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EXECUTIVE SUMMARY 
Twenty-seven freshwater stream sites in King County, Washington were sampled for sediment 
quality over the period 1987–2002.  The primary focus of the monitoring program was sampling 
and analysis for metals and grain size distributions, with some additional analysis of petroleum 
hydrocarbons and limited analysis of other organic compounds. 

170 chemical parameters were analyzed.  Data for four petroleum hydrocarbons parameters are 
not presented in this report due to a lack of guidelines or adequate comparison data.  Of the 166 
chemical parameters evaluated in this report, 32 were detected at least once while 134 were 
never detected.  Of the 36 parameters detected at least once, there were 17 metals and 15 organic 
chemicals. 

Grain size analysis indicated that sampling sites primarily consisted of sand (~54–80%), with 
more highly variable amounts of gravel, silt and clay across sites.  Variability at a given 
sampling location over time was also high. However, this is not unexpected due to the natural 
heterogeneity of stream sediment.  

Maximum concentrations of five metals (arsenic, cadmium lead, nickel and zinc) were detected 
at levels that exceeded their respective freshwater sediment quality guidelines (FSQGs).  
Although data for organic compounds are limited due to the small number of analyses, the 
maximum concentration of chlordane exceeded its FSQG.  At locations where parameters 
exceeded probable effects levels, confirmatory chemical testing and possibly toxicity testing 
would be warranted to understand the scope of any contamination problem.   

Correlation analyses determined that all metals and two organics with >50% frequency of 
detection were significantly positively correlated with percent fines, significantly negatively 
correlated with percent coarse. In general, metals parameters were significantly correlated with 
each other.  No statistically significant trends over time were observed, possibly due to 
limitations of the sampling design. 

Data gaps were noted regarding inconsistencies in sample design and sampling intensity over 
space and time, and regarding lack of data for certain auxiliary parameters (e.g., Acid Volatile 
Sulfides; Total Organic Carbon) that could be helpful in interpretation of other collected data. 

It is recommended that future monitoring use a stratified, random sampling design with specific 
goals in mind, i.e. long-term trend analysis, ecological risk assessment, or between-site 
differences.  Currently sampling sites are located at the mouth of the creek.  The use of a 
stratified, random sampling design will allow for a broader characterization of sediments within 
a particular watershed.
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1.0. INTRODUCTION 
Sediment quality has become generally recognized as providing an indication of water quality 
integrated over time; many chemicals released to the aquatic environment ultimately become 
associated with bottom sediments (Dillon et al. 1997).  As part of King County government’s 
mission to monitor and protect water quality, freshwater stream sediment samples were collected 
for analysis of physical and chemical properties.  This data report describes the monitoring 
program and provides a review of the historical freshwater stream sediment quality data for the 
period 1987–2002. 

1.1 Purpose of Report 
The primary purpose of this report is to provide a comprehensive review of the existing body of 
data generated by the freshwater stream sediment monitoring program.  The report provides 
details regarding the monitoring program design and provides a summary and interpretation of 
sediment quality data generated to date. 

A secondary purpose of this report is to provide information to inform decision-making 
regarding the future direction of the monitoring program.  Accordingly, this report also includes 
discussion of known data gaps and issues in interpreting data.   

1.2 Scope of Freshwater Stream Sediment 
Monitoring Program 

Sampling events included in this report were conducted between 1987 and 2002 at 27 freshwater 
stream sampling locations within Water Resources Inventory Areas (WRIAs) 8 and 9. 

The primary focus of the monitoring program to date has been sampling and analysis of 
sediment-associated metals and grain size distribution.  Less frequently, samples were analyzed 
for organic compounds.  One sampling event in September 1995 analyzed a broad range of 
organic compounds at a subset of six of the 27 sampling locations.  In addition, samples were 
analyzed in September 1998 for selected herbicides at three of the 27 sampling locations. Four 
petroleum hydrocarbon parameters were analyzed at a lower frequency than the metal parameters 
and a higher frequency than the organic parameters.  However, due to the lack of guidelines or 
comparison data, the interpretation of the petroleum hydrocarbon data is severely limited and is, 
therefore, omitted from this report. 

Further details regarding sampling locations, sampling frequency by location and parameter type, 
and sampling and analytical methods are provided in Section 2.1.  The scope of the sampling and 
analysis activities varied by location and sampling event, e.g., not all locations were sampled 
every year for all parameters during each sampling event and not all parameters were analyzed 
using the same analytical methods and method detection limits (MDLs) consistently over the 
course of the monitoring program.  These methodological issues are discussed further in Section 
4.0. 
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2.0. METHODS 
This section describes sampling locations, sampling frequency, field methods, laboratory 
analytical methods and parameters analyzed.  Freshwater sediment quality guidelines (FSQG) 
are identified to serve as benchmarks for evaluating sediment quality and the potential for 
ecological impacts. 

2.1 Sampling Locations and Frequency 
Sediment samples were collected at 27 locations within WRIAs 8 and 9 (Figure 1).  Many of the 
sampling locations are at or near the streams confluence with one of the major lakes, Lakes 
Sammamish, Washington and Union.  Sampling frequency varied between sites (Table 1).  
Samples were not collected at all locations during each annual sampling event, and not all 
parameters were analyzed during each sampling event.  

In general, the focus of sample collection efforts was annual sampling and analysis of metals and 
grain size distribution.  Samples were typically collected in late summer/early fall during low-
flow conditions.  Additional parameters were occasionally included, but these were analyzed less 
frequently (e.g., organic compounds were analyzed at six locations in 1995 and a short list of 
herbicides were analyzed at three locations in 1998).
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Figure 1. Sediment sampling locations, King County, Washington 
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Table 1. Sediment sampling frequency by parameter type and location  

Sample Site (Locator) Grain Size Metals Organics

Bear Creek (0484) 14 16 0 

Big Soos Creek (A320) 14 16 0 

Coal Creek East (0442) 14 16 1 

Crisp Creek (0321) 10 10 0 

Ebright Creek (A685) 7 7 0 

Eden Creek (A690) 7 8 1 

Fairweather Bay Trib (0498) 14 16 0 

Forbes Creek (0456) 14 16 0 

Idylwood Creek (A620) 8 8 1 

Issaquah Creek (0631) 14 16 1 

Juanita Creek (0446) 14 16 0 

Lewis Creek (A617) 7 8 2 

Little Bear Creek (0478) 14 16 0 

Lyon Creek (0430) 14 16 0 

May Creek (0440) 14 16 1 

McAleer Creek (0432) 13 15 0 

Mercer Slough (0444) 14 16 0 

Mill Creek (A315) 14 16 0 

Newaukum Creek (0322) 14 16 0 

North Creek (0474) 14 16 0 

Pine Lake Creek (A680) 7 7 1 

Pipers Creek (0210) 11 12 0 

Springbrook Creek (0317) 11 13 0 

Swamp Creek (0470) 13 15 0 

Thornton Creek (0434) 14 16 0 

Tibbetts Creek (0630) 12 15 1 

Yarrow Bay Trib (0499) 14 16 0 
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2.2 Field Methods 
This section describes the equipment used for sample collection, procedures for selecting 
sampling sites, sample collection, transport and handling procedures, field sampling records, 
sediment sample compositing procedures, and collection of quality control (QC) samples (field 
replicates). 

2.2.1 Sampling Equipment 
Field equipment and supplies used in the collection of samples for the sediment monitoring 
program are listed in Appendix A. 

2.2.2 Determination of Sample Collection Locations 
The majority of the sediment samples were collected at the mouths of streams in King County 
routine water quality stream monitoring program. 

As outlined in the EPA method for sampling stream sediments, “...contaminants are more likely 
to be concentrated in sediments typified by fine particle size and high organic matter content.  
This type of sediment is most likely to be collected from depositional zones” (USEPA 1994).  
For this reason, King County Environmental Lab (KCEL) personnel attempted to select sampling 
locations where fines were present.  If no such location was found, a location with the smallest 
grain size observed was sampled. 

Where appropriate, a handheld GPS unit was used to acquire and record NAD83 coordinates for 
latitude and longitude of the sampling location. 

2.2.3 Sample Collection and Compositing Procedures 
Samples were collected from streams at least two feet deep using a pre-cleaned PVC core tube to 
penetrate the bottom sediment to a depth of five to ten centimeters.  A stainless steel spatula or 
gloved hand was inserted under the core tube mouth to trap the sediment inside, and the tube 
removed from the stream.  The tube was slowly angled to the side to allow excess water to drain 
off; care was taken not to allow fines to escape.   The sediment in the tube was then transferred 
into a pre-cleaned stainless steel compositing container.  The process was repeated a minimum of 
five times to acquire an appropriate volume of material to fill all sample containers after 
compositing.  Where core tube penetration was poor or the streambed rocky or gravelly, 
additional material was collected.  Excess water in the compositing container was decanted off 
once fines had been allowed to settle.  A stainless steel spoon or spatula was used to homogenize 
the sample.  Rocks or other debris approximately 1.3 cm (half-inch) diameter or larger were 
removed and discarded. 
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2.2.4 Sample Transport and Handling 
Once collected, samples were placed in coolers with ice for storage prior to transport to the 
KCEL.  Chain of custody (COC) procedures were followed from time of collection to time of 
disposal after analyses were completed. 

2.2.5 Field Sampling Records 
Sampling personnel recorded information including collection date, time, staff initials, number 
and penetration depth of cores collected to form the composite sample, GPS coordinates, and any 
additional notes about the sampling site.  Field sheets and sample container labels were used to 
track handling of samples. 

2.2.6 Field QC Sample Collection 
Field replicates were collected between 1993 and 2002; prior to 1993 no replicates were 
collected.  The number of replicates collected each year varied from one to three and were 
always collected at the Big Soos Creek site.  The other replicates were randomly collected from 
five other sites, Idylwood Creek, Juanita Creek, May Creek, Mercer Slough, and Pine Lake 
Creek.  For the statistical analyses, the maximum parameter concentration of the two replicate 
samples was used. 

2.3 Parameters Included in Analysis 
All parameters included in this data review are listed in Table 2.  These include 20 metals, 146 
organic compounds, and grain size distribution.  Four petroleum hydrocarbon parameters were 
analyzed but not included in the data analysis. 

 



 Freshwater Stream Sediments: Review of Historical Monitoring Data 1987-2002 

King County 4  printed 04/20/2006 15:53:40 

Table 2. Summary of Parameters Included in Analysis 
GRAIN SIZE ORGANICS ORGANICS CONTINUED ORGANICS CONTINUED ORGANICS CONTINUED ORGANICS CONTINUED ORGANICS CONTINUED 

Clay Acenaphthene Bromodichloromethane 4,4'-DDE 2,6-Dinitrotoluene 2-Methylnaphthalene 1,1,2,2-Tetrachloroethane 

Gravel Acenaphthylene Bromoform 4,4'-DDT Dinoseb 2-Methylphenol Tetrachloroethylene 

Sand Acetone Bromomethane Dibenzo(a,h)anthracene Di-N-octyl phthalate 4-Methylphenol Toluene 

Silt Acrolein 4-Bromophenyl phenyl ether Dibenzofuran 1,2-Diphenylhydrazine Naphthalene Toxaphene 

 Acrylonitrile 2-Butanone Di-N-butyl phthalate Endosulfan I 2-Nitroaniline  2,4,5-TP 

METALS Aldrin Carbazole Dicamba Endosulfan II 3-Nitroaniline  Tricamba 

Aluminuml Aniline Carbon disulfide 1,2-Dichlorobenzene  Endosulfan sulfate 4-Nitroaniline  1,2,4-Trichlorobenzene 

Antimony Anthracene Carbon tetrachloride 1,3-Dichlorobenzene  Endrin Nitrobenzene 1,1,1-Trichloroethane 

Arsenic Benzene Chlordane  1,4-Dichlorobenzene  Endrin aldehyde 2-Nitrophenol 1,1,2-Trichloroethane 

Barium Benzidine 4-Chloroaniline 3,3'-Dichlorobenzidine Ethylbenzene 4-Nitrophenol Trichloroethylene 

Beryllium Benzo(a)anthracene Chlorobenzene 1,1-Dichloroethane Fluoranthene N-Nitrosodimethylamine Trichlorofluoromethane 

Cadmium Benzo(b)fluoranthene Chlorodibromomethane 1,2-Dichloroethane Fluorene N-Nitrosodiphenylamine 2,4,5-Trichlorophenol 

Chromium Benzo(k)fluoranthene Chloroethane 1,1-Dichloroethylene Heptachlor N-Nitrosodi-N-propylamine 2,4,6-Trichlorophenol 

Copper Benzoic acid 2-Chloroethyl vinyl ether trans-1,2-Dichloroethylene Heptachlor epoxide A & B Aroclor  1016 Vinyl acetate 

Iron Benzo(g,h,i)perylene Chloroform 2,4-Dichlorophenol Hexachlorobenzene Aroclor 1221 Vinyl chloride  

Lead Benzo(a)pyrene Chloromethane  Dichloroprop Hexachlorobutadiene Aroclor 1232 Total Xylenes 

Magnesium Benzyl alcohol 4-Chloro-3-methylphenol 1,2-Dichloropropane Hexachlorocyclopentadiene Aroclor 1242  

Manganese Benzyl butyl phthalate 2-Chloronaphthalene cis-1,3-Dichloropropene Hexachloroethane Aroclor 1248  

Mercury alpha-BHC 2-Chlorophenol trans-1,3-Dichloropropene 2-Hexanone  Aroclor 1254  

Molybdenum beta-BHC 4-Chlorophenyl phenyl ether Dieldrin Indeno(1,2,3-cd)pyrene Aroclor 1260  

Nickel delta-BHC Chrysene Diethyl phthalate Isophorone Pentachlorophenol  

Selenium gamma-BHC (Lindane) Coprostanol Dimethyl phthalate MCPA  Phenanthrene  

Silver Bis(2-chloroethoxy)methane 2,4-D  2,4-Dimethylphenol MCPP  Phenol  

Thallium Bis(2-chloroethyl)ether Dalapon 4,6-Dinitro-o-cresol Methoxychlor Pyrene  

Tin Bis(2-chloroisopropyl)ether 2,4-DB  2,4-Dinitrophenol 4-Methyl-2-pentanone  Styrene  

Zinc Bis(2-ethylhexyl)phthalate 4,4'-DDD 2,4-Dinitrotoluene Methylene chloride  2,4,5-T   
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2.4 Analytical Methods 
Technical names for parameters and corresponding analytical methods used over the course of 
the sediment monitoring program to date are summarized in Appendix B.   

2.4.1 Grain Size Distribution  
Grain size distribution results were generated by subcontract laboratories, Am Test Inc. and Rosa 
Analytical.  Two methods were used for grain size determination, PSEP p and ASTM D422.   
The methods of analysis are considered to be comparable across labs and analytical methods.  
Grain size categories (gravel, sand, silt, clay) were defined as follows: 

• Gravel:   (phi size) < 0 

• Sand:   0 ≤   (phi size) < 5 

• Silt:    5 ≤   (phi size) < 9 

• Clay  (phi size) ≥   9. 

Note that where grain size data were available for both a “Sample” and “Field Replicate,” these 
data were averaged across the sample and field replicate to produce a single value representing 
the grain size category for that sampling location and date.  

2.4.2 Metals 
Mercury data were generated by Cold Vapor Atomic Absorption (CVAA).  For all other metals, 
most data were generated by ICP analysis.  For some of the older metals data, an analytical 
method was not specified.  These data were analyzed by either ICP, graphite furnace atomic 
absorption (GFAA), or both.  All data generated by ICP should be comparable, since sample 
preparation and analysis has been very consistent since the early 1990s. 

2.4.3 Organic Compounds 
Base/neutral/acid-extractable organic compounds (BNAs) were analyzed by EPA Method SW-
846 8270.  Volatile organic chemicals (VOCs) were analyzed by EPA Method SW-846 8260.  
Chlorinated pesticides and Polychlorinated Biphenyls (PCBs) were analyzed by EPA Method 
SW-846 8080.  All analyses were performed by a method similar to the procedure currently in 
use, except that older instruments used for analysis of the historical samples may not have been 
able to meet the current MDLs.  Herbicides were analyzed by STL Seattle, formerly Sound 
Analytical, using GC/MS according to EPA Method 8151A modified to provide improved 
sensitivity and accuracy compared to the standard EPA method used for these parameters. 
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2.5 Freshwater Sediment Quality Guidelines 
Sediment chemistry data were compared to two sets of freshwater sediment quality guidelines 
(FSQGs) to provide context for data interpretation.  Smith et al (1996) developed guidelines 
based on the threshold effects level (TEL) values and the probable effects level (PEL). The TEL 
is intended to estimate the chemical concentration below which adverse biological effects are 
rarely expected to occur.  The PEL is intended to estimate the chemical concentration above 
which adverse biological effects are frequently expected to occur (Smith et. al 1996).  Guidelines 
have been derived by Smith et al. (1996) for 23 substances, including eight trace metals, six 
individual polycyclic aromatic hydrocarbons (PAHs), eight pesticides, and total PCBs (Table 3).   

Avocet (2003) developed Floating Percentile guidelines resulting in Sediment Quality Standards 
(SQS) and Cleanup Screening Levels (CSL). The SQS is intended to estimate the chemical 
concentration below which adverse effects are not observed. The CSL is intended to estimate the 
chemical concentration below which only minor adverse effects would occur and above which 
more significant adverse effects are expected. Multiple Floating Percentile FSQGs were 
developed based on variable definitions of a biological “hit” for bioassay test results.  The 
bioassay data used included 10-day mortality for Hyalella azteca and Chironomus tentans, 10-
day growth for Chironomus tentans and Microtox.  The SQS defines a biological hit when the 
difference between the mortality test and control is greater than 10 percent, when the growth 
test/control ratio is less than 0.8 and when the decrease in Microtox luminescence test/control 
ratio is less than 0.85.  The CSL defines a biological hit when the test results for the same four 
bioassays are greater than 25 percent, less than 0.7, and less than 0.75, respectively.  Guidelines 
have been derived by Avocet (2003) for 31 substances included in this report, including ten trace 
metals, 15 individual polycyclic aromatic hydrocarbons (PAHs), one semi-volatile organic, four 
phthalates, and total PCBs (Table 3). 

As part of the FSQG development process, Avocet and SAIC (2002) assessed performance of 
multiple existing FSQG sets using the regional sediment database SEDQUAL.  Of the eight 
different FSQG sets tested, the Apparent Effects Thresholds / Probable Apparent Effects 
Thresholds (AET/PAETs) (Ecology 1997) and the PELs were concluded to have generally lower 
error rates and the best balance between sensitivity and efficiency.  Because the Floating 
Percentile values are designed to replace the AETs currently recommended for use in 
Washington by WDOE, the Floating Percentile FSQGs and the TELs/PELs were selected to 
evaluate sediment quality in this report. Other FSQGs have been, or are currently being 
developed, and are reviewed elsewhere (e.g., Ingersoll et al. 1996, MacDonald et al. 2000, 
Moshenberg 2004), but were not selected for use in this assessment.   

To provide some perspective for compounds for which FSQGs were not available, these data 
were compared with sediment concentrations in regional urban lakes (Lakes Union, Washington 
and Sammamish), Chester Morse Lake and upland regional Puget Sound soil levels.  The 
regional urban lakes are repositories for sediment load entering from the streams represented in 
this report in addition to other sources of sediment within the lakes.  Chester Morse Lake is a 
lake in the upper Cedar River watershed created by a dam and sediment fluxes are most likely to 
resemble stream sediments than lake sediments.  Chester Morse Lake and associated watershed 
are protected as the City of Seattle’s drinking water source, and therefore would provide an 
assessment of a relatively uncontaminated condition.   
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Table 3. Freshwater Sediment Quality Guidelines for parameters evaluated in this study 
(Smith et al. 1996 and Avocet 2003). 

Parameter 

Probable 
Effects 
Level 

(PEL)1 

Threshold 
Effects 
Level 

(TEL)1 

Cleanup 
Screening 

Level 
(CSL)2 

Sediment 
Quality 

Standard 
(SQS)2 

Units  
(Dry Wt.) 

Antimony N/A N/A 0.6 0.4 mg/kg 

Arsenic 17 5.9 51 20 mg/kg 

Cadmium 3.53 0.596 1.0 0.6 mg/kg 

Chromium 90 37.3 100 95 mg/kg 

Copper 196.6 35.7 830 80 mg/kg 

Lead 91.3 35 430 335 mg/kg 

Mercury 0.486 0.174 0.75 0.50 mg/kg 

Nickel 35.9 18 70 60 mg/kg 

Silver N/A N/A 2.5 2.0 mg/kg 

Zinc 314.8 123.1 160 140 mg/kg 

2-Methylnaphthalene N/A N/A 560 470 μg/kg 

Acenaphthene N/A N/A 1320 1060 μg/kg 

Acenaphthylene N/A N/A 640 470 μg/kg 

Anthracene N/A N/A 1580 1200 μg/kg 

Benz(a)anthracene 384.7 31.7 5800 4260 μg/kg 

Benzo(a)pyrene 782 31.9 4810 3300 μg/kg 

Benzo(b,k)fluoranthenes N/A N/A 14000 11000 μg/kg 

Benzo(g,h,i)perylene N/A N/A 5200 4020 μg/kg 

gamma-BHC (lindane) 1.38 0.94 N/A N/A μg/kg 

Bis(2-ethylhexyl)phthalate N/A N/A 320 230 μg/kg 

Chlordane 8.9 4.5 N/A N/A μg/kg 

Chrysene 861.7 57.1 6400 5940 μg/kg 

p,p’-DDD 8.51 3.54 N/A N/A μg/kg 

p,p’-DDE 6.75 1.42 N/A N/A μg/kg 

Dibenz(a,h)anthracene N/A N/A 840 800 μg/kg 
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Parameter 

Probable 
Effects 
Level 

(PEL)1 

Threshold 
Effects 
Level 

(TEL)1 

Cleanup 
Screening 

Level 
(CSL)2 

Sediment 
Quality 

Standard 
(SQS)2 

Units  
(Dry Wt.) 

Dibenzofuran N/A N/A 440 400 μg/kg 

Dieldrin 6.67 2.85 N/A N/A μg/kg 

Dimethyl phthalate N/A N/A 440 46 μg/kg 

Di-n-octyl phthalate N/A N/A 45 26 μg/kg 

Endrin 62.4 2.67 N/A N/A μg/kg 

Fluoranthene 2354.9 111.3 15000 11000 μg/kg 

Fluorene N/A N/A 3000 1000 μg/kg 

Heptachlor epoxide 2.74 0.6 N/A N/A μg/kg 

Indeno(1,2,3-cd)pyrene N/A N/A 5300 4120 μg/kg 

Naphthalene N/A N/A 1310 500 μg/kg 

Phenanthrene 514.9 41.9 7600 6100 μg/kg 

Pyrene 875 53 16000 8800 μg/kg 

1Smith et al. (1996) 
2 Avocet (2003) 
N/A – Not applicable 

 

2.6 Statistical Analyses 
A number of statistical analyses were conducted to identify potential correlations, trends and 
differences among sites.  For the purposes of this report, where a chemical parameter was not 
detected (i.e., “<MDL” values) a proxy (“adjusted”) value of one-half of the MDL was 
substituted and used in all subsequent statistical analyses.  Where the results for a grain size phi-
size range were reported as either (a) a zero percent value, or (b) a null value, the result was 
reported as zero. The following provides an overview of the statistical analyses used in this 
assessment. 

2.6.1 Correlation Analysis 
Correlation analysis was conducted on metal and organic results within each sampling site.  Data 
from all years were combined in order to produce a sample size large enough to conduct the 
statistical analysis. Analytical results were tested for normal distributions before correlation 
analysis was conducted.  If non-normal distributions were present, non-parametric statistical 
methods for testing relationships between parameters were used, i.e., Spearman Rank 
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Correlations.  The null hypothesis was that there is no relationship between any two parameters.  
This relationship was tested with a p<0.05. 

2.6.2 Trend Analysis 
Five metals (chromium, copper, lead, nickel and zinc) were tested for trends over time at the 27 
sampling sites.  The statistical method used for identifying trends was the theta or difference 
equation model.  The difference equation model is a dynamic process that accounts for a trend by 
using the entire set of observations and is the preferred method of identifying a trend (McCleary 
and Hay, 1980).  The difference equation is: 

Ŷt  = Yt-1  + theta0 

Theta0 is the trend parameter.  It is simply the mean of the differenced set.  The differenced set is 
defined as t2 - t1, t3 - t2, etc (t equals time).  The mean of that set is tested with a one sample t-test 
to determine if it is statistically different from zero.  If it is, then there is a trend.  The sign of the 
mean tells the direction of the trend.  The trends analysis was conducted at a p<0.05l. 

2.6.3 Between-site Differences 
Between-site differences were evaluated for three metals associated with urban runoff, copper, 
lead, and zinc, using the Least Significant Difference (LSD) Post-hoc Test for Analysis of 
Variance (ANOVA).  This test evaluated pairs of sites with respect to each parameter, i.e., 
compared each site with every other site.  The LSD tests the statistical significance of the 
differences between each pair of sites at a significance level p<0.05.  Sampling sites with either 
higher or lower concentrations than at least 20 other locations were considered substantially 
different from other sites. 

2.6.4 Quality Assurance/Quality Control 
A formal QA/QC review was not conducted on the dataset used in this report.  The KCEL 
implemented internal QA/QC procedures and all protocols were followed over the course of the 
sediment program.  The KCEL protocols were considered adequate for this analysis.  Data were 
used in accordance with the KCEL data qualifiers.   
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3.0. RESULTS 
Summary statistics of grain size distribution are presented in Appendix C.  Summary statistics 
for all other parameters, calculated across all sampling sites combined (i.e., aggregated by 
chemical), along with the range of dates sampled by chemical, are presented in Appendix D-1.  
Minimum and maximum MDLs are also presented for all parameters.  For chemical parameters 
where replicate data were available, results and statistical summaries were calculated by 
selecting the maximum value from among the field replicates.  Site-specific results for chemical 
parameters that exceeded their PEL or CSL are also presented graphically in Appendix D-2.  The 
results of the correlation analyses are presented in Appendix E. 

Of the 166 parameters evaluated, 32 were detected at least once, while the remaining 134 were 
never detected above analytical detection limits in any sample.  Of the 32 parameters detected at 
least once, 17 were metals and 15 were organic compounds.  Frequency of detection (FOD) 
ranged from less than 1% for selenium up to 100% for aluminum, barium, chromium, copper, 
iron, magnesium, manganese, nickel and zinc.  Of the 134 parameters that were never detected, 
three were metals and 131 were organic compounds. 

3.1 Grain Size Distribution 
Average grain size distribution data by location are presented in Figure 2 and summary statistics 
in Appendix C.  Sediment at all sampling locations was dominated by sand (~54–80%), with 
high variability across sites with respect to gravel (~3–38%), silt (~1–25%) and clay (<1–7%) 
fractions.  Percent coarse (sum of gravel + sand) ranged from ~69–98%; percent fines (sum of 
silt + clay) ranged from ~2–31%, with the predominant fraction being silt.  Grain size 
information is also presented graphically in Appendix C for individual samples by site and 
sample date for gravel, sand, silt, and clay. 
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Figure 2. Average grain size distribution (gravel, sand, silt, clay) by site 
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3.2 Metals 
Summary statistics for metal data are presented in Appendix D-1.  Tables 4 and 5 compare 
maximum detected metal concentrations (across all sampling locations) against FSQGs, showing 
screening ratios, number of samples exceeding guidelines, and frequency of detection (FOD) for 
samples exceeding guidelines. Screening ratios (SR) represent the ratio of the maximum 
environmental concentration to the FSQG and provide the magnitude of the exceedance.  Of the 
20 metals analyzed, 17 were detected at least once and 3 were never detected.  However, the 
sampling frequency for tin and antimony were limited, 27 samples and 1 sample, respectively, 
compared to at least 96 samples for the other metals.   

Sediment quality guidelines were not available for eight of the 17 metals detected at least once, 
(aluminum, barium, beryllium, iron, magnesium, manganese, selenium, and thallium). As 
previously indicated, to help provide additional context for interpreting these data, metal 
concentrations were compared with regional urban lakes (Moshenberg 2004), Chester Morse 
Lake sediment data (Yake et al. 1986) and to Puget Sound regional upland soils (Ames and 
Prych 1995) (Table 6).  Of the eight metals with no FSQGs detected at least once, concentrations 
of beryllium, selenium, and thallium were above those detected in regional area urban lakes, iron 
exceeded levels found in Chester Morse Lake sediments, and four metals exceeded levels 
observed in Puget Sound Upland soils (manganese, selenium, and thallium). For the two metals 
that were never detected and had no FSQGs, MDLs were also compared with the regional data 
described above. 

To show the relative degree of metal concentrations across the study area, maximum 
concentrations of metal parameters detected at least once were compared to FSQGs at all 
sampling sites (Table 7).   

Maximum concentrations of arsenic, lead, nickel and zinc exceeded their respective PEL values.  
The PEL is intended to estimate the chemical concentration above which adverse biological 
effects are frequently expected to occur.  Screening rations based on PELs ranged from 1.04 for 
zinc to 2.35 for arsenic.  The frequency with which these four metals exceeded their PELs was 
relatively low, ranging from 0.3% for zinc to 9.9% for nickel.  Maximum concentrations of 
arsenic and lead exceeded their PELs at four sites, nickel exceeded its PEL at 11 sites, and zinc 
exceeded its PEL at one site.   

All eight metals with TEL values (i.e., arsenic, cadmium, chromium, copper, lead, mercury, 
nickel and zinc) exceeded their respective TEL at one or more sampling locations.  The TEL is 
intended to estimate the chemical concentration below which adverse biological effects are rarely 
expected to occur.  Screening ratios based on TELs ranged from 1.68 for mercury to 6.78 for 
arsenic.  The frequency with which these eight metals exceeded their TELs ranged from 1.0% for 
mercury to 77.9% for nickel.   

Cadmium and zinc exceeded their respective CSL at one or more sampling locations.  The CSL 
is intended to estimate the chemical concentration below which only minor adverse effects 
would occur and above which more significant adverse effect are expected.  Screening ratios 
based on CSLs were 2.04 for cadmium and 2.08 for zinc.  The frequency with which these two 
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metals exceeded their CSLs was 1.9% for cadmium and 6.1% for zinc.  Maximum 
concentrations of cadmium exceeded its CSL at two sites and zinc exceeded its CSL at eight 
sites. 

Maximum concentrations of arsenic, cadmium, nickel and zinc exceeded their respective SQS 
values.  The SQS is intended to estimate the chemical concentration below which adverse effects 
are not observed.  Screening ratios based on SQSs ranged from 1.07 for nickel to 4.67 for 
cadmium.  The frequency with which these four metals exceeded their SQSs was relatively low, 
ranging from 0.53% for nickel to 8.8% for zinc.   

Copper, lead and zinc are commonly associated with urban runoff.  Statistical tests to determine 
the between-site differences for these three metals revealed that four sites had statistically higher 
concentrations of at least one of those three metals than the remaining sites: Fairweather Bay 
Trib (copper, lead, zinc), Forbes Creek (lead, zinc), Mill Creek (lead), and Thornton Creek 
(copper, lead, zinc).  At each of these sites, the maximum concentrations of lead exceeded the 
PEL.  At the three sites where zinc concentrations were statistically higher, the maximum 
concentrations exceeded the CSL.  Copper concentrations never exceeded the PEL or CSL. 

Forbes Creek exhibited the greatest amount of metals contamination.  This site had the highest 
concentrations for four metals parameters and a total of five parameters exceeded either a PEL or 
CSL.  Fairweather Bay Trib, McAleer Creek, and Thornton Creek each had three parameters that 
exceeded a PEL or CSL. 

Correlation analyses were conducted on all detected metals (Appendix E). Detected metals 
concentrations were significantly positively correlated with percent fines and significantly 
negatively correlated with percent coarse (p<0.05).  Antimony could not be correlated with any 
other metal due to low sampling and detection frequency. Almost all metals were positively 
correlated with each other; approximately 3% of the correlations were not significant.  Metals 
data were also fine-normalized and tested for significant correlations.  However, due to the high 
variability in the fines fraction, the data were more difficult to interpret after normalization and, 
therefore, the analysis is not presented here. 

Figures presenting metal concentrations in individual samples over time by sampling site for 
metals where maximum detected concentrations exceeded the PEL or CSL are presented in 
Appendix C-2, including comparison of sediment concentrations with FSQGs.  Trend analysis 
was conducted on chromium, copper, lead, nickel, and zinc.  The trend analysis indicated that 
there were no statistically significant trends for these metals at any location. 
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Table 4. Summary of sediment metal data across sampling locations, with comparison of maximum detected 
concentrations to PEL and TEL FSQGs.  All units mg/kg dry wt. 

Parameter N 

Number of 
Detected 
Values 

FOD 
(%) 

Max. 
Detected 

Value 
 

PEL 
 

TEL 

Screening 
Ratio 
(PEL) 

Screening 
Ratio 
(TEL) 

Number of 
Samples 

>PEL 

Number of 
Samples 
> TEL 

FOD > PEL
(%) 

FOD > 
TEL 
(%) 

Aluminum 96 96 100.0 24,000 N/A N/A N/A N/A N/A N/A N/A N/A 

Arsenic 122 36 29.5 40 17 5.9 2.35 6.78 5 40 4.1 32.8 

Barium 100 100 100.0 193 N/A N/A N/A N/A N/A N/A N/A N/A 

Beryllium 122 107 87.7 0.66 N/A N/A N/A N/A N/A N/A N/A N/A 

Cadmium 375 78 20.8 2.8 3.53 0.596 0.79 4.70 0 26 0.0 6.9 

Chromium 375 375 100.0 65 90 37.3 0.72 1.74 0 41 0.0 10.9 

Copper 375 375 100.0 72 196.6 35.7 0.37 2.02 0 19 0.0 5.1 

Iron 136 136 100.0 36,860 N/A N/A N/A N/A N/A N/A N/A N/A 

Lead 375 330 88.0 194 91.3 35 2.13 5.56 10 49 2.7 13.1 

Magnesium 155 155 100.0 10,036 N/A N/A N/A N/A N/A N/A N/A N/A 

Manganese 96 96 100.0 2,686 N/A N/A N/A N/A N/A N/A N/A N/A 

Mercury 314 123 39.2 0.29 0.486 0.174 0.60 1.68 0 3 0.0 1.0 

Nickel 375 375 100.0 64 35.9 18 1.78 3.56 37 292 9.9 77.9 

Selenium 107 1 0.9 5.3 N/A N/A N/A N/A N/A N/A N/A N/A 

Silver 176 24 13.6 1.5 N/A N/A N/A N/A N/A N/A N/A N/A 

Thallium 122 2 1.6 18 N/A N/A N/A N/A N/A N/A N/A N/A 

Zinc 375 375 100.0 327 314.8 123.1 1.04 2.65 1 46 0.3 12.3 

Antimony 1 0 0.0 N/A N/A N/A N/A N/A N/A N/A N/A N/A 

Molybdenum 122 0 0.0 N/A N/A N/A N/A N/A N/A N/A N/A N/A 

Tin 27 0 0.0 N/A N/A N/A N/A N/A N/A N/A N/A N/A 

Shading indicates a parameter that exceeded its PEL.  
N/A – FSQG not available 
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Table 5. Summary of sediment metal data across sampling locations, with comparison of maximum detected concentrations to CSL and SQS FSQGs.  All units 
mg/kg dry wt. 

Parameter N 

Number of 
Detected 
Values 

FOD 
(%) 

Max. 
Detected 

Value CSL 
 

SQS 

Screening 
Ratio 
(CSL) 

Screening 
Ratio 
(SQS) 

Number of 
Samples 

>CSL 

Number of 
Samples 

>SQS 

FOD > 
CSL 
(%) 

FOD > 
SQS 
(%) 

Aluminum 96 96 100.0 24,000 N/A N/A N/A N/A N/A N/A N/A N/A 

Arsenic 122 36 29.5 40 51 20 0.78 2.0 0 4 0 3.3 

Barium 100 100 100.0 193 N/A N/A N/A N/A N/A N/A N/A N/A 

Beryllium 122 107 87.7 0.66 N/A N/A N/A N/A N/A N/A N/A N/A 

Cadmium 375 78 20.8 2.8 1.0 0.6 2.80 4.67 7 24 1.9 6.4 

Chromium 375 375 100.0 65 100 95 0.65 0.68 0 0 0 0 

Copper 375 375 100.0 72 830 80 0.09 0.9 0 0 0 0 

Iron 136 136 100.0 36,860 N/A N/A N/A N/A N/A N/A N/A N/A 

Lead 375 330 88.0 194 430 335 0.45 0.58 0 0 0 0 

Magnesium 155 155 100.0 10,036 N/A N/A N/A N/A N/A N/A N/A N/A 

Manganese 96 96 100.0 2,686 N/A N/A N/A N/A N/A N/A N/A N/A 

Mercury 314 123 39.2 0.29 0.75 0.5 0.39 0.59 0 0 0 0 

Nickel 375 375 100.0 64 70 60 0.91 1.07 0 2 0 0.53 

Selenium 107 1 0.9 5.3 N/A N/A N/A N/A N/A N/A N/A N/A 

Silver 176 24 13.6 1.5 2.5 2 0.62 0.77 0 1 0 0.57 

Thallium 122 2 1.6 18 N/A N/A N/A N/A N/A N/A N/A N/A 

Zinc 375 375 100.0 327 160 140 2.04 2.33 23 33 6.1 8.8 

Antimony 1 0 0.0 N/A 0.6 0.4 N/A N/A N/A N/A N/A N/A 

Molybdenum 122 0 0.0 N/A N/A N/A N/A N/A N/A N/A N/A N/A 

Tin 27 0 0.0 N/A N/A N/A N/A N/A N/A N/A N/A N/A 

Shading indicates a parameter that exceeded its CSL.  
N/A – FSQG not available
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Table 6. Comparison of sediment metals data with no FSQGs, regional lake sediment 
quality data and regional upland soils 

Stream Sediments 

Lakes Washington, Sammamish 
& Union Sediment1 

Chester 
Morse Lake 
Sediment2 

Puget Sound 
Upland Soils3 

Metal parameters 
analyzed 

Concentration 
(mg/kg dry wt)4 N FOD 

(%) 
Concentration 
(mg/kg dry wt) N FOD 

(%) 

Concentratio
n (mg/kg dry 

wt) 

Concentration 
(mg/kg) 

Detected at least once 

Aluminum 4,788 – 24,000 96 100 NM NM NM NM 70,000 – 110,000 

Barium 17.4 – 193 100 100 NM NM NM NM 300 – 570 

Beryllium 0.029 – 0.66 122 88 0.071 – 0.569 84 100 NM <1 – 2 

Iron 8,303 – 36,860 136 100 NM NM NM 32,000 30,000 – 52,000 

Magnesium 1,878 – 10,036 155 100 NM NM NM NM 6,000 – 35,000 

Manganese 118 – 2,686 96 100 95.5 – 4,300 84 100 NM 740 – 1,400 

Selenium 1.4 – 28.6 107 1 0.58 – 1.3 84 13 NM 0.1 – 0.5 

Thallium 5.4 – 117 122 2 0.081 – 0.2 84 23 NM 5 – 7 

Never detected 

Molybdenum 0.54 – 11.7 122 0 NM NM NM NM <2 - <3 

Tin 1.97 – 6.78 27 0 NM NM NM NM <5 

Shading indicates parameters without freshwater sediment quality guidelines. 
N – Number of samples analyzed 
FOD – Frequency of Detection 
PEL – Probable Effects Level  
TEL – Threshold Effects Level  
N/A – Not available 
NM – Not measured 
FSQG – Freshwater sediment quality guideline 

1 Moshenberg (2004), based on King County data 
2 Yake et al. (1986) 
3 Ames and Prych (1995); Region F, N=4; for purposes of this table, field duplicate results are 
included in range. 
4 Metal concentrations calculated using MDL/2 as proxy for non-detected values. 
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Table 7. Maximum concentrations of metals detected at least once in sediments by sampling site, with comparison to 
FSQG.  All units as mg/kg dry wt.  
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Bear Creek 11250 9.8 44 0.38 0.28 33 11 18873 7.0 5000 476 ND 25 ND ND ND 50 0 0 
Big Soos Creek 13698 15 77 0.33 0.36 44 24 18556 13 6630 354 0.11 41 ND 0.67 ND 72 0 1 
Coal Creek East 18036 12 142 0.66 0.34 27 37 27255 20 5291 685 0.07 34 ND 0.54 ND 117 0 0 
Crisp Creek 20941 15 137 0.50 ND 34 27 20687 12 6957 326 0.10 28 ND ND ND 109 0 0 
Ebright Creek 9662 ND 37 0.16 ND 28 10 12403 3.8 4393 263 ND 27 ND ND ND 31 0 0 
Eden Creek 19378 3.9 100 0.45 ND 21 27 22485 5.7 6361 583 0.03 22 ND ND 18 128 1 0 

Fairweather Bay Trib 12736 13 106 0.40 0.49 64 72 26734 192 5192 1110 0.06 64 5.3 0.69 ND 308 3 3 

Forbes Creek 24000 40 154 0.35 1.19 58 61 23750 188 5933 748 0.27 50 ND 1.5 ND 327 4 5 
Idylwood Creek 14477 ND 41 0.23 0.22 63 15 19343 6.6 10037 409 0.03 37 ND ND ND 47 1 1 
Issaquah Creek 16160 13 86 0.54 0.15 34 30 18652 9.5 5763 378 0.07 31 ND 0.61 ND 58 0 0 

Juanita Creek 13056 ND 110 0.36 0.97 50 28 18333 40 6106 471 0.12 48 ND 0.64 ND 183 0 2 

Lewis Creek 10786 8.6 100 0.48 ND 19 46 17085 10 4350 356 0.04 16 ND 0.62 ND 77 0 0 
Little Bear Creek 9390 7.5 34 0.24 0.49 56 9.5 16456 6.2 5122 329 ND 38 ND 0.52 ND 62 0 1 

Lyon Creek 10278 13 60 0.28 0.86 39 36 14978 85 5178 528 0.08 39 ND 0.45 ND 249 0 2 

May Creek 9041 11 122 0.27 0.08 53 32 20111 63 8255 280 0.13 48 ND 0.55 ND 139 0 1 

McAleer Creek 21434 31 193 0.50 0.14 61 50 36860 53 7829 2686 0.10 62 ND 0.68 ND 204 3 3 

Mercer Slough 16583 26 125 0.27 0.45 59 21 16691 33 4763 809 0.08 31 ND 0.38 ND 152 0 1 

Mill Creek 15667 18 109 0.53 0.64 24 32 26726 194 4333 1040 0.29 23 ND 1.03 ND 149 2 2 
Newaukum Creek 16058 ND 95 0.44 0.05 24 24 18504 13 5052 489 0.04 20 ND 0.55 ND 75 0 0 
North Creek 12816 11 57 0.27 0.67 38 12 21672 14 5786 607 0.04 32 ND 0.57 12 92 0 0 
Pine Lake Creek 12418 6 58 0.25 0.37 37 18 19585 9.2 5994 986 ND 35 ND ND ND 48 0 0 
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Pipers Creek 8101 9 33 0.25 ND 30 8.7 12466 15 4783 266 ND 34 ND 0.41 ND 45 0 0 

Springbrook Creek 7632 8 30 0.66 2.8 33 48 19625 39 3185 237 0.16 25 ND 0.92 ND 212 2 2 

Swamp Creek 10476 11 98 0.24 0.29 45 20 20000 38 4694 810 0.05 31 ND 0.57 ND 125 0 0 

Thornton Creek 14289 13 131 0.38 0.88 58 45 19703 108 7492 628 0.11 58 ND 1.43 ND 271 0 3 

Tibbetts Creek 12991 12 124 0.58 0.38 37 28 19022 12 5165 962 0.07 30 ND 0.58 ND 67 0 0 

Yarrow Bay Trib 13590 7 52 0.26 0.12 65 42 25000 51 6000 427 0.15 55 ND ND ND 175 1 2 
No. sites  
> PEL or CSL N/A 4 N/A N/A 2 0 0 N/A 4 N/A N/A 0 11 N/A 0 N/A 8 -- -- 

Bold – highest detected value 
Shaded – indicates detected value > PEL 
Boxed – indicates detected value > CSL 
N/A – Not Available 
ND – Not detected 
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3.3 Organic Compounds 
Maximum detected concentrations of the 14 organic compounds detected at least once are 
presented by sampling site in Table 8.  Organic compounds were detected at least once at each of 
six sites (Eden, Idylwood, Issaquah, Lewis, Pine Lake and Tibbetts Creeks).  At Eden Creek, 11 
of the 14 compounds were each detected at least once. In general, concentrations of detected 
organic compounds were greatest in Eden Creek. 

FSQGs were available for all the 14 organic compounds detected at least once.  Concentrations 
of these 14 compounds were compared with their corresponding PELs, TELs, CSLs, and SQSs 
(Table 8).  Only one compound, chlordane, exceeded its PEL (max. conc. = 17 µg/kg dry wt at 
Lewis Creek; PEL = 8.9 µg/kg dry wt).  Seven chemicals exceeded their corresponding TELs 
(i.e., benzo(a)anthracene, benzo(a)pyrene, chlordane, chrysene, fluoranthene, phenanthrene, 
pyrene).  Six of the seven TEL exceedances were in Eden Creek. The eighth chemical, dieldrin, 
was detected in Lewis Creek but did not exceed its TEL.  None of the 14 chemicals exceeded its 
corresponding CSL.  One chemical, bis(2-ethylhexyl)phthalate exceeded its SQS in Pine Lake 
Creek. 

Correlation analysis was conducted for bis(2-ethylhexyl)phthalate and fluoranthene, the only 
organic compounds with sufficient detection rates (FOD>50%).  Bis(2-ethylhexyl)phthalate was 
positively correlated (p<0.05) with the clay fraction; positively correlated (p<0.1) with the fines 
fraction, silt fraction, arsenic, barium, cadmium, molybdenum, selenium, silver, and thallium; 
and negatively correlated (p<0.1) with iron, magnesium, and the coarse fraction.  Fluoranthene 
was positively correlated (p<0.05) with the fines fraction, clay fraction, and barium; positively 
correlated (p<0.1) with the sand fraction and cadmium; negatively correlated (p<0.05) with the 
gravel fraction and coarse fraction; and negatively correlated (p<0.1) with magnesium. 

Table 8. Maximum concentrations of organic chemicals detected at least once in 
sediments by sampling site, with comparison to FSQG.  All units as µg/kg dry 
wt.  

 FSQG Maximum Concentration 

Parameter PEL TEL CSL SQS 
Eden 
Creek

Idylwood 
Creek 

Issaquah 
Creek 

Lewis 
Creek 

Pine Lake 
Creek 

Tibbetts 
Creek 

Anthracene N/A N/A 1580 1200 37 ND ND ND ND ND

Benzo(a)anthracene 384.7 31.7 5800 4260 205 ND ND ND ND ND

Benzo(a)pyrene 782 31.9 4810 3300 115 ND ND ND ND ND

Benzo(b)fluoranthene N/A N/A 14000 11000 222 ND ND ND ND ND

Benzo(g,h,i)perylene N/A N/A 5200 4020 127 ND ND ND ND ND

Benzo(k)fluoranthene N/A N/A 14000 11000 126 ND ND ND ND ND

Bis(2-ethylhexyl)phthalate N/A N/A 320 230 ND ND ND ND 293 ND

Chlordane (technical) 8.9 4.5 N/A N/A ND ND ND 17 ND ND

Chrysene 861.7 57.1 6400 5940 249 ND ND ND ND ND



 Freshwater Stream Sediments: Review of Historical Monitoring Data 1987-2002 

King County 21  printed 04/20/2006 15:53:40 

 FSQG Maximum Concentration 

Parameter PEL TEL CSL SQS 
Eden 
Creek

Idylwood 
Creek 

Issaquah 
Creek 

Lewis 
Creek 

Pine Lake 
Creek 

Tibbetts 
Creek 

Dieldrin 6.67 2.85 N/A N/A ND ND ND 2 ND ND

Fluoranthene 2354.9 111.3 15000 11000 666 ND 25 ND ND ND

Indeno(1,2,3-cd)pyrene N/A N/A 5300 4120 123 ND ND ND ND ND

Phenanthrene 514.9 41.9 7600 6100 312 ND ND ND ND ND

Pyrene 875 53 16000 8800 442 ND ND ND ND ND

PEL – Probable Effects Level 
TEL – Threshold Effects Level 
MDL – Method Detection Limit 
N/A – not available 
Bold – Highest detected concentrations 
Shaded – Concentration exceeds its PEL or CSL 
ND – not detected above MDL 
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4.0. DISCUSSION AND CONCLUSIONS 
Grain size distribution results indicated a high variability of gravel, silt, and clay fractions from 
year to year.  This variability may be the result of impacts of variable weather patterns (e.g., low 
flow conditions leading to increased deposition of fines versus storm events with high flow 
conditions leading to increased scouring of fines), and/or the naturally high heterogeneous 
distribution of sediment size classes. 

Total Organic Carbon (TOC) was not analyzed.  TOC data would have been useful, for example, 
in evaluating the tendency for certain metals and organic chemicals to adsorb to organic carbon 
and become sequestered in bottom sediments.  Total organic carbon data are often reviewed 
during evaluation of potential fate and transport dynamics of selected chemicals in the presence 
of organic matter.    Acid Volatile Sulfides (AVS) was also not analyzed.  AVS may have been 
useful in interpretation of the metals data, e.g. with respect to bioavailability, and thus degree of 
potential toxicity of the metals to sediment-dwelling organisms.  However, since most study 
streams are well oxygenated and are frequently flushed by storm events, it is unlikely that AVS 
has a significant effect on metal bioavailability.  It is recommended that AVS be analyzed for 
one or two years and then its usefulness for interpreting metals data relative to the potential 
adverse effects to aquatic organisms should be reevaluated. 

Although bioavailability information was not available for interpretation, metals concentrations 
rarely exceeded the FSQG.  For the five parameters that did exceed guidelines (arsenic, 
cadmium, lead, nickel, and zinc), the degree to which the maximum detected concentrations 
exceeded their respective PELs was relatively small (i.e., PEL Screening Ratios ranged from 
1.04 for zinc to 2.35 for arsenic).  However, since PELs indicate a chemical concentration above 
which, adverse effects to aquatic organisms is expected to occur, these should not be taken 
lightly.  It is recommended that sampling locations with concentrations of metals exceeding PEL 
or CSL values should be resampled to verify the level of contamination.  Additionally, toxicity 
tests could provide valuable information for assessing the level of risk for adverse impacts to 
aquatic organisms. 

A broad list of organic compounds were analyzed only once (in 1995), and at only seven of the 
27 sampling sites, and a short list of herbicides was re-sampled at three of the 27 sampling sites 
in 1998.  Because data are not available across multiple sampling events it is not possible to 
evaluate trends in concentrations over time for these compounds.  Additionally, because of the 
limited amount of data (e.g., relative to metals and grain size), the ability to make comparisons 
across sites and to evaluate correlations between organic compounds and other parameters is 
likewise limited.   

It is interesting to note that 12 PAHs and two chlorinated pesticides comprised the detected in the 
organic parameters.  PAHs are ubiquitous in the Puget Sound region; and though they are 
difficult to detect in the water column, they do persist in sediments.  The detected chlorinated 
pesticides, chlordane and dieldrin, also persist in sediments and are difficult to detect in the water 
column.  Therefore, even though they have been outlawed for 30 years, they were also detected 
in sediments. Chlordane poses the greatest risk to aquatic life being the only detected organic 
compound to exceed a PEL or CSL.  It is recommended that Lewis Creek be resampled to verify 
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the level of contamination.  Additionally, toxicity tests could provide valuable information for 
assessing the level of risk for adverse impacts to aquatic organisms.  Concentrations of several 
other organic parameters fell either between TEL and PELs or SQS and CSLs, which would 
suggest the importance of continued monitoring of organic parameters to ensure that risk to 
aquatic life remains at acceptable levels. 

Though the quality and quantity of data collection was limited and made analysis of historical 
conditions difficult, comparison of observed values to FSQG indicate that the risk of adverse 
effects to aquatic life from sediment chemical contamination in most streams is considered to be 
slight.  Some streams, however, have more than one metal parameter that exceeds either a PEL 
or CSL and should continue to be monitored closely.  Additional toxicity testing would provide 
certainty in interpreting the analytical results.  

The statistical analyses found that the majority of detected metal parameters to be significantly 
correlated with each other as well as with the percent fines and percent coarse fractions.  It was 
hoped that the statistical analysis would provide useful information for interpretation of the data, 
but at this time it does not.  If the correlations between the concentrations of metal parameters 
associated with human disturbance had been stronger with iron or aluminum, the data could have 
been normalized to those naturally occurring metals to improve data interpretation. 

Long-term trend analysis found no significant trends among any of the chemical parameters.  
The purpose of monitoring is typically to determine if long-term trends are discernable.  Since no 
trends were found, one of two conclusions may be deduced; 1) chemical contamination has not 
changed over time, or 2) the sampling design was insufficient to capture the data necessary to 
discern long-term trends.   

Differences between concentrations of three urban-influenced metals across sampling locations 
were found at four sites.  This analysis produced identified streams with the greatest possible 
influence from urbanization, Fairweather Bay Trib, Forbes Creek, Mill Creek, and Thornton 
Creek.  These results are not surprising given the amount of urbanization present in the 
watersheds of these streams.  Fairweather Bay Trib runs through Bellevue, Forbes Creek runs 
through Kirkland, Mill Creek runs through South Everett, and Thornton Creek runs through 
North Seattle.     

Data gaps were noted regarding inconsistencies in sample design and sampling intensity over 
space and time, and regarding lack of data for certain parameters helpful in interpretation of 
other collected data.  The scope of the sampling and analysis activities varied by location and 
sampling event, e.g., not all locations were sampled every year; not all locations were sampled 
for all parameters during each sampling event; not all parameters were analyzed using the same 
analytical methods and MDLs consistently over the course of the monitoring program.  This 
circumstance limits the ability to make certain comparisons regarding differences between 
sampling sites, trends over time, etc.  Formal trend analysis could not be conducted where data 
were not collected at regular intervals at a given sampling site (e.g., once per year over 
consecutive years for the full range of years for which data were collected). 

In light of these findings, several recommendations can be made: 
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• AVS and TOC should be analyzed as part of the sediment monitoring program to aid in 
the interpretation of the results.   

• More stations should be added throughout the basin to characterize upstream conditions 
using a stratified sampling design with specific goals in mind, i.e. long-term trend 
analysis, ecological risk assessment, or between-site differences.  Currently sampling 
sites are located at the mouth of the creek.  The use of a stratified sampling design will 
allow for a broader characterization of sediments within a particular watershed.   

• The 27 sites that have been monitored should be kept in the program but should be 
sampled more consistently in order to facilitate trend analysis.   

• The ability to interpret sediment monitoring is enhanced when conducted in conjunction 
with monitoring of other chemical, biological and physical characteristics throughout the 
watershed. 

See the updated Stream Sediment Monitoring Sampling and Analysis Plan (King County 2004) 
for the detailed recommended changes to the freshwater sediment program. 

 



 Freshwater Stream Sediments: Review of Historical Monitoring Data 1987-2002 

King County 25  printed 04/20/2006 15:53:40 

5.0. REFERENCES 
Ames, K.C. and E.A. Prych. 1995. Background concentrations of metals in soils from selected 

regions in the State of Washington.  U.S. Geological Survey Water-Resources 
Investigations Report 95-4018. 

Avocet Consulting.  2003.  Development of freshwater sediment quality values for use in 
Washington State.  Phase II Report:  Development and recommendations of SQVs for 
freshwater sediments in Washington State.  Prepared for Washington Department of 
Ecology.  Publication No. 03-09-088. 

Avocet Consulting and SAIC.  2002.  Development of freshwater sediment quality values for use 
in Washington State.  Phase I Task 6 Final Report.  Prepared for Washington Department 
of Ecology.  Publication No. 02-09-050. 

Dillon, T, G.R. Biddinger, and C.G. Ingersoll.  1997.  Ecological Risk Assessment of 
Contaminated Sediments.  Society of Chemistry and Environmental Toxicology Press, 
Pensacola FL 390 p. 

Ecology.  1997.  Creation and Analysis of Freshwater Sediment Quality Values in Washington 
State.  Washington State Dept of Ecology.  Publication # 97-323a. 

Ingersoll, C.G., P.S. Haverland, E.L. Brunson, T.J. Canfield, F. J. Dwyer, C.E. Henke, N.E. 
Kemble, D.R. Mount, and R.G. Fox, 1996.  Calculation and evaluation of sediment effect 
concentrations for the amphipod Hyalella azteca and the midge Chironomus riparius.   J. 
Great Lakes Res. 22(3):602-623. 

King County.  2004.  Stream Sediment Monitoring Sampling and Analysis Plan.  Prepared by 
Dean Wilson, Jean Power, Katherine Bourbonais, and Colin Elliott. Water and Land 
Resources Division.  Seattle, Washington. 

MacDonald, D.D., C.G. Ingersoll, and T.A. Berger.  2000.  Development and evaluation of 
consensus-based sediment quality guidelines for freshwater ecosystems.  Arch. Environ. 
Contam. Toxicol.  39:20-31. 

McCleary, R. and R. Hay.  1980.  Applied Time Series Analysis.  Sage Publications. 

Moshenberg, Kari.  2004.  Sediment Quality Triad (SQT) Analysis of Three Urban Western 
Washington Lakes.  Master’s thesis submitted to University of Washington. 



 Freshwater Stream Sediments: Review of Historical Monitoring Data 1987-2002 

King County 26  printed 04/20/2006 15:53:40 

Smith, S. L., D.D. MacDonald, K.A. Keenleyside, C.G. Ingersoll, and L.J. Field.  1996.  A 
preliminary evaluation of sediment quality assessment values for freshwater ecosystems.   
J. Great Lakes Res. 22(3):624-638. 

United States Environmental Protection Agency (USEPA). 1994.  Sediment Sampling. SOP 
#2016. November 17, 1994. 

Yake, B., D. Norton, and M. Stinson.  1986.  Application of the triad approach to freshwater 
sediment assessment: an initial investigation of sediment quality near Gas Works Park, 
Lake Union. Water Quality Investigations Section, Washington Department of Ecology, 
Olympia, WA.



 Freshwater Stream Sediments: Review of Historical Monitoring Data 1987-2002 

King County 27  printed 04/20/2006 15:53:40 

 

 

 

 

 

 

Appendix A: 

Field Sampling Equipment 
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Table 9. Field equipment used in sediment sampling 

 

Sediment Sampling Equipment 

Pre-cleaned PVC core tubes (2 ¾ in. x 3 ft. tubes with one end filed to tapered edges to form a penetrating edge).  
Tubes are cleaned in the lab with Detergent 8, soaked in a 5% acid solution, and rinsed with de-ionized water.  After 
air drying, both ends of the tubes are covered with foil. 

Set of pre-labeled sampling containers; this includes containers for metals, organic compounds, conventional, and 
subcontracted parameters. 

Stainless steel spatula, spoons, and bowl for compositing and splitting samples. 

Shoulder/elbow length nitrile gloves for sample collection. 

Lab quality nitrile gloves for compositing and splitting samples. 

Field sheets with a clipboard and waterproof pens. 

Field clothes and safety gear, including orange traffic vest. 

Gate keys for appropriate sites. 

Handheld Global Positioning System (GPS) unit. 

Several 5-gallon plastic carboys of laboratory reverse osmosis (RO) water for equipment cleaning. 

Detergent 8 and scrub brushes. 
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Appendix B: 

Parameters Analyzed, Methods, 
and Sampling Date Ranges 
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Summary of sediment quality monitoring parameters and associated analytical methods 

 
Parameter 
Category 

CAS 
Number Parameter Method Start End 

Grain Size, Gen'l 00-00-0 01_Gravel_%; 02_Sand_%; 03_Silt_%; 04_Clay_% none 08/22/1988 09/04/1991 

Grain Size, Gen'l 00-00-0 01_Gravel_%; 02_Sand_%; 03_Silt_%; 04_Clay_%  08/25/1993 08/24/1994 

Grain Size, Gen'l 00-00-0 01_Gravel_%; 02_Sand_%; 03_Silt_%; 04_Clay_% PSEP p9 09/12/1995 09/03/1998 

Grain Size, Gen'l 00-00-0 01_Gravel_%; 02_Sand_%; 03_Silt_%; 04_Clay_% ASTM D422 09/01/1998 07/31/2002 

Metals 7429-90-5 Aluminum METRO 16-02-004 08/25/1993 08/28/1996 

Metals 7440-36-0 Antimony METRO 16-02-004 09/13/1995 09/13/1995 

Metals 7440-38-2 Arsenic METRO 16-02-004 08/25/1993 09/03/1998 

Metals 7440-39-3 Barium METRO 16-02-004 08/23/1994 09/03/1998 

Metals 7440-41-7 Beryllium METRO 16-02-004 08/25/1993 09/03/1998 

Metals 7440-43-9; 
7440-47-3; 
7440-50-8; 
7439-92-1; 
7440-02-0; 
7440-66-6 

Cadmium; Chromium; Copper; Lead; Nickel; Zinc  09/29/1987 09/04/1991 

Metals 7440-43-9; 
7440-47-3; 
7440-50-8; 
7439-92-1; 
7440-02-0; 
7440-66-6 

Cadmium; Chromium; Copper; Lead; Nickel; Zinc none 08/11/1992 08/12/1992 

Metals 7440-43-9; 
7440-47-3; 
7440-50-8; 
7439-92-1; 
7440-02-0; 
7440-66-6 

Cadmium; Chromium; Copper; Lead; Nickel; Zinc METRO 16-02-004 08/25/1993 09/03/1998 

Metals 7440-43-9; 
7440-47-3; 
7440-50-8; 
7439-92-1; 
7440-02-0; 
7440-66-6 

Cadmium; Chromium; Copper; Lead; Nickel; Zinc EPA3050A/6010B (60-20-004-002) 08/30/1999 07/27/2000 

Metals 7440-43-9; 
7440-47-3; 
7440-50-8; 
7439-92-1; 
7440-02-0; 
7440-66-6 

Cadmium; Chromium; Copper; Lead; Nickel; Zinc EPA3050A/6010B (06-02-004-002) 07/25/2001 07/31/2002 

Metals 7439-89-6 Iron PE 08/08/1989 09/04/1991 
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Parameter 
Category 

CAS 
Number Parameter Method Start End 

Metals 7439-89-6 Iron METRO 16-02-004 08/23/1994 08/28/1996 

Metals 7439-95-4 Magnesium PE 09/03/1991 08/12/1992 

Metals 7439-95-4 Magnesium METRO 16-02-004 08/25/1993 09/03/1998 

Metals 7439-96-5 Manganese METRO 16-02-004 08/25/1993 08/28/1996 

Metals 7439-97-6 Mercury, Total  08/08/1989 09/04/1991 

Metals 7439-97-6 Mercury none 08/11/1992 08/12/1992 

Metals 7439-97-6 Mercury METRO 16-01-004 08/25/1993 09/14/1995 

Metals 7439-97-6 Mercury METRO 16-01-001 08/26/1996 08/28/1996 

Metals 7439-97-6 Mercury METRO 16-01-005 08/25/1997 09/03/1998 

Metals 7439-97-6 Mercury EPA 245.5 (06-01-004-001) 08/30/1999 07/27/2000 

Metals 7439-97-6 Mercury EPA 245.5 (06-01-004-003) 07/25/2001 07/31/2002 

Metals 7439-98-7 Molybdenum METRO 16-02-004 08/25/1993 09/03/1998 

Metals 7782-49-2 Selenium METRO 16-02-004 08/25/1993 09/03/1998 

Metals 7440-22-4 Silver  09/06/1990 09/04/1991 

Metals 7440-22-4 Silver none 08/11/1992 08/12/1992 

Metals 7440-22-4 Silver METRO 16-02-004 08/25/1993 09/03/1998 

Metals 7440-28-0 Thallium METRO 16-02-004 08/25/1993 09/03/1998 

Metals 7440-31-5 Tin METRO 16-02-004 08/26/1996 08/28/1996 

Organics 71-55-6 1,1,1-Trichloroethane SW-846 8260 09/13/1995 09/14/1995 

Organics 79-34-5 1,1,2,2-Tetrachloroethane SW-846 8260 09/13/1995 09/14/1995 

Organics 79-00-5 1,1,2-Trichloroethane SW-846 8260 09/13/1995 09/14/1995 

Organics 75-34-3 1,1-Dichloroethane SW-846 8260 09/13/1995 09/14/1995 

Organics 75-35-4 1,1-Dichloroethylene SW-846 8260 09/13/1995 09/14/1995 

Organics 120-82-1 1,2,4-Trichlorobenzene SW-846 8270 09/13/1995 09/14/1995 

Organics 95-50-1 1,2-Dichlorobenzene (o- ) SW-846 8270 09/13/1995 09/14/1995 

Organics 107-06-2 1,2-Dichloroethane SW-846 8260 09/13/1995 09/14/1995 

Organics 78-87-5 1,2-Dichloropropane SW-846 8260 09/13/1995 09/14/1995 

Organics 122-66-7 1,2-Diphenylhydrazine SW-846 8270 09/13/1995 09/14/1995 
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Parameter 
Category 

CAS 
Number Parameter Method Start End 

Organics 541-73-1 1,3-Dichlorobenzene (m- ) SW-846 8270 09/13/1995 09/14/1995 

Organics 106-46-7 1,4-Dichlorobenzene (p- ) SW-846 8270 09/13/1995 09/14/1995 

Organics 93-76-5 2,4,5-T (2,4,5-Trichlorophenoxyacetic acid) EPA 615 09/13/1995 09/14/1995 

Organics 93-76-5 2,4,5-T (2,4,5-Trichlorophenoxyacetic acid) SW-846 8151A GC/MS MODIFIED 09/03/1998 09/03/1998 

Organics 93-72-1 2,4,5-TP (Silvex) (2-[2,4,5-Trichlorophenoxy]propionic acid) EPA 615 09/13/1995 09/14/1995 

Organics 93-72-1 2,4,5-TP (Silvex) (2-[2,4,5-Trichlorophenoxy]propionic acid) SW-846 8151A GC/MS MODIFIED 09/03/1998 09/03/1998 

Organics 95-95-4 2,4,5-Trichlorophenol SW-846 8270 09/13/1995 09/14/1995 

Organics 88-06-2 2,4,6-Trichlorophenol SW-846 8270 09/13/1995 09/14/1995 

Organics 94-75-7 2,4-D (2,4-Dichlorophenoxyacetic acid) EPA 615 09/13/1995 09/14/1995 

Organics 94-75-7 2,4-D (2,4-Dichlorophenoxyacetic acid) SW-846 8151A GC/MS MODIFIED 09/03/1998 09/03/1998 

Organics 94-82-6 2,4-DB (4-[2,4-Dichlorophenoxy]butyric acid) EPA 615 09/13/1995 09/14/1995 

Organics 94-82-6 2,4-DB (4-[2,4-Dichlorophenoxy]butyric acid) SW-846 8151A GC/MS MODIFIED 09/03/1998 09/03/1998 

Organics 120-83-2 2,4-Dichlorophenol SW-846 8270 09/13/1995 09/14/1995 

Organics 105-67-9 2,4-Dimethylphenol SW-846 8270 09/13/1995 09/14/1995 

Organics 51-28-5 2,4-Dinitrophenol SW-846 8270 09/13/1995 09/14/1995 

Organics 121-14-2 2,4-Dinitrotoluene SW-846 8270 09/13/1995 09/14/1995 

Organics 606-20-2 2,6-Dinitrotoluene SW-846 8270 09/13/1995 09/14/1995 

Organics 78-93-3 2-Butanone (MEK) SW-846 8260 09/13/1995 09/14/1995 

Organics 110-75-8 2-Chloroethyl vinyl ether SW-846 8260 09/13/1995 09/14/1995 

Organics 91-58-7 2-Chloronaphthalene SW-846 8270 09/13/1995 09/14/1995 

Organics 95-57-8 2-Chlorophenol SW-846 8270 09/13/1995 09/14/1995 

Organics 591-78-6 2-Hexanone (MBK; Methyl n-butyl ketone) SW-846 8260 09/13/1995 09/14/1995 

Organics 91-57-6 2-Methylnaphthalene SW-846 8270 09/13/1995 09/14/1995 

Organics 95-48-7 2-Methylphenol SW-846 8270 09/13/1995 09/14/1995 

Organics 88-74-4 2-Nitroaniline (o- ) SW-846 8270 09/13/1995 09/14/1995 

Organics 88-75-5 2-Nitrophenol SW-846 8270 09/13/1995 09/14/1995 

Organics 91-94-1 3,3'-Dichlorobenzidine SW-846 8270 09/13/1995 09/14/1995 

Organics 99-09-2 3-Nitroaniline (m- ) SW-846 8270 09/13/1995 09/14/1995 
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Parameter 
Category 

CAS 
Number Parameter Method Start End 

Organics 72-54-8 4,4'-DDD SW-846 8080 09/13/1995 09/14/1995 

Organics 72-55-9 4,4'-DDE SW-846 8080 09/13/1995 09/14/1995 

Organics 50-29-3 4,4'-DDT SW-846 8080 09/13/1995 09/14/1995 

Organics 534-52-1 4,6-Dinitro-o-cresol SW-846 8270 09/13/1995 09/14/1995 

Organics 101-55-3 4-Bromophenyl phenyl ether SW-846 8270 09/13/1995 09/14/1995 

Organics 59-50-7 4-Chloro-3-methylphenol SW-846 8270 09/13/1995 09/14/1995 

Organics 106-47-8 4-Chloroaniline SW-846 8270 09/13/1995 09/14/1995 

Organics 7005-72-3 4-Chlorophenyl phenyl ether SW-846 8270 09/13/1995 09/14/1995 

Organics 108-10-1 4-Methyl-2-pentanone (MIBK) SW-846 8260 09/13/1995 09/14/1995 

Organics 106-44-5 4-Methylphenol SW-846 8270 09/13/1995 09/14/1995 

Organics 100-01-6 4-Nitroaniline (p- ) SW-846 8270 09/13/1995 09/14/1995 

Organics 100-02-7 4-Nitrophenol SW-846 8270 09/13/1995 09/14/1995 

Organics 83-32-9 Acenaphthene SW-846 8270 09/13/1995 09/14/1995 

Organics 208-96-8 Acenaphthylene SW-846 8270 09/13/1995 09/14/1995 

Organics 67-64-1 Acetone SW-846 8260 09/13/1995 09/14/1995 

Organics 107-02-8 Acrolein SW-846 8260 09/13/1995 09/14/1995 

Organics 107-13-1 Acrylonitrile SW-846 8260 09/13/1995 09/14/1995 

Organics 309-00-2 Aldrin SW-846 8080 09/13/1995 09/14/1995 

Organics 319-84-6 alpha-BHC SW-846 8080 09/13/1995 09/14/1995 

Organics 62-53-3 Aniline SW-846 8270 09/13/1995 09/14/1995 

Organics 120-12-7 Anthracene SW-846 8270 09/13/1995 09/14/1995 

Organics 71-43-2 Benzene SW-846 8260 09/13/1995 09/14/1995 

Organics 92-87-5 Benzidine SW-846 8270 09/13/1995 09/14/1995 

Organics 56-55-3 Benzo(a)anthracene SW-846 8270 09/13/1995 09/14/1995 

Organics 50-32-8 Benzo(a)pyrene SW-846 8270 09/13/1995 09/14/1995 

Organics 205-99-2 Benzo(b)fluoranthene SW-846 8270 09/13/1995 09/14/1995 

Organics 191-24-2 Benzo(g,h,i)perylene SW-846 8270 09/13/1995 09/14/1995 

Organics 207-08-9 Benzo(k)fluoranthene SW-846 8270 09/13/1995 09/14/1995 
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Parameter 
Category 

CAS 
Number Parameter Method Start End 

Organics 65-85-0 Benzoic acid SW-846 8270 09/13/1995 09/14/1995 

Organics 100-51-6 Benzyl alcohol SW-846 8270 09/13/1995 09/14/1995 

Organics 85-68-7 Benzyl butyl phthalate SW-846 8270 09/13/1995 09/14/1995 

Organics 319-85-7 beta-BHC SW-846 8080 09/13/1995 09/14/1995 

Organics 111-91-1 Bis(2-chloroethoxy)methane SW-846 8270 09/13/1995 09/14/1995 

Organics 111-44-4 Bis(2-chloroethyl)ether SW-846 8270 09/13/1995 09/14/1995 

Organics 108-60-1 Bis(2-chloroisopropyl)ether SW-846 8270 09/13/1995 09/14/1995 

Organics 117-81-7 Bis(2-ethylhexyl)phthalate SW-846 8270 09/13/1995 09/14/1995 

Organics 75-27-4 Bromodichloromethane SW-846 8260 09/13/1995 09/14/1995 

Organics 75-25-2 Bromoform SW-846 8260 09/13/1995 09/14/1995 

Organics 74-83-9 Bromomethane SW-846 8260 09/13/1995 09/14/1995 

Organics 86-74-8 Carbazole SW-846 8270 09/13/1995 09/14/1995 

Organics 75-15-0 Carbon disulfide SW-846 8260 09/13/1995 09/14/1995 

Organics 56-23-5 Carbon tetrachloride SW-846 8260 09/13/1995 09/14/1995 

Organics 57-74-9 Chlordane (Technical; mix of alpha- and gamma- isomers) SW-846 8080 09/13/1995 09/14/1995 

Organics 108-90-7 Chlorobenzene SW-846 8260 09/13/1995 09/14/1995 

Organics 124-48-1 Chlorodibromomethane SW-846 8260 09/13/1995 09/14/1995 

Organics 75-00-3 Chloroethane (Ethyl chloride) SW-846 8260 09/13/1995 09/14/1995 

Organics 67-66-3 Chloroform (Trichloromethane) SW-846 8260 09/13/1995 09/14/1995 

Organics 74-87-3 Chloromethane (Methyl chloride) SW-846 8260 09/13/1995 09/14/1995 

Organics 218-01-9 Chrysene SW-846 8270 09/13/1995 09/14/1995 

Organics 10061-01-5 cis-1,3-Dichloropropene SW-846 8260 09/13/1995 09/14/1995 

Organics 360-68-9 Coprostanol (5-beta-Cholestan-3-one) SW-846 8270 09/13/1995 09/14/1995 

Organics 75-99-0 Dalapon EPA 615 09/13/1995 09/14/1995 

Organics 75-99-0 Dalapon SW-846 8151A GC/MS MODIFIED 09/03/1998 09/03/1998 

Organics 319-86-8 delta-BHC SW-846 8080 09/13/1995 09/14/1995 

Organics 53-70-3 Dibenzo(a,h)anthracene SW-846 8270 09/13/1995 09/14/1995 

Organics 132-64-9 Dibenzofuran SW-846 8270 09/13/1995 09/14/1995 
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Parameter 
Category 

CAS 
Number Parameter Method Start End 

Organics 1918-00-9 Dicamba EPA 615 09/13/1995 09/14/1995 

Organics 1918-00-9 Dicamba SW-846 8151A GC/MS MODIFIED 09/03/1998 09/03/1998 

Organics 120-36-5 Dichloroprop EPA 615 09/13/1995 09/14/1995 

Organics 120-36-5 Dichloroprop SW-846 8151A GC/MS MODIFIED 09/03/1998 09/03/1998 

Organics 60-57-1 Dieldrin SW-846 8080 09/13/1995 09/14/1995 

Organics 84-66-2 Diethyl phthalate SW-846 8270 09/13/1995 09/14/1995 

Organics 131-11-3 Dimethyl phthalate SW-846 8270 09/13/1995 09/14/1995 

Organics 84-74-2 Di-N-butyl phthalate SW-846 8270 09/13/1995 09/14/1995 

Organics 117-84-0 Di-N-octyl phthalate SW-846 8270 09/13/1995 09/14/1995 

Organics 88-85-7 Dinoseb EPA 615 09/13/1995 09/14/1995 

Organics 88-85-7 Dinoseb SW-846 8151A GC/MS MODIFIED 09/03/1998 09/03/1998 

Organics 959-98-8 Endosulfan I SW-846 8080 09/13/1995 09/14/1995 

Organics 33213-65-9 Endosulfan II SW-846 8080 09/13/1995 09/14/1995 

Organics 1031-07-8 Endosulfan sulfate SW-846 8080 09/13/1995 09/14/1995 

Organics 72-20-8 Endrin SW-846 8080 09/13/1995 09/14/1995 

Organics 7421-93-4 Endrin aldehyde SW-846 8080 09/13/1995 09/14/1995 

Organics 100-41-4 Ethylbenzene SW-846 8260 09/13/1995 09/14/1995 

Organics 206-44-0 Fluoranthene SW-846 8270 09/13/1995 09/14/1995 

Organics 86-73-7 Fluorene SW-846 8270 09/13/1995 09/14/1995 

Organics 58-89-9 gamma-BHC (Lindane) SW-846 8080 09/13/1995 09/14/1995 

Organics 76-44-8 Heptachlor SW-846 8080 09/13/1995 09/14/1995 

Organics 1024-57-3 Heptachlor epoxide A & B SW-846 8080 09/13/1995 09/14/1995 

Organics 118-74-1 Hexachlorobenzene SW-846 8270 09/13/1995 09/14/1995 

Organics 87-68-3 Hexachlorobutadiene SW-846 8270 09/13/1995 09/14/1995 

Organics 77-47-4 Hexachlorocyclopentadiene SW-846 8270 09/13/1995 09/14/1995 

Organics 67-72-1 Hexachloroethane SW-846 8270 09/13/1995 09/14/1995 

Organics 193-39-5 Indeno(1,2,3-cd)pyrene SW-846 8270 09/13/1995 09/14/1995 

Organics 78-59-1 Isophorone SW-846 8270 09/13/1995 09/14/1995 
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Parameter 
Category 

CAS 
Number Parameter Method Start End 

Organics 94-74-6 MCPA ([4-Chloro-2-methylphenoxy]acetic acid) EPA 615 09/13/1995 09/14/1995 

Organics 94-74-6 MCPA ([4-Chloro-2-methylphenoxy]acetic acid) SW-846 8151A GC/MS MODIFIED 09/03/1998 09/03/1998 

Organics 7085-19-0 MCPP (Mecoprop) (2-[4-Chloro-2-methyl phenoxy] propionic acid) EPA 615 09/13/1995 09/14/1995 

Organics 7085-19-0 MCPP (Mecoprop) (2-[4-Chloro-2-methyl phenoxy] propionic acid) SW-846 8151A GC/MS MODIFIED 09/03/1998 09/03/1998 

Organics 72-43-5 Methoxychlor SW-846 8080 09/13/1995 09/14/1995 

Organics 75-09-2 Methylene chloride (Dichloromethane) SW-846 8260 09/13/1995 09/14/1995 

Organics 91-20-3 Naphthalene SW-846 8270 09/13/1995 09/14/1995 

Organics 98-95-3 Nitrobenzene SW-846 8270 09/13/1995 09/14/1995 

Organics 62-75-9 N-Nitrosodimethylamine SW-846 8270 09/13/1995 09/14/1995 

Organics 621-64-7 N-Nitrosodi-N-propylamine SW-846 8270 09/13/1995 09/14/1995 

Organics 86-30-6 N-Nitrosodiphenylamine SW-846 8270 09/13/1995 09/14/1995 

Organics 12674-11-2 PCB 1016 SW-846 8080 09/13/1995 09/14/1995 

Organics 11104-28-2 PCB 1221 SW-846 8080 09/13/1995 09/14/1995 

Organics 11141-16-5 PCB 1232 SW-846 8080 09/13/1995 09/14/1995 

Organics 53469-21-9 PCB 1242 SW-846 8080 09/13/1995 09/14/1995 

Organics 12672-29-6 PCB 1248 SW-846 8080 09/13/1995 09/14/1995 

Organics 11097-69-1 PCB 1254 SW-846 8080 09/13/1995 09/14/1995 

Organics 11096-82-5 PCB 1260 SW-846 8080 09/13/1995 09/14/1995 

Organics 87-86-5 Pentachlorophenol SW-846 8270 09/13/1995 09/14/1995 

Organics 85-01-8 Phenanthrene SW-846 8270 09/13/1995 09/14/1995 

Organics 108-95-2 Phenol SW-846 8270 09/13/1995 09/14/1995 

Organics 129-00-0 Pyrene SW-846 8270 09/13/1995 09/14/1995 

Organics 100-42-5 Styrene SW-846 8260 09/13/1995 09/14/1995 

Organics 127-18-4 Tetrachloroethylene SW-846 8260 09/13/1995 09/14/1995 

Organics 108-88-3 Toluene SW-846 8260 09/13/1995 09/14/1995 

Organics 1330-20-7 Total Xylenes SW-846 8260 09/13/1995 09/14/1995 

Organics 8001-35-2 Toxaphene SW-846 8080 09/13/1995 09/14/1995 

Organics 156-60-5 trans-1,2-Dichloroethylene SW-846 8260 09/13/1995 09/14/1995 



 Freshwater Stream Sediments: Review of Historical Monitoring Data 1987-2002 

King County 37  printed 04/20/2006 15:53:40 

Parameter 
Category 

CAS 
Number Parameter Method Start End 

Organics 10061-02-6 trans-1,3-Dichloropropene SW-846 8260 09/13/1995 09/14/1995 

Organics 2307-49-5 Tricamba EPA 615 09/13/1995 09/14/1995 

Organics 79-01-6 Trichloroethylene SW-846 8260 09/13/1995 09/14/1995 

Organics 75-69-4 Trichlorofluoromethane SW-846 8260 09/13/1995 09/14/1995 

Organics 108-05-4 Vinyl acetate SW-846 8260 09/13/1995 09/14/1995 

Organics 75-01-4 Vinyl chloride (Chloroethene) SW-846 8260 09/13/1995 09/14/1995 
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Table 10. Summary statistics for sediment grain size distribution 

Gravel (%) Sand (%) Silt (%) Clay (%) 
Sample Site [Site Name + 

(Locator code)| 
N 

Average Minimum Maximum 
Std. 
Dev. Average Minimum Maximum 

Std. 
Dev. Average Minimum Maximum 

Std. 
Dev. Average Minimum Maximum Std. Dev. 

Bear Creek (0484) 14 21.80 0 78.43 20.17 70.98 17.59 95.1 18.97 4.54 0 27 6.81 2.40 0 18.84 4.92 

Big Soos Creek (A320) 24 9.26 0 35.5 11.19 81.36 53.5 95.6 11.86 7.48 0 24.5 6.03 1.80 0 18.15 3.79 

Coal Creek East (0442) 14 26.18 0 64.5 18.66 65.93 33.6 95.68 17.19 5.73 0 16.2 4.89 1.27 0 6.5 1.87 

Crisp Creek (0321) 10 2.69 1.5 10.1 2.63 68.38 62 78.5 6.54 25.25 15.7 35.6 6.21 3.78 0.4 16.7 4.86 

Ebright Creek (A685) 7 32.23 13.9 50.6 13.24 63.10 45.1 81.6 13.04 3.70 0 6.4 1.99 0.50 0 1.3 0.48 

Eden Creek (A690) 7 24.24 3.5 58 19.44 68.90 40.7 87.4 16.26 5.74 2.2 11.2 2.92 1.53 0.1 3.7 1.45 

Fairweather Bay Trib (0498) 14 20.90 0 53.8 15.54 64.95 41.8 82.6 13.21 8.67 0 17 5.25 5.15 0 41.68 10.76 

Forbes Creek (0456) 14 4.72 0 18.2 5.00 64.43 14 94.4 27.83 23.80 0 83.4 25.27 6.67 0 36.2 10.52 

Idylwood Creek (A620) 9 35.84 9.2 52.8 13.29 62.56 43.4 89.8 13.73 1.29 0 3.4 1.25 0.28 0 1.5 0.53 

Issaquah Creek (0631) 14 5.86 0 42.8 11.10 69.89 45.9 90.61 16.19 20.94 0.92 48 17.35 3.47 0.1 9.5 3.04 

Juanita Creek (0446) 15 7.19 0 49.94 12.49 72.48 40 92 15.51 15.41 1.12 47 14.20 5.00 0.1 20.9 6.77 

Lewis Creek (A617) 7 30.43 2.7 60.8 18.51 58.17 28 75.1 17.62 9.30 0 18.7 7.02 0.99 0 4 1.39 

Little Bear Creek (0478) 14 29.66 0 73.63 19.86 66.27 24.76 88.7 17.33 2.38 0 5.56 1.61 2.07 0 19.33 5.11 

Lyon Creek (0430) 14 9.06 0 42.07 12.01 78.59 56.64 93.1 9.88 8.55 0 22.9 7.79 2.77 0 18.36 4.94 

May Creek (0440) 16 14.54 0 55.3 19.72 73.98 33.6 96.6 20.80 9.41 1.3 40.94 10.15 2.48 0.1 7.58 2.64 

McAleer Creek (0432) 13 2.79 0 8.7 2.33 79.68 49.9 94.2 14.30 13.55 2.4 37.8 12.12 4.11 0.2 16.82 5.10 

Mercer Slough (0444) 19 15.81 0 43.4 16.68 67.12 26.4 92.5 17.98 11.83 1.5 62.7 13.99 5.57 0 32.71 7.69 

Mill Creek (A315) 14 11.60 0 41.98 12.84 63.75 43.28 85.6 12.01 19.30 2.9 31.3 7.97 5.26 0.4 24.58 6.29 

Newaukum Creek (0322) 14 11.41 0 42.7 11.76 76.50 52.4 95.4 12.80 9.61 0 33.7 10.66 1.64 0 8.28 2.36 

North Creek (0474) 14 26.37 0 56.3 22.05 65.29 41.2 95.2 17.89 6.10 0 28.4 7.40 2.30 0 17.08 4.48 

Pine Lake Creek (A680) 9 14.56 1.3 36.4 12.78 77.28 59.4 92.8 11.24 6.98 2.3 21.3 5.84 1.16 0.2 2.2 0.62 

Pipers Creek (0210) 11 18.66 1.3 34.8 12.99 77.24 63 93.8 10.77 3.35 0 15 4.26 0.90 0 4.2 1.60 

Springbrook Creek (0317) 11 16.58 0 71.33 26.37 59.03 20.35 98.11 25.77 18.37 0.96 53.6 18.36 5.42 0 19.37 6.67 

Swamp Creek (0470) 13 32.79 0 75.7 23.70 54.13 21.4 82.54 19.24 7.81 0 43 12.02 4.24 0 24 7.49 

Thornton Creek (0434) 14 4.33 0 18.73 4.65 72.38 59.5 89.6 7.26 18.49 5.82 33.9 8.58 4.92 0.2 21.4 5.81 

Tibbetts Creek (0630) 12 17.38 0 50.9 16.98 68.32 41 90.7 15.37 10.61 0.37 25.1 7.40 3.78 0.2 12.1 4.41 
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Gravel (%) Sand (%) Silt (%) Clay (%) 
Sample Site [Site Name + 

(Locator code)| 
N 

Average Minimum Maximum 
Std. 
Dev. Average Minimum Maximum 

Std. 
Dev. Average Minimum Maximum 

Std. 
Dev. Average Minimum Maximum Std. Dev. 

Yarrow Bay Trib (0499) 14 12.04 0 54.72 14.86 74.03 26 93.9 19.09 11.02 0 56 16.55 2.79 0 16 5.19 
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Table 11. Summary statistics for chemical parameters in freshwater stream sediments, King County, Washington 

Category Parameter 

Units 
(dry 
wt) N 

FOD 
(%) 

Min. 
MDL 

Max. 
MDL 

Min. 
Adjusted 

Value 

Max. 
Adjusted 

Value 

Average 
Adjusted 

Value 

Std. Dev. 
Adjusted 

Value 

Min. 
Detected 

Value 

Max. 
Detected 

Value 
Start 
Date End Date 

Conventionals Oil, Diesel Range Hydrocarbons (>C12-C24) mg/kg 229 3.06 27.06 584.11 13.53 292.06 40.06 29.36 38.76 171.97 8/23/1994 7/31/2002 
Conventionals Oil, Gasoline Range Hydrocarbons (C7-C12) mg/kg 229 0.87 11.27 233.64 5.64 116.82 15.40 10.28 15.50 32.63 8/23/1994 7/31/2002 
Conventionals Oil, Lube Oil Range Hydrocarbons (>C24) mg/kg 229 37.99 27.06 1168.22 13.53 1382.02 174.86 238.02 34.48 1382.02 8/23/1994 7/31/2002 
Conventionals Oil, Total Petroleum Hydrocarbons (TPH) mg/kg 22 86.36 2.44 13.33 1.22 1169.81 195.94 274.84 9.50 1169.81 8/25/1993 8/25/1993 
Metals Aluminum, Total mg/kg 96 100.00 5.62 114.49 N/A N/A N/A N/A 4788.73 24000.00 8/25/1993 8/28/1996 
Metals Arsenic, Total mg/kg 122 29.51 2.71 57.24 1.35 40.00 5.88 5.98 3.85 40.00 8/25/1993 9/3/1998 
Metals Barium, Total mg/kg 100 100.00 0.05 1.14 N/A N/A N/A N/A 17.38 193.02 8/23/1994 9/3/1998 
Metals Beryllium, Total mg/kg 122 87.70 0.05 1.14 0.03 0.66 0.25 0.14 0.06 0.66 8/25/1993 9/3/1998 
Metals Cadmium, Total mg/kg 375 20.80 0.01 3.39 0.00 2.80 0.24 0.30 0.05 2.80 9/29/1987 7/31/2002 
Metals Chromium, Total mg/kg 375 100.00 0.27 5.72 N/A N/A N/A N/A 7.88 65.00 9/29/1987 7/31/2002 
Metals Copper, Total mg/kg 375 100.00 0.21 4.56 N/A N/A N/A N/A 2.93 72.00 9/29/1987 7/31/2002 
Metals Iron, Total mg/kg 136 100.00 2.87 57.24 N/A N/A N/A N/A 8303.25 36860.47 8/8/1989 8/28/1996 
Metals Lead, Total mg/kg 375 88.00 1.58 33.88 0.92 194.43 17.58 28.76 1.91 194.43 9/29/1987 7/31/2002 
Metals Magnesium, Total mg/kg 155 100.00 1.58 33.88 N/A N/A N/A N/A 1878.38 10036.50 9/3/1991 9/3/1998 
Metals Manganese, Total mg/kg 96 100.00 0.11 2.34 N/A N/A N/A N/A 118.38 2686.05 8/25/1993 8/28/1996 
Metals Mercury, Total mg/kg 314 39.17 0.01 0.22 0.01 0.29 0.04 0.04 0.02 0.29 8/8/1989 7/31/2002 
Metals Nickel, Total mg/kg 375 100.00 1.08 23.36 N/A N/A N/A N/A 7.43 64.00 9/29/1987 7/31/2002 
Metals Selenium, Total mg/kg 107 0.93 2.71 57.24 1.35 28.62 3.82 3.26 5.30 5.30 8/25/1993 9/3/1998 
Metals Silver, Total mg/kg 176 13.64 0.23 4.56 0.11 2.28 0.35 0.28 0.38 1.54 9/6/1990 9/3/1998 
Metals Thallium, Total mg/kg 122 1.64 10.82 233.64 5.41 116.82 14.64 12.56 12.29 17.75 8/25/1993 9/3/1998 
Metals Zinc, Total mg/kg 375 100.00 0.27 5.72 N/A N/A N/A N/A 22.67 326.67 9/29/1987 7/31/2002 
Organics Anthracene µg/kg 7 14.29 19.46 27.59 9.73 36.98 15.37 9.62 36.98 36.98 9/13/1995 9/14/1995 
Organics Benzo(a)anthracene µg/kg 7 14.29 19.46 27.59 9.73 204.84 39.35 72.99 204.84 204.84 9/13/1995 9/14/1995 
Organics Benzo(b)fluoranthene µg/kg 7 14.29 52.31 74.14 26.16 221.91 58.80 72.01 221.91 221.91 9/13/1995 9/14/1995 
Organics Benzo(k)fluoranthene µg/kg 7 14.29 52.31 74.14 26.16 126.03 45.10 35.86 126.03 126.03 9/13/1995 9/14/1995 
Organics Benzo(g,h,i)perylene µg/kg 7 14.29 32.85 46.55 16.42 126.74 35.12 40.46 126.74 126.74 9/13/1995 9/14/1995 
Organics Benzo(a)pyrene µg/kg 7 14.29 32.85 46.55 16.42 114.79 33.42 35.95 114.79 114.79 9/13/1995 9/14/1995 
Organics Bis(2-ethylhexyl)phthalate µg/kg 7 14.29 19.46 27.59 9.73 293.10 51.61 106.49 293.10 293.10 9/13/1995 9/14/1995 

Organics 
Chlordane (Technical; mix of alpha- and 
gamma- isomers) µg/kg 7 14.29 8.15 11.55 4.08 16.62 6.55 4.47 16.62 16.62 9/13/1995 9/14/1995 
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Category Parameter 

Units 
(dry 
wt) N 

FOD 
(%) 

Min. 
MDL 

Max. 
MDL 

Min. 
Adjusted 

Value 

Max. 
Adjusted 

Value 

Average 
Adjusted 

Value 

Std. Dev. 
Adjusted 

Value 

Min. 
Detected 

Value 

Max. 
Detected 

Value 
Start 
Date End Date 

Organics Chrysene µg/kg 7 14.29 19.46 27.59 9.73 248.93 45.65 89.65 248.93 248.93 9/13/1995 9/14/1995 
Organics Dieldrin µg/kg 7 14.29 1.58 2.24 0.79 2.27 1.13 0.51 2.27 2.27 9/13/1995 9/14/1995 
Organics Fluoranthene µg/kg 7 28.57 19.46 27.59 9.73 665.72 106.98 246.44 25.08 665.72 9/13/1995 9/14/1995 
Organics Indeno(1,2,3-cd)pyrene µg/kg 7 14.29 32.85 46.55 16.42 123.04 34.59 39.07 123.04 123.04 9/13/1995 9/14/1995 
Organics Phenanthrene µg/kg 7 14.29 19.46 27.59 9.73 311.52 54.59 113.31 311.52 311.52 9/13/1995 9/14/1995 
Organics Pyrene µg/kg 7 14.29 19.46 27.59 9.73 442.39 73.28 162.77 442.39 442.39 9/13/1995 9/14/1995 
Metals Antimony, Total mg/kg 1 0.00 4.25 4.25 2.12 2.12 2.12 N/A N/A N/A 9/13/1995 9/13/1995 
Metals Molybdenum, Total mg/kg 122 0.00 1.08 23.36 0.54 11.68 1.45 1.26 N/A N/A 8/25/1993 9/3/1998 
Metals Tin, Total mg/kg 27 0.00 3.94 13.57 1.97 6.78 2.69 1.03 N/A N/A 8/26/1996 8/28/1996 
Organics Acenaphthene µg/kg 7 0.00 13.38 18.97 6.69 9.48 8.05 0.91 N/A N/A 9/13/1995 9/14/1995 
Organics Acenaphthylene µg/kg 7 0.00 19.46 27.59 9.73 13.79 11.71 1.32 N/A N/A 9/13/1995 9/14/1995 
Organics Acetone µg/kg 7 0.00 30.41 43.10 15.21 21.55 18.30 2.07 N/A N/A 9/13/1995 9/14/1995 
Organics Acrolein µg/kg 7 0.00 30.41 43.10 15.21 21.55 18.30 2.07 N/A N/A 9/13/1995 9/14/1995 
Organics Acrylonitrile µg/kg 7 0.00 30.41 43.10 15.21 21.55 18.30 2.07 N/A N/A 9/13/1995 9/14/1995 
Organics Aldrin µg/kg 7 0.00 1.58 2.24 0.79 1.12 0.95 0.11 N/A N/A 9/13/1995 9/14/1995 
Organics Aniline µg/kg 7 0.00 64.48 91.38 32.24 45.69 38.79 4.39 N/A N/A 9/13/1995 9/14/1995 
Organics Benzene µg/kg 7 0.00 6.08 8.62 3.04 4.31 3.66 0.41 N/A N/A 9/13/1995 9/14/1995 
Organics Benzidine µg/kg 7 0.00 778.59 1103.45 389.29 551.72 468.38 52.96 N/A N/A 9/13/1995 9/14/1995 
Organics Benzoic acid µg/kg 7 0.00 133.82 189.66 66.91 94.83 80.50 9.10 N/A N/A 9/13/1995 9/14/1995 
Organics Benzyl alcohol µg/kg 7 0.00 32.85 46.55 16.42 23.28 19.76 2.23 N/A N/A 9/13/1995 9/14/1995 
Organics Benzyl butyl phthalate µg/kg 7 0.00 19.46 27.59 9.73 13.79 11.71 1.32 N/A N/A 9/13/1995 9/14/1995 
Organics alpha-BHC µg/kg 7 0.00 1.58 2.24 0.79 1.12 0.95 0.11 N/A N/A 9/13/1995 9/14/1995 
Organics beta-BHC µg/kg 7 0.00 1.58 2.24 0.79 1.12 0.95 0.11 N/A N/A 9/13/1995 9/14/1995 
Organics delta-BHC µg/kg 7 0.00 1.58 2.24 0.79 1.12 0.95 0.11 N/A N/A 9/13/1995 9/14/1995 
Organics gamma-BHC (Lindane) µg/kg 7 0.00 1.58 2.24 0.79 1.12 0.95 0.11 N/A N/A 9/13/1995 9/14/1995 
Organics Bis(2-chloroethoxy)methane µg/kg 7 0.00 32.85 46.55 16.42 23.28 19.76 2.23 N/A N/A 9/13/1995 9/14/1995 
Organics Bis(2-chloroethyl)ether µg/kg 7 0.00 19.46 27.59 9.73 13.79 11.71 1.32 N/A N/A 9/13/1995 9/14/1995 
Organics Bis(2-chloroisopropyl)ether µg/kg 7 0.00 64.48 91.38 32.24 45.69 38.79 4.39 N/A N/A 9/13/1995 9/14/1995 
Organics Bromodichloromethane µg/kg 7 0.00 6.08 8.62 3.04 4.31 3.66 0.41 N/A N/A 9/13/1995 9/14/1995 
Organics Bromoform µg/kg 7 0.00 6.08 8.62 3.04 4.31 3.66 0.41 N/A N/A 9/13/1995 9/14/1995 
Organics Bromomethane µg/kg 7 0.00 6.08 8.62 3.04 4.31 3.66 0.41 N/A N/A 9/13/1995 9/14/1995 
Organics 4-Bromophenyl phenyl ether µg/kg 7 0.00 13.38 18.97 6.69 9.48 8.05 0.91 N/A N/A 9/13/1995 9/14/1995 



 Freshwater Stream Sediments: Review of Historical Monitoring Data 1987-2002 

King County 45  printed 04/20/2006 15:53:40 

Category Parameter 

Units 
(dry 
wt) N 

FOD 
(%) 

Min. 
MDL 

Max. 
MDL 

Min. 
Adjusted 

Value 

Max. 
Adjusted 

Value 

Average 
Adjusted 

Value 

Std. Dev. 
Adjusted 

Value 

Min. 
Detected 

Value 

Max. 
Detected 

Value 
Start 
Date End Date 

Organics 2-Butanone (MEK) µg/kg 7 0.00 30.41 43.10 15.21 21.55 18.30 2.07 N/A N/A 9/13/1995 9/14/1995 
Organics Carbazole µg/kg 7 0.00 32.85 46.55 16.42 23.28 19.76 2.23 N/A N/A 9/13/1995 9/14/1995 
Organics Carbon disulfide µg/kg 7 0.00 6.08 8.62 3.04 4.31 3.66 0.41 N/A N/A 9/13/1995 9/14/1995 
Organics Carbon tetrachloride µg/kg 7 0.00 6.08 8.62 3.04 4.31 3.66 0.41 N/A N/A 9/13/1995 9/14/1995 
Organics 4-Chloroaniline µg/kg 7 0.00 64.48 91.38 32.24 45.69 38.79 4.39 N/A N/A 9/13/1995 9/14/1995 
Organics Chlorobenzene µg/kg 7 0.00 6.08 8.62 3.04 4.31 3.66 0.41 N/A N/A 9/13/1995 9/14/1995 
Organics Chlorodibromomethane µg/kg 7 0.00 6.08 8.62 3.04 4.31 3.66 0.41 N/A N/A 9/13/1995 9/14/1995 
Organics Chloroethane (Ethyl chloride) µg/kg 7 0.00 6.08 8.62 3.04 4.31 3.66 0.41 N/A N/A 9/13/1995 9/14/1995 
Organics 2-Chloroethyl vinyl ether µg/kg 7 0.00 6.08 8.62 3.04 4.31 3.66 0.41 N/A N/A 9/13/1995 9/14/1995 
Organics Chloroform (Trichloromethane) µg/kg 7 0.00 6.08 8.62 3.04 4.31 3.66 0.41 N/A N/A 9/13/1995 9/14/1995 
Organics Chloromethane (Methyl chloride) µg/kg 7 0.00 6.08 8.62 3.04 4.31 3.66 0.41 N/A N/A 9/13/1995 9/14/1995 
Organics 4-Chloro-3-methylphenol µg/kg 7 0.00 64.48 91.38 32.24 45.69 38.79 4.39 N/A N/A 9/13/1995 9/14/1995 
Organics 2-Chloronaphthalene µg/kg 7 0.00 19.46 27.59 9.73 13.79 11.71 1.32 N/A N/A 9/13/1995 9/14/1995 
Organics 2-Chlorophenol µg/kg 7 0.00 64.48 91.38 32.24 45.69 38.79 4.39 N/A N/A 9/13/1995 9/14/1995 
Organics 4-Chlorophenyl phenyl ether µg/kg 7 0.00 19.46 27.59 9.73 13.79 11.71 1.32 N/A N/A 9/13/1995 9/14/1995 
Organics Coprostanol (5-beta-Cholestan-3-one) µg/kg 7 0.00 133.82 189.66 66.91 94.83 80.50 9.10 N/A N/A 9/13/1995 9/14/1995 
Organics 2,4-D (2,4-Dichlorophenoxyacetic acid) µg/kg 6 0.00 12.04 1202.11 6.02 601.06 108.07 241.55 N/A N/A 9/13/1995 9/3/1998 
Organics Dalapon µg/kg 7 0.00 15.36 75.53 7.68 37.76 24.08 12.65 N/A N/A 9/13/1995 9/3/1998 
Organics 2,4-DB (4-[2,4-Dichlorophenoxy]butyric acid) µg/kg 7 0.00 12.02 34.91 6.01 17.45 8.62 4.01 N/A N/A 9/13/1995 9/3/1998 
Organics 4,4'-DDD µg/kg 7 0.00 1.58 2.24 0.79 1.12 0.95 0.11 N/A N/A 9/13/1995 9/14/1995 
Organics 4,4'-DDE µg/kg 7 0.00 1.58 2.24 0.79 1.12 0.95 0.11 N/A N/A 9/13/1995 9/14/1995 
Organics 4,4'-DDT µg/kg 7 0.00 1.58 2.24 0.79 1.12 0.95 0.11 N/A N/A 9/13/1995 9/14/1995 
Organics Dibenzo(a,h)anthracene µg/kg 7 0.00 52.31 74.14 26.16 37.07 31.47 3.56 N/A N/A 9/13/1995 9/14/1995 
Organics Dibenzofuran µg/kg 7 0.00 32.85 46.55 16.42 23.28 19.76 2.23 N/A N/A 9/13/1995 9/14/1995 
Organics Dicamba µg/kg 7 0.00 12.02 34.91 6.01 17.45 8.62 4.01 N/A N/A 9/13/1995 9/3/1998 
Organics 1,2-Dichlorobenzene (o- ) µg/kg 7 0.00 19.46 27.59 9.73 13.79 11.71 1.32 N/A N/A 9/13/1995 9/14/1995 
Organics 1,3-Dichlorobenzene (m- ) µg/kg 7 0.00 19.46 27.59 9.73 13.79 11.71 1.32 N/A N/A 9/13/1995 9/14/1995 
Organics 1,4-Dichlorobenzene (p- ) µg/kg 7 0.00 19.46 27.59 9.73 13.79 11.71 1.32 N/A N/A 9/13/1995 9/14/1995 
Organics 3,3'-Dichlorobenzidine µg/kg 7 0.00 32.85 46.55 16.42 23.28 19.76 2.23 N/A N/A 9/13/1995 9/14/1995 
Organics 1,1-Dichloroethane µg/kg 7 0.00 6.08 8.62 3.04 4.31 3.66 0.41 N/A N/A 9/13/1995 9/14/1995 
Organics 1,2-Dichloroethane µg/kg 7 0.00 6.08 8.62 3.04 4.31 3.66 0.41 N/A N/A 9/13/1995 9/14/1995 
Organics 1,1-Dichloroethylene µg/kg 7 0.00 6.08 8.62 3.04 4.31 3.66 0.41 N/A N/A 9/13/1995 9/14/1995 
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Organics trans-1,2-Dichloroethylene µg/kg 7 0.00 6.08 8.62 3.04 4.31 3.66 0.41 N/A N/A 9/13/1995 9/14/1995 
Organics 2,4-Dichlorophenol µg/kg 7 0.00 32.85 46.55 16.42 23.28 19.76 2.23 N/A N/A 9/13/1995 9/14/1995 
Organics Dichloroprop µg/kg 7 0.00 12.02 34.91 6.01 17.45 8.62 4.01 N/A N/A 9/13/1995 9/3/1998 
Organics 1,2-Dichloropropane µg/kg 7 0.00 6.08 8.62 3.04 4.31 3.66 0.41 N/A N/A 9/13/1995 9/14/1995 
Organics cis-1,3-Dichloropropene µg/kg 7 0.00 6.08 8.62 3.04 4.31 3.66 0.41 N/A N/A 9/13/1995 9/14/1995 
Organics trans-1,3-Dichloropropene µg/kg 7 0.00 6.08 8.62 3.04 4.31 3.66 0.41 N/A N/A 9/13/1995 9/14/1995 
Organics Diethyl phthalate µg/kg 7 0.00 32.85 46.55 16.42 23.28 19.76 2.23 N/A N/A 9/13/1995 9/14/1995 
Organics Dimethyl phthalate µg/kg 7 0.00 13.38 18.97 6.69 9.48 8.05 0.91 N/A N/A 9/13/1995 9/14/1995 
Organics 2,4-Dimethylphenol µg/kg 7 0.00 32.85 46.55 16.42 23.28 19.76 2.23 N/A N/A 9/13/1995 9/14/1995 
Organics Di-N-butyl phthalate µg/kg 7 0.00 32.85 46.55 16.42 23.27 19.76 2.23 N/A N/A 9/13/1995 9/14/1995 
Organics 4,6-Dinitro-o-cresol µg/kg 7 0.00 64.48 91.38 32.24 45.69 38.79 4.39 N/A N/A 9/13/1995 9/14/1995 
Organics 2,4-Dinitrophenol µg/kg 7 0.00 64.48 91.38 32.24 45.69 38.79 4.39 N/A N/A 9/13/1995 9/14/1995 
Organics 2,4-Dinitrotoluene µg/kg 7 0.00 13.38 18.97 6.69 9.48 8.05 0.91 N/A N/A 9/13/1995 9/14/1995 
Organics 2,6-Dinitrotoluene µg/kg 7 0.00 13.38 18.97 6.69 9.48 8.05 0.91 N/A N/A 9/13/1995 9/14/1995 
Organics Dinoseb µg/kg 7 0.00 12.02 34.91 6.01 17.45 8.62 4.01 N/A N/A 9/13/1995 9/3/1998 
Organics Di-N-octyl phthalate µg/kg 7 0.00 19.46 27.59 9.73 13.79 11.71 1.32 N/A N/A 9/13/1995 9/14/1995 
Organics 1,2-Diphenylhydrazine µg/kg 7 0.00 64.48 91.38 32.24 45.69 38.79 4.39 N/A N/A 9/13/1995 9/14/1995 
Organics Endosulfan I µg/kg 7 0.00 1.58 2.24 0.79 1.12 0.95 0.11 N/A N/A 9/13/1995 9/14/1995 
Organics Endosulfan II µg/kg 7 0.00 1.58 2.24 0.79 1.12 0.95 0.11 N/A N/A 9/13/1995 9/14/1995 
Organics Endosulfan sulfate µg/kg 7 0.00 1.58 2.24 0.79 1.12 0.95 0.11 N/A N/A 9/13/1995 9/14/1995 
Organics Endrin µg/kg 7 0.00 1.58 2.24 0.79 1.12 0.95 0.11 N/A N/A 9/13/1995 9/14/1995 
Organics Endrin aldehyde µg/kg 7 0.00 1.58 2.24 0.79 1.12 0.95 0.11 N/A N/A 9/13/1995 9/14/1995 
Organics Ethylbenzene µg/kg 7 0.00 6.08 8.62 3.04 4.31 3.66 0.41 N/A N/A 9/13/1995 9/14/1995 
Organics Fluorene µg/kg 7 0.00 19.46 27.59 9.73 13.79 11.71 1.32 N/A N/A 9/13/1995 9/14/1995 
Organics Heptachlor µg/kg 7 0.00 1.58 2.24 0.79 1.12 0.95 0.11 N/A N/A 9/13/1995 9/14/1995 
Organics Heptachlor epoxide A & B µg/kg 7 0.00 1.58 2.24 0.79 1.12 0.95 0.11 N/A N/A 9/13/1995 9/14/1995 
Organics Hexachlorobenzene µg/kg 7 0.00 19.46 27.59 9.73 13.79 11.71 1.32 N/A N/A 9/13/1995 9/14/1995 
Organics Hexachlorobutadiene µg/kg 7 0.00 32.85 46.55 16.42 23.28 19.76 2.23 N/A N/A 9/13/1995 9/14/1995 
Organics Hexachlorocyclopentadiene µg/kg 7 0.00 32.85 46.55 16.42 23.28 19.76 2.23 N/A N/A 9/13/1995 9/14/1995 
Organics Hexachloroethane µg/kg 7 0.00 32.85 46.55 16.42 23.28 19.76 2.23 N/A N/A 9/13/1995 9/14/1995 
Organics 2-Hexanone (MBK; Methyl n-butyl ketone) µg/kg 7 0.00 30.41 43.10 15.21 21.55 18.30 2.07 N/A N/A 9/13/1995 9/14/1995 
Organics Isophorone µg/kg 7 0.00 32.85 46.55 16.42 23.28 19.76 2.23 N/A N/A 9/13/1995 9/14/1995 
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Organics MCPA ([4-Chloro-2-methylphenoxy]acetic acid) µg/kg 7 0.00 15.36 22658.61 7.68 11329.31 5815.15 5489.05 N/A N/A 9/13/1995 9/3/1998 

Organics 
MCPP (Mecoprop) (2-[4-Chloro-2-methyl 
phenoxy] propionic acid) µg/kg 7 0.00 15.36 22658.61 7.68 11329.31 5815.15 5489.05 N/A N/A 9/13/1995 9/3/1998 

Organics Methoxychlor µg/kg 7 0.00 8.15 11.55 4.08 5.78 4.90 0.55 N/A N/A 9/13/1995 9/14/1995 
Organics 4-Methyl-2-pentanone (MIBK) µg/kg 7 0.00 30.41 43.10 15.21 21.55 18.30 2.07 N/A N/A 9/13/1995 9/14/1995 
Organics Methylene chloride (Dichloromethane) µg/kg 7 0.00 30.41 43.10 15.21 21.55 18.30 2.07 N/A N/A 9/13/1995 9/14/1995 
Organics 2-Methylnaphthalene µg/kg 7 0.00 52.31 74.14 26.16 37.07 31.47 3.56 N/A N/A 9/13/1995 9/14/1995 
Organics 2-Methylphenol µg/kg 7 0.00 32.85 46.55 16.42 23.28 19.76 2.23 N/A N/A 9/13/1995 9/14/1995 
Organics 4-Methylphenol µg/kg 7 0.00 32.85 46.55 16.42 23.28 19.76 2.23 N/A N/A 9/13/1995 9/14/1995 
Organics Naphthalene µg/kg 7 0.00 52.31 74.14 26.16 37.07 31.47 3.56 N/A N/A 9/13/1995 9/14/1995 
Organics 2-Nitroaniline (o- ) µg/kg 7 0.00 133.82 189.66 66.91 94.83 80.50 9.10 N/A N/A 9/13/1995 9/14/1995 
Organics 3-Nitroaniline (m- ) µg/kg 7 0.00 133.82 189.66 66.91 94.83 80.50 9.10 N/A N/A 9/13/1995 9/14/1995 
Organics 4-Nitroaniline (p- ) µg/kg 7 0.00 133.82 189.66 66.91 94.83 80.50 9.10 N/A N/A 9/13/1995 9/14/1995 
Organics Nitrobenzene µg/kg 7 0.00 32.85 46.55 16.42 23.28 19.76 2.23 N/A N/A 9/13/1995 9/14/1995 
Organics 2-Nitrophenol µg/kg 7 0.00 32.85 46.55 16.42 23.28 19.76 2.23 N/A N/A 9/13/1995 9/14/1995 
Organics 4-Nitrophenol µg/kg 7 0.00 64.48 91.38 32.24 45.69 38.79 4.39 N/A N/A 9/13/1995 9/14/1995 
Organics N-Nitrosodimethylamine µg/kg 7 0.00 133.82 189.66 66.91 94.83 80.50 9.10 N/A N/A 9/13/1995 9/14/1995 
Organics N-Nitrosodiphenylamine µg/kg 7 0.00 32.85 46.55 16.42 23.28 19.76 2.23 N/A N/A 9/13/1995 9/14/1995 
Organics N-Nitrosodi-N-propylamine µg/kg 7 0.00 32.85 46.55 16.42 23.28 19.76 2.23 N/A N/A 9/13/1995 9/14/1995 
Organics PCB 1016 µg/kg 7 0.00 15.82 22.41 7.91 11.21 9.51 1.08 N/A N/A 9/13/1995 9/14/1995 
Organics PCB 1221 µg/kg 7 0.00 15.82 22.41 7.91 11.21 9.51 1.08 N/A N/A 9/13/1995 9/14/1995 
Organics PCB 1232 µg/kg 7 0.00 15.82 22.41 7.91 11.21 9.51 1.08 N/A N/A 9/13/1995 9/14/1995 
Organics PCB 1242 µg/kg 7 0.00 15.82 22.41 7.91 11.21 9.51 1.08 N/A N/A 9/13/1995 9/14/1995 
Organics PCB 1248 µg/kg 7 0.00 15.82 22.41 7.91 11.21 9.51 1.08 N/A N/A 9/13/1995 9/14/1995 
Organics PCB 1254 µg/kg 7 0.00 15.82 22.41 7.91 11.21 9.51 1.08 N/A N/A 9/13/1995 9/14/1995 
Organics PCB 1260 µg/kg 7 0.00 15.82 22.41 7.91 11.21 9.51 1.08 N/A N/A 9/13/1995 9/14/1995 
Organics Pentachlorophenol µg/kg 7 0.00 32.85 46.55 16.42 23.28 19.76 2.23 N/A N/A 9/13/1995 9/14/1995 
Organics Phenol µg/kg 7 0.00 133.82 189.66 66.91 94.83 80.50 9.10 N/A N/A 9/13/1995 9/14/1995 
Organics Styrene µg/kg 7 0.00 6.08 8.62 3.04 4.31 3.66 0.41 N/A N/A 9/13/1995 9/14/1995 
Organics 2,4,5-T (2,4,5-Trichlorophenoxyacetic acid) µg/kg 7 0.00 12.02 34.91 6.01 17.45 8.62 4.01 N/A N/A 9/13/1995 9/3/1998 
Organics 1,1,2,2-Tetrachloroethane µg/kg 7 0.00 6.08 8.62 3.04 4.31 3.66 0.41 N/A N/A 9/13/1995 9/14/1995 
Organics Tetrachloroethylene µg/kg 7 0.00 6.08 8.62 3.04 4.31 3.66 0.41 N/A N/A 9/13/1995 9/14/1995 
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Organics Toluene µg/kg 7 0.00 6.08 8.62 3.04 4.31 3.66 0.41 N/A N/A 9/13/1995 9/14/1995 
Organics Toxaphene µg/kg 7 0.00 15.82 22.41 7.91 11.21 9.51 1.08 N/A N/A 9/13/1995 9/14/1995 

Organics 
2,4,5-TP (Silvex) (2-[2,4,5-
Trichlorophenoxy]propionic acid) µg/kg 7 0.00 12.02 34.91 6.01 17.45 8.62 4.01 N/A N/A 9/13/1995 9/3/1998 

Organics Tricamba µg/kg 4 0.00 12.02 14.95 6.01 7.48 6.62 0.73 N/A N/A 9/13/1995 9/14/1995 
Organics 1,2,4-Trichlorobenzene µg/kg 7 0.00 19.46 27.59 9.73 13.79 11.71 1.32 N/A N/A 9/13/1995 9/14/1995 
Organics 1,1,1-Trichloroethane µg/kg 7 0.00 6.08 8.62 3.04 4.31 3.66 0.41 N/A N/A 9/13/1995 9/14/1995 
Organics 1,1,2-Trichloroethane µg/kg 7 0.00 6.08 8.62 3.04 4.31 3.66 0.41 N/A N/A 9/13/1995 9/14/1995 
Organics Trichloroethylene µg/kg 7 0.00 6.08 8.62 3.04 4.31 3.66 0.41 N/A N/A 9/13/1995 9/14/1995 
Organics Trichlorofluoromethane µg/kg 7 0.00 6.08 8.62 3.04 4.31 3.66 0.41 N/A N/A 9/13/1995 9/14/1995 
Organics 2,4,5-Trichlorophenol µg/kg 7 0.00 133.82 189.66 66.91 94.83 80.50 9.10 N/A N/A 9/13/1995 9/14/1995 
Organics 2,4,6-Trichlorophenol µg/kg 7 0.00 133.82 189.66 66.91 94.83 80.50 9.10 N/A N/A 9/13/1995 9/14/1995 
Organics Vinyl acetate µg/kg 7 0.00 30.41 43.10 15.21 21.55 18.30 2.07 N/A N/A 9/13/1995 9/14/1995 
Organics Vinyl chloride (Chloroethene) µg/kg 7 0.00 6.08 8.62 3.04 4.31 3.66 0.41 N/A N/A 9/13/1995 9/14/1995 
Organics Total Xylenes µg/kg 7 0.00 6.08 8.62 3.04 4.31 3.66 0.41 N/A N/A 9/13/1995 9/14/1995 

N – Number of Samples 
FOD – Frequency of Detection 
MDL – Method Detection Limit 
N/A – Not applicable 
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Figure 3. Arsenic concentration in sediment (mg/kg dry wt) at sites exceeding arsenic 
PEL or CSL for all sampling dates. 
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Figure 4. Cadmium concentration in sediment (mg/kg dry wt) at sites exceeding the 
cadmium PEL or CSL for all sampling dates.  
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Figure 5. Lead concentration in sediment (mg/kg dry wt) at sites exceeding the lead 
PEL or CSL for all sampling dates.  
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Figure 6. Nickel concentration in sediment (mg/kg dry wt) at sites exceeding the nickel 
PEL or CSL for all sampling dates.  
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Figure 7. Zinc concentration in sediment (mg/kg dry wt) at sites exceeding the zinc 
PEL or CSL for all sampling dates.  
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1.00                           

Sig. (2-tailed) .                           

Clay 

  

N 331                                                     

Correlation 
Coefficient 

-0.41 1.00                          

Sig. (2-tailed) 0.00 .                          
Gravel 

  
N 331 331                                                   

Correlation 
Coefficient 

-0.01 -0.41 1.00                         

Sig. (2-tailed) 0.75 0.00 .                         
Sand 

  
N 331 331 331                                                 

Correlation 
Coefficient 

0.40 -0.32 -0.17 1.00                        

Sig. (2-tailed) 0.00 0.00 0.00 .                        
Silt 

  
N 331 331 331 331                                               

Correlation 
Coefficient 

0.57 -0.42 -0.16 0.83 1.00                       

Sig. (2-tailed) 0.00 0.00 0.00 0.00 .                       
Fine 

  
N 331 331 331 331 331                                             

Correlation 
Coefficient 

-0.51 0.43 0.17 -0.77 -0.91 1.00                      

Sig. (2-tailed) 0.00 0.00 0.00 0.00 0.00 .                      
Coarse 

  
N 331 331 331 331 331 331                                           

Correlation 
Coefficient 

0.23 -0.27 -0.10 0.38 0.38 -0.38 1.00                     

Sig. (2-tailed) 0.00 0.00 0.14 0.00 0.00 0.00 .                     
Aluminum 

  
N 96 96 96 96 96 96 96                                         

Correlation 
Coefficient 

. . . . . . . .                    

Sig. (2-tailed) . . . . . . . .                    
Antimony 

  
N 1 1 1 1 1 1 1 1                                       
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0.10 -0.17 -0.08 0.33 0.31 -0.32 0.17 . 1.00                   

Sig. (2-tailed) 0.12 0.00 0.17 0.00 0.00 0.00 0.02 . .                   
Arsenic 

  
N 122 122 122 122 122 122 96 1 122                                     

Correlation 
Coefficient 

0.39 -0.22 -0.13 0.49 0.50 -0.50 0.64 . 0.30 1.00                  

Sig. (2-tailed) 0.00 0.00 0.05 0.00 0.00 0.00 0.00 . 0.00 .                  
Barium 

  
N 100 100 100 100 100 100 74 1 100 100                                   

Correlation 
Coefficient 

0.24 -0.16 -0.09 0.30 0.34 -0.34 0.49 . 0.33 0.50 1.00                 

Sig. (2-tailed) 0.00 0.01 0.16 0.00 0.00 0.00 0.00 . 0.00 0.00 .                 
Beryllium 

  
N 122 122 122 122 122 122 96 1 122 100 122                                 

Correlation 
Coefficient 

0.26 -0.21 -0.06 0.42 0.40 -0.39 0.21 . 0.50 0.37 0.27 1.00                

Sig. (2-tailed) 0.00 0.00 0.10 0.00 0.00 0.00 0.00 . 0.00 0.00 0.00 .                
Cadmium 

  
N 331 331 331 331 331 331 96 1 122 100 122 375                               

Correlation 
Coefficient 

0.21 -0.21 0.00 0.24 0.26 -0.24 0.29 . 0.21 0.25 0.03 0.23 1.00               

Sig. (2-tailed) 0.00 0.00 0.93 0.00 0.00 0.00 0.00 . 0.00 0.00 0.64 0.00 .               
Chromium 

  
N 331 331 331 331 331 331 96 1 122 100 122 375 375                             

Correlation 
Coefficient 

0.27 -0.20 -0.13 0.46 0.44 -0.46 0.49 . 0.28 0.64 0.44 0.35 0.17 1.00              

Sig. (2-tailed) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 . 0.00 0.00 0.00 0.00 0.00 .              
Copper 

  
N 331 331 331 331 331 331 96 1 122 100 122 375 375 375                           

Correlation 
Coefficient 

0.14 -0.08 -0.20 0.27 0.25 -0.29 0.71 . 0.18 0.57 0.63 0.17 0.22 0.55 1.00             

Sig. (2-tailed) 0.02 0.17 0.00 0.00 0.00 0.00 0.00 . 0.02 0.00 0.00 0.00 0.00 0.00 .             
Iron 

  
N 135 135 135 135 135 135 74 1 74 74 74 136 136 136 136                         

Correlation 
Coefficient 

0.26 -0.22 -0.04 0.37 0.37 -0.36 0.18 . 0.37 0.35 0.16 0.35 0.33 0.39 0.20 1.00            

Sig. (2-tailed) 0.00 0.00 0.29 0.00 0.00 0.00 0.01 . 0.00 0.00 0.01 0.00 0.00 0.00 0.00 .            
Lead 

  
N 331 331 331 331 331 331 96 1 122 100 122 375 375 375 136 375                       
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Sig. (2-tailed) 0.27 0.01 0.70 0.13 0.17 0.06 0.00 . 0.95 0.00 0.13 0.25 0.00 0.00 0.00 0.02 .           
Magnesium 

  
N 141 141 141 141 141 141 94 1 120 100 120 155 155 155 95 155 155                     

Correlation 
Coefficient 

0.22 -0.05 -0.12 0.18 0.19 -0.20 0.32 . 0.22 0.49 0.23 0.19 0.22 0.32 0.40 0.29 0.13 1.00          

Sig. (2-tailed) 0.00 0.48 0.08 0.01 0.01 0.00 0.00 . 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.06 .          
Manganese 

  
N 96 96 96 96 96 96 96 1 96 74 96 96 96 96 74 96 94 96                   

Correlation 
Coefficient 

0.35 -0.36 -0.03 0.51 0.51 -0.53 0.41 . 0.43 0.50 0.32 0.47 0.27 0.55 0.40 0.44 0.16 0.26 1.00         

Sig. (2-tailed) 0.00 0.00 0.48 0.00 0.00 0.00 0.00 . 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .         
Mercury 

  
N 291 291 291 291 291 291 96 1 122 100 122 314 314 314 115 314 155 96 314                 

Correlation 
Coefficient 

0.23 -0.28 -0.05 0.44 0.46 -0.46 0.23 . 0.60 0.31 0.32 0.73 0.26 0.30 0.18 0.36 0.06 0.20 0.52 1.00        

Sig. (2-tailed) 0.00 0.00 0.40 0.00 0.00 0.00 0.00 . 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.31 0.00 0.00 .        
Molybednum 

  
N 122 122 122 122 122 122 96 1 122 100 122 122 122 122 74 122 120 96 122 122               

Correlation 
Coefficient 

0.12 -0.17 0.06 0.13 0.14 -0.13 0.21 . 0.11 0.18 -0.02 0.15 0.69 0.14 0.16 0.32 0.51 0.19 0.17 0.18 1.00       

Sig. (2-tailed) 0.00 0.00 0.12 0.00 0.00 0.00 0.00 . 0.07 0.01 0.80 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 .       
Nickel 

  
N 331 331 331 331 331 331 96 1 122 100 122 375 375 375 136 375 155 96 314 122 375             

Correlation 
Coefficient 

0.20 -0.29 -0.06 0.41 0.43 -0.43 0.22 . 0.57 0.28 0.29 0.76 0.24 0.26 0.18 0.40 0.02 0.21 0.51 0.96 0.18 1.00      

Sig. (2-tailed) 0.00 0.00 0.36 0.00 0.00 0.00 0.00 . 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.78 0.00 0.00 0.00 0.01 .      
Selenium 

  
N 107 107 107 107 107 107 96 1 107 85 107 107 107 107 74 107 105 96 107 107 107 107           

Correlation 
Coefficient 

0.22 -0.24 -0.08 0.41 0.41 -0.42 0.23 . 0.61 0.33 0.32 0.58 0.20 0.31 0.22 0.34 0.07 0.20 0.47 0.92 0.15 0.90 1.00     

Sig. (2-tailed) 0.00 0.00 0.12 0.00 0.00 0.00 0.00 . 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.19 0.00 0.00 0.00 0.00 0.00 .     
Silver 

  
N 154 154 154 154 154 154 96 1 113 91 113 176 176 176 116 176 146 96 155 113 176 98 176         

Correlation 
Coefficient 

0.23 -0.26 -0.06 0.43 0.45 -0.45 0.26 . 0.61 0.32 0.34 0.71 0.26 0.31 0.22 0.34 0.09 0.22 0.51 0.97 0.17 0.93 0.89 1.00    

Sig. (2-tailed) 0.00 0.00 0.30 0.00 0.00 0.00 0.00 . 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.16 0.00 0.00 0.00 0.01 0.00 0.00 .    
Thallium 

  
N 122 122 122 122 122 122 96 1 122 100 122 122 122 122 74 122 120 96 122 122 122 107 113 122       
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Sig. (2-tailed) 0.00 0.00 0.09 0.00 0.00 0.00 0.00 . 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .   
Zinc 

  
N 331 331 331 331 331 331 96 1 122 100 122 375 375 375 136 375 155 96 314 122 375 107 176 122 375     

Correlation 
Coefficient 

0.68 -0.43 0.14 0.52 0.52 -0.52 -0.43 . 0.62 0.52 0.05 0.52 -0.14 0.14 -0.62 0.24 -0.52 0.33 0.14 0.62 -0.33 0.62 0.62 0.62 0.05 1.00  

Sig. (2-tailed) 0.03 0.18 0.65 0.10 0.10 0.10 0.18 . 0.05 0.10 0.88 0.10 0.65 0.65 0.05 0.45 0.10 0.29 0.65 0.05 0.29 0.05 0.05 0.05 0.88 .  

Bis(2-
ethylhexyl) 
phthalate 

  N 7 7 7 7 7 7 7 0 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7   

Correlation 
Coefficient 

0.68 -0.81 0.52 0.71 0.71 -0.71 -0.24 . 0.43 0.71 0.43 0.52 -0.14 0.14 -0.24 0.05 -0.52 0.33 0.14 0.43 -0.33 0.43 0.24 0.43 0.43 0.62 1.00 

Sig. (2-tailed) 0.03 0.01 0.10 0.02 0.02 0.02 0.45 . 0.18 0.02 0.18 0.10 0.65 0.65 0.45 0.88 0.10 0.29 0.65 0.18 0.29 0.18 0.45 0.18 0.18 0.05 . 
Fluoranthene 

  
N 7 7 7 7 7 7 7 0 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 

 

 




