-99 Apr-00 Apr-01 Apr-02 Apr-03 Apr-04 

- - 

6 . 1  6.1 
410 960 

LAET 2LAET 

Percent Sand .- i 82.3 1 74.1 j 
Percent Silt -. 

13.6 : . 14.4 17.6 
-r- - ~- 

Percent Clay 1 3.0 I 

Acenaphthene--_-- (11) -i <MDL (8.3) I 111 . !00-- , ~ 730 - 

Acenaphthylene 
Anthracene 

-- -- . .- - -- 

Fluorene--_ 
- - 
2-Methylnaphthalene 
Naphthalene . . 70 
Phenanthrene_-~ 38 
Total LPAHs 110 76.5 . . . 30.1 3,200 5,200 13,000 
Benzo(a)anthracene 

Benzo(a)pyrene .- 

Benzofluoranthe-g (Total) 64 I 110 ... 

4-Methylphenol . - - - 
- 

2,4~~Dimethylphenol 
-- 

mg/Kg DW - 
~g /Kg  DW - 
< MDL (#) - 

SQS - 
CSL - 

LAET - 
2LAET - 

Shaded Cell - 

Milligrams per kilogram normalized to dry weight, based on percent solids analysis. 
Micrograms per kilogram normalized to dry weight, based on percent solids analysis. 
Analyte not detected above the method dection limit. Value in parentheses is the numeric MDL. 
Sediment Quality Standard (Table I, Ecology 1995). 
Cleanup Screening Level (Table 111, Ecology 1995). 
Lowest Apparent Effects Threshhold (EPA 1988). 
Second Lowest Apparent Effects Threshhold (EPA 1988). 
Analytical result exceeds a numeric sediment criterion (if appropriate to normalize to dry weight). 
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<MDL (39) 

<MDL (39) 

Pentachlorophenol ~- 

<MDL (41) 
<MDL (41) 

Conventionals Oct-99 Apr-00 Apr-01 Apr-02 Apr-03 Apr-04 
Total organic Carbon (mg/Kg DW) 7,900 18,900, . 1 . ~- ~ ~ -~ 

Total Organic~bo~-(?h DW) pz: &79 
Percent Gravel- -~ 1 1.0 ! o.s._ 1.4 2 .4 -  

<MDL (39) <MDL (41) 
<MDL(170) 

<MDL (30). 

< - M D L ( X < M D L  

---*(DL (25) : <MDL (l?)-j. <MDL (31) 1 7; 670 
(11) / <MDL(8.3) ' <MDL (14) 29 

<MDL (9.5) 

Phenol 
<MDL~(_7.8) 1 <MDL (5.9) <MDL (9JJ)- / 3@ 1 690 

<MDL(160) <MDL(17) 1 <MDL(14) <MDL( l l )  / <MDL(18) 1 420 1,200 



Table 10 
Summary of Data Analysis for "B" Flagged Compounds 
Benzoic Acid and Bis(2-ethylhexyl) Phthalate 
Norfolk CSO Sediment Remediation Project 
Five-Year Monitoring Program, Year Five, April 2004 

Benzoic Acid Method Blank = 43 pg/Kg, SQS/CSL = 650 pg/Kg DW 

Concentration pg/Kg DW 
I A B C  D E 

NFK501 (2 cm) 292 , 249 
NFK501 (10 cml 
NFK502 (2 cm) 

'- - 

1 - 4 7  ~ < M D L T < M D L ( W  

~ ~ ~ 5 0 2  (10 cm) <MDL (16) <MDL (16) <MDL (16) 
L- 

NFK503 (2 cm) 1 146 1 103 ~ 57 F ~ 5 0 3 - ( 1 0  cm) 152 109 64 '-- 
N F K 5 0 4 B c m , ~ ;  87 ; 45 -- 

NFK504 (10 cm) <MDL (17) <MDL (17) 

Bis(2-ethvlhexvl) Phthalate Method B/ank = 7.0pg/Kg, LAElpLAET = 1,300/1,900pg/Kg DW 

Concentration pg/Kg DW 

NFK501(2 cm) 
NFK501(10cm) 
NFK502 (2 cm) 
NFK502 (10 cm) 
NFK503 (2 cm) 
- -- 

~ ~ ~ 5 0 3  (10 cm) 
-- - 

NFK504 (2 cm) 
NFK504 (10 cm) 

Bis(2-ethvlhexvl) Phthalate Method Blank = 7.Opg/Kg, SQS/CSL = 47/78 mg/Kg OC 

Concentration mg/Kg OC 
I A B C D  E 

-- 

NFK501 (2 cm) 25.8 25.8 -. 
NFK501(10 cm) 12.7 14.9 <MDL (22)  

. , 
NFK503 (2 cm) 14.2 13.9 13.6 14.2 14.2 

-- 

NFK503 (10 cm) 24.2 , 23.9 

Sample concentration as re~orted with no correction for method blank concentration. 

Method blank concentration subtracted from dry weight sample concentration (after normalization to dry weight). 

Method blank concentration subtracted from wet weight sample concentration (m to normalization to dry weight). 

Method detection limit raised to five times the method blank concentration. 

Method detection limit raised to ten times the method blank concentration. 

Micrograms per kilogram normalized to dry weight, based on percent solids analysis. 

Milligrams per kilogram normalized to organic carbon, based on total organic carbon analysis. 
Analyte not detected above the method detection limit Value in parentheses is the numeric MDL. 

Sediment Quality StandardICleanup Screening Level (Ecology, 1995). 

Lowest Apparent Effects ThreshholdISecond Lowest Apparent Effects Threshhold (EPA, 1988). 
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,04 LAET 

-9 
(6.9) 
,8 
-3 

17.71 

NFK50-4 I <MDL(25) I <MDL(52) 1 24.9 1 1 6 3 . 1  n/a ( 11.9 1 
Bis(2-ethylhexyl) Phthalate (0 to 10 cm) I 1 1 1 47 

Concentration (mg/Kg OC) 
Data Normalized to Orqanic Carbon Oct-99 Apr-00 Apr-01 Apr-02 Apr-03 Apr-04 S* 

I- 

NFKM3 n/a n/a n/a 40.4 24.3 24.2 
NFK504 nfa n/a 36.5 46.9 n/a n/a 
Di-N-butyl Phthalate (0 to 2 cm) - - 
NFK501 n/a <MDL (6.3) <MDL (5.7) 0.926 <MDL (1.1) <MDL e) 

63 

NFK504 n/a n/a <MDL (4.3) 1.1 n/a n/a 
Di-N-octyl Phthalate (0 to 2 cm) - 
NFK5Ol n/a <MDL (3.8) <MDL (1.5) <MDL (0.74) 4.98 <MDL (0.80) 

Benzyl Butyl Phthalate (0 to 2 cm) 
NFK5Ol 
NFK502 

NFK504 
Bis(2-ethylhexyl) Phthalate (0 to  2 cm] 
NFK501 

1 420 IlDi-N-octyl Phthalate (0 to 10 cm) I -- .I/ I ' L  

<MOL (3.8) 

n/a 
n/a 

<MDL (3.6) 
1 ~ ~ ~ 5 0 3  

NFK504 - -  
Benzyl Butyl Phthalate (0 to 10 cm) 
p- 

NFK501 

NFKM3 -. 
<MDL (0.63) 

Phthalate (0 to 10 em) - 

n/a 

n/a 

. . ,  . . ,  . . ,  
NFK504 nla n/a <MDL (4.3) <MDL (0.74) ' n/a n/a 
Dimethyl Phthalate (0 to 2 em) -- 
NFK501 n/a <MDL (2.5) <MDL (2.0) <MDL (1.0) <MDL (0.85) <MDL (0.60) 
NFK502 - - -. - <MDL (2.4) n/a <MDL (2.5) n/a n/a n/a 
NFK503 <MDL (2.3) n/a n/a <MDL (0.88) <MDL (0.83) <MDL (0.50) - - 
NFK504 <MDL (2.9) <MDL (2.2) <MDL (1.3) <MDL (1.6) n/a <MDL (0.63) 

.. -- 
Dimethvl Phthalate (0 to 10 cml 53 

3.62 

. .. . 3.39 
<MDL (3.4) 
MDL(4.1) 

d a  

NQks 
pg/Kg DW - Micrograms per kilogram normalized to dry weight. 
mg/Kg OC - Milligrams per kilogram normalized to organic carbon. 

LAET - Lowest apparent effects threshhold (EPA, 1988). 
SQS - Sediment quality standard (Ecology, 1995). 

n/a 

<MDL(38) 

n/a - Organic carbon normalization not applicable (TOC < 0.5%). 

cMDL (3.7) 

nla 
n/a 

<MDL(3.0) <MDL (#) - Result less than method detection limit (numeric MDL). 

3.08 

- 42.7 

cMDL (#) - Method detection limit raised due to laboratory contamination. 
- Raised method detection limit exceeds MET or SQS. 

- Detected analytical result exceeds SQS. 

<MDL (2.5) 

nla 
n/a 

2.24 

n/am 

1.65 
n/a 

<MDL (2.8) 

41.7 

<MDL (2.6) 
<MDL(3.2) 

<MDL 12.3) 

n/a 

33.0 

cMDL (1.9) 

n/a 

<MDL 11.8) 

n/a 

2<8 

1.11 
1.55 

d a  

-. 
4.8 
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King County Environmental Lab Analytical Report 

Norfolk CSO Sediment Remediation 
Five-Year Monitorlng Program 
Year Flve Sampling Event 
Aprll2004 

Locator: NFK5Ol 
Descrip: Norfolk CSO Channel 
Stratum: 0 to 2 cm 

Sampled: Apr 05,2004 
Lab ID: L31635-1 
Matrix: SALTWTRSED 

% Solids: 50.4 

Locator: NFK5Ol 
Descrip: Norfolk CSO Channel 
Stratum: 0 to 10 cm 
;ampled: Apr 05, 2004 

Lab ID: L31635-2 
Matrix: SALTWTRSED 

6 Solids: 77.9 

Locator: NFK502 
Descrip: Combined Channel Delta 
Stratum: 0 to 2 cm 
jampled: Apr 05, 2004 

Lab ID: L31635-3 
Matrix: SALTWTRSED 

K Solids: 87.2 

Locator: NFK502 
Descrip: Combined Channel Delta 
Stratum: 0 to 10 cm 
;ampled: Apr 05, 2004 
Lab ID: L31635-4 
Matrix: SALTWTRSED 

b Solids: 79.9 

Parameters Value Qual MDL RDL Units 
- Dry Weight Basis 

Value Qual MDL RDL Units 
- Dry Weight Basis 

Value Qual MDL RDL Units 
- Dry Weight Basis 

Value Qual MDL RDL Units 
- Dry Weight Basis 

COMBINED LABS 

M=CV ASTM D422(0342405401) 
Gravel 2 E 0.1 1 % 
Sand ' 48.1 0.1 1 % 
Silt 35.5 0.5 1 Oh .- - - . ~  .- 
Clay 11.5 0.5 1 % 
o+o.oo ' 4 0.1 1 % - 
p+l .OO ' 11.9 0.1 1 % 
p+lO.O(equal/more than) 9 0.5 1 % 
~ 2 . 0 0  ' 16.2 0.1 1 % 

0.6 cRDL 0.5 1 % 
1 RDL 0.5 1 % 

. - . .- 
1 RDL 0.5 1 Oh 
1 RDL 0.5 1 % 1 RDL 0.5 1 % 

cMDL 0.5 1 % 
0.6 cRDL 0.5 1 '10 

I RDL 0.5 1 % 
1 RDL 0.5 1 % 
4 0.1 1 Oh r - -  

- 

p-2.00 ' cMDL 0.1 1 % 
D-2.OOfless than) 0.1 <RDL 0.1 1 % 
M=CV EPA0060-PSEP96 (0344402402) 
Total Organic Carbon 20000 1300 2660 mg/K! 
M-CV SM2540G 10341407402) 
Total Solids 50.4 0.005 0.01 % 
M-ES NONE 

Sampcoordxl ' 1278587 ft 
Sampcoordx2 1278591 ft 
S a m ~ ~ ~ o r d x 3  ' 1278589 ft 
Sampcwrdyl 190170 ft 
Sampcoordy2 ' 190173 fl 
Samocoordv3 ̂  190164 fl 
Sample Depth 1 m 
Sample Start Time ' 950 hr 
Sediment Sampling Depth ' 16 cm 
Sediment Sampling Range 0 - 2 c m  cm 
Tidal Condition E none 
Tide Heiaht ' 4 ft 

2 m 
1100 hr 

15 cm 
- 1Ocm cm 

none 
2 ft 

none 
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Norfolk CSO Sediment Remediation 
Five-Year Monitoring Program 
Year Five Sampllng Event 
April 2004 

Parameters 

I & rn m # E I I I m 

King County Environmental Lab Analytical Report 

Locator: NFK5Ol 
Descrip: Norfolk CSO Channel 
Stratum: 0 to 2 cm 

Sampled: Apr 05.2004 
Lab ID: L31635-1 
Matrix: SALTWTRSED 

% Solids: 50.4 

Value Qua1 MDL RDL Units 
- Dry Weight Basis 

COMBINED LABS 
3-Nitroaniline <MDL,X 26 53 uglKg 
4.6-Dinitro-0-Cresol <MDL,G 26 53 uglKg 
4-Bromo~henvl Phenvl Ether <MDL 18 35.7 ualKc . . - - 
4-Chloro-3-Methylphenol <MDL 26 53 uglKc 
4-Chloroaniline <MDL,X 5.4 10.6 uglK( 
4-Chlorophenyl Phenyl Ether <MDL 26 51.6 uglK( 
4-Methylphenol <MDL,G 32 63.5 uglK~ 
4-Nitroaniline <MDL.G 26 53 ualKc 

Acenaphthene <MDL 14 27.8 uglKc 

. . - .  
Aniline <MDL,X 260 530 uglK( 
Anthracene 15 <RDL.G 7.9 15.9 uglK{ 
Benzo(a)anthracene 77.2 E 4 7.94 uglK( 
Benzo(a)pyrene 76.4 G,E 6 11.9 ug/K( 
Benzo(b)fluoranthene 88.5 6 11.9 uglKc 
Benzo(a.h.iloervlene 66.1 16 31.7 ualKc 

Benzoic Acid 292 B 26 132 uaIKc - .  
Benzvl Alcohol <MDL.G 12 23.8 ualKc 
Benzyl Butyl Phthalate 32.9 12 23.8 uglKg 
Bis(2-Chloroethoxv)Methane <MDL.G 34 67.5 ualKc . . ." . 
Bis(2-Chloroethy1)Ether <MDL,G 30 59.5 uglKc 
Bis(2-ChloroisopropyI)Ether <MDL,G 30 59.5 uglKr 
Bis(2-Ethylhexy1)Phthalate 516 B . 13 27.8 uglK{ 
Caffeine <MDL 12 23.8 uglK$ 
Carbazole <MDL 14 27.8 ualKc " .  
Chrysene 112 E 7.9 15.9 ug/K( 
Coprostanol <MDL 28 55.6 ug/Kg 
Dibenzo(a.hlanthracene <MDL 14 27.8 ua1Kc 
Dibenzofuran <MDL 28 55.6 uglK$ 
Diethyl Phthalate <MDL 12 23.8 uglKg 
Dimethvl Phthalate <MDL 12 43.7 ualKc - - - -.z . 
Di-N-Butyl Phthalate <MDL 9.9 19.8 uglK( 
Di-N-Octvl Phthalate <MDL 16 31.7 ualKc " .  
Fluoranthene 236 16 31.7 uglK( 
Fluorene <MDL 26 51.6 uglKc 

Locator: NFK501 
Descrip: Norfolk CSO Channel 
Stratum: 0 to 10 cm 
Sampled: Apr 05,2004 

Lab ID: L31635-2 
Matrix: SALTWTRSED 

% Solids: 77.9 

Value Qual MDL RDL Units 
-Dry Weight Basis 

Locator: NFK502 
Descrip: Combined Channel Delta 
Stratum: 0 to 2 cm 
sampled: Apr 05, 2004 

Lab ID: L31635-3 
Matrix: SALTWTRSED 

% Solids: 87.2 

Value Qual MDL RDL 
- Dry Weight Basis 

Units 

Locator: NFK502 
Descrip: Combined Channel Delta 
Stratum: 0 to 10 cm 

Sampled: Apr 05,2004 
Lab ID: L31635-4 
Matrix: SALTWTRSED 

% Solids: 79.9 

Value Qual MDL RDL Units 
- Dry Weight Basis 
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King County Environmental Lab Analytical Report 

Norfolk CSO Sediment Remediation 
Five-Year Monitoring Program 
Year Flve Sampllng Event 
April 2004 

Parameters 

COMBINED LABS 
Hexachlorobenzene 
Hexachlorobutadiene 

Locator: NFK501 
Descrip: Norfolk CSO Channel 
Stratum: 0 to 2 cm 

Sampled: Apr 05,2004 
Lab ID: L316351 
Matrix: SALTWTRSED 

% Solids: 50.4 

Value Qual MDL RDL Units 
- Dry Weight Basis 

~. - ~~ -~~ - "  - 
Hexachlorocyclopentadiene -- <MDL,G 54 264 uglKc 
Hexachloroethane <MDL.G 30 59.5 ug/K$ 
Indeno(l.2,3-Cd)Pyrene 57.7 G 18 35.7 ug/K{ 
lsophorone <MDL.G 38 75.4 ug1K~ 
Naphthalene <MDL,G 28 55.6 uglK{ 
Nitrobenzene <MDL.G 32 63.5 uglK{ 
N-Nitrosodimethylamine <MDL,G 54 106 ug/Kc 
N-Nitrosodi-N-Propylamine <MDL 18 35.7 uglK< 
N-Nitrosodiphenylamine <MDL.G 12 79.4 uglK{ 
Pentachlorophenol <MDL 9.9 19.8 ug/K< 
Phenanthrene 99 G 7.9 15.9 ug/K< 
Phenol <MDL,G 18 35.7 ug/K{ 
Pyrene 177 G,E 7.9 15.9 uglK{ 
Pyridine <MDL.X 54 106 uglK{ 
M-OR EPA 8081A18082 ( 7 4 4 3 4 0 2 )  

Aroclor 1016 <MDL 4 7.94 uglK< 
Aroclor 1221 <MDL 7.9 15.9 ualKc " .  
Aroclor 1232 <MDL 7.9 15.9 uglK( 
Aroclor 1242 <MDL 4 7.94 uglK! 
Aroclor 1248 99.2 4 7.94 ualKc " .  
Aroclor 1254 57.5 L 4 7.94 uglK! 
Aroclor 1260 <MDL 4 7.94 uglK! 

Not converted to dry weight basis for 
this parameter 

Locator: NFK5Ol 
Descrip: Norfolk CSO Channel 
Stratum: 0 to 10 cm 
Sampled: Apr 05. 2004 

Lab ID: L31635-2 
Matrix: SALTWTRSED 

)/O Solids: 77.9 

Value Qual MDL RDL Units 
-Dry Weight Basis 

Locator: NFK502 
Descrip: Combined Channel Delta 
Stratum: 0 to 2 cm 
Sampled: Apr 05,2004 

Lab ID: L31635-3 
Matrix: S A L M R S E D  

5/0 Solids: 87.2 

Value Qual MDL RDL Units 
-Dry Weight Basis 

Locator: NFK502 
Descrip: Combined Channel Delta 
Stratum: 0 to 10 cm 
iampled: Apr 05. 2004 

Lab ID: L31635-4 
Matrix: SALTWTRSED 

6 Solids: 79.9 

Value Qual MDL RDL Units 
- Dry Weight Basis 
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King County Environmental Lab Analytical Report 

Norfolk CSO Sediment Remediation 
Flve-Year Monitoring Program 
Year Flve Sampllng Event 
April 2004 

Locator: NFK503 
Descrip: Boeing SD Channel 
Stratum: 0 to 2 cm 

Sampled: Apr 05,2004 
Lab ID: L31635-5 
Matrix: SALTWTRSED 

% Solids: 48.2 

Locator: NFK503 
Descrip: Boeing SD Channel 
Stratum: 0 to 10 cm 
jampled: Apr 05, 2004 

Lab ID: L31635-6 
Matrix: SALTWTRSED 

L Solids: 48.7 

Locator: NFK504 
Descrip: Upriver Reference 
Stratum: 0 to 2 cm 
iampled: Apr 05, 2004 
Lab ID: L31635-7 
Matrix: SALTWTRSED 

b Solids: 50.8 

Locator: NFK504 
Descrip: Upriver Reference 
Stratum: 0 to 10 cm 
#ampled: Apr 05.2004 
Lab ID: L31635-8 
Matrix: SALTWTRSED 

b Solids: 74.9 

Parameters Value Qual MDL RDL Units 
- Dry Weight Basis 

Value Qual MDL RDL Units 
- Dry Weight Basis 

Value Qual MDL RDL Units 
-Dry Weight Basis 

Value Qual MDL RDL Unit: 
-Dry Weight Basis 

COMBINED LABS 

M-CV ASTM D422(0342405401) 
Gravel ' <MDL,E 0.1 1 % 
Sand ' 43.2 0.1 1 % 
Silt ' 37.5 0.5 I 

Clay ' 13.5 0.5 1 % 
p+O.OO ' 0.2 <RDL 0.1 1 % 
p+l.OO ' 0.5 <RDL 0.1 1 % 

1 RDL 0.1 1 % 

~+lO.O(eauallmore than) ' 10.4 0.5 1 % 

- 

3 0.5 1 % 
1 RDL 0.5 1 % 
1 RDL 0.5 1 % 

<MDL 0.5 1 % 

p-1 .OO ' <MDL 0.1 1 % 
p-2.00 <MDL 0.1 1 % 
D-2.000ess than) ' <MDL 0.1 1 O h  

M C V  EPABOSO-PSEPBB (0344402402) 

Total Organic Carbon 24100 1600 3200 mglK 
M=CV SM2540-G (0341407402) 
Total Solids ' 48.2 0.005 0.01 % 
M-ES NONE 

2940 490 988 malK 

Sampcoordxl ' 1278543 ft 
Sampcoordx2 ' 1278542 ft 
Sam~coordx3 ' 
Sampcoordyl 190197 ft 
Sampcoordy2 190191 ft 
Sampcoordy3 
Sample Depth ' 1 m 
Sample Start Time ' 1030 hr 
Sediment Sampling Depth ' 12 cm 
Sediment Sampling Range ' 0 - 2 cm cm 
Tidal Condition E none 
Tide Heiaht ' 3 fi 

nonr 

Page 5 of 8 



King County Environmental Lab Analytical Report 

Norfolk CSO Sediment Remediation 
Five-Year Monitoring Program 
Year Five Sampling Event 
April 2004 

Parameters 

Locator: NFK503 
Descrip: Boeing SD Channel 
Stratum: 0 to 2 cm 

Sampled: Apr 05,2004 
Lab ID: L31635-5 
Matrix: SALTWTRSED 

% Solids: 48.2 

Value Qual' MDL RDL Units 
- Dry Weight Basis 

COMBINED LABS 
M-MT EPA245.5/245.2 (0641404403) 
Mercury, Total, CVAA 0.064 <RDL 0.041 0.409 mglK! 
M -~ r  EPAJOSOA~O~OB (06-0z404a02) 
Aluminum. Total. ICP 17600 L 11 52.5 malKc - - ,  

Arsenic. Total. ICP <MDL 5.2 26.1 mg1K1 
Bervllium. Total. ICP 0.44 <RDL 0.11 0.525 ma1K1 . . - ,  

Cadmium, Total, ICP 0.33 <RDL 0.31 1.57 mglK! 
Chromium. Total, ICP 21.6 0.52 2.61 mglK! 
Coooer. Total. ICP 30.5 0.41 2.1 ma1K1 . .  . - - 
Iron, Total, ICP 28200 5.2 26.1 mglK1 
Lead. Total. ICP 13 <RDL 3.1 15.7 rnalK1 - 
Manganese, Total, ICP 786 0.21 1.05 mgK 
Nickel, Total. ICP 19.1 2.1 10.5 mgIK1 
Selenium. Total. ICP <MDL 5.2 26.1 malK1 - 
Silver. Total. ICP 0.98 <RDL,L 0.41 2.1 mgK 
Thallium. Total. ICP <MDL 21 105 malK - 
Zinc. Total, ICP 78.4 0.52 2.61 mglK 
M-OR EPA 3SSOB18270C (7441404) 
1.2.4-Trichlorobenzene <MDL.G 0.54 1.1 uglK! 
1,2-Dichlorobenzene <MDL.G 0.54 1.1 uglK! 
1.2-Diphenylhydrazine <MDL 21 41.5 ug/K! 
1.3-Dichlorobenzene <MDL,G 0.54 1.1 ug/K! 
1.4-Dichlorobenzene <MDL.G 0.27 0.548 uglK! 
2.4.5-Trichlorophenol <MDL 25 49.8 uglK! 
2,4.6-Trichlorophenol <MDL 27 53.9 uglK! 
2,4-Dichlorophenol <MDL,G 33 66.4 ug/K! 
2.4-Dimethylphenol <MDL,X 15 29 uglK! 
2.4-Dinitro~henol <MDL.G 27 55.4 ua1K1 

Locator: NFK503 
Descrip: Boeing SD Channel 
Stratum: 0 to 10 cm 
iampled: Apr 05,2004 
Lab ID: L31635-6 
Matrix: SALTWTRSED 

6 Solids: 48.7 

Value Qual MDL RDL Units 
- Dry Weight Basis 

Locator: NFK504 
Descrip: Upriver Reference 
Stratum: 0 to 2 cm 

Sampled: Apr 05,2004 
Lab ID: L31635-7 
Matrix: SALTWTRSED 

% Solids: 50.8 

Value Qual MDL RDL Units 
- Dry Weight Basis 

Locator: NFK504 
Descrip: Upriver Reference 
Stratum: 0 to 10 cm 
Sampled: Apr 05,2004 

Lab ID: L31635-8 
Matrix: SALTWTRSED 

% Solids: 74.9 

Value Qual MDL RDL 
- Dry Weight Basis 

Units 

Page 6 of 8 
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Norfolk CSO Sediment Rern 

I 

ediation 
Flve-Year Monitoring Program 
Year Flve Sampling Event 
April 2004 

Parameters 

COMBINED LABS 
3-Nitroaniline 

m I I I I a a I I a 

King County Environmental Lab Analytical Report 

Locator: NFK503 
Descrip: Boeing SD Channel 
Stratum: 0 to 2 cm 

Sampled: Apr 05,2004 , 

Lab ID: L31635-5 
Matrix: SALTWTRSED 

O/O Solids: 48.2 

Value Qual MDL RDL Units 
- Dry Weight Basis 

Locator: NFK503 
Descrip: Boeing SD Channel 
Stratum: 0 to 10 cm 

Sampled: Apr 05.2004 
Lab ID: L31635-6 
Matrix: SALTWTRSED 

% Solids: 48.7 

H Value Qual MDL RDL Units 
-Dry Weight Basis 

4,6-Dinitro-0-Cresol <MDL.G 27 55.4 uglKg <MDL,G 27 54.8 ugIKg 
4-Bromophenyl Phenyl Ether <MDL 19 37.3 uglKg 
4-Chloro-3-Methvlohenol <MDL 27 55.4 ualKa <MDL 27 54.8 ualKc . . - - 
4-Chloroaniline <MDL.X 5.6 I 1  .I uglKg <MDL,X 5.5 10.9 uglK~ 
4-Chlorophenyl Phenyl Ether <MDL 27 53.9 uglKg <MDL 27 53.4 uglK~ 
4-Methvlohenol <MDL.G 33 66.4 ualKa <MDL.G 33 65.7 ualKc 

- - - - 
Acenaphthylene <MDL 31 62.2 ug1Kg <MDL 31 61.6 uglK~ 
Aniline <MDL,X 270 554 uglKg <MDL,X 270 548 uglKg 
Anthracene I 1  <RDL.G 8.3 16.6 ualKa 14 <RDL.G 8.2 16.4 ualKc 

. . - - 
4-Nitroaniline <MDL.G 27 55.4 uglKg 
4-Nitrophenol <MDL 27 55.4 uglKg 
Acenaohthene <MDL 15 29 ualKa 

. , - - 
Benzoic Acid 146 B 27 138 uglKg 
Benzyl Alcohol <MDL,G 12 24.9 uglKg 
Benzvl Bulvl Phthalate 26.8 12 24.9 ualKa 12 24.6 uolKc 

- - 
<MDL,G 27 54.8 uglK~ 
<MDL 27 54.8 uglK$ 
<MDL 14 28.7 udKc 

Bis(2-Chloroethyl)Ether <MDL,G 31 62.2 uglKg <MDL.G 31 61.6 uglK{ 
Bis(2-ChloroisopropyI)Ether <MDL,G 31 62.2 uglKg <MDL.G 31 61.6 uglK{ 
Bis(2-Ethylhexy1)Phthalate 342 B 14 29 uglKg 14 28.7 uglK! 
Caffeine <MDL 12 24.9 ualKa <MDL 12 24.6 ualKc 

- " 1, - .  
Dibenzo(a,h)anthracene <MDL 15 29 u g l ~ g l  I <MDL 14 28.7 uglK: 
Dibenzofuran <MDL 29 58.1 u a l ~ a l l  <MDL 29 57.5 ualKc 

- - 
Carbazole <MDL 15 29 uglKg 
Chrysene 83 E 8.3 16.6 uglKg 
Cobrostanol <MDL 29 58.1 ualKa 

- . 
<MDL 14 28.7 ug/K$ 

113 E 8.2 16.4 uglK( 
<MDL 29 57.5 ua1Kc 

Diethyl Phthalate M D L  I 2  24.9 u,lK, 
Dimethyl Phthalate <MDL 12 45.6 uglKg 
Di-N-Butvl Phthalate <MDL 10 20.7 ualKa 

Locator: NFK504 
Descrip: Upriver Reference 
Stratum: 0 to 2 cm 
sampled: Apr 05.2004 

Lab ID: L31635-7 
Matrix: SALTWTRSED 

)/O Solids: 50.8 

12 45.2 ug/K( 
10 20.5 ualKc - - 

Di-N-Octyl Phthalate <MDL 17 33.2 uglKg 
Fluoranthene 137 17 33.2 uglKg 
Fluorene <MDL 27 53.9 ualKa 

Value Qual MDL RDL Units 
-Dry Weight Basis 

" .  
<MDL 16 32.9 ug/K! - 

226 16 32.9 uglK! 
<MDL 27 53.4 ualKc 

<MDL,G 31 63 uglKg 
<MDL,G 26 52.6 ug/K( 
<MDL 26 52.6 uglK< 

, Ill 14 27.6 uglKg 
<MDL 30 59.1 ug/K$ 

<MDL,X 260 526 uglKg 
97.2 G 7.9 15.7 uglK$ 
175 E 3.9 7.87 uglK~ 
161 G,E 5.9 11.8 uglK! 
392 5.9 11.8 ualKc 

Locator: NFK504 
Descrip: Upriver Reference 
Stratum: 0 to 10 cm 
Sampled: Apr 05, 2004 

Lab ID: L31635-8 
Matrix: SALTWTRSED 

Yo Solids: 74.9 

Value Qual MDL RDL Units 
- Dry Weight Basis 
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King County Environmental Lab Analytical Report 

Norfolk CSO Sedlrnent Rernedlatlon 
Five-Year Monltorlng Program 
Year Five Sarnpllng Event 
April 2004 

Parameters 

Locator: NFK503 
Descrip: Boeing SD Channel 
Stratum: 0 to 2 cm 

Sampled: Apr 05,2004 
Lab ID: L31635-5 
Matrix: SALTWTRSED 

Oh Solids: 48.2 

Value Qual MDL RDL Units 
-Dry Weight Basis 

COMBINED LABS 
Hexachlorobenzene -- <MDL 1.4 2.76 uglK{ 
~exachlorobutadiene <MDL,G 1.6 3.11 uglK{ 
Hexachlorocyclopentadiene <MDL,G 56 276 uglK< 
Hexachloroethane <MDL.G 31 62.2 uglK< 
Indeno(l,2.3-Cd)Pyrene 27 <RDL.G 19 37.3 ug/K( 
lsophorone <MDL,G 39 78.8 uglK! 
Naphthalene <MDL.G 29 58.1 ua/Kc - .  
Nitrobenzene <MDL,G 33 66.4 uglK! 
N-Nitrosodimethylamine <MDL,G 56 Ill ugIK! 

. . -- - .  
N-Nitrosodiphenylamine -- <MDL,G 12 83 ug/K! 
Pentachlorophenol <MDL 10 20.7 ug/K$ 
Phenanthrene 53.7 G 8.3 16.6 ualKc - .  
Phenol <MDL,G 19 37.3 ugIK! 
Pyrene 122 G.E 8.3 16.6 uglK! 
Pyridine <MDL,X 56 111 uglK! 
M=OR EPA 8081AI8082 (7-343402) 

Aroclor 1016 CMDL 4.1 8.3 uglK! 
Aroclor 1221 <MDL 8.3 16.6 ualKc - .  
Aroclor 1232 <MDL 8.3 16.6 uglK! 
Aroclor 1242 <MDL 4.1 8.3 uglK! 
Aroclor 1248 83.8 4.1 8.3 ualKc 
Aroclor 1254 41 I I 4 I A R IIOIKI 

Aroclor 1260 <MDL 4.1 8.3 uglK! 
Not converted to dry weight basis for 

this parameter 

Locator: NFK503 
Descrip: Boeing SD Channel 
Stratum: 0 to 10 cm 
iampled: Apr 05, 2004 
Lab ID: L31635-6 
Matrix: SALTWTRSED 

C Solids: 48.7 

Value Qual MDL RDL Units 
- Dry Weight Basis 

Locator: NFK504 
Descrip: Upriver Reference 
Stratum: 0 to 2 cm 
Sampled: Apr 05,2004 

Lab ID: L31635-7 
Matrix: SALTWTRSED 

YO Solids: 50.8 

Value Qual MDL RDL Units 
- Dry Weight Basis 

Locator: NFK504 
Descrip: Upriver Reference 
Stratum: 0 to 10 cm 

Sampled: Apr 05,2004 
Lab ID: L31635-8 
Matrix: SALTWTRSED 

% Solids: 74.9 

Value Qual MDL RDL Units 
-Dry Weight Basis 
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INTRODUCTION 

This quality assurance (QA) narrative is intended to document the QA review conducted on the chemistry 
analyses performed for the Norfolk CSO Sediment Remediation Study. The QA narrative is organized into 
the five sections listed below. 

General Comments 
Sample Collection 
Conventional Analyses 
Metal Chemistry 
Organic Chemistry 

An overview of the approach used for the QA review is detailed in the General Comments section. 
Additional information specific to each analysis is included in the appropriate analytical section. 

This QA review and narrative (specifically defined as QAI) have been conducted in accordance with 
guidelines established through the Puget Sound Dredged Disposal Analysis (PSDDA) program and the 
Sediment Management Standards (WAC 173-204-610). Other approaches incorporated in the QA review 
have been established through collaboration between the King County Environmental Laboratory (KC 
Laboratory) and the Washington State Department of Ecology (Ecology) Sediment Management Unit. 



GENERAL COMMENTS 

Scope of Samples Submitted 
This QA review is associated with estuarine sediment samples collected in April 5, 2004 as part of the 
Norfolk CSO Sediment Remediation Study. 

Except where noted in the subcontracting sections of this QA review, all analyses have been conducted by 
the King County Environmental Laboratory (KCEL). Sediment analytical data are reported with associated 
data qualifiers and have undergone QA1 review, as summarized in this narrative report. 

Completeness 
Completeness has been evaluated for this data submission and QA review by considering the following 
criteria: 

Comparing reported data to the planned project analyses summarized in Table 1. 
Compliance with storage conditions and holding times. 
Frequency of analysis of the complete set of quality control (QC) samples outlined in Table 2. 

Subcontracted Analvses 
Analyses that have been subcontracted and the issues associated with these subcontracted analyses are 
noted in this narrative. 

Methods 
Analytical methods are noted in the applicable analytical sections of this QA review. 

Target Lists 
The reported target lists have been compared to the target analytes listed in Table 1 - Marine Sediment 
Quality Standards Chemical Criteria and Table 3 - Puget Sound Marine Sediment Cleanup Screening 
Levels Chemical Criteria contained in Chapter 173-204 WAC. 

Detection Limits 
The KC Laboratory distinguishes between the reporting detection limit (RDL) and the method detection 
limit (MDL). 

The RDL is defined as the minimum concentration of a chemical constituent that can be reliably 
quantified. 
The MDL is defined as the minimum concentration of a chemical constituent that can be detected. 

Some subcontracted laboratory data are available with an MDL only, in accordance with the 
subcontracting laboratory policies. All analytical parameters are reported with detection limit(s). For some 
methods the detection limits reported may vary from sample to sample depending on the amount of 
sample analyzed and any additional dilutions required. 

Storaae Conditions and Holdinn Times 
Storage conditions and holding times have been evaluated using guidelines established during the Third 
Annual PSDDA Review Meeting. The approach used to evaluate Total Organic Carbon for holding time 
has been established between the KC Laboratory and Ecology during previous QA1 review efforts. 
Extraction and analysis holding times for each method are summarized in each analytical section. 

Method Blanks 
Method blank results have been used to evaluate the possible laboratory contamination of samples. 
Method blank results have been reviewed for the presence of analytes detected at or greater than the 
MDL. 



Standard Reference Materials 
Standard reference material (SRM) recoveries have been used to evaluate possible low or high analytical 
bias on a batch-specific basis. SRM analysis is included with metals and selected organic and 
conventional parameters (see Table 2). SRMs are purchased from the National Institute of Standards and 
Technology (NIST) or National Research Council of Canada (NRCC) and have certified analyte values. 
Lab Control Samples (or spiked blanks) may also be analyzed by the analytical laboratory as part of 
overall quality control but the results are not used to qualify the sample data. 

Matrix Spikes 
Matrix spike recoveries have been used to evaluate possible low or high analytical bias on a matrix and 
batch-specific basis. Matrix spikes are analyzed with metals, organics and selected conventionals 
parameters (see Table 2). 

Laboratorv Replicate Samples 
Replicate analysis (laboratory duplicates or triplicates) is used as an indicator of method precision and is 
used to qualify data on an analyte and batch-specific basis. Not all replicate data are used, however, as 
an indicator for data qualification. Only sets of replicate results which include at least one result greater 
than the RDL are considered for data qualification. These guidelines have been used to account for the 
fact that precision obtained near the detection limit is not representative of precision obtained throughout 
the entire analytical range. 

Surroaates 
Surrogate recoveries have been used to evaluate possible low or high analytical bias on a sample-specific 
basis. Surrogates are only analyzed for organic parameters. 

Data Qualifiers 
The data qualification system used for this data submission is presented in Table 3. These data qualifiers 
address situations that require qualification and generally conform to QA1 guidance. Changes made to 
SRM data qualification have been discussed with and approved by the Sediment Management Unit of 
Ecology. The qualifiers shown in Table 3 are also used for the SEDQUAL electronic data format (except 
for cMDL and cRDL). 

Units and Siqnificant Fiaures 
Data have been reported in accordance with laboratory policy at the time of data generation. Data 
generally have been reported to three significant figures if above the RDL and two significant figures if 
equal to or below the RDL. 



SAMPLE COLLECTION 

This section describes sampling activities associated with the collection of 8 composite sediment samples 
on April 5, 2004. All sampling activities were conducted following guidance suggested in the Puget Sound 
Estuarine Protocols (PSEP, 1996 and 1998). 

Sampling Locations and Station Positioning 
Sampling locations (stations) were selected and the prescribed coordinates determined prior to field 
activities. Stations were selected to match the historical sampling locations for this on-going monitoring 
project. The prescribed station coordinates are presented in the following table. Also presented in the 
table are the actual coordinates recorded during sampling activities. All station coordinates are recorded 
in state plane coordinate system North American Datum 1983 (NAD83). 

I I I Prescribed I Field I Prescribed I Field 1 I Lab Sample # ( Station Name I Northing I Northing I Easting I Easting 
/ L31635-1 .................... -2 I NFK501 ... ...................... . . : 190170 ........ ! 190170 ..... / 1278584 1278587 1 , ? I L C &. - + < 

1 190173 1 1 1278591 1 
..-..- .. - --. ..l i i & .- "..+ < 

I 190164 1 1 1278589 1 
L31635-3, -4 f NFK502 3 -- ...... "..* - ! ' 

, / 190158 / 1 1278516 / ..'. - + >-" : 

/ (Third cast not collected*) i 

L31635-5, -6 ....................................... / NFK503 .- .. ' 190195 / 190197 / 1278544 . - / .......... 1278543 - 1 
i 

. ............. . . ....... 1 190191 , 1 1278542 1 
* * > ..w-----.---.---..--.... 

! (Third cast not collected*) 1 

. .... . ................ ............... ...................... -..... ..... 1 190080 1 
*. -. - =. 

I (Third cast not collected*) i i 
L 1 .... . i -. ......... 3 . iL 
*Only two casts were made to supply the necessary sample material, as the sa 
expedited due to rapidly outgoing tidal conditions. 

Sediment grab samples were collected from the King County research vessel Chinook, which is equipped 
with a differential global positioning system (DGPS). Field coordinates were recorded using DGPS for 
each acceptable deployment of the grab sampler as it contacted the sediment. Coordinates for each grab 
sampler deployment are included in the previous table. 

The average coordinates for the sampler deployments are within 4 feet (1.2 meters) of the prescribed 
coordinates. The sampling coordinates at station NFK501 were up to 7 feet off in order to avoid river 
debris. 

Sample Collection and Handling 
Eight composite samples in total were collected April 5, 2004 from the Norfolk Sediment Cap Monitoring 
Project site using a stainless steel, modified, 0.1 m2 dual Van Veen grab sampler deployed from the 
Chinook via hydrowire. For each deployment, a surface-to-2 cm sample was collected from one side of 
each grab, and a surface-to-10 cm sample was collected from the opposite side. Water depth at the four 



stations ranged between 1 to 2 meters (not corrected for tide). The sediment penetration depths of the 
sampler ranged from 12 to 17 cm, with the average being 14.6 cm. 

The top 2 cm samples were collected using a 200 cm2 "cookie cutter" and stainless steel spatula. The 10 
cm samples were collected using a stainless steel spoon. Both 2 cm and 10 cm aliquots were taken from 
each Van Veen cast by sampling each fraction (2 cm or 10 cm) from a different side of the Van Veen 
sampler. At each station, aliquots representing the two different sampling ranges were kept segregated 
through the use of two separate stainless-steel bowls, covered with foil between grab deployments. Once 
sufficient sample material had been collected at each station, each sample was then thoroughly 
homogenized in its respective bowl, prior to sample aliquots being transferred into pre-labeled containers. 
Sample containers were supplied by the King County Environmental Laboratory and were pre-cleaned 
according to analytical specifications. 

Individual sets of pre-cleaned sample compositing equipment were dedicated to each station, precluding 
the need for decontamination of said equipment while in the field. The Van Veen grab sampler was 
decontaminated between stations by scrubbing with a brush and ambient water followed by a thorough in 
situ rinsing. 

Samples were stored in ice-filled coolers from the time of collection until delivery to the King County 
Environmental Laboratory. Samples were delivered under chain-of-custody and were maintained as such 
throughout the analytical process. Samples were stored frozen (-18°C) by the laboratory until analysis 
with the exception of samples for particle size distribution (PSD) analysis. PSD samples were stored 
refrigerated at approximately 4°C. A more complete description of sample handling and storage can be 
found in each analytical chemistry section of this narrative. 



CONVENTIONAL ANALYSES 

Completeness 
Conventional data are reported for all samples and parameters summarized in Table 1. These samples 
were analyzed in association with the complete set of QC samples outlined in Table 2. 

Subcontracted Analvses 
All analyses were performed at the King County Environmental Lab. 

Methods 
PSD analysis was performed in accordance with ASTM and Puget Sound Protocols methodologies 
(Recommended Protocols for Measuring Conventional Sediment Variables in Puget Sound - page 9 - 
PSEP, 1986). TOC analysis was performed in accordance with SM5310-B. Total solids analysis were 
performed in accordance with SM2540-B. 

Detection Limits. Units and Sianificant Fiaures 
For analyses performed at the KC Laboratory, data are reported in accordance with laboratory policy at 
the time the data were generated. Data are reported to three significant figures for results greater than the 
RDL and two significant figures for results equal to or less than the RDL. For results reported with less 
than two or three significant figures, significant zeroes are implied. This may not apply to subcontracted 
data. 

Storaae Conditions and Holdina Times 
Sample storage conditions and holding times have been evaluated using guidelines established during the 
Third Annual PSDDA Review Meeting. The dates and holding time criteria for the actual storage 
conditions used for conventional analyses are listed in the table below. 

I I I Date I Extract I Date I Sample Hold I Extract Hold I 
Parameter I Sample # 1 Collected I Date* I Analyzed 1 Time Time 1 

N A I Particle Size , L31635-1 to -8 , 04/05/2004 NA i 05/12/2004 6 mo. at 4OC 1 
. . 

.. ............... ..... -. i 1 04/05/2004 1 NA ] 04/21/2004 1 6 mo. at-18" 
j .;..- ................... ..-.-..-.-r-...-.-. .......... '. ......... 2 

1 04/05/2004 ' 04/14/2004 04/23/2004 , 6 mo. I ! 
*Sample preparation start date for TOC 

Sample storage conditions and holding times were met for all samples in this data submission. 

Method Blanks 
Method blanks were analyzed in connection with solids and total organic carbon analyses. All method 
blanks results were less than the MDL. 

Standard Reference Materials 
An SRM (Buffalo River Sediment) was analyzed in connection with TOC analysis. The percent recovery 
for the SRM analysis was within the 80 to 120% QC limits. 

Matrix Spikes 
Matrix spikes were analyzed for TOC. All results were within control limits. 

Laboratory Replicate Samples 
Laboratory triplicate samples were analyzed for all conventional parameters. The percent relative 
standard deviations (%RSD) for all triplicate analyses were less than or equal to the 20% QC limit with the 
exception of PSD. 



The %RSD for the gravel portion of the PSD measurement is greater than 20%. These categories 
represent less than 10% of the total particle distribution of the sample. Higher variability is expected for 
categories that represent 10% of less of the total mass. The results have been flagged with an "E" 
qualifier. 



METALS CHEMISTRY 

Completeness 
Metal chemistry data are reported for all samples and parameters summarized in Table 1. These 
samples were analyzed for mercury and other metals in association with the complete set of QC samples 
outlined in Table 2. 

Subcontracted Analyses 
Metals analysis was not subcontracted for this set of samples. 

Methods 
Mercury analysis was performed in accordance with EPA Method 245.5. Analysis for other metals was 
performed in accordance with EPA method 3050A/6010B. 

Taraet List 
The reported target list includes all metals specified in Table 1. Additional metals have been reported as 
available. 

Detection Limits. Units and Sianificant Figures 
For analyses performed at the KC Laboratory, data are reported in accordance with laboratory policy at 
the time the data were generated. Data are reported to three significant figures for results greater than the 
RDL and two significant figures for results equal to or less than the RDL. For results reported with less 
than two or three significant figures, significant zeroes are implied. 

Storage Conditions and Holdinq Times 
Sample storage conditions and holding times have been evaluated using guidelines established during the 
Third Annual PSDDA Review Meeting. The dates and holding time criteria for the actual storage 
conditions used for metals analyses are listed in the table below. 

t I ................................. through -8 i 4 .. . . . 1 
: : ,.. 
/ Mercury 1 L31635-1, / 4/5/04 1 4/16/04 1 4/19/04 28 daysl-18OC ! N/A 

I I and -3 1 i 

Parameter 

Sample storage conditions and holding times were met for all samples in this data submission. 

Method Blanks 
All metals method blanks results were less than the MDL 

/ Metals / L31635-1 04/05/200 / 4/21/04 1 4/22/04 1 2 years/-18°C 1 6 months I 

Standard Reference Materials 
The SRM analyzed in association with samples included in this data submission is PACS-2. An SRM 
recovery less than the QC limit of 80% has not been used to qualify data because the digestion technique 
used for sample analysis is different from the technique used during analysis to determine the SRM 
values. Only SRM recoveries greater than 120% will be used to qualify data. 

The reported SRM recovery of 173% for silver is greater than the 120% QC limit. Silver results for all 
samples in this data submission have been qualified with the L flag. 

Date 
Digested 

Date 
Analyzed 

Sample # 

Matrix S D ~  kes 
All matrix spike recoveries were within the 75 to 125% QC limits with the following exception: 

Date 
Collected 

Sample Hold 
Time 

Digestate Hold 
Time 



The reported matrix spike recovery of 307% for aluminum is greater than the 125% QC limit. 
Aluminum results for all samples in this data submission have been qualified with the L flag. 

Laboratory Replicate Samples 
The relative percent differences (RPDs) for laboratory duplicate results for all metals were less than or 
equal to the QC limit of 20%. 



ORGANIC CHEMISTRY 

Com~leteness 
Organics data are reported for all samples and parameters summarized in Table 1. These samples were 
analyzed in association with the complete set of QC samples outlined in Table 2. 

Methods 
BNA analysis was performed in accordance with EPA method 8270. PCB analysis was performed in 
accordance with EPA methods 8082. 

Taraet List 
The reported BNA target list includes all compounds specified in Table 1 -Marine Sediment Qualitv 
standards Chemical Criteria and Table 3 - puget sound Marine Sediment Cleanup Screening ~evels 
Chemical Criteria contained in Chapter 173-204 WAC with the exception of benzo(j)fluoranthene. The KC 
Laboratory has verified that analytical conditions are sufficient to calculate a total benzofluoranthene result 
using the reported b and k isomers. Reported PCB data include Aroclors 101 6, 1221, 1232, 1242, 1248, 
1254, and 1260. 

Detection Limits. Units and Sianificant Fiaures 
For analyses performed at the KC Laboratory, data are reported in accordance with laboratory policy at 
the time the data were generated. Data are reported to three significant figures for results greater than the 
RDL and two significant figures for results equal to or less than the RDL. For results reported with less 
than two or three significant figures, significant zeroes are implied. 

Storaae Conditions and Holding Times 
Sample storage conditions and holding times have been evaluated using guidelines established during the 
Third Annual PSDDA Review Meeting. The dates and holding time criteria for the actual storage 
conditions used for conventional analyses are listed in the table below. 

I I ) Date 1 Date I Date ( Sample Hold I Extract Hold I 
Parameter I Sample # I Collected I Extracted I Analyzed ( Time 1 Time 1 

BNAs / L31635-I to -8 1 04/05/2004 ( 04/09/2004 / 21,22,26, 1 I year/-18°C 1 40 daysI4"C I 
i I 28-Apr-2004 I 
l.. L. .........-......-..-...ll.-lll.. 1 ' . / PCBs i L31635-I to -8 i 04/05/2004 / 04/09/2004 / 20,21-Apr- I 1 ye 

Sample storage conditions and holding times were met for all samples in this data submission. 

Method Blanks 
The method blank analyzed with BNAs for L31635 had results above the MDL for bis(2-ethylhexyl) 
phthalate and benzoic acid. Bis(2-ethylhexyl) phthalate and benzoic acid results for all associated 
samples have been qualified with the 8 flag. All bis(2-ethylhexyl) phthalate and benzoic acid results for 
these samples must be treated as estimated values. All PCB method blank results were less than the 
MDL. 

Surroaate Recoveries 
B NAs 
BNA sample data are qualified when the averane surrogate recovery for either or both the acid and 
baselneutral fractions are outside the 50 to 150% QC limits. All average surrogate recoveries (acid and 
base neutral) were within the acceptable recovery range for all surrogate compounds with the following 
exceptions. 

The average surrogate recovery of 48% for the acid fraction of sample L31635-2 was less than the 
lower QC control limit and, as a result, all acid fraction compounds for this sample have been qualified 
with the G flag. 



The average surrogate recovery of 43% for the acid fraction of sample L31635-4 was less than the 
lower QC control limit and, as a result, all acid fraction compounds for this sample have been qualified 
with the G flag. 

PCBs 
PCB sample data are qualified when both surrogate recoveries are outside QC limits. At least one PCB 
surrogate recovery was within the 50 to 150% QC limits for all samples in this data submission. 

Standard Reference Materials 
BNAs 
The sediment SRM analyzed in association with the reported BNA results is SRM 1944a, certified by the 
National Institute of Standards and Technology (NIST). Only a partial list of BNA parameters have 
certified values in SRM 1944a and therefore only those are used to qualify the data. Results for this 
partial list of compounds for the one batch of samples have been qualified based on the SRM recoveries 
outside the 80 to 120% QC limits. The recoveries and flags are summarized in the following table. 

I Compound 1 % Recovery I Flag J 
13 i : Naphthalene . .- j ....... + - , 

I Phenanthrene 1 70 .... i .... - ...* 
i 

..... 

PCBs 
The sediment SRM analyzed in association with the reported PCB results is HS-2, certified by the National 
Research Council of Canada. SRM HS-2 has a certified value for Aroclor 1254. The recovery of the 
certified parameters must be within 80 to 120% or the appropriate data are flagged. The SRM recovery of 
134% for Aroclor 1254 exceeds the upper QC control limit of 120% and, as a result associated sample 
data for Aroclor 1254 have been qualified with the L flag. 

Matrix Spikes 
BNAs 
The matrix spike recoveries for each BNA compound must be within the 50 to 150% QC limits. If not, all 
results for those particular compounds within the batch of samples must be flagged as follows. A G flag is 
applied if the recovery is between 10 and 50%, an X flag is applied if less than 10% recovery and an L flag 
is applied if greater than 150% recovery. The following table summarizes the matrix spike recoveries for 
specific compounds that are outside the QC limits and the appropriate flag. 



I Compound I % Recovery ( Flag I 
I N-Nitrosodimethylamine i 32 I.." ..... . .", ..... i 

i-Phenol ............... ..__ I .... ............... -49 .... _...._,.. l G j  .. 
I BisL2-Chloroethy1)ether 
............. ..... ! G I 36 1 j , 
I I- ............................................. 2-Chlorophenol j ................... 42 / G I  

.ttt~.t..tt.tt~,.t.t..~..~..t 

36 i 1 3-Dichlorobenzene i ~ :  ;.-1 ....... 4 .......... -- 
I *..- I ,4-Dichlorobenzene j 36 ; G I  
' . 1,2-Dichlorobenzene .- . . .  37 .......... i G * I 

37 ' j Bis(2-Chloroisopropy1)ether ................... ..................................................... r A ' G I  
36 I Hexachloroethane ... &.,., ... ".,,A , G I  . 

I Nitrobenzene 4 1 .. i 4 6 ; 

49 I lsophorone -. - . G I  - 
39 I 2-Nitro~henol 

: , ,  ~~- - -  - - .................. < 

I .............. Naphthalene 39 + : G I  i - 
38 I Hexachlorobutadiene I G 

. ............................... . . ............. J .- ; i "..7 - : 

j ....... 4;6-~initro-0- res sol .... -. .......... - ........................ 44 : I G ;  ... ....... ..-- 

38 i *. ........... N-Nitrosodiphenylamine .............................. -. ................. .- .... ........................................ ; G I  ...................... * 

0 I 3,3'-Dichlorobenzidine ...................... i ; x i  . ..< 

0 . Aniline 
4 1 I , Benzyl .. .... alcohol .............. i I G ;  : 

i , 2-Methylphenol .... 32 + I G .  : % 

35 I * 4-Methylphenol ..... . G I  : * 

0 / ,.- 4-Chloroaniline .. .... .-. .. * ....... ... I ) ( !  ........ * 

/ - 2-Methylnaphthalene ... ........ ....................... 49 .................. : ............ * 

0 ' ,..- 3-Nitroaniline . .- . . X I  < 

. , .................. 4-Nitroaniline ... ........... . 13 ! G I  1 ....... 
.-. .- < 

0 i Pvridine 

PCBs 
The matrix spike recoveries for PCB compounds must be within the 50 to 150% QC limits. A G flag is 
applied if the recovery is between 10 and 50%, an X flag is applied if less than 10% recovery and an L flag 
is applied if greater than 150% recovery. Aroclor 1260 and 1016 only are used as the spiking compounds 
for PCB analysis. All PCB matrix spike recoveries are within the QC limits. 

Laboratory Rewlicate Samples 
Lab Replicate (duplicate) samples for Organics have a target acceptance limit 35% for the Relative 
Percent Difference (RPD). Please note that this is a change from previous sediment events for this 
project All duplicate analyses showed acceptable RPD values except for the following: 
B NAs 
Pyrene, benzo(a)anthracene, chrysene, benzo(k)fluoranthene and benzo(a)pyrene had RPD values of 38, 
48,60, 74 and 36 percent respectively. All results for these compounds have been qualified with the E 
flag. 
PCBs 
No RPD limits were exceeded for the compounds reported. 





TABLE 2 

......... .......... ...... ............. i P!? .i ........................................................................................................................................................................................................ .... ; 
h / 5% , 1 5% minimum, 1 / 1 

i ....... ' + .............. ............................ 
No mum, I I 1 per QC batch I 



Table 3 -SUMMARY OF SEDIMENT DATP 
I Organic QC I Metal QC 

Condition to Qualify 1 Flag I Limits 1 Limits 
Verylowmatrixspike I X < l o %  < l o %  
recovery ................ .. ................ - 
low matrix spike 

low standard 
reference material 
recovery .......... 

High standard 
reference material 

................................ .................................................... reccve~ - 1 i 
, E i >35 y, High duplicate >20% 

relative ~ercent i 

difference .... ........................... ...................... -.'.. ...................................................................................... 

NA High triplicate relative , E I NA 

NA less than the method ! <MD ' NA 
detection ..... limit 
Contamination 
reported in blank -- 
Biased data based on / 
very low surrogate j / surrogates / 

<lo% recoveries ........... --.i - ; . , ............................................................. 
Biased data based on I G all fraction f NA 
low surrogate / surrogates 

4 0 %  recoveries + + . + 

Biased data based on , L all fraction I NA 
high surrogate i / surrogates 1 
recoveries ?'-......... 1 >150% . 4... .. ......................... 

NA Rejected - unusable I R I NA 
I .. ...  REPEE REPE PEE 1 -.. 

a sample handling : H / NA i N A 
criteria has not been I 
met , . ; ..................................................................... ...................................................................... 

65% to 135% for ~ o t a l  Sulfides. 

7UALIFIERS 
Conventional I 

QC Limits 1 Comment 
< l o %  

NA / for organics and 
1 metals 

> 20 % I for conventionals 

I surrogate 
................... 

I container, hold 
i 
. time, 
j preservation ............................................. . - - ..... -. 

** For SEDQUAL files, <MDL uses a "U" flag, <RDL is not flagged. 
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L o g i n  Number: ~ 3 1 6 3 5  Page: 1 

NORFOLK 5-YEAR MONITORING, 1999 ON 

P r o j e c t  Nunber: 423056-160  P e r s o n n e l :  - 
Sample Nunber  1 ~ 3 1 6 3 5 - 1  1831635-2 1 ~ 3 1 6 3 5 - 3  I 

L o c a t o r  INFK501 I N F K ~ O ~  1 ~ ~ ~ 5 0 2  I I) 

S h o r t  Loc. Desc. INFKSOI 1 ~ ~ ~ 5 0 1  lNFK502 I 
I 

L o c a t o r  Desc.  NORF FOLK CSO CHANNEL PRIOR TO WNFL~NORFOLK CSO CHANNEL PRIOR 75 cONFL~DELTA OF CSO CHANNEL AFTER CONFLUE( - 
S i t e  IDWAHISH RIVER ~DWAMISH RIVER ~DWAMISH RIVER 1 

I 

S t a r t  T i n e  1 I ! I I 

End Time I I I 1 
I 

I w 
C o l l e c t  D a t e  ' 5  A)& A - /  I 

. n I 
==- - I I 

Garments (3 - 1 / 2  Gr& Compos i te ,  0 - 2 cm 13 - 1 / 2  G r a b  Composite, 0 - 10 cm 13  - 1/2  G r a b  Composi te ,  0 - 2 an 1 
- 

SAMP' UETH 2-003&- I I> I I 

/ 
SED DEPTH 1 +A? - - I---> 

/=I 1 7  15 f 
\ IS<, 4 

SED SAMP RANGE 1 r <  I m o - 3 ~ ~  0 - 1 3  C- I 0-2 -  LhU 
SED TYPE - 
TIDE COND * 

TIDE HT 

TIHE I I w 

/ (Od 
I 1 

13 (SALTUTRSED IPSD 
I 

13 1 SALTUTRSED [PSD I a 
13  JSALTWRSED ITOC 13 I SALTWRSED (TOC 13  SALTYTRSED 1 TOC 

( 3  I SALTWRSED ITOTS 13 1 SALTUTRSED  TOTS 
I 

3 1 SALTWRSED 1 TOTS 
(SALTWTRSED IAG- I CP 16 ISALTWRSED IAG- ICP 16 (SALTWRSED IAG- ICP 

I 

16 I SALTWTRSED I AL- 1 CP 16 1 SALTWRSED (AL - I CP 16 (SALTWRSED IAL- I CP 
I 

16 ISALTUTRSEDIAS-ICP 16 (SALTYTRSED~AS-ICP 16 ISALTWRSED (AS- I CP 
I 

16 JSALTYTRSEO IBE- ICP 16 1 SALTWRSED 1 BE - I CP 16 1 SALTWRSED 1 BE - 1 CP 
I 

16 I SALTYTRSED ICD- 1 CP 16 1 SALTUTRSEO I CD- I CP 16 ~SALTWRSED IcD- I C P  
1 

.I6 ~SALTWTRSED ICR-~CP 16 ~SALTYTRSED ICR- ICP (6 1 SALTUTRSED I CR- I CP 
I 
J I 

16 1 SALTUTRSED I CU- I CP 16 I SALTUTRSED ICU- ICP 16 1 SALTWRSED 1 I .. 
II 

I 

m 



I g i n  N h r :  P31635 Page: 2 

I 
NORFOLK 5-YEAR HONITORiNG, 1999 ON 

I ,jet Nurber: 423056-160 Personne l  : 

SALTUTRSED 
SALTWTRSED 
SALTWTRSED 
SALTUTRSED 
SALTUTRSEO 
SALTUTRSEO 
SALTUTRSED 
SALTWrRSEO 
SALTUTRSED 
SALTUTRSED 

FE-ICP 
HG-CVM 
HN- ICP 
N i - I C P  
PB- ICP 
SE-ICP 
TC-ICP 
ZN-ICP 
BNALLFULL 
PCBLL . 

16 ]SALTUTRSEDlfE- ICP 
16 ISALTUTRSEDIHG-CVAR 
16 ISALTUTRSED~HN- ICP 
16 ~SALTUTRSED INI - ICP 
16 ~SALTWRSEDIPB-ICP 
16 ISALTVTRSED]SE-ICP 
16 ISALTWRSED~TL-ICP 
16 ~SALTUTRSED ZN-ICP 
17 ISALTUTR~ED I ENALLFULL 
(7 f SALTUTRSED ~PCBLL 

16 I SALTWTRSED 
16 ISALTUTRSED 
16 1 SALTUTRSED 
16 JSALTUTRSED 
16 ) SALTWRSED 
16 I SALTUTRSED 
(6 /SALTUTRSEO 
16 ~SALTUTRSED 
17 1 SALTUTRSED 
17 1 SALTUTRSED 

FE- ICP 
HG-CVAA 

I 
MN-ICP 

I 
N I  - ICP 

i 

PB- ICP 
I 
1 

SE- IC? 
T t - I C P  

I 

zu-ICP 
I 

BNALCFULL 
I 

PCBLL . 
i 
1 

- 
I c o n t i n u e  . ., 



L o g i n  Nurt>er: P31635 

NORFOLK 5-YEAR MONITORING, 1999 ON 

Page: 3 

P r o j e c t  Nunber :  423056 -  160 P e r s o n n e l :  w 

L o c a t o r  l ~ F K 5 0 2  1 ~ ~ 6 0 3  I NFK503 1 '  

short Loc. Desc.  INFK502 I N ~ ~ 5 0 3  I NFK503 I 

L o c a t o r  D e s c  . 
si te  IDUUAMISH RIVER ~DWISH R ~ V E R  (DUWA~ISH RIVER I 

I S t a r t  T i m e  I 1 

End T i m e  I 1 1 1 
I 

S a m p l e  D e p t h  - 1 I '  I 1 I --.-_ 

C o l l e c t  D a t e  - I 5%&~ 0 4 /  ' 5Apr0q - -> 1 ,  
Carmen ts  13 - 1/2 ~ r a b b n p o s i t e ,  0 - 1 0  cm 13 - 1 /2  G r a b  ~ b s i t e ,  0 - 2 cm 13 - 1J2 G r a b  Compos i t e ,  0 - 10 cm 1 

SNIP METH -1 I I 

1 / 5 I 
/c, ./<c f 72 

I 
(2- I 

SED SAMP RANGE I 6 - ( D h  ' D-z CL 6 4 0  LC, I a 

3 4 ( d q  z 3 , J t i  2.3~2-1 I 
T IDE COND I . ' <I 1 h 1 

I 

TIDE HT 

Dept., M a t r i x ,  Prod 
1 SALTUTRSED 
~SALTUTRSED 
1 SALTUTRSED 
(SALTUTRSED 
1 SALTUTRSED 
1 SALTUTRSED 
1 SALTUTRSED 
1 SALTUTRSED 
1 SALTUTRSED 
1 SALTUTRSED 

P SD 
TOC 
TOTS 
AG-ICP 
AL - ICP  
AS- ICP 
BE- ICP 
CD-ICP 
CR-ICP 
(XI- I CP 

I S A L M R S E D  IPSD 
1 SALTUTRSED I TOC 
I SALTUTRSED I TOTS 
(SALTUTRSED IAG-ICP 
I SALTUTRSED I AL- ICP 
ISALTWTRSED I AS- ICP 
ISALT~TRSED  BE- I CP 

I SALTUTRSED 1 CD- ICP 

(SALTUTRSED ICR- ICP  
I SALTUTRSED (CU- I C P  

I 
13 I SALTWTRSED IPSD 
3 1 SALTVTRSED ~ T O C  
3 1 SALTUTRSED 1 TOTS 
6 {SALTWTRSED~AG- ICP 
6 I SALTUTRSED~AL- ICP  
6 I SALTWTRSED IAS- ICP 
6 JSALTUTRSEDJBE- I C P  
6 ISALTUTRSED ICO- I C P  
6 1 SALTUTRSEO ICR- ICP 
6 I SALTUTRSED (CU- I C P  



win ~ w b e r :  P31635 Page: 4 

I 
NORFOLK 5-YEAR hONiTORING, 1999 ON 

-oJect Nunber: 423056-  1 6 0  P e r s o n n e t  : 

L 
Sanp te  Flunber 1 ~ 3 1 6 3 5 - 4  ( ~ 3 1 6 3 5 - 5  ( ~ 3 1 6 3 5 - 6  I 

SALTUTRSED 1 FE- i C P  
SALTUTRSED JHG-CVAA 
SALTUTRSED IMN-I CP 
SALTUTRSED~NI- ICP 
S A L T ~ S E D  IPB- ICP 
SALTUTRSED] SE- i CP 
SALTMTRSE~~TL-ICP 
SALTUTRSED~ZN- I CP 
SALTW~RSEDI BNALLFULL 
SALTUTRSED ~PCBLC 

6 ~SALTUTRSEDI FE- ICP 
6 (SALTWRSED IHG-CVAA 
6 ~SALTUTRSED ~ H N -  ICP 
6 1 SALTUTRSED IN1 - i CP 
6 ~SALTUTRSED~PB- ICP 
6 I SALTWRSU) I SE- t CP 
6 I SALTWRSEOI TL- ICP 
6 I SALTUTRSED 1 ZN - i CP 
7 ~SALTUTRSED IBNALLFULL 
7 IS~LTUTRSEDIPCBLL 

SALTUTRSED 
SAt  TUTRSED 
SALTUTRSED 
SALTUTRSED 
SALTUTRSED 
SALTWTRSfo 
SALTVTRSED 
SALTUTRSED 
SALTUTRSED 
SALWTRSED 

FE-ICP 
HG - CVAA 
MN-ICP 
N i - I C P  
PB- I CP 
SE- ICP 
TL - ICP 
ZN- I CP 
BNALLFULL 
PCBLL . 

rn continue ... 



L o g i n  N-r: P31635  

NORFOLK 5-YEAR MOHITORIUG, 1 9 9 9  ON 

Page: 5 

P r o j e c t  N u r b e r :  4 2 3 0 5 6 - 1 6 0  P e r s o ~ e t  : 1 

Sample Nunbe r  1 ~ 3 1 6 3 5 - 7  , ( ~ 3 1 6 3 5  -8 I 

L o c a t o r  1 ~ ~ ~ 5 0 4  II4FK504 I I 

S h o r t  Loc. Desc.  l N F ~ 5 0 4  1 N FK504 I 

l U P R I M R  OF CSO AND STORH DRAIN CHAIUPRIVER OF CSO AND STORM DRAIN C H A ~  
I 

L o c a t o r  Desc. 

S i t e  {DUWAMISH RIVER JDWAWSH RIVER 1 .  . ' .  

I 
S t a r t  T i m e  I I : 1 

End T ime  1 I 

C o t t e c t  D a t e  1 

C m n t s  13 - 1 / 2  G r a b  ~ b s i t e ,  0 - 2 cm 13 - 1 / 2  G r a b  Compos i te ,  0 - 1 0  cm 1 

Dept., M a t r i x ,  P r o d  ( 
13 
13 
13 
16 
16 
16 
16 
16 
16 
16 

JSALTKTRSED I PSD 
I SALTUTRSED I TOC 
I SALTUTRSED I TOTS 
ISALTWTRSED IAG- ICP 
I SALTUTRSED ( AL - I CP 

1 SALTWTRSEO~ AS- I CP 
ISALTUTRSED IBE- ICP 
1 SALTWRSED J CD- I CP 
~SALTUTRSED~ CR-ICP 
JSALTUTRSED Icu-ICP 

( SALTUTRSED I PSD 
I SALTUTRSED I TOC 
(SALTUTRSED (TOTS 
ISALTUTRSED IAG- ICP 
ISALTKTRSED JAL- ICP 
1 SALTUTRSED~AS- ICP 
1 SALTUTRSED I BE - I CP 
~SALTWRSED (CD-ICP 
ISALTUTRSED ICR- ICP 
1 SALTUTRSED 1 CU- I CP 
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NORFOLK 5-YEAR MONITORING, 1999 ON 

roject Wunber: 423056-160 P e r s o n n e l  : 

16 1 SALTWTRSED 
m 16 ISALTYTRSE~I 

16 1 SALTUTRSED 
16 (SALTUTRSEO 

I 
16 ~SALTWRSEO 
16 lSALTVTRSED 
16 1 SALTWTRSED 
16 ] SALTIdTRSED 

I 17 JSALTUTRSED 
17 ~SALTWRSED 

FE- IC f  
1 HG-CVAA 
HN-ICP 
N I - I C P  
Pa-ICP 
SE-ICP 
TL-ICP 
ZN-ICP 
BNALLFULL 
PCBLL 

/ SALTWTRSEO 
1 SALTUTRSED 
/ SALTWRSED 
1 SALTUTRSEO 
1 SALTVrRSED 
SALIYTRSED 
SALTWRSED 
SALTWl'RSED 
SALTUTRSED 
~ALTUTRSED 

FE- ICP 
HG- CVAA 

I 

MN- I CP 
I 

NI - ICP 
I 

PB- ICP 
I 
I 

SE- ICP 
T i -  I C f  

I 
ZM-ICP 

I 
BNAt LFULt 

I 
PCBLL 

I 
4 

End of  Fieldsheet. 



LABORATORY WORK ORDER 
Chain of Custody 

King County Department of Natural Resources 
Water and Land Resources Division 

Environmental Laboratory 
322 West Ewing Street 

Seattle, Washington 981 19-1 507 
Project Name: Norfolk Sediments 
Project Number: 423056-1 60 
Laboratory Project Manager: Fritz GrothkoppIJohn Blaine 
Telephone Number: 684 232712384 

Analyses 

Note: Use only 
one Login No. per 

sheet. 

Collect I! 
Comments Sample Number Client Locator Collect Date Time 

~31b35- ? ~ F K S ~  5 w ~ i  Refrigerate PCBs. 

Freeze all other samples. 

I Additional Comments: Total Number of Container: A s a m p l e d  By: 

* Sub-contracted lab parameters. 

Relinquished By: A, 1 Received By: I 
* &-, I 

Date 5 hi?'. (1 Signature Date 5 & c$y 
c - \G ( 4-7- kd Time (3'0 5 Printed ~ a L e  .d Time \sO3 ' 

Organization King County Environmental Laboratory Organization King County Environmental Laboratory 



r + = - 4 4 1 I I ~ ~ -  It a a t I It @ a 
SOLID SAMPLE RECEIPT RECORD I 

LOGIN NUMBER(S): '5lb 3 5  - \ 4 I SAMPLE SUBCONTRACTING 

PROJECT NUMBER: 7'3 4 COLLECT DATE@): 4 @sL ( D C ~  S++wiH CHANGES: , ~ ~ r ~ u . c o d o k J  ANALYSES: P S D SOURCE CODE: 

CONVENTIONALS METALS 

MICROBIOLOGY 

- 2 , ~ ~  b ,  8 rert- 

SOLID PRESERVATION 

TOTAL SULFIDE ZNACETATE Y N 

OTHER: 

COMMENTSlNOTlFlCATlONS 

SAMPLE RECEIPT CONDITIONS f s o  +fl EL0 

I I 

I AQUATIC TOXICOLOGY I 

ACCEPTABLE? Comment 

LABELSlFlELDSHEETS N 

CONTAINERS N 

TEMPERATURE N 

FORWARDED TO: CONVENTIONALS METALS ORGANICS 

AQUATOX MICROBIOLOGY 

ACCEPTABLE? Comment 

VOLUME % :  HOLDING TIMES 

HEADSPACE 

I FORM FILLED OUT BY: 

SAMPLE CONTAINER DESCRIPTION AND COUNT 
# I DESCRIPTION AND SAMPLE NUMBERS I # I  DESCRIPTION AND SAMPLE NUMBERS 



NORFOLK SEDIMENT GRAB COORDS, Apr. 2004 

DatelGPS Time NAD 83 
of Creation Comments Lat Long Northing Easting 



CONVENTIONAL ANALYSES QC DATA 



King County Environmental Laboratory 

WORK GROUP REPORT (wk02) 

May 28 2004, 02:37 pm 

Work Group: WG74182 (~~C/~orfolk 423056-160) for Department: 3 - Conventionals I. 

Created: 23-APR-04 Due: Operator: DN 

g&j&xiBiiii;; jiji$ jijjjijjiiiiiii#~&$g~~ii:ij&~$g~gg$gi:g~g$@g$*ft';8'$$~&~~iiiiii.jjiiiiiiiiiiijiiiijiiiilijjiijiijjj::,;';agg j l l i~j@gc*#@gij j jmi jiiiijjiii[;;;*g~$g~gg@&g~#&$~$;~&;,;;g@&g$;~~: 
......... ....... . ......................... ....................... . . ............................ .,.,... . . . . . . . . . . . . . . . . . . , . . . . . . . , . . . . . .......................................... . . .. .... ,.. ...................... ..... .... ....... .............................. .. ....... .... 

I) 

423056-160 Norfolk Cleanup Study 20-MAY-04 
423056-160 NorfolkCleanupStudy 20-MAY-04 
423056-160 Norfolk Cleanup Study 20-MAY-04 
423056-160 Norfolk Cleanup Study 

I. 
20-MAY-04 

423056-160 Norfolk Cleanup Study 20-MAY-04 
423056-160 NorfolkCleanupStudy 20-MAY-04 
423056-160 Norfolk Cleanup Study 20-MAY-04 
423056-160 Norfolk Cleanup Study 20-MAY-04 I 
ME 
SRM 
SB 
LD 
LT 
MS 

3 - 1/2 Grab Composite, 0 - 2 cm 
3 - 1/2 Grab Composite, 0 - 10 cm 
3 - 1/2 Grab Composite, 0 - 2 cm 
3 - 1/2 Grab Composite, 0 - 10 cm 
3 - 1/2 Grab Composite, 0 - 2 cm 
3 - 1/2 Grab Composite, 0 - 10 cm 
3 - 1/2 Grab Composite, 0 - 2 cm 
3 - 1/2 Grab Composite, 0 - 10 cm 
MB1 042304 
HICONC 
WG74182-1 
L31635-2 
WG74182-4 L31635-2 
L31635-2 

I) 

I) 
. . . .  

Page 1 - 



KING COUNTY METRO ENVIRONMENTAL LABORATORY 
Lab QC Report - 05/28/04 02:38 

Run ID: R100638 Workgroup: WG74182 (TOC/Norfolk 423056-160) 

Page 1 



423056-160 Norfolk Cleanup Study 
423056-160 Norfolk Cleanup Study 
423056-160 Norfolk Cleanup Study 
423056-160 Norfolk Cleanup Study 
423056-160 Norfolk Cleanup Study 
423056-160 Norfolk Cleanup Study 
423056-160 Norfolk Cleanup Study 
423056-160 Norfolk Cleanup Study 
MB 
LD 
LT 

3 - 1/2 Grab Composite, 0 - 2 cm 
3 - 1/2 Grab Composite, 0 - 10 cm 
3 - 1/2 Grab Composite, 0 - 2 cm 
3 - 1/2 Grab Composite, 0 - 10 cm 
3 - 1/2 Grab Composite, 0 - 2 cm 
3 - 1/2 Grab Composite, 0 - 10 cm 
3 - 1/2 Grab Composite, 0 - 2 cm 
3 - 1/2 Grab Composite, 0 - 10 cm 
MB1 040421 
L31635-8 
WG74159-2 L31635-8 

King County Environmental Laboratory 

WORK GROUP REPORT (wk02) 

May 28 2004, 02:37 pm 

work Group: WG74159 (~0TS/423056-160 Norfolk) for Department: 3 - Conventionals I) 

Created:21-APR-04 Due: 0perator:DN 

- 

S TOTS SALTWTRSED DONE 
S TOTS SALTWTRSED DONE 
S TOTS SALTWTRSED DONE 
S TOTS SALTWTRSED DONE 
S TOTS SALTWTRSED DONE 
S TOTS SALTWTRSED W N E  
S TOTS SALTWTRSED DONE 
S TOTS SALTWTRSED DONE 
S TOTS OTHR SOLID DONE 
S TOTS SALTWTRSED DONE 
S TOTS SALTWTRSED DONE 

Page 1 

I 



KING COUNTY METRO ENVIRONMENTAL LABORATORY 
Lab QC Report - 05/28/04 02:38 

Run ID: R100522 Workgroup: WG74159 (TOTS/423056-160 Norfolk) 

Page 1 



King County Environmental Laboratory 

WORK GROUP REPORT (wk02) 

May 28 2004, 02:37 pm 

Work Group: WG74422 (PSD for Norfolk) for Department: 3 - Conventionals 

Created: 11-MAY-04 Due: Operator: SVM 

Sam1 e P i c j e c t  SJLtmbei Prolacc Description PRey t2 Prodtrct Nacxix & t a t  UA tA0ikdate Duedate 

Norfolk 
Norfolk 
Norf 01 k 
Norfolk 
Norfolk 
Norfolk 
Norfolk 
Norfolk 

3 - 1/2 Grab Composite, 
3 - 1/2 Grab Composite, 
3 - 1/2 Grab Composite. 
3 - 1/2 Grab Composite, 
3 - 1/2 Grab Composite, 
3 - 1/2 Grab Composite, 
3 - 1/2 Grab Composite, 
3 - 1/2 Grab Composite, 
L31635-1 
WG74422-1 L31635-1 

Cleanup Study 
Cleanup Study 
Cleanup Study 
Cleanup Study 
Cleanup Study 
Cleanup Study 
Cleanup Study 
Cleanup Study 

S PSD SALTWTRSED DONE 
S PSD SALTWTRSED W N E  
S PSD SALTWTRSED DONE 
S PSD SALTWTRSED DONE 
S PSD SALTWTRSED DONE 
S PSD SALTWTRSED DONE 
S PSD SALTWTRSED DONE 
S PSD SALTWTRSED DONE 
S PSD SALTWTRSED DONE 
S PSD SALTWTRSED DONE 

Page 1 

I) 



KING COUNTY METRO ENVIRONMENTAL LABORATORY 
Lab QC Report - 05/28/04 02:38 

Run ID: R100846 Workgroup: WG74422 (PSD for Norfolk) 

Page 1 



METAL CHEMISTRY QC DATA 



King County Environmental Laboratory 

WORK GROUP REPORT (wk02) 

May 06 2004, 07:58 am 

Work Group: WG74152 (4/21/04 Norfolk Sediments) for Department: 6 - Metals, Trace 

Created: 2 1 - ~ ~ ~ - 0 4  Due: Operator: E. Prentice 

Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 

SBD S SALTWTRSED WKGP U 
SED S SALTWTRSED WKGP U 
SED S SALTWTRSED d#GP U 
SED S SALTWTRSED W W P  U 
SED S SALTWTRSED WKGP U 
SED S SALTWTRSED W W P  U 
SED S SALTWTRSED HKGP U 
SED S SALTWTRSED WfIGP U 
SED S SALTWTRSED k K P  U 
6ED S SALTWTRSED MKGP U 
SED S SALTWTRSED WKGP U 
SED S SALTWTRSED WKGP U 
SED S SALTWTRSED WKGP U 
SED S SALTWTRSED WKGP U 
SED S SALTWTRSED WKGP u 
SED S SALTWTRSED WkGP U 
SED S SALTWTRSED WKGP U 
SED S SALTWTRSED WKOP U 
SED S SALTWTRSED WKGP U 
SED S SALTWTRSED WKGP U 
SED S SALTWTRSED WkGP U 
SEE? S SALTWTRSED WKGP U 
SED S SALTWTRSED WKOB U 
SED S SALTWTRSED WKGP U 
SEQ S SALTWTRSED WKEP U 
SED S SALTWTRSED RKGP U 
SED S SALTWTRSED WKGP U 
SED S SALTWTRSED WKGP U 
SED S SALTWTRSED WKGP U 
SED S SALTWTRSED WKGP U 
SED S SALTWTRSED WKOP U 
SED S SALTWTRSED WKGP U 
SED S SALTWTRSED WKdP U 
6ED S SAL~WI%.$ED WK@ U 
SED S SALTWTRSED WKOP U 
SED S SALTWTRSED WKGP U 
SED S SALTWTRSED WYGP U 
SED S SALTWTRSED WKGP U 
SED S SALTWTRSED WKGP U 
SED S SALTWTRSED #K6P U 
6ED S SALTWTRSED WKGP U 
$ED S SALTWTRSED WKOP U 
SED S SALTWTRSED RKGP U 
SED S SALTWTRSED WKGP U 
SED S SALTWTRSED W G P  U 
SED S SALTWTRSED WKGP U 
SED S SALTWTRSED WkGP U 
SED S SALTWTRSED WKGP U 
SBP S SALTWTRSED W W P  U 
SED S SALTWTRSED WKGP U 
SED S SALTWTRSED WKGP U 
SED S SALTWTRSED WKGP U 
SED S SALTWTRSED WKGP U 
SED S SALTWTRSED WKOP U 
SED S SALTWTRSED WKGP U 
SED S SALTWTRSED WKGP U 
$ED s SALTWTRSED W K ~ P  u 
SED S SALTWTRSED WKGP U 
SED S SALTWTRSED WKGP U 
SED S SALTWTRSED WKGP U 
SEP S SALTWTRSED WKGP U 

I 
Page 1 



King County Environmental Laboratory 

WORK GROUP REPORT (wk02) 

May 06 2004, 07:58 am 

Work Group: WG74152 (4/21/04 Norfolk Sediments) for Department: 6 - Metals, Trace 
I 

Created: 21-APR-04 Due: Operator: E. Prentice 

Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 
Norfolk Cleanup Study 

FED S SALTWTRSED WKGP U 
SED S SALTWTRSED WKGP U 
SED S SALTWTRSED WKGP U 
SEb S SALTWTRSED WKGP U 
SED S S A L m S E D  WKGP U 
SFD S SALTWTRSED WKGP U 
SED S SALTWTRSED WKOP u 
SED S SALTWTRSED WgEP U 
SED s SALTWTRSED HKCP u 
BED S SALTWTRSED W a P  U 
SED S SALTWTRSED WKGP U 
SED S SALTWTRSED WKCP U 
FED S SALTWTRSED W G P  U 
SED S SALTWTRSED WKGP U 
SED S SALTWTRSED WKGP U 
SED S SALTWTRSED WKGP U 
SED S SALTWTRSED WKGP U 
SFD S SALTWTRSED W W P  U 
SED S SALTWTRSED WKOP U 
SED S SALTWTRSED WKGP U 
SED S SALTWTRSED RKGP U 
SED S SALTWTRSED WKGB U 
SED S SALTWTRSED W W P  U 
SED S SALTWTRSED WKOP U 
SED S SALTWTRSED WKGP U 
SED S SALTWTRSED RKGP U 
SED S SALTWTRSED WKGP U 
SED S SALTWTRSED WffiP U 
BED S SALTWTRSED WKGP U 
SFD S SALTWTRSED WICCP U 
SED S SALTWTRSED HKGP U 
SED S SALTWTRSED WKGP U 
SED S S A L m S E D  WKGP U 
SEb s SALTWTR~ED W ~ B  u 
SEb S SALTWTRSED WKGP U 
SED S SALTWTRSED WKOP U 
SED S SALTWTRSED WKGP U 
SED S SALTWTRSED FIKGP U 
SED S SALTWTRSED WKGP U 
SEb S SALTWTRSED WKGP U 
SED S S A L m S E D  WKGP U 
SED S SALTWTRSED WKaP U 
SED S SALTWTRSED WKGP U 
S W  S S A L m S E D  WQP U 
SED S SALTWTRSED WKGP U 
BfD S SALTWTRSED W E B  U 
SED S SALTWTRSED WKGP U 
SED S SALTWTRSED WKGP U 
S%p S SALTWTRSED WKGP U 
$ED S SALTWTRSED WKGP U 
SED S SALTWTRSED WKGP U 

S BLANK WTR PlKGP U 
S BLANK WTR WKGB U 
s SOIL WKGP u 

$ED S SALTWTRSED HKGP U 
540 S SALTWTRSED WKGP U 
SED S SALTWTRSED WKGP U 
SED S ROUTINE ICP SALTWTRSED WKGP U 

- 

Page 2 
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King County Environmental Laboratory 

WORK GROUP REPORT (wk02) 

May 06 2004, 07:58 am 

Work Group: WG74152 (4/21/04 Norfolk Sediments) for Department: 6 - Metals, Trace 

I Created: 21-APR-04 Due: Operator: E. Prentice 

.................... :;.;..: . . ;  .,....;; .......................... : ; ;  .,,,,.,.,..,,,,,.,, . ................................................ , , ............ ............. ... .......... . ............................................................................................... 7 m ~ ~ ~ < : : ~ ~ < ~ < ; ~ ; ; ~ : g x a ~ i w ~ ~ ~ ~ e q ~ 2 ~ c ~ ~ e R ~ ; j ~ , ~ ~ e ~ ~ g g ~ $ $ ~ ~ $ $ $ g ; ; ; ; ~ ~ , ~ ~ ~ $ $ ; ~ ~ ; ; ; $ ~ ~ ~ ~ $ ~ ~ ~ ~ ~ ~ ; $ $ ~ ~ ~ ~ ~ ~ ~ ; ; ; $ $ $ $ ; ~ $ ~ ~ ~ g ~ ~ ~ $ $ $ $ $ ; $ ; ~ ~ ~ g $ ; ~  . . .. . . . . . . . .. ......... ....., . . . .. . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ;;,~#~~#~~i~;;;~;~gg~~g~g~~;;;;:;;j;;: . .. . . . .... ... ..... . .... . ......... 

- 1/2 Grab Composite, 0 - 2 cm 
- 1/2 Grab Composite, 0 - 10 cm 
- 1/2 Grab Composite, 0 - 2 cm 
- 1/2 Grab Composite, 0 - 10 cm 
- 1/2 Grab Composite, 0 - 2 cm 
- 1/2 Grab Composite, 0 - 10 cm 
- 1/2 Grab Composite, 0 - 2 cm 
- 1/2 Grab Composite, 0 - 10 cm * 

74152-2 ICPZOO 

35-2 RPD-SOL 
35-2 ICP200 

m 
Page 3 



Corrective Action Form (Metals) 

Date Recognized 4/22/04 WG# 741 52 
Date Occurred 412 1 104 Prep Date 412 1 104 

Reported By E. Prentice Project 423056- 120 
Sample ID L31635-(1-8) Sample type SF. Saltwater Sediment 

Method: Mercury (CVAA) 0 ICP (200.7) 
ICP-MS (200.8) 

IX1 Other 3050 

Type of Occurrence: 

Method Blank > MDL LCSISB outside limits 
IX1 MS outside limits IX1 SRM outside limits 

Lab Dup. RPD > limit 
Holding time exceeded by dayslhours. 
Insufficient sample amount / inappropriate container or storage 
Sample or Analysis Anomalies 

Explanation (analytes and samples effected, etc.): 
1. In sample WG74167-3, ERA Soil Lot#249 LCS, A1=79% is outside the acceptance 
limits of 80- 120%. 
2. In sample WG74167-4, PACS-2 SRM, Ag=173%. As=71%, Be=4O%, Cr=5 1%, 
Mn=57% and Ni=7 1 % all exceed the acceptance limits of 80- 120%. Sc vDL 
3. In sample WG74167-6, the matrix spike, A1=307% is outside the acceptance limits of 
75-125%. 

, *  i 

Corrective Action: [XI Results reported "As Is" and explain below (Send copy of 
this form to LPM) 
Sample(s) repreped and analyzed with similar unacceptable 
results (Send copy to LPM) 
Sample repreped and analyzed, QC problems corrected. 

Explanation: 
1. An A1 recovery of 79% is consistant with historical data for ERA Soil Lot#249 
therefore the A1 value for WG74167-3 is flagged with an "*" and no further action taken. 
2. The certified values for the PACS-2 SRM were obtained using a total acid digestion 
and in this preparation method 3050 was used which is a strong acid digestion. 
Recoveries are being monitored to generate control limits based on the method 3050 ' 

digestion. All results will be reported "As Is" and An will be flagged with an "L." 
3. The native concentration of A1 in this sample is four times meater than the spike 
value. A1 results will be flagged with an "L." 

Signatures: Analyst: ! G. 4- 
Reviewer: lQMPtbc 

Supervisor: 



KING COUNTY METRO ENVIRONMENTAL LABORATORY 
Lab QC Report - 05/06/04 08:03 

Run ID: R100533 Workgroup: WG74152 (4/21/04 Norfolk Sediments) 
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KING COUNTY METRO ENVIRONMENTAL LABORATORY 
Lab QC Report - 05/06/04 08:03 

Run ID: R100533 Workgroup: WG74152 (4/21/04 Norfolk Sediments) 

-- 
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KING COUNTY METRO ENVIRONMENTAL LABORATORY 
Lab QC Report - 05/06/04 08:03 

Run ID: R100533 Workgroup: WG74152 (4/21/04 Norfolk Sediments) 
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King County Environmental Laboratory 

WORK GROUP REPORT (wk02) 

Apr 21 2004, 01:56 pm 

Work Group: WG74117 (Hg-CVAA Norfolk Seds.) for Department: 6 - Metals, Trace 

Created: 19-APR-04 Due: Operator: BDM/SH 

Page I 



Corrective Action Form (Metals) 

Date Recognized 411 9/04 WG# WG74117 
Date Occurred 411 9/04 Prep Date 41 16/04 

Reported By BM Project Norfolk 423056- 160 
Sample ID WG74117-5 Sample type Saltwater Sediment 

Method: (XI Mercury (CVAA) 0 ICP (200.7) 
ICP-MS (200.8) 
Other 

Type of Occurrence: 

Method Blank > MDL LCSISB outside limits 
(XI MS outside limits SRM outside limits 

Lab Dup. RPD > limit 
Holding time exceeded by dayslhours. 
Insufficient sample amount / inappropriate container or storage 
Sample or Analysis Anomalies 

I 

Explanation (analytes and samples effected, etc.): 
Matrix Spike WG74117-5 % recovery = 2 14% 

Corrective Action: Results reported "As Is" and explain below (send copy of 
-- 

this form to LPM) 
Sample(s) repreped and analyzed with similar unacceptable 

results (Send copy to LPM) 
(XI Sample repreped and analyzed, QC problems corrected. 

Explanation: 
The original matrix spike from prep date 4/16/04 appeared to have been spiked twice. 
After consulting with the QA officer, the background sample was re-prepped with an 
additional matrix spike and matrix spike duplicate. The resulting data resembled the 
original sample results of the background, lab duplicate and matrix spike duplicate. It 
was deamed appropriate to substitute the the re-run sample results of the background, 
matrix spike and matrix spike duplicate with the original sample results of the 
background. matrix mike and matrix snike du~licate. 

Signatures: Analyst: 

- 
Supervisor: 



KING COUNTY METRO ENVIRONMENTAL LABORATORY 
Lab QC Report - 04/28/04 08:46 

Run ID: R100437 Workgroup: WG74117 (Hg-CVAA Norfolk Seds.) 

Page 1 
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ORGANIC CHEMISTRY QC DATA 



King County Environmental Laboratory 

WORK GROUP REPORT (wk02) 

Apr 14 2004, 10:07 am 

Work Group: WG74021 (BS#153-bnallfull) for Department: 7 - Organics, Trace 

Created: 08-APR-04 Due: Operator: lm/km 

423056-160 NorfolkCleanupStudy ALTWTRSED 
423056-160 Norfolk Cleanup Study ALTWTRSED 
423056-160 Norfolk Cleanup Study ALTWTRSED 
423056-160 Norfolk Cleanup Study ALTWTRSED U 
423056-160  orf folk Cleanup Study ALTWTRSED 
423056-160 Norfolk Cleanup Study ALTWTRSED 
423056-160 Norfolk Cleanup Study ALTWTRSED 
423056-160 Norfolk Cleanup Study ALTWTRSED 

THR SOLID 
m 

THR SOLID 
ALTWTRSED 
ALTWTRSED 
THR SOLID w 
ALTWTRSED 

3 - 1/2 Grab Composite. 0 - 2 cm 3 
3 - 1/2 Grab Composite, 0 - 10 cm 
3 - 1/2 Grab Composite, 0 - 2 cm 
3 - 1/2 Grab Composite, 0 - 10 cm 
3 - 1/2 Grab Composite, 0 - 2 cm 
3 - 1/2 Grab Composite, 0 - 10 cm 
3 - 1/2 Grab Composite, 0 - 2 cm 

WG74021-1 
I 

WG74021-3 L31635-4 

II 

1) 

I) 

Page 1 
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I I g w' 'D TIW"5 S ~ v L E f " T ~ T ' O N Q C " , O P r ,  C O b n t A  q l " C Y q e  
TRACE ORGANICS LABORATORY 8 ~ ~ 5 .  * 

QC BATCH NO.: BS 1 53 1 :I Acetone:MeCI2 WORKGROUP NO.: 3 GLF 90 21 



KING COUNTY METRO ENVIRONMENTAL LABORATORY 
Lab QC Report - 04/29/04 10:lO 

Run ID: R100631 Workgroup: WG74021 (BS#153-bnallfull) 

Phenol 
Bis (2-Chloroethyl) Ether 
2-Chlorophenol 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
1,2-Dichlorobenzene 
Bis (2-Chloroisopropyl) Ether 
N-~itrosodi-N-~ropylarnine 
Hexachloroethane 
Nitrobenzene 
Isophorone 
2-Nitrophenol 
2,4-Dimethylphenol 
Bia (2-Chloroethoxy) Methane 
2.4-Dichlorophenol 
1,2,4-Trichlorobenzene 
Naphthalene 
Hexachlorobutadiene 
4-Chloro-3-Methylphenol 
Hexachlorocyclopentadiene 
2,4,6-Trichlorophenol 
2-Chloronaphthalene 
Acenaphthylene 
Dimethyl Phthalate 
2,6-Dinitrotoluene 
Acenaphthene 
2.4-Dinitrophenol 
4-Nitrophenol 
2,4-Dinitrotoluene 
Fluorene 
Diethyl Phthalate 
4-Chlorophenyl Phenyl Ether 
4,6-Dinitro-0-cresol 
N-Nitrosodiphenylarnine 
1,2-Diphenylhydrazine 
4-Brornophenyl Phenyl Ether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Di-N-Butyl Phthalate 
Fluoranthene 
Pyrene 
Benzyl Butyl Phthalate 
Benzo (a) anthracene 
Chrysene 
3,3'-Dichlorobenzidine 
Bia (2-Ethylhexyl) Phthalate 
Di-N-Octyl Phthalate 
Benzo (b) f luoranthene 

Page 1 



KING COUNTY METRO ENVIRONMENTAL LRBORATORY 
Lab QC Report - 04/29/04 10:lO 

Run ID: RL00631 workgroup: WG74021 (BS#153-bnallfull) 

Phenol 
Bis (2-Chloroethyl) Ether 
2-Chlorophenol 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
l,2-Dichlorobenzene 
Bis(2-Chloroisopropy1)Ether 
N-Nitrosodi-N-Propylamine 
Hexachloroethane 
Nitrobenzene 
Isophorone 
2-Nitrophenol 
2,4-Dimethylphenol 
Bis(2-Ch1oroethoxy)Methane 
2,4-Dichlorophenol 
1,2,4-Trichlorobenzene 
Naphthalene 
Hexachlorobutadiene 
4-Chloro-3- ethylp phenol 
Hexachlorocyclopentadiene 
2,4,6-Trichlorophenol 
2-Chloronaphthalene 
Acenaphthylene 
Dimethyl Phthalate 
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KING COUNTY METRO ENVIRONMENTAL LABORATORY 
Lab QC Report - 04/29/04 10:lO 

Run ID: R100631 Workgroup: WG74021 (BS#153-bnallfull) 

Acenaphthene 
2,4-Dinitrophenol 
4-Nitrophenol 
2.4-Dinitrotoluene 
Fluorene 
Diethyl Phthalate 
4-Chlorophenyl Phenyl Ether 
4,6-Dinitro-0-Cresol 
N-Nitrosodiphenylarnine 
1,2-Diphenylhydrazine 
4-Bromophenyl Bhenyl Ether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Di-N-Butyl Phthalate 
Fluoranthene 
Byrene 
Benzyl Butyl Phthalate 
Benzo (a) anthracene 
Chrysene 
3,3'-Dichlorobenzidine 
Bis(2-Ethylhexy1)Phthalate 
Di-N-Octyl Phthalate 
Benzo (b) f luoranthene 
Benzo(k)fluoranthene 
Benzo (a) pyrene 
Indeno (l,2,3 -Cd) Pyrene 
Dibenzo (a, h) anthracene 
Benzo (g, h, i) perylene 
Aniline 
Benzyl Alcohol 
2-Methylphenol 
4-Methylphenol 
4-Chloroaniline 
Benzoic Acid 
2-Methylnaphthalene 
2,4,5-Trichlorophenol 
2-Nitroaniline 
3 -Nitroaniline 
Dibenzofuran 
4-Nitroaniline 
Carbazole 
Coprostanol 
Caffeine 
Pyridine 

Page 3 
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KING COUNTY METRO ENVIRONMENTAC LABORATORY 
Lab QC Report - 04/29/04 10:lO 

Run ID: R100631 Workgroup: WG74021 (BS#153-bnallfull) 

Phenol 
Bis (2 -Chloroethyl) Ether 
2 -Chlorophenol 
1.3-Dichlorobenzene 
1,4-~ichlorobenzene 
1,2-Dichlorobenzene 
@s (2-chloroisopropyl) Ether 
_N-Nitrosodi-N-Propylamine 
Hexachloroethane 
Nit robenzene 
I sophorone 
2-Nitrophenol 
2,4-Dimethylphenol 
Bis(2-Ch1oroethoxy)Methane 
2.4-Dichlorophenol 
1,2,4-Trichlorobenzene 
Naphthalene 
Jisxachlorobutadiene 
4-Chloro-3-Methylphenol - 
Hexachlorocyclopentadiene - 
2,4,6-Trichlorophenol 
2-Chloronaphthalene 
Acenaphthylene 
Dimethyl Phthalate 
2.6-Dinitrotoluene 
Acenaphthene 
2,4-Dinitrophenol 
4 -Nitrophenol 
2,4-Dinitrotoluene 
Fluorene 
Diethyl Phthalate 
4-Chlorophenyl Phenyl Ether 
4,6-Dinitro-0-Cresol 
N-Nitrosodiphenylarnine 
1,2-Diphenylhydrazine 
4-Bromophenyl Phenyl Ether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Di-N-Butyl Phthalate 
Fluoranthene 
Pyrene 
Benzyl Butyl Phthalate 
Benzo (a) anthracene 
Chrysene 
3,3'-Dichlorobenzidine 
Bis(2-Ethylhexy1)Phthalate 
Di-N-Octyl Phthalate 
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KING COUNTY METRO ENVIRONMENTAL LABORATORY 
Lab QC Report - 04/29/04 10:lO 

Run ID: R100631 Workgroup: WG74021 (BS#153-bnallfull) 

Phenol 
Bis (2-Chloroethyl) Ether 
2-Chlorophenol 
1,)-Dichlorobenzene 
1,4-Dichlorobenzene 
1,2-Dichlorobenzene 
Bis(2-Chloroisopropy1)~ther 
N-Nitrosodi-N-Propylamine 
Hexachloroethane 
Nitrobenzene 
Isophorone 
2-Nitrophenol 
2,4-Dimethylphenol 
Bis (2-Chloroethoxy) Methane 
2.4-Dichlorophenol 
1,2,4-Trichlorobenzene 
Naphthalene 
Hexachlorohutadiene 
4-Chloro-3-Methylphenol 
Hexachlorocyclopentadiene 
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KING COUNTY METRO ENVIRONMENTAL LABORATORY 
Lab QC Report - 04/29/04 10:lO 

Run ID: R100631 Workgroup: WG74021 (BS#153-bnallfull) 

2-Chloronaphthalene 
Acenaphthylene 
Dimethyl Phthalate 
2,6-Dinitrotoluene 
Acenaphthene 
2.4-Dinitrophenol 
4-Nitrophenol 
2,4-Dinitrotoluene 
Fluorene 
Diethyl Phthalate 
4-Chlorophenyl Phenyl Ether 
4.6-Dinitro-0-Cree01 
N-Nitroeodiphenylamine 
1,2-Diphenylhydrazine 
4-Bromophenyl Phenyl Ether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Di-N-Butyl Phthalate 
Fluoranthene 
Pyrene 
Benzyl Butyl Phthalate 
Benzo (a) anthracene 
Chryeene 
3,3'-Dichlorobenzidine 
Bie(2-Ethylhexy1)Phthalate 
Di-N-Octyl Phthalate 
Benzo (b) fluoranthene 
Benzo (k) f luoranthene 
Benzo (a) pyrene 
Indeno (l,2,3 -Cd) Pyrene 
Dibenzo (a, h) anthracene 
Benzo (9, h, i) perylene 
Aniline 
Benzyl Alcohol 
2-Methylphenol 
4-Methylphenol 
4-Chloroaniline 
Benzoic Acid 
2-Methylnaphthalene 
2.4,s-Trichlorophenol 
2 -Nitroaniline 
3-Nitroaniline 
Dibenzofuran 
4-Nitroaniline 
Carbazole 
Coprostanol 
Caffeine 
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KING COUNTY METRO ENVIRONMENTAL LABORATORY 
Lab QC Report - 04/29/04 10:lO 

Run ID: R100631 Workgroup: WG74021 (BS#153-bnallfull) 

Phenol 
Bis (2-Chloroethyl) Ether 
2-Chlorophenol 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
1,2-Dichlorobenzene 
Bis (2-Chloroisopropyl) Ether 
N-Nitrosodi-N-Propylamine 
Hexachloroethane 
Nitrobenzene 
Isophorone 
2-Nitrophenol 
2.4-Dimethylphenol 
Bis (2 -Chloroethoxy) Methane 
2.4-Dichlorophenol 
1.2.4-Trichlorobenzene 
Naphthalene 
Hexachlorobutadiene 
4-Chloro-3-Methylphenol 
Hexachlorocyclopentadiene 
2,4,6-Trichlorophenol 
2-Chloronaphthalene 
Acenaphthylene 
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KING COUNTY METRO ENVIRONMENTAL LABORATORY 
Lab PC Report - 04/29/04 10:lO 

Run ID: R100631 Workgroup: WG74021 (BS#153-bnallfull) 

2.6-~initrotoluene 
Acenaphthene 
2,4-Dinitrophenol 
4-Nitrophenol 
2,4-Dinitrotoluene 
Fluorene 
Diethyl Phthalate 
4-Chlorophenyl Phenyl Ether 
4.6-Dinitro-0-Creaol 
N-Nitroaodiphenylamine 
1,2-Diphenylhydrazine 
4-Bromophenyl Phenyl Ether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Di-N-Butyl Phthalate 
Fluoranthene 
Pyrene 
Benzyl Butyl Phthalate 
Benzo (a) anthracene 
Chrysene 
3,3'-Dichlorobenzidine 
Bis (2-Ethylhexyl) Phthalate 
Di-N-Octyl Phthalate 
Benzo (b) fluoranthene 
Benzo (k) f luoranthene 
Benzo (a) pyrene 
Indeno (l,2,3-Cdl Pyrene 
Dibenzo (a, h) anthracene 
Benzo (g, h, i) perylene 
Aniline 
Benzyl Alcohol 
2-Methylphenol 
4-Methylphenol 
4-Chloroaniline 
Benzoic ~ c i d  
2-Methylnaphthalene 
2.4.5-Trichlorophenol 
2-Nitroaniline 
3-Nitroaniline 
Dibenzofuran 
4-Nitroaniline 
Carbazole 
Copros tan01 
Caffeine 
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KING COUNTY METRO ENVIRONMENTAL LABORATORY 
Lab QC Report - 04/29/04 10:lO 

Run ID: R100631 Workgroup: WG74021 (BS#153-bnallfull) 
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KING COUNTY METRO ENVIRONMENTAL LABORATORY 
Lab QC Report - 04/29/04 10:lO 

Run ID: R100631 Workgroup: WG74021 (BS#153-bnallfull) 
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HP 68905 DILUTION LOG 

Date & 

King County Environmental Laboratory 

H P  68905 MAINTENANCE LOG 

Sample Name/ Extract Vol Flnal 

Sample Number Used (rnl) Vol 

L * h A  L fiw- 

- 

- 

- 

- - -- 

Dil 

Fac 

X /  0 

King County Environmental Laboratory 

Date & 

lnltials 

IS # 

Maintenance Descrl~tlon 

Addltlonal 

IS (ul) 

PgL 

-- 

Total 

IS (ul) 

/&c 



GPC SAMPLE LOG 



Batch: /chem/6890j.i/040421.b 
# Smp. # ~njection Time Wkgp. # QC # Project # Sample Description Matrix Amount DilPac IS#2-RT IS#2-Area Method 
1 COND-1 21-APR-2004 08:44 040421 040421 421195 20 PPM CONDITION WATER 
2 BLANK-1 21-APR-2004 09:21 040421 040421 421195 MECL2 INSTRUMENT BLANK WATER 
3 DFTPP-1 21-APR-2004 09:59 040421 040421 10 NG DFTPP MIX WATER 
4 CALI-3 21-APR-2004 10:38 040421 040421 421195 SS#911 K 0.020 PPM WATER 
5 CCALI-1 21-APR-2004 11:16 040421 040421 421195 SS#911 D 6.0 PPM WATER 
6 BLANK-2 21-APR-2004 11:55 040421 040421 421195 MECL2 INSTRUMENT BLANK WATER 
7 zzWG74021-1 21-APR-2004 12:39 WG74021 BS#153 423056-10 WG74021-1 MB NORFOLK SOIL 
8 WG74115-1 21-APR-2004 13:17 WG74115 BS#154 423056-10 WG74115-1MB DENNY WAY SOIL 
9 WG74021-2 21-APR-2004 13:55 WG74021 BS#153 423056.10 WG74021-2 SB NORFOLK SOIL 
10 WG74115-2 21-APR-2004 14:34 WG74115 BS#154 423056-80 WG74115-2 SB DENNY WAY SOIL 
11 WG74021-3 21-APR-2004 15:12 WG74021 BS#153 423056-10 WG74021-3 MS L31635-4 NORFOL SOIL 
12 WG74021-4 21-APR-2004 15:51 WG74021 BS#153 423056-10 WG74021-4 MSD L31635-4 NORFO SOIL 
13 WG74021-5 21-APR-2004 16:29 WG74021 BS#153 423056-10 WG74021-5 SRM 1944 NORFOLK SOIL 
14 WG74115-5 21-APR-2004 17:07 WG74115 BS#154 423368-80 WG74115-5 SRM 1944 DENNY WAY SOIL 
15 WG74021-6 21-APR-2004 17:45 WG74021 BS#153 423056-10 WG74021-6 LD L31635-2 NORFOL SOIL 
16 ZZL31635-2 21-APR-2004 18:23 WG74021 BS#153 423056-10 L31635-2 NORFOLK SOIL 
17 L31635-3 21-APR-2004 19:Ol WG74021 BS#153 423056.10 L31635-3 NORFOLK SOIL 
18 L31635-4 21-APR-2004 19:40 WG74021 BS#153 423056-10 L31635-4 NORFOLK SOIL 
19 DFTPP-2 21-APR-2004 20:19 040421 040421 10 NG DFTPP MIX WATER 
20 CCALI-2 21-APR-2004 20:58 040421 040421 421195 SS#911 D 6.0 PPM WATER 
21 WG74115-3 21-APR-2004 21:37 WG74115 BS#154 423368-80 WG74115-3 MS L31677-1 DENNY SOIL 
22 WG74115-4 21-APR-2004 22:15 WG74115 BS#154 423368-80 WG74115-4 MSD L31677-1 DENNY SOIL 
23 zZL31635-1 21-APR-2004 22:53 WG74021 BS#153 423056-10 L31635-1 NORFOLK SOIL 
24 L31635-5 21-APR-2004 23:31 WG74021 BS#153 423056-10 L31635-5 NORFOLK SOIL 
25 L31635-6 22-APR-2004 00:08 WG74021 BS#153 423056-10 L31635-6 NORFOLK SOIL 
26 ZZL31635-7 22-APR-2004 00:46 WG74021 BS#153 423056-10 L31635-7 NORFOLK SOIL 
27 L31635-8 22-APR-2004 01:23 WG74021 BS#153 423056-10 L31635-8 NORFOLK SOIL 
28 L31677-1 22-APR-2004 02:39 WG74115 BS#154 423368-80 L31677-1 DENNY WAY SOIL 
29 ZZL31677-2 22-APR-2004 03:17 WG74115 BS#154 423368-80 L31677-2 DENNY WAY SOIL 
30 L31677-3 22-APR-2004 03:54 WG74115 BS#154 423368-80 L31677-3 DENNY WAY SOIL 
31 L31677-4 22-APR-2004 04:31 WG74115 BS#154 423368-80 L31677-4 DENNY WAY SOIL 
32 zzL31677-5 22-APR-2004 05:09 WG74115 BS#154 423368-80 L31677-5 DENNY WAY SOIL 
33 zZL31677-6 22-APR-2004 05:47 WG74115 BS#154 423368-80 L31677-6 DENNY WAY SOIL 
34 ZZL31677-7 22-APR-2004 06:25 WG74115 BS#154 423368-80 L31677-7 DENNY WAY SOiL 
35 DFTPP-3 22-APR-2004 07:02 040421 040421 10 NG DFTPP MIX WATER 
36 CCALI-3 22-APR-2004 07:41 040421 040421 421195 SS#911 D 6.0 PPM WATER 
Samples: 16 PC Samples + Misc.: 14 ContinuingCals: 2 Tunes: 3 Calibrations: 

Batch: /chern/6890j.i/040426.b 
# Smp. # Injection Time Wkgp. # QC # Project # Sample Description Matrix 
1 DFTPP-1 26-APR-2004 12:25 040426 040426 10 NG DFTPP MIX WATER 
2 CCALI-1 26-APR-2004 13:04 040426 040426 421195 SS#911 D 6.0 PPM WATER 
3 BLANK-2 26-APR-2004 13:44 040426 040426 421195 MECL2 INSTRUMENT BLANK WATER 
4 WG74021-1 26-APR-2004 14:24 WG74021 BS#153 423056-16 WG74021-1 MB NORFOLK SOIL 
5 L31635-1 26-APR-2004 15:06 WG74021 BS#i53 423056.16 L31635-1 NORFOLK SOIL 
6 L31635-2 26-APR-2004 15:47 WG74021 BS#153 423056-16 L31635-2 NORFOLK SOIL 
7 L31635-7 26-APR-2004 16:29 WG14021 B8#153 423056-16 L31635-I NORFOLK SOIL 
8 WG74115-6 26-APR-2004 17:lO WG74115 BS#154 423056-80 WG74115-6 LD L31677-3 DENNY SOIL 
9 L31677-1 26-APR-2004 17:51 WG74115 BS#154 423056-80 L31677-1 DENNY WAY SOIL 
10 L31677-2 26-APR-2004 18:32 WG74115 BS#154 423056-80 L31677-2 DENNY WAY SOIL 
11 L31677-5 26-APR-2004 19:12 WG74115 BS#154 423056-80 L31677-5 DENNY WAY SOIL 
12 L31677-6 26-APR-2004 19:52 WG74115 BS#154 423056-80 L31677-6 DENNY WAY SOIL 
13 L3i677-7 26-APR-2004 20:32 WG74115 BS#154 423056-80 L31677-7 DENNY WAY SOIL 
i4 DFTPP-2 26-APR-2004 21:lO 040426 040426 10 NG DFTPP MIX WATER 
15 CCALI-2 26-APR-2004 21:48 040426 040426 421195 SS#911 D 6.0 PPM WATER 
Samples: 8 QC Samples + Misc.: 4 ContinuingCals: 1 Tunes: 2 Calibrations: 

Amount DilPac IS#2-RT 
0.000 1.0 13.739 
0 .OOO 1.0 10.106 
0.000 1.0 0.000 
18.750 0.5 10.106 
18.750 0.5 10.120 
18.750 0.5 10.120 
18.750 0.5 10.115 
18.750 0.5 10.120 
18.750 0.5 10.125 
18.750 0.5 10.125 
18.750 0.5 10.129 
18.750 0.5 10.129 
18.750 0.5 10.130 
0.000 1.0 13.753 
0.000 1.0 10.130 

0 

IS#2-Area Method 
212480 dftpp.m 
563113 8270b.m 

0 8270b.m 
546205 8270b.m 
890260 8270b.m 
541529 8270b.m 
599903 8270b.m 
482023 8270b.m 
635804 8270b.m 
553890 8270b.m 
837929 8270b.m 
723409 8270b.m 
391362 8270b.m 
104131 dftpp.m 
375016 8270b.m 

Init Cali Analyst 
21-APR-2004 M.Doubrava 
21-APR-2004 M.Doubrava 

M. Doubrava 
21-APR-2004 M.Doubrava 
21-APR-2004 M.Doubrava 
21-APR-2004 M.Doubrava 
21-APR-2004 M.Doubrava 

21-APR-2004 M.DOubrava 
21-APR-2004 M.Doubrava 
21-APR-2004 M.Doubrava 
21-APR-2004 M.Doubrava 
21-APR-2004 M.Doubrav.3 
21-APR-2004 M.Doubrava 
21-APR-2004 M.Doubrava 
21-APR-2004 M.DOubrava 
21-APR-2004 M.Doubrava 

21-APR-2004 M.Doubrava 
21-APR-2004 M.Doubrava 

M. Doubrava 
21-APR-2004 M.Doubrava 
21-APR-2004 M.Doubrava 
21-APR-2004 M.Doubrava 
21-APR-2004 M.Doubrava 

21-APR-2004 M.Doubrava 
21-APR-2004 M.Doubrava 
21-APR-2004 M.Doubrava 

21-APR-2004 M.Doubrava 
21-APR-2004 M.Doubrava 
21-APR-2004 M.Doubrava 

21-APR-2004 ~.Doubrava 
21-APR-2004 M.Doubrava 
21-APR-2004 M.Doubrava 
21-APR-2004 M.Doubrava 
21-APR-2004 M.Doubrav.3 

M. Doubrava 
21-APR-2004 M.Doubrava 

Init Cali Analyst 
M. Doubrava 
M . Doubrava 
M . Doubrava 
M . Doubrava 
M.Doubrava 
M.Doubrava 
M . Doubrava 
M . Doubrava 
M . Doubrava 
M . Doubrava 
M . Doubrava 
M . Doubrava 
M . Doubrava 
M. Doubrava 
M . Doubrava 



Sequence Name: C:\MSDCHEM\~\SEQUENCE\O~~~~~.S 
Comment : 
Operator : 
Data Path: C:\MSDchem\l\data\040421\ 

Pre-Seq Cmd: 
Post-Seq Cmd: 

Method sections To Run On A Barcode Mismatch 
(X) Full Method (X) Inject Anyway 
( ) Reprocessing Only ( ) Don't Inject 

1 Inst. Spk 
2 Inst. Blk 
3 Tune 
4 Sample 
5 Cont .Cal 
6 Inst. Blk 
7 Blank 
8 Blank 
9 SB 
10 SB 
11 MS 
12 MSD 
13 SRM 
14 SRM 
15 LD 
16 Sample 
17 Sample 
18 Sample 
19 Tune 
20 Sample 
21 MS 
22 MSD 
23 Sample 
24 Sample 
25 Sample 
26 Sample 
27 Sample 
28 LD 
29 Sample 
30 Sample 
31 Sample 
32 Sample 
33 Sample 
34 Sample 
35 Sample 
36 Tune 
37 Sample 

8270B 
8270B 
DFTPP 
8270B 
8270B 
8270B 
8270B 
8270B 
8270B 
8270B 
8270B 
8270B 
8270B 
8270B 
8270B 
8270B 
8270B 
8270B 
DFTPP 
8270B 
8270B 
8270B 
8270B 
8270B 
8270B 
8270B 
8270B 
8270B 
8270B 
8270B 
8270B 
8270B 
8270B 
8270B 
8270B 
DFTPP 
8270B 

20 PPM CONDITION 
MECL2 INSTRUMENT BLANK 
10 NG DFTPP MIX 
SS#911 K 0.020 PPM 
SS#911 D 6.0 PPM 
MECL2 INSTRUMENT BLANK 
WG7 4 02 1 - 1 MB NORFOLK '' 

xWG74115-1 MB DENNY WAY 
XWG7 402 1-2 SB NORFOLK 
$WG74115-2 SB DENNY WAY 
TWG74021-3 MS L31635-4 NORFOLK 
xWG74021-4 MSD L31635-4 NORFOL 
X ~ ~ 7 4 0 2 1 - 5  SRM 1944 NORFOLK 
2 ~ ~ 7 4 1 1 5 - 5  SRM 1944 DENNY WAY 
NW~74021-6 LD L31635-2 NORFOLK 
L3 1 63 5 -2 NORFOLK - /1&A 

A~31635-3 NORFOLK 
XL31635-4 NORFOLK 
x 10 NG DFTPP MIX 
f ~ ~ # 9 1 1  D 6.0 PPM 
Y~~74115-3 MS L31677-1 DENNY W 
k~~74115-4 MSD L31677-1 DENNY 
L3 163 5-1 NORFOLK- / ~ c m A  

X L3 163 5-5 NORFOLK 
gL31635-6 NORFOLK 
L31635-7 NORFOLK, / 2 c m  

r L31635-8 NORFOLK 
WG74115-6 LD L31677-3 DENNY w-&&@ 
L31677-1 DENNY WAY - ~ A P ? ~  
L31677-2 DENNY WAY---- 

xL31677-3 DENNY WAY 
XL31677-4 DENNY WAY 
~31677-5 DENNY WAY- 
L31677-6 DENNY 'WAY-- -4 
L31677-7 DENNY WAY'/2rm 
10 NG DFTPP MIX 
SS#911 D 6.0 PPM 

I 
Last ~odified: Wed Apr 21 13:50:06 2004 Page: 1 



Sequence Name: C:\MSDCHEM\l\SEQUENCE\040426.S 
Comrnen t : 
Operator : 
Data Path: C:\MSDchem\l\data\040426\ 

Pre-Seq Cmd: 
Post -Seq Cmd : 

Method Sections To Run On A Barcode Mismatch 
(X) Full Method (X) Inject Anyway 
( ) Reprocessing Only ( ) Don't Inject 

Line Type 
-------------- 
1 Inst. Spk 
2 Inst. Blk 
3 Tune 
4 Cont .Cal 
5 Inst. Blk 
6 Blank 
7 sample 
8 Sample 
9 sample 
10 LD 
11 Sample 
12 Sample 
13 Sample 
14 Sample 
15 sample 
16 Tune 
17 MSD 

Vial DataFile Method 
....................... 

1 COND-1 8270B 
2 BLANK-1 8270B 
3 DFTPP-1 DFTPP 
4 CCALI-1 8270B 
5 BLANK-2 8270B 
6 74021-1 8270B 
7 31635-1 8270B 
8 31635-2 8270B 
9 31635-7 8270B 
10 74115-6 8270B 
11 31677-1 8270B 
12 31677-2 8270B 
13 31677-5 8270B 
14 31677-6 8270B 
15 31677-7 8270B 
3 DFTPP-2 DFTPP 
4 CCALI-2 8270B 

Sample Name 
.................................. 
20 PPM CONDITION 
MECL2 INSTRUMENT BLANK 
10 NG DFTPP MIX 
SS#911 D 6.0 PPM 
MECL2 INSTRUMENT BLANK 
WG74021-1 MI3 NORFOLK 
L31635-1 NORFOLK 
L31635-2 NORFOLK 
L31635-7 NORFOLK-&' 
WG74115-6 LD L31677-3 DENNY W 
L31677-1 DENNY WAY 
L31677-2 DENNY WAY 
L31677-5 DENNY WAY 
L31677-6 DENNY WAY 
L31677-7 DENNY WAY 
10 NG DFTPP MIX 
SS#911 D 6.0 PPM 

Last Modified: Mon Apr 26 13:18:42 2004 Page: 1 



Sequence Name: C:\MSDCHEM\l\SEQUENCE\O40428S 
Comment : 
Operator: 
Data Path: C:\MSDchem\l\data\040428\ 

Pre-Seq Cmd: 
Post-Seq Cmd: 

Method Sections To Run On A Barcode Mismatch 
(X) Full Method (X) Inject Anyway 
( ) Reprocessing Only ( ) Don't Inject 

Line Type 
--------------- 
1 Inst. Spk 
2 Inst. Blk 
3 Tune 
4 Cont .Cal 
5 Inst. Blk 
6 Sample 
7 Sample 
8 

Vial DataFile Method 

1 COND-1 8270B 
2 BLANK-1 8270B 
3 DFTPP-1 DFTPP 
4 CCALI-1 8270B 
5 BLANK-2 8270B 
6 31635-7X 8270B 
7 EDC-01 8270B 

Sample Name 

20 PPM CONDITION 
MECL2 INSTRUMENT BLANK 
10 NG DFTPP MIX 
SS#911 D 6.0 PPM 
MECL2 INSTRUMENT BLANK 
L31635-7 NORFOLK X 10 DIL 
10 PPM ECD/PEST MIX 

Last Modified: Wed Apr 28 13:02:18 2004 Page: 1 



Corrective Action King County 0 Department of  
Natural Resources and Parks 

" 
I) 

Date Occurred: WG #: d& 

Date Recognized: 4//*d~ Batch #: &-~ek,~3 ' 

Reported by: & L J @ & ~ L ~  Project #: 923056- Pa3 

Method: NNA 0 CLPESTPCB VOA-GCMS Sample(s) #: hG?Gd/-  pp- 
NWTPH-HCID NWTPH-DX NWTPH-GX 
0 HERB 0 OPPEST 0 BUTYL TIN 

BNA-LVI AIRTOX PCB PEST 
AIR-SULFUR EDC-LVI 

Matrix: 0 Liquid 0 Solid 0 Air 0 Tissue Calibration 0 
Instrument: GCMS: HP6890 OD O E  0 J 0 K 0 L O M  0 

GC: HP6890 0 F ECD 0 G ECD 0 H FID 0 H 0 1  4450PIDlFID 

01 FID 0 
Other: 0 Extraction 0 GPC 0 

e of Occurrence: 
of Control Values: Surrogate Recoveries 0 MSIMSDlBlank spike Recoveries 0 Blank Contamination 

MSIMSD RPDs 0 Continuing Calibration Checks 
m~erformance Checks 0 Initial Calibration 

SampleILD RPDs 0 SRM 0 Other 

0 Holding time exceeded by days 

Explanation: (include out of control values and associated limits, if applicable) 

0 See QAQC Summary Sheet Batch # for values and limits. 0 See reverse side-for more 
- - - - -- - - - - - - --- 

rective Action: 
Sample(s) processed "AS IS" >ample(s) reanalyzed 0 Sample(s) reextracted and reanalyzed 
Other: W 

Are there any impacts on the data? 

/;7 

0520 (9103) Supervisor: Date: 



Semi-Volatile Mass Spectroscopy Completion Sheet 

e 

Instrument: ~ ~ 6 8 9 0 d  d ~ u l l  scan SIM 

Methods: BNA BNA-SUR BN-LVI A-LVI EDC-BNA-LVIABNALL 
OPPEST BUTYLTMS EDC-LVI Other: 

Matrices: Liquids @solids Tissues Calibration Other: 

Instrument File Information Folder: 
H~njec t ion  Log 

N Tme 
J$ Initial Calibration Curve 
BContinuing CalibratiodCheck Standards 
@ Instrument method (calibration file only) 

-VI curvelcontinuing qualifiers (if necessary) 
$ I ~ a w  data reports/chromatog~arns/mass spectra 
d! SEED3 Reports 
mSequence Report 

Information Folder (may be part of 
instrument file folderk 

E QC Report 
WKGP Sheet 

B~x t r ac t i on  Sheet 
& ~ i lu t i on  Log (if necessary) 
@corrective Action Form 
@ Injection Log 
EGPC log (QA2 only) 

Reviewed Yes No NIA CAF 

0 0 0 0  j! 0 0 0 0  
@ o o o o  

o o o o  
$. o o o o  
B o o o o  
p o o o o  
Jii! 0 0 0 0  

o o o o  
0 o o H  p o o o o  

TC* Packape: 
q QC Report 
q WKGP Sheet 
q Extraction Sheet 
q Dilution Log (if necessary) 
q Corrective Action Form 
q Injection Log 
q SEED3 Reports 
q GPC log (QA2 only) 

* (If TC = Diane, please place WKGP sheet on top) 

QC Package: 
q QC Report 

WKGP Sheet 
q Extraction Sheet 
q Dilution Log (if necessary) 
q Corrective Action Form 
q Injection Log 
q GPC log (QA2 only) 

Tune passed SOP criteria 
Samples run within 12 hours shift 
Initial calibration meets method SCCICCC SOP criteria 
Continuing calibration meets method SCCICCC SOP criteria 
ISTD area counts meets method SOP criteria 
Correct extractioddilution information 
Correct surrogate/matrix spike true values 
Correct project QC limits applied (STDIQAl) 
Correct project blanklQAl/LVI qualifiers applied 
CAF addresses QC anomalies (when necessary) 
Independent check standard run with initial calibration 

Moved to EDS: Date: 



King County Environmental Laboratory 

WORK GROUP REPORT (wk02) 

Apr 15 2004, 11:58 am 

Work Group: KG74022 (PPS#296-pcbll) for Department: 7 - Organics, Trace 

Created: 08-APR-04 Due: Operator: lm/km 

423056-160  orf folk Cleanup Study 
423056-160 Norfolk Cleanup Study 
423056-160 Norfolk Cleanup Study 
423056-160 Norfolk Cleanup Study 

0 Norfolk Cleanup Study 
3056-160 Norfolk Cleanup Study 
3056-160   or folk Cleanup Study 
3056-160 Norfolk Cleanup Study 

3 - 1/2 Grab Composite, 0 - 2 cm J 
3 - 1/2 Grab composite, 0 - 10 cm 
3 - 1/2 Grab composite, 0 - 2 cm 

- I/2 Grab composite, 0 - 10 cm 
3 - 1/2 Grab composite, 0 - 2 cm 
3 - 1/2 Grab composite, 0 - 10 cm 
3 - 1/2 Grab Composite, 0 - 2 cm 
3 - 1/2 Grab composite, 0 - 10 cm 

G74022-3 L31635-3 

S PCBLL SALTWTRSED P W P  U 
S PCEiLL SALTWTRSED PREP U 
S PCBLL SALTWTRSED PREP U 
S PCBLL SALTWTRSED PREP U 
S P C B U  SALTWTRSED PREP U 
S PCBLL SALTWTRSED PREP U 
S PCBLL SALTWTRSED PREP U 
S P-LL SALTWTRSED PREP U 
S PCBLL OTHR SOLID PREP U 
S PC3LL OTHR SOLID PREP U 
S PCm& SALTWTRSED PREP U 
S P~~ SALTWTRSED PREP U 
S P a m  OTHR SOLID PREP U 
S PCBLL SALTWTRSED PREP U 

Page 1 
I) 



SOLID AND TISSUE SAMPLE EXTRACTION RECORD FOR PESTICIDE I PCB ANALYSIS 
TRACE ORGANICS LABORATORY 





I I 
d ( Ave. 13.551 567856512 20.279 697624406 15.751 84330534 24.477 59567356 

Std. Dev. 0.002 125515179 0.001 74321150 0.002 23056237 0.002 11485947 

1 7- WlSD 22% HX 27% 19% 

Page 1 of 1 



Corrective Action 
Department of 
Natural R ~ S O U K ~ S  and Parks 

Date Occurred: $%?/- 0 f  
Date Recognized: 5'- 2 2 -0 f 
Reported by: - A 5  f 

WG #: 7~02 ‘Z 
Batch #: yP-5 296 

Method: 0 BNA 0 CLPESTPCB VOA-GCMS Sam~le(s) #: 
NWTPH-HCID O NWTPH-DX O NWTPH-GX 
0 HERB 0 OPPEST 0 BUTYL TIN 

BNA-LVI AIRTOX PCB PEST 
AIR-SULFUR EDC-LVI +ELL 

Matrix: 0 Liquid p l i d  OAir OTissue 0 Calibration 0 
Instrument: GCMS: HP6890 O D  OE 0 J OK OL O M  0 

GC: HP6890 @$# ECD 0 G ECD 0 H FID 0 H 014450PIDIFID 

dl FID 0 
Other: 0 Extraction OGPC 0 

- - - --- - - -- - - - -- -- - - -  

Type of occurrence: 
B o u t  of Control Values: 0 Surrogate Recoveries 0 MSIMSDlBlank spike Recoveries 0 Blank Contamination 

0 MSIMSD RPDs 0 Continuing Calibration Checks 
0 Performance Checks , 0 Initial Cal' ration 

SampleILD RPDs & ~ R M  b t h e r  
0 Holding time exceeded by days 

0 See QAQC Summary Sheet Batch # for values and limits. 0 See reverse side for more 

Are there any impacts on the data? A R f i r4  l' ; - L 1 4.1 S .  

Signatures: 
Analyst: L/-zz-s f 

.* ,-- 

QA Officer (for Q Date: 

Date: , r /  L 

0520 (9103) Date: .ezi9<ar" @ 



KING COUNTY METRO ENVIRONMENTAL LABORATORY 
Lab QC Report - 04/29/04 11:OO 

Run ID: R100529 Workgroup: WG74022 (PPS#296-pcbll) 
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KING COUNTY METRO ENVIRONMENTAL LRBORATORY 
Lab QC Report - 04/29/04 11:OO 

Run ID: R100529 Workgroup: WG74022 (PPS#296-pcbll) 
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KING COUNTY METRO ENVIRONMENTAL LABORATORY 
Lab QC Report - 04/29/04 11:OO 

Run ID: R100529 Workgroup: WG74022 (PPS#296-pcbll) 
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KING COUNTY METRO ENVIRONMENTAL LABORATORY 
Lab QC Report - 04/29/04 11:OO 

Run ID: R100529 Workgroup: WG74022 (PPS#296-pcblll 
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