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1.0
EXECUTIVE SUMMARY

This study was designed to address the following objectives from nine sample sites in  Pleasant Grove Creek (PGC) that have historically low to high pyrethroid concentrations: (1) determine the % of the sample site (~ 75 m of stream segment) that is depositional (i.e., fine grain sediment such as silt and clay) and non-depositional area (i.e, larger grain sediment such as sand and gravel) based on stream mapping of all sites; (2) determine variability of pyrethroid concentrations from targeted sampling of three depositional areas and three best available habitat areas for benthic macroinvertebrates (biological areas) at all sites; and (3) compare pyrethroid concentrations from the two targeted sampling approaches  in depositional and biological areas for all sites. Six of the nine sites sampled were considered mainstem sites in PGC while the other three sites were considered backwater sites.
All of the mainstem sites in Pleasant Grove Creek, except one site, contained stream bed material (sediment) that was primarily non-depositional. Depositional areas in two backwater sites were found to be more dominant than non-depositional areas although one backwater site was still primarily non-depositional. Based on sampling of nine sites in PGC, the predominant type of sediment was non-depositional. These non-depositional areas, where hydrophobic chemicals such as pyrethroids are not expected to accumulate, provide preferred habitat for many taxa of benthic macroinvertebrates. 

Total organic carbon concentrations were highly variable among replicates at the various PGC sites based on sampling both biological and depositional areas. The % sand was reported to be more variable from depositional areas when compared to biological areas from the various study sites.

Low variability of total pyrethroids from replicate biological sites was reported for six PGC sites. In contrast, high variability of total pyrethroids (3x to 12x) from replicate biological sites was reported at three PGC sites. Low variability of total pyrethroids (less than 0.5 x) from sampling replicates from depositional sites was reported for four sites while moderate to high variability for total pyrethroids (1.4 to 13.6 x) from replicate depositional sites was reported for five sites. In general, variability of total pyrethroids for replicates was higher in depositional areas when compared with targeted biological areas in PGC. This result is logical as high variability for pyrethroids would be expected in depositional areas where these insecticides are more likely to be found.     
Based on a comparison of total pyrethroids (mean values) from depositional samples with biological samples for all nine sites showed that total pyrethroid concentrations were consistently higher in depositional samples at each site. A comparison of mean individual and total pyrethroids for all sites combined for both targeted sampling methods showed that for all individual pyrethroids, as well as total pyrethroids, values were significantly higher in depositional samples than biological samples. The only exception was reported for Fenpropathrin where many of the values were below the LOQ. These results are logical and consistent with the physical/chemical properties of hydrophobic pesticides ,such as pyrethroids, that bind to fine grain sediment. 
In California, current sampling methods for collecting sediment for both chemistry and sediment toxicity testing in wadeable streams generally target depositional areas without considering the spatial scale context (representativeness) of these areas for the entire wetted stream bed of the study site. This procedure is in direct conflict with the Surface Water Ambient Monitoring Program (SWAMP) protocols which clearly state that the collection of sediment is purposefully being bias for fine materials, which must be discussed thoroughly in any subsequent interpretative reporting of the data, in regards to “representativeness” of the collected sample to the environment from which it was collected. The results from our 2008 study from a typical residential stream in California highlight the importance of this “representativeness issue” as our data clearly show that the predominant type of stream bed material is primarily non-depositional.  
2.0
INTRODUCTION

Pyrethroid insecticides – replacements for the organophosphate pesticides that are used for structural pest control, landscape maintenance and residential home and garden use -  have been identified at toxic concentrations in both an urban (Kirker Creek) and  residential (Pleasant Grove Creek) stream in California (Weston et al. 2005a: Weston et al. 2005b; Amweg et al. 2006). The toxicity assessment of pyrethroids in these two streams was based on results from sediment toxicity tests with a single species, the amphipod Hyalella azteca. Hyalella is one of the most sensitive aquatic species to pyrethroids (Giddings et al. 2006).   

The targeted sampling method used to obtain sediment for both pyrethroid analysis and toxicity tests for the studies described above involved sampling the top 2 to 3 cm of sediment from depositional areas (areas high in % silt/clay but low in  % sand) from the streams. Sediment from both Kirker Creek (mean value of 46 % sand based on 14 sites) and Pleasant Grove Creek (mean value of 60 % sand based on 21 sites) has a high percentage of sand even when depositional areas were sampled in 2006 (Hall et al. 2008a). This raises the question of the “representativeness” of the sediment sampling techniques used by various investigators (Weston et al. 2005a; Weston et al. 2005b; Amweg et al. 2006) for reporting pyrethroid toxicity in streams. If only a small % of the wetted stream bed is actually depositional and would therefore be expected to collect sediment bearing residues of hydrophobic pesticides such as pyrethroids then is the ecological risk reported by other investigators really meaningful. This issue was partially addressed in a preliminary study during the fall of 2007 with detailed mapping of depositional and non-depositional areas on a very limited spatial scale (two sites) in Pleasant Grove Creek (Hall et al. 2008b). Results from this study showed high variability among replicates for pyrethroids at both targeted and random sites and concentrations of various pyrethroids were reported to be higher from targeted sampling at the site which was primarily depositional. The general goal of the 2008 study described in this report was to expand the 2007 study to include additional sites in Pleasant Grove Creek for targeted sampling of depositional areas and  best available habitat for benthic macroinvertebrates (BMIs) in order to further explore the implications of stream sediment sampling methods to estimate potential ecological risk of pyrethroids.

The following specific objectives were addressed from nine sample sites (75 m reach) in  Pleasant Grove Creek that have historically low to high pyrethroid concentrations: (1) determine the % of the sample site (~ 75 m of stream segment) that is depositional (i.e, fine grain sediment such as sit and clay) and non-depositional area (i.e, larger grain sediment such as sand and gravel) based on stream mapping of all sites; (2) determine variability of pyrethroid concentrations from targeted sampling of three depositional areas and three best available habitat areas for BMIs (biological areas) at all sites; and (3) compare pyrethroid concentrations from the two targeted sampling approaches in depositional and biological areas for all sites. 

3.0
MATERIALS AND METHODS

3.1
Site Descriptions
Pleasant Grove Creek (PGC) and its tributaries (South Branch and Kaseberg Creek) is a residential creek in Roseville, California characterized by numerous contiguous subdivisions of single family homes which are less than 10 years old (Figure 1, Table 1). There is no industry in the area and sparse commercial development and agriculture. A brief qualitative description of each of the nine PGC sites sampled in this study is presented below. A complete description of this stream is available in Hall et al. 2008a.
3.1.1
PGC 3
Pleasant Grove Creek 3 flows through a semi-wooded open space parkland that extends up and downstream from this site for approximately one mile.  This open space area ranges from approximately 100 meters wide adjacent to the sample segment to several hundred meters in width upstream and is bordered by residential developments including new development on all sides.  The 75 meter segment ranged in width from about 1 to 8 meters and the depth was from 1 to 50 centimeters.  The sediment at this site is predominately sand with some areas of gravel.  There were overlying mats of filamentous algae in much of the segment.  The lower end of the segment contained a large amount of woody debris.  At the upper end of the segment, the immediate riparian zone consists of grasses and forbs for the first five to ten meters followed by more woody shrubs, trees and homes further downstream. This site is located in mainstem Pleasant Grove Creek.

3.1.2
PGC 4
Pleasant Grove Creek 4 flows through a semi-wooded open space area that extends upstream from this site for approximately two miles.  This open space area ranges from approximately 100 to several hundred meters wide upstream. The areas outside this open space zone are under survey for development.  A new bridge spans the stream downstream of the sample segment.  Downstream of the bridge, the riparian areas are currently pasture but may be slated for development.  This sample segment ranged in width from about 2 to 12 meters and the depth ranged from 1 to 50 centimeters.  The sediment at this site is predominately gravel with some sand in the first half of the segment.  There were overlying mats of filamentous algae in most of the segment, especially the upper end.  The middle 25 m of the 75 m segment and upper 25 m of the 75 m segment also contained some areas of woody debris in addition to some emergent vegetation. At the upper end of the segment, the immediate riparian zone on the right (facing downstream) consists mostly of grasses and forbs with a few woody shrubs and trees.  The left side (facing downstream) riparian zone was similar but contained more trees.  This site is located in mainstem Pleasant Grove Creek.

3.1.3
PGC 6
Pleasant Grove Creek 6 flows through a pasture and cattle have free access to the stream at this site.  This 75 meter sample segment ranged in width from about 3 to 5 meters and the depth ranged from 5 to 50 centimeters.  The sediment at this site was predominately sand with some small areas of gravel. There were overlying mats of filamentous algae throughout much of the segment.  At the top of the segment, the immediate riparian zone on the right consists mostly of grasses and forbs with a few woody shrubs and trees. The left side riparian zone was also primarily grasses and forbs but had more trees.  This site is located in mainstem Pleasant Grove Creek.

3.1.4
PGC 8
Pleasant Grove Creek 8 is located in a small riparian open space area within a residential area.  This open space area is wooded and about 25 meters wide.  Immediately adjacent to this area are homes.  This site is a drain that empties from a pair of culverts about 25 meters upstream from the upper end of the segment and drains into the mainstem of Pleasant Grove Creek 2-300 meters downstream.  There were 4 or 5 stormwater drains that emptied into this 75 meter segment.  Normally this site is dewatered except for a 10 to 20 meter segment just below the culvert.  This site is very sinuous with the straight line distance from the lower to upper end less that 50 meters.  The width of the stream at this site ranged from 0.5 to 2.5 meters and depth was 1 - 40 centimeters.  The predominant sediment throughout this segment was sand.  There was also a large amount of detritus in this segment as well as filamentous algae and woody debris. This site is considered a backwater site (not a mainstem site) in Pleasant Grove Creek.
3.1.5
PGC 10
Pleasant Grove Creek 10 is located in a residential area and is immediately downstream from a golf course.  The site is technically located in Kaseburg Creek.  There are road crossings immediately upstream and downstream of this site.  At the upper end of the segment, the riparian zone to the left is primarily grasses and forbs with some small trees.  This area is approximately 20 meters wide.  The adjacent land use beyond the riparian zone consists of a landscaping/grounds maintenance facility.  On the right side of the stream, the immediate riparian zone also consists of grasses and forbs with some small trees.   This area is also approximately 20 meters wide.  The adjacent land use beyond the riparian zone consists of a residential home and a commercial building.  The sample segment was not fully wetted this year.  There were a total of nine wetted areas in the 75 meter segment designated for sampling.  Total wetted stream length was about 22 meters.  The wetted stream width ranged from < 0.5 meter to 2.5 meters and depth ranged from about 1 to 20 centimeters.  Instream substrate was varied consisting of gravel and cobble with a few boulders in the lower reaches and sand, silt, clay, some gravel and organic detritus throughout the rest of the segment.  The lower end of the segment had very little emergent vegetation.  The middle 20 meters of the stream was heavily choked with cattails. The upper 30 meters contained heavy emergent and streamside vegetation growing in the streambed. PGC 10 is a mainstem site.  

3.1.6
PGC 11
Pleasant Grove Creek 11 is located in a residential area and the border between the backyards of several homes.  This is technically a drain that starts upstream 50 meters from the sample site where a culvert discharges and ends downstream about 1 kilometer where it enters Kaseburg Creek at the Sun City Roseville golf course.  The stream width ranges from about 0.5 to 2 meters for the entire segment.  Depth ranged from 1 to 25 centimeters.  Sediment was primarily sand with some gravel and cobble overlaid with abundant detritus and grass clippings from mowing.  There was also abundant emergent vegetation growing throughout the segment. The immediate riparian zone for both sides was 10 meters of lawn.  Upstream on both sides of the segment were extensive residential areas and a golf course was located downstream. PGC 11 is considered a backwater site.
3.1.7
PGC 12
Pleasant Grove Creek 12 is located in Mahany Park.  This site is located in Kaseburg Creek.  The creek flows through an open space/park area and is bordered by a dog park and ball fields on one side and open fields and a hiking/biking trail on the other.  The immediate riparian area on both sides of the creek was primarily grasses and forbs with some small trees.  Stream width ranged from 0.5 to 2 meters.  Depth ranged from about 1 to 20 centimeters.  Sediment throughout the segment was primarily depositional with abundant organic debris, detritus and algae.  The area upstream of sample segment is primarily open space parkland surrounded by ball fields and schools.  Downstream from the segment is also park land and a golf course. PGC 12 is a mainstem site.
3.1.8
PGC 17
Pleasant Grove Creek 17 is located in a residential area. This is an unnamed tributary to Kaseburg Creek.   In 2007, the upper and lower ends of the segment were bordered by road crossings.  In 2008, the upper 25 meters of the segment was dry and the site was moved downstream approximately 25 meters. The lower 25 meters of the sample segment actually flow parallel to the road.  The area upstream of the site is a park/greenway and ball field surrounded by residential area. At the upper end of the segment the riparian zone to the left (facing downstream) is primarily open field, grasses and forbs with some small trees.  This riparian area ranges from about 5 to over 30 meters wide.  The adjacent land use beyond the riparian zone consists of residential homes and an open field.  On the right side of the stream, the immediate riparian zone also consists of grasses and forbs with some small trees.   The riparian area ranges from 5 to 30 meters wide.  The adjacent land use beyond the riparian zone consists of a hiking/biking trail, residential homes, open field and a road.  Instream substrate for the segment was primarily silt, sand, organic debris and small amounts of gravel.  There were signs of recent beaver activity at the site. The upper 20-25 meters of this segment had extensive growth of cattails and other emergent vegetation instream.  The lower 50-55 meters had extensive growth of cattail along the stream edges but not in the stream.  Stream width ranged from < 0.5 to 2 meters and depth ranged from < 1 to 60 cm. PCG 17 is a backwater site.
3.1.9
PGC 19
Pleasant Grove Creek 19 is located beside a small park within a residential area.  This is the South Branch of Pleasant Grove Creek.  The stream flows through an open space/parkland area.  The open space area is surrounded by residential area.  The riparian area immediately adjacent to the stream is wooded.  Starting downstream the right side riparian zone is 3-5 meters in width and that includes a mowed lawn within a small park.  On the left side, the riparian zone is much wider with 15-20 meters of wooded area that includes a grassland. The total wetted stream length was approximately 60 meters.  Wetted width ranged from 0.5 to 6 meters and the depth ranged from 1 to 15 centimeters.  Sediment within the sample segment was primarily sand.  The lower end of the segment contained woody debris and moderate growth of filamentous algae.  The upper reaches of the segment were primarily cobble and contained a large amount of algal growth.  A small foot bridge spans the stream at the 50-60 meter mark of the segment. PGC 19 is a mainstem site.
3.2
Site Selection and Sediment Sampling Methods
The nine PGC sites described above were selected for this study due to the presence of  historical pyrethroid concentrations in 2006 and 2007 (Hall et al., 2008a). Six of these sites were selected from the mainstem creek (PGC 3, PGC 4, PGC 6, PGC 10, PGC 12, PGC 19) and three sites were selected from backwater areas (PGC 8, PGC 11, and PGC 17). From each site (defined as a 75m reach based on bioassessment sampling) the top 2 to 3 cm was collected using a stainless steel spoon (similar to a scoop) from three depositional areas using a targeted sampling approach. Approximately a liter of sediment was collected from each depositional area for pyrethroid analysis, grain size and Total Organic Carbon (TOC) as described in Hall et al. 2008b. In addition to the targeted depositional sampling described above, targeted sampling of best available habitat for BMIs (termed biological sampling or biological area) in three areas of the stream reach was also conducted using methods described in Hall et al. 2008a. Pyrethroids, grain size and TOC were also analyzed on each of these three targeted biological areas from all sites. 

A series of  maps was developed for each site showing: (1) the location of the three depositional areas and the three best available habitat areas for BMIs (biological areas)  and (2) the depositional and  non-depositional areas for the 75 m sample area. The grid tool (1 x 1 m) described in Hall et al. 2008b was used to visually determine the predominant substrate types (i.e. sand, silt) in the wetted stream bed of the study sites.

3.3
Chemical Measurements

Grain size (Plumb, 1981) and Total Organic Carbon (TOC) (U. S. EPA, 2004) was analyzed on each sample. The following pyrethroids were also analyzed: bifenthrin, cypermethrin, cyfluthrin, deltamethrin, esfenvalerate, fenpropathrin, lambda-cyhalothrin and permethrin.  Residues were extracted from sediment by shaking with methanol/water mixture and hexane for one hour.  The sample was centrifuged and an aliquot of the upper hexane layer evaporated to dryness and re-dissolved in a small volume of hexane.  The hexane sample was then subjected to a silica solid phase extraction (SPE) procedure prior to residue determination by gas chromatography with mass selective detection using negative ion chemical ionization (GC-MS/NICI).  The limit of quantitation (LOQ) of the method was 0.12-0.97 ng/g dry weight (mean = 0.24 ng/g dry weight) for bifenthrin, cypermethrin, cyfluthrin, deltamethrin, esfenvalerate, fenpropathrin, and lambda-cyhalothrin and 1.21-9.7 ng/g dry weight for permethrin (mean = 2.4 ng/g dry weight) (see Robinson, 2005 for details).

3.4
Statistical and Qualitative Analysis
A t-test was used to address variability of pyrethroid replicate samples from both sampling methods and compare pyrethroid concentrations between depositional and biological sampling. Graphical approaches were also used to: (1) compare variability of pyrethroid concentrations among replicates for both sampling methods at all sites and (2) compare mean pyrethroid concentrations and standard deviations for the two targeted sampling approaches for all sites.
4.0 RESULTS AND DISCUSSION

4.1
Stream Mapping of Depositional and Non-depositional Areas

All of the mainstem sites in Pleasant Grove Creek, except PGC 12, contained sediment that was primarily non-depositional in the wetted stream bed (Figures 2b-10b). PGC 12, the exception, contained abundant organic debris, detritus, and algae that was clearly different from the wetted stream bed at the other mainstem sites (Figure 8b). For sites PGC 4 and PGC 10, the % of depositional areas was very low (Figures 3b and 6b). Depositional areas in backwater sites PGC 8 and PGC 17 were more dominant than non-depositional areas (Figures 5b and 9b) although backwater site PGC 11 was still primarily non-depositional (Figure 7b). Based on our sampling of nine sites in PGC, the predominant type of sediment was non-depositional. These non-depositional areas, where hydrophobic chemicals such as pyrethroids are not expected to accumulate, generally provide preferred habitat for many taxa of benthic macroinvertebrates as shown in Figures 2a – 10a. Sites PGC 12 and PGC 17, which are primarily depositional sites, were the exception as these sites were reported to have best available habitat for BMIs within depositional areas for two of the three samples collected. 
4.2
Variability of TOC, % Sand and Pyrethroid from Sampling Methods
There was approximately a 69 fold difference between the extreme TOC values for sediment samples collected from replicates at the various biological sites in PGC. TOC concentrations from replicate sampling of targeted biological areas for the various sites ranged from 0.06 % at PGC 4 to 4.2 % at PGC 12 (Table 2). There was also a 27x difference between the low and high TOC measurements evaluated at various replicates from depositional sites in PGC. The % TOC from replicate samples collected in depositional areas of the 9 sites ranged from 0.67 % at PGC 6 to 18.7% at PGC 17 (Table 2). Based on these data, it appears that TOC concentrations were highly variable among sites for both targeted biological and depositional sampling.
There was approximately a 2x difference between the low and high % sand values from replicate samples from the targeted biological sites (Table 2). The % sand from replicate samples collected at biological sites ranged from 28 % at PGC 12 to 93 % at PGC 6 (Table 2). The % sand values from depositional sites ranged from 12% at PGC 12 to 88 %  at PGC 17. This was approximately a 6 fold difference between the low and high % sand replicates from depositional areas in PGC. These results suggest that % sand was more variable from depositional sites when compared to biological sites. This is logical as biological sites would tend to have a higher and more consistent degree of sandy substrate. 
Low variability of total pyrethroids from sampling replicate targeted biological sites was reported for six PGC sites ( PGC 3, PGC 4, PGC 6, PGC 8, PGC 11, and PGC 19) as presented in Figure 11 and Table 3. In contrast, high variability of total pyrethroids (3x to 12x) from replicate biological sites was reported at PGC 10, PGC 12 and PGC 17 (Figure 11 and Table 3). Low variability of total pyrethroids (less than 0.5 x) from sampling replicates from targeted depositional sites was reported for PGC 6, PGC 8, PGC 10 and PGC 11 (Figure 12). Moderate to high variability for total pyrethroids (1.4 to 13.6 x) from replicate depositional sites was reported for PGC 12, PGC 3, PGC 17, PGC 19 and PGC 4 (Figure 12). In general variability of total pyrethroids for replicates was higher in depositional areas when compared with targeted biological areas in PGC (Table 4). A similar presentation of bifenthrin data – the pyrethroid with the highest concentration reported in PGC sediment – also showed higher variability from replicate samples collected in depositional areas versus biological areas (Figure 13 and 14). The targeted biological areas generally have higher % sand and therefore lower expectations for occurrence of hydrophobic chemical such as pyrethroids. Therefore, it is logical that high variability for pyrethroids would be present in depositional areas where these insecticides are more likely to be found.     

4.3
Comparison of Pyrethroid Concentration from Sampling Methods

A comparison of total pyrethroids (mean values) from depositional samples with biological samples for all 9 sites showed that total pyrethroid concentrations were consistently higher in depositional samples at each site (Figures 15a and 15b). For sites PGC 6, PGC 8, PCC 10, and PGC 11 the mean values for total pyrethroids were statistically higher in depositional samples compared to biological samples (Figures 15a and 15b). A comparison of mean individual and total pyrethroids for all sites combined for both sampling methods in Table 5 showed that for all individual pyrethroids, as well as total pyrethroids, values were significantly higher in depositional samples than biological samples. For example, mean total pyrethroids were approximately five times higher in depositional samples when compared to biological samples (Table 5). The only exception was reported for Fenpropathrin where many of the values were below the LOQ. These results are logical and are consistent with the physical/chemical properties of hydrophobic pesticides such as pyrethroids that bind to sediment in depositional areas.
5.0 CONCLUSIONS
Current sampling methods for collecting sediment for both chemistry and sediment toxicity testing in wadeable streams in California generally target depositional areas without considering the spatial context (representativeness) of these areas relative to the entire wetted stream bed of the study site. This procedure is in direct conflict with the Surface Water Ambient Monitoring Program (SWAMP) protocols which clearly state that the collection of sediment is purposefully being bias for fine materials, which must be discussed thoroughly in any subsequent interpretative reporting of the data, in regards to “representativeness” of the collected sample to the environment from which it was collected (Puckett, 2002).  Our mapping results from Pleasant Grove Creek – a representative residential stream in California – clearly showed that non-depositional areas in this stream are much more abundant than depositional areas. Other investigators have also reported that non-depositional stream bed material is also more dominant than depositional stream bed material in agricultural streams such as Del Puerto Creek in the San Joaquin watershed (Weston et al., 2008). 
Our data clearly showed that variability of pyrethroid measurements within depositional areas of the study sites can be extreme (approximately 14x between the low and the high total pyrethroid replicate values at a site). In addition, the TOC concentrations – a significant factor influencing the concentrations of pyrethroids in sediment – were also highly variable (27x difference) among replicate samples collected from depositional areas at a site. Our previous preliminary sediment methods study in PGC in 2007 also demonstrated high variability in pyrethroid concentrations among site replicates based on both targeted depositional sampling and random sampling (Hall et al., 2008b). It is highly  likely that variability in sediment residues of hydrophobic chemicals, such as pyrethroids, is also high between reaches as well. The results from the latest 2008 study suggest that compositing replicate sediment samples in depositional areas from within a stream reach in residential creeks, such as Pleasant Grove Creek, may buffer the extreme values (either the low or high pyrethroid concentrations) that may be present at a site. 
Our studies show that the common practice of compositing replicate samples from depositional areas for pyrethroid analysis and sediment toxicity testing in California will clearly generate different results from individual samples and also that taking only one or two samples may not be adequate or representative. We can conclude that combining several multiple samples taken from random locations and mixing homogenous portions of these for a single analysis would be more representative than targeting only depositional areas. However, this practice must be accompanied by a description of all uncertainties introduced by the compositing process as required by the SWAMP procedures. In specific cases where more refined data are needed (e. g., due to unusually high concentrations of hydrophobic chemicals, such as pyrethroids), a more rigorous analysis program may be needed with concurrent sediment chemistry, sediment toxicity testing, and bioassessments on the remaining portions of the individual samples from within the study area.

Our results also clearly show that all pyrethroids (except Fenpropathrin) in PGC were significantly higher (~ 5x for total pyrethroids) in depositional areas when compared to areas most likely to provide quality habitat for benthic macroinvertebrates. This finding is significant because the chemistry and sediment toxicity testing in California is traditionally conducted with sediment collected from depositional areas and not with sediment from areas where many sensitive benthic macroinvertebrates prefer to live. Sediment sampling methods are therefore critical for determining ecological risk for resident biota due to hydrophobic insecticides such as pyrethroids. 
5.0
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Table 1.  Sample site names and coordinates from sites sampled during late spring 2008 in Pleasant Grove Creek (PGC).

	Site
	Latitude
	Longitude

	PGC 3
	38.80143
	121.33968

	PGC 4
	38.79484
	121.35876

	PGC 6
	38.81289
	121.45128

	PGC 8
	38.80276
	121.33842

	PGC 10
	38.78382
	121.35748

	PGC 11
	38.77529
	121.34203

	PGC 12
	38.76652
	121.33944

	PGC 17
	38.75906
	121.33251

	PGC 19
	38.79047
	121.33415


Table 2.  TOC and grain size values for Pleasant Grove Creek (PGC) study sites in 2008.

	Sample ID and Replicate
	TOC
	Gravel
	Sand
	Silt
	Clay

	PGC 3 Biological A
	0.16
	9.20
	88.86
	1.19
	0.76

	PGC 3 Biological B
	0.06
	46.71
	51.37
	1.27
	0.65

	PGC 3 Biological C
	0.52
	9.66
	74.16
	9.32
	6.87

	PGC 3 Biological Means
	0.25
	21.86
	71.46
	3.93
	2.76

	PGC 3 Depositional A
	3.76
	0.00
	30.46
	44.66
	24.88

	PGC 3 Depositional B
	2.07
	0.00
	53.76
	30.37
	15.87

	PGC 3 Depositional C
	1.14
	1.70
	47.20
	32.57
	18.52

	PGC 3 Depositional Means
	2.32
	0.57
	43.81
	35.87
	19.76

	PGC 4 Biological A
	0.06
	41.48
	58.20
	0.19
	0.14

	PGC 4 Biological B
	0.19
	20.22
	76.94
	1.40
	1.44

	PGC 4 Biological C
	0.06
	41.59
	58.04
	0.19
	0.18

	PGC 4 Biological Means
	0.10
	34.43
	64.39
	0.59
	0.59

	PGC 4 Depositional A
	1.13
	0.22
	57.09
	25.29
	17.41

	PGC 4 Depositional B
	0.79
	0.34
	48.75
	29.53
	21.38

	PGC 4 Depositional C
	1.15
	0.00
	66.26
	21.90
	11.83

	PGC 4 Depositional Means
	1.02
	0.19
	57.37
	25.57
	16.87

	PGC 6 Biological A
	0.24
	1.49
	92.86
	3.34
	2.32

	PGC 6 Biological B
	0.22
	0.73
	92.91
	3.81
	2.55

	PGC 6 Biological C
	0.26
	7.58
	71.92
	9.14
	11.36

	PGC 6 Biological Means
	0.24
	3.27
	85.90
	5.43
	5.41

	PGC 6 Depositional A
	1.30
	0.00
	66.35
	19.43
	14.22

	PGC 6 Depositional B
	0.67
	2.10
	66.03
	15.41
	16.46

	PGC 6 Depositional C
	1.51
	0.35
	65.00
	19.96
	14.70

	PGC 6 Depositional Means
	1.16
	0.82
	65.79
	18.27
	15.13

	PGC 8 Biological A
	1.32
	4.25
	84.37
	7.08
	4.30

	PGC 8 Biological B
	1.25
	2.94
	80.85
	10.06
	6.15

	PGC 8 Biological C
	0.85
	2.37
	72.66
	16.59
	8.38

	PGC 8 Biological Means
	1.14
	3.19
	79.29
	11.24
	6.28

	PGC 8 Depositional A
	1.04
	0.51
	50.71
	31.79
	16.98

	PGC 8 Depositional B
	1.46
	0.84
	52.76
	31.86
	14.54

	PGC 8 Depositional C
	1.90
	0.00
	66.73
	21.81
	11.46

	PGC 8 Depositional Means
	1.47
	0.45
	56.73
	28.49
	14.33

	PGC 10 Biological A
	0.22
	28.53
	64.99
	4.26
	2.22

	PGC 10 Biological B
	0.20
	48.47
	47.27
	3.16
	1.10

	PGC 10 Biological C
	0.12
	56.64
	41.02
	1.50
	0.84

	PGC 10 Biological Means
	0.18
	44.55
	51.09
	2.97
	1.39

	
	
	
	
	
	

	Table 2. – continued.
	
	
	
	
	

	Sample ID
	TOC
	Gravel
	Sand
	Silt
	Clay

	PGC 10 Depositional A
	1.71
	0.13
	78.45
	13.79
	7.63

	PGC 10 Depositional B
	2.78
	1.11
	72.05
	16.56
	10.28

	PGC 10 Depositional C
	2.22
	0.00
	73.60
	16.17
	10.24

	PGC 10 Depositional Means
	2.24
	0.41
	74.70
	15.51
	9.38

	PGC 11 Biological A
	1.22
	16.04
	71.15
	9.23
	3.58

	PGC 11 Biological B
	0.54
	31.42
	56.89
	8.85
	2.83

	PGC 11 Biological C
	1.04
	7.58
	84.42
	6.47
	1.53

	PGC 11 Biological Means
	0.93
	18.35
	70.82
	8.18
	2.65

	PGC 11 Depositional A
	4.98
	0.12
	64.21
	28.18
	7.49

	PGC 11 Depositional B
	3.85
	0.43
	56.79
	32.90
	9.88

	PGC 11 Depositional C
	6.59
	0.00
	32.61
	51.70
	15.69

	PGC 11 Depositional Means
	5.14
	0.18
	51.20
	37.59
	11.02

	PGC 12 Biological A
	4.21
	0.00
	27.95
	48.42
	23.63

	PGC 12 Biological B
	3.30
	0.00
	58.80
	27.22
	13.98

	PGC 12 Biological C
	0.14
	5.61
	91.74
	1.73
	0.92

	PGC 12 Biological Means
	2.55
	1.87
	59.50
	25.79
	12.84

	PGC 12 Depositional A
	2.72
	1.02
	34.89
	41.65
	22.44

	PGC 12 Depositional B
	6.73
	0.06
	12.07
	59.05
	28.82

	PGC 12 Depositional C
	3.23
	1.24
	49.08
	32.46
	17.21

	PGC 12 Depositional Means
	4.23
	0.77
	32.01
	44.39
	22.82

	PGC 17 Biological A
	0.84
	5.72
	78.58
	10.17
	5.53

	PGC 17 Biological B
	0.14
	11.58
	84.19
	2.19
	2.04

	PGC 17 Biological C
	0.87
	7.22
	81.20
	6.68
	4.90

	PGC 17 Biological Means
	0.62
	8.17
	81.32
	6.35
	4.16

	PGC 17 Depositional A
	18.74
	1.80
	29.98
	41.05
	27.17

	PGC 17 Depositional B
	2.79
	0.43
	55.36
	29.96
	14.25

	PGC 17 Depositional C
	14.46
	3.39
	87.65
	6.37
	2.59

	PGC 17 Depositional Means
	12.00
	1.87
	57.66
	25.79
	14.67

	PGC 19 Biological A
	0.07
	37.02
	62.35
	0.37
	0.26

	PGC 19 Biological B
	0.22
	30.18
	68.03
	1.11
	0.68

	PGC 19 Biological C
	0.09
	40.76
	57.76
	0.89
	0.59

	PGC 19 Biological Means
	0.13
	35.99
	62.71
	0.79
	0.51

	PGC 19 Depositional A
	0.74
	1.42
	57.72
	29.54
	11.32

	PGC 19 Depositional B
	1.35
	0.00
	65.28
	22.74
	11.98

	PGC 19 Depositional C
	0.74
	0.62
	61.76
	24.48
	13.13

	PGC 19 Depositional Means
	0.94
	0.68
	61.59
	25.59
	12.14


Table 3.  Pyrethroid concentrations (ng/g dry weight) from Pleasant Grove Creek (PGC) study sites including 1% TOC normalized values by site for 2008. Non-detected values were assigned a concentration of one half the LOQ (in bold).

	
	%
	Bifenthrin
	Bifenthrin
	Fenpropathrin
	Fenpropathrin

	Sample ID
	TOC
	ng/g
	@ 1% TOC
	ng/g
	@ 1% TOC

	PGC 3 Bio-A
	0.16
	0.196
	1.227
	0.065
	0.406

	PGC 3 Bio-B
	0.06
	0.164
	2.739
	0.065
	1.083

	PGC 3 Bio-C
	0.52
	0.679
	1.305
	0.075
	0.144

	PGC 3 Bio Means
	0.25
	0.346
	1.757
	0.068
	0.545

	PGC 3 Dep-A
	3.76
	21.420
	5.697
	0.028
	0.007

	PGC 3 Dep-B
	2.07
	12.600
	6.087
	0.006
	0.003

	PGC 3 Dep-C
	1.14
	0.766
	0.672
	0.090
	0.079

	PGC 3 Dep Means
	2.32
	11.595
	4.152
	0.041
	0.030

	PGC 4 Bio-A
	0.06
	0.052
	0.872
	0.060
	1.000

	PGC 4 Bio-B
	0.19
	0.282
	1.485
	0.065
	0.342

	PGC 4 Bio-C
	0.06
	0.068
	1.138
	0.060
	1.000

	PGC 4 Bio Means
	0.10
	0.134
	1.165
	0.062
	0.781

	PGC 4 Dep-A
	1.13
	1.355
	1.199
	0.006
	0.005

	PGC 4 Dep-B
	0.79
	0.491
	0.621
	0.085
	0.108

	PGC 4 Dep-C
	1.15
	3.408
	2.963
	0.120
	0.104

	PGC 4 Dep Means
	1.02
	1.751
	1.594
	0.070
	0.072

	PGC 6 Bio-A
	0.24
	0.144
	0.601
	0.080
	0.333

	PGC 6 Bio-B
	0.22
	0.123
	0.559
	0.070
	0.318

	PGC 6 Bio-C
	0.26
	0.072
	0.277
	0.070
	0.269

	PGC 6 Bio Means
	0.24
	0.113
	0.479
	0.073
	0.307

	PGC 6 Dep-A
	1.30
	0.535
	0.411
	0.110
	0.085

	PGC 6 Dep-B
	0.67
	0.451
	0.673
	0.140
	0.209

	PGC 6 Dep-C
	1.51
	0.306
	0.203
	0.090
	0.060

	PGC 6 Dep Means
	1.16
	0.431
	0.429
	0.113
	0.118

	PGC 8 Bio-A
	1.32
	7.102
	5.381
	0.003
	0.002

	PGC 8 Bio-B
	1.25
	10.142
	8.114
	0.090
	0.072

	PGC 8 Bio-C
	0.85
	10.906
	12.830
	0.080
	0.094

	PGC 8 Bio Means
	1.14
	9.383
	8.775
	0.058
	0.056

	PGC 8 Dep-A
	1.04
	17.604
	16.927
	0.006
	0.006

	PGC 8 Dep-B
	1.46
	17.952
	12.296
	0.007
	0.005

	PGC 8 Dep-C
	1.90
	24.173
	12.723
	0.011
	0.006

	PGC 8 Dep Means
	1.47
	19.910
	13.982
	0.008
	0.006

	

	

	

	

	

	

	Table 3. – continued.

	
	%
	Bifenthrin
	Bifenthrin
	Fenpropathrin
	Fenpropathrin

	Sample ID
	TOC
	ng/g
	@ 1% TOC
	ng/g
	@ 1% TOC

	PGC 10 Bio-A
	0.22
	0.512
	2.328
	0.065
	0.295

	PGC 10 Bio-B
	0.20
	0.760
	3.802
	0.065
	0.325

	PGC 10 Bio-C
	0.12
	0.706
	5.883
	0.060
	0.500

	PGC 10 Bio Means
	0.18
	0.660
	4.004
	0.063
	0.373

	PGC 10 Dep-A
	1.71
	4.926
	2.880
	0.100
	0.058

	PGC 10 Dep-B
	2.78
	9.180
	3.302
	0.012
	0.004

	PGC 10 Dep-C
	2.22
	5.789
	2.608
	0.011
	0.005

	PGC 10 Dep Means
	2.24
	6.631
	2.930
	0.041
	0.023

	PGC 11 Bio-A
	1.22
	24.237
	19.867
	0.019
	0.015

	PGC 11 Bio-B
	0.54
	12.301
	22.779
	0.006
	0.012

	PGC 11 Bio-C
	1.04
	17.358
	16.691
	0.005
	0.005

	PGC 11 Bio Means
	0.93
	17.965
	19.779
	0.010
	0.011

	PGC 11 Dep-A
	4.98
	51.711
	10.384
	0.034
	0.007

	PGC 11 Dep-B
	3.85
	54.354
	14.118
	0.020
	0.005

	PGC 11 Dep-C
	6.59
	77.329
	11.734
	0.305
	0.046

	PGC 11 Dep Means
	5.14
	61.131
	12.079
	0.120
	0.019

	PGC 12 Bio-A
	4.21
	11.562
	2.746
	0.021
	0.005

	PGC 12 Bio-B
	3.30
	7.056
	2.138
	0.026
	0.008

	PGC 12 Bio-C
	0.14
	0.521
	3.722
	0.070
	0.500

	PGC 12 Bio Means
	2.55
	6.380
	2.869
	0.039
	0.171

	PGC 12 Dep-A
	2.72
	5.268
	1.937
	0.013
	0.005

	PGC 12 Dep-B
	6.73
	12.439
	1.848
	0.057
	0.009

	PGC 12 Dep-C
	3.23
	12.739
	3.944
	0.027
	0.008

	PGC 12 Dep Means
	4.23
	10.149
	2.576
	0.032
	0.007

	PGC 17 Bio-A
	0.84
	6.969
	8.297
	0.008
	0.010

	PGC 17 Bio-B
	0.14
	1.585
	11.323
	0.065
	0.464

	PGC 17 Bio-C
	0.87
	4.826
	5.548
	0.080
	0.092

	PGC 17 Bio Means
	0.62
	4.460
	8.389
	0.051
	0.189

	PGC 17 Dep-A
	18.74
	26.629
	1.421
	0.030
	0.002

	PGC 17 Dep-B
	2.79
	34.122
	12.230
	0.022
	0.008

	PGC 17 Dep-C
	14.46
	198.476
	13.726
	0.196
	0.014

	PGC 17 Dep Means
	12.00
	86.409
	9.126
	0.083
	0.008

	PGC 19 Bio-A
	0.07
	0.382
	5.453
	0.065
	0.929

	PGC 19 Bio-B
	0.22
	0.961
	4.370
	0.065
	0.295

	PGC 19 Bio-C
	0.09
	0.322
	3.573
	0.060
	0.667

	PGC 19 Bio Means
	0.13
	0.555
	4.465
	0.063
	0.630

	PGC 19 Dep-A
	0.74
	1.397
	1.888
	0.080
	0.108

	PGC 19 Dep-B
	1.35
	18.323
	13.572
	0.020
	0.015

	PGC 19 Dep-C
	0.74
	10.814
	14.613
	0.085
	0.115

	PGC 19 Dep Means
	0.94
	10.178
	10.024
	0.062
	0.079

	
	
	
	
	
	

	Table 3. – continued.

	 
	%
	Lambda-cy.
	Lambda-cy.
	Permethrin
	Permethrin

	Sample ID
	TOC
	ng/g
	@ 1% TOC
	ng/g
	@ 1% TOC

	PGC 3 Bio-A
	0.16
	0.011
	0.069
	0.675
	4.219

	PGC 3 Bio-B
	0.06
	0.010
	0.159
	0.645
	10.750

	PGC 3 Bio-C
	0.52
	0.021
	0.041
	0.745
	1.433

	PGC 3 Bio Means
	0.25
	0.014
	0.090
	0.688
	5.467

	PGC 3 Dep-A
	3.76
	0.410
	0.109
	3.052
	0.812

	PGC 3 Dep-B
	2.07
	0.196
	0.095
	1.686
	0.814

	PGC 3 Dep-C
	1.14
	0.046
	0.041
	0.880
	0.772

	PGC 3 Dep Means
	2.32
	0.217
	0.081
	1.872
	0.799

	PGC 4 Bio-A
	0.06
	0.060
	1.000
	0.610
	10.167

	PGC 4 Bio-B
	0.19
	0.011
	0.056
	0.635
	3.342

	PGC 4 Bio-C
	0.06
	0.060
	1.000
	0.615
	10.250

	PGC 4 Bio Means
	0.10
	0.044
	0.685
	0.620
	7.920

	PGC 4 Dep-A
	1.13
	0.073
	0.064
	0.178
	0.158

	PGC 4 Dep-B
	0.79
	0.022
	0.027
	0.855
	1.082

	PGC 4 Dep-C
	1.15
	0.171
	0.149
	0.545
	0.474

	PGC 4 Dep Means
	1.02
	0.088
	0.080
	0.526
	0.571

	PGC 6 Bio-A
	0.24
	0.013
	0.055
	0.785
	3.271

	PGC 6 Bio-B
	0.22
	0.011
	0.049
	0.695
	3.159

	PGC 6 Bio-C
	0.26
	0.008
	0.029
	0.705
	2.712

	PGC 6 Bio Means
	0.24
	0.011
	0.045
	0.728
	3.047

	PGC 6 Dep-A
	1.30
	0.064
	0.050
	1.100
	0.846

	PGC 6 Dep-B
	0.67
	0.050
	0.075
	1.410
	2.104

	PGC 6 Dep-C
	1.51
	0.024
	0.016
	0.890
	0.589

	PGC 6 Dep Means
	1.16
	0.046
	0.047
	1.133
	1.180

	PGC 8 Bio-A
	1.32
	0.141
	0.107
	1.064
	0.806

	PGC 8 Bio-B
	1.25
	0.278
	0.223
	2.074
	1.659

	PGC 8 Bio-C
	0.85
	0.218
	0.256
	1.591
	1.872

	PGC 8 Bio Means
	1.14
	0.212
	0.195
	1.576
	1.446

	PGC 8 Dep-A
	1.04
	0.264
	0.254
	2.094
	2.014

	PGC 8 Dep-B
	1.46
	0.235
	0.161
	2.812
	1.926

	PGC 8 Dep-C
	1.90
	0.310
	0.163
	3.928
	2.067

	PGC 8 Dep Means
	1.47
	0.270
	0.193
	2.945
	2.002

	PGC 10 Bio-A
	0.22
	0.014
	0.063
	0.090
	0.408

	PGC 10 Bio-B
	0.20
	0.027
	0.137
	0.240
	1.200

	PGC 10 Bio-C
	0.12
	0.024
	0.203
	0.174
	1.450

	PGC 10 Bio Means
	0.18
	0.022
	0.134
	0.168
	1.019

	
	
	
	
	
	

	Table 3. – continued.

	 
	%
	Lambda-cy.
	Lambda-cy.
	Permethrin
	Permethrin

	Sample ID
	TOC
	ng/g
	@ 1% TOC
	ng/g
	@ 1% TOC

	PGC 10 Dep-A
	1.71
	0.265
	0.155
	1.155
	0.675

	PGC 10 Dep-B
	2.78
	0.410
	0.148
	1.971
	0.709

	PGC 10 Dep-C
	2.22
	0.319
	0.144
	1.425
	0.642

	PGC 10 Dep Means
	2.24
	0.331
	0.149
	1.517
	0.675

	PGC 11 Bio-A
	1.22
	1.676
	1.374
	8.483
	6.953

	PGC 11 Bio-B
	0.54
	0.821
	1.521
	2.921
	5.409

	PGC 11 Bio-C
	1.04
	1.381
	1.328
	3.383
	3.253

	PGC 11 Bio Means
	0.93
	1.293
	1.408
	4.929
	5.205

	PGC 11 Dep-A
	4.98
	2.860
	0.574
	11.320
	2.273

	PGC 11 Dep-B
	3.85
	2.956
	0.768
	8.828
	2.293

	PGC 11 Dep-C
	6.59
	9.636
	1.462
	11.295
	1.714

	PGC 11 Dep Means
	5.14
	5.151
	0.935
	10.481
	2.093

	PGC 12 Bio-A
	4.21
	0.331
	0.079
	2.138
	0.508

	PGC 12 Bio-B
	3.30
	0.232
	0.070
	1.219
	0.369

	PGC 12 Bio-C
	0.14
	0.015
	0.108
	0.695
	4.964

	PGC 12 Bio Means
	2.55
	0.193
	0.086
	1.351
	1.947

	PGC 12 Dep-A
	2.72
	0.168
	0.062
	0.619
	0.228

	PGC 12 Dep-B
	6.73
	0.406
	0.060
	1.288
	0.191

	PGC 12 Dep-C
	3.23
	0.356
	0.110
	1.209
	0.374

	PGC 12 Dep Means
	4.23
	0.310
	0.077
	1.039
	0.264

	PGC 17 Bio-A
	0.84
	0.229
	0.273
	2.048
	2.438

	PGC 17 Bio-B
	0.14
	0.059
	0.422
	0.442
	3.157

	PGC 17 Bio-C
	0.87
	0.137
	0.158
	0.793
	0.911

	PGC 17 Bio Means
	0.62
	0.142
	0.284
	1.094
	2.169

	PGC 17 Dep-A
	18.74
	1.042
	0.056
	10.489
	0.560

	PGC 17 Dep-B
	2.79
	1.063
	0.381
	8.988
	3.221

	PGC 17 Dep-C
	14.46
	8.183
	0.566
	77.765
	5.378

	PGC 17 Dep Means
	12.00
	3.429
	0.334
	32.414
	3.053

	PGC 19 Bio-A
	0.07
	0.008
	0.117
	0.650
	9.286

	PGC 19 Bio-B
	0.22
	0.012
	0.052
	0.101
	0.459

	PGC 19 Bio-C
	0.09
	0.007
	0.073
	0.610
	6.778

	PGC 19 Bio Means
	0.13
	0.009
	0.081
	0.454
	5.508

	PGC 19 Dep-A
	0.74
	0.080
	0.108
	0.825
	1.115

	PGC 19 Dep-B
	1.35
	0.307
	0.227
	3.179
	2.355

	PGC 19 Dep-C
	0.74
	0.144
	0.194
	0.659
	0.891

	PGC 19 Dep Means
	0.94
	0.177
	0.177
	1.554
	1.453

	
	
	
	
	
	

	Table 3. – continued.

	 
	%
	Cyfluthrin
	Cyfluthrin
	Cypermethrin
	Cypermethrin

	Sample ID
	TOC
	ng/g
	@ 1% TOC
	ng/g
	@ 1% TOC

	PGC 3 Bio-A
	0.16
	0.065
	0.406
	0.065
	0.406

	PGC 3 Bio-B
	0.06
	0.065
	1.083
	0.065
	1.083

	PGC 3 Bio-C
	0.52
	0.037
	0.071
	0.018
	0.034

	PGC 3 Bio Means
	0.25
	0.056
	0.520
	0.049
	0.508

	PGC 3 Dep-A
	3.76
	2.853
	0.759
	1.452
	0.386

	PGC 3 Dep-B
	2.07
	0.806
	0.389
	0.779
	0.376

	PGC 3 Dep-C
	1.14
	0.053
	0.047
	0.186
	0.163

	PGC 3 Dep Means
	2.32
	1.238
	0.398
	0.806
	0.308

	PGC 4 Bio-A
	0.06
	0.060
	1.000
	0.060
	1.000

	PGC 4 Bio-B
	0.19
	0.065
	0.342
	0.065
	0.342

	PGC 4 Bio-C
	0.06
	0.060
	1.000
	0.060
	1.000

	PGC 4 Bio Means
	0.10
	0.062
	0.781
	0.062
	0.781

	PGC 4 Dep-A
	1.13
	0.116
	0.102
	0.234
	0.207

	PGC 4 Dep-B
	0.79
	0.042
	0.053
	0.059
	0.075

	PGC 4 Dep-C
	1.15
	0.397
	0.345
	1.939
	1.686

	PGC 4 Dep Means
	1.02
	0.185
	0.167
	0.744
	0.656

	PGC 6 Bio-A
	0.24
	0.080
	0.333
	0.080
	0.333

	PGC 6 Bio-B
	0.22
	0.070
	0.318
	0.070
	0.318

	PGC 6 Bio-C
	0.26
	0.070
	0.269
	0.070
	0.269

	PGC 6 Bio Means
	0.24
	0.073
	0.307
	0.073
	0.307

	PGC 6 Dep-A
	1.30
	0.110
	0.085
	0.056
	0.043

	PGC 6 Dep-B
	0.67
	0.019
	0.028
	0.077
	0.115

	PGC 6 Dep-C
	1.51
	0.095
	0.063
	0.051
	0.034

	PGC 6 Dep Means
	1.16
	0.075
	0.059
	0.061
	0.064

	PGC 8 Bio-A
	1.32
	0.603
	0.457
	0.527
	0.399

	PGC 8 Bio-B
	1.25
	1.243
	0.995
	0.866
	0.693

	PGC 8 Bio-C
	0.85
	1.039
	1.222
	0.684
	0.805

	PGC 8 Bio Means
	1.14
	0.962
	0.891
	0.692
	0.632

	PGC 8 Dep-A
	1.04
	1.369
	1.317
	4.033
	3.878

	PGC 8 Dep-B
	1.46
	1.480
	1.013
	1.034
	0.708

	PGC 8 Dep-C
	1.90
	2.403
	1.265
	1.366
	0.719

	PGC 8 Dep Means
	1.47
	1.750
	1.198
	2.145
	1.768

	PGC 10 Bio-A
	0.22
	0.071
	0.322
	0.260
	1.184

	PGC 10 Bio-B
	0.20
	0.217
	1.084
	0.501
	2.507

	PGC 10 Bio-C
	0.12
	0.169
	1.409
	0.339
	2.822

	PGC 10 Bio Means
	0.18
	0.152
	0.938
	0.367
	2.171

	
	
	
	
	
	

	Table 3. – continued.

	 
	%
	Cyfluthrin
	Cyfluthrin
	Cypermethrin
	Cypermethrin

	Sample ID
	TOC
	ng/g
	@ 1% TOC
	ng/g
	@ 1% TOC

	PGC 10 Dep-A
	1.71
	1.897
	1.109
	6.772
	3.960

	PGC 10 Dep-B
	2.78
	2.649
	0.953
	10.005
	3.599

	PGC 10 Dep-C
	2.22
	2.624
	1.182
	8.990
	4.050

	PGC 10 Dep Means
	2.24
	2.390
	1.081
	8.589
	3.870

	PGC 11 Bio-A
	1.22
	5.638
	4.621
	4.980
	4.082

	PGC 11 Bio-B
	0.54
	1.972
	3.651
	2.145
	3.973

	PGC 11 Bio-C
	1.04
	2.908
	2.796
	2.314
	2.225

	PGC 11 Bio Means
	0.93
	3.506
	3.690
	3.146
	3.426

	PGC 11 Dep-A
	4.98
	9.254
	1.858
	7.211
	1.448

	PGC 11 Dep-B
	3.85
	9.533
	2.476
	6.827
	1.773

	PGC 11 Dep-C
	6.59
	12.004
	1.822
	8.164
	1.239

	PGC 11 Dep Means
	5.14
	10.264
	2.052
	7.401
	1.487

	PGC 12 Bio-A
	4.21
	1.512
	0.359
	0.973
	0.231

	PGC 12 Bio-B
	3.30
	0.652
	0.198
	0.834
	0.253

	PGC 12 Bio-C
	0.14
	0.013
	0.089
	0.017
	0.121

	PGC 12 Bio Means
	2.55
	0.725
	0.215
	0.608
	0.202

	PGC 12 Dep-A
	2.72
	0.431
	0.159
	0.754
	0.277

	PGC 12 Dep-B
	6.73
	1.154
	0.172
	1.527
	0.227

	PGC 12 Dep-C
	3.23
	1.079
	0.334
	1.392
	0.431

	PGC 12 Dep Means
	4.23
	0.888
	0.221
	1.224
	0.312

	PGC 17 Bio-A
	0.84
	0.943
	1.122
	1.123
	1.337

	PGC 17 Bio-B
	0.14
	0.262
	1.869
	0.274
	1.958

	PGC 17 Bio-C
	0.87
	0.440
	0.506
	0.745
	0.856

	PGC 17 Bio Means
	0.62
	0.548
	1.166
	0.714
	1.384

	PGC 17 Dep-A
	18.74
	5.049
	0.269
	5.336
	0.285

	PGC 17 Dep-B
	2.79
	5.987
	2.146
	6.860
	2.459

	PGC 17 Dep-C
	14.46
	38.562
	2.667
	54.419
	3.763

	PGC 17 Dep Means
	12.00
	16.533
	1.694
	22.205
	2.169

	PGC 19 Bio-A
	0.07
	0.032
	0.451
	0.065
	0.929

	PGC 19 Bio-B
	0.22
	0.049
	0.223
	0.039
	0.176

	PGC 19 Bio-C
	0.09
	0.037
	0.408
	0.018
	0.201

	PGC 19 Bio Means
	0.13
	0.039
	0.361
	0.041
	0.435

	PGC 19 Dep-A
	0.74
	0.080
	0.108
	0.080
	0.108

	PGC 19 Dep-B
	1.35
	2.586
	1.915
	1.794
	1.329

	PGC 19 Dep-C
	0.74
	0.779
	1.053
	0.399
	0.539

	PGC 19 Dep Means
	0.94
	1.148
	1.025
	0.758
	0.659

	
	
	
	
	
	

	Table 3. – continued.

	 
	%
	Esfenvalerate
	Esfenvalerate
	Deltamethrin
	Deltamethrin
	Total

	Sample ID
	TOC
	ng/g
	@ 1% TOC
	ng/g
	@ 1% TOC
	Pyrethroids

	PGC 3 Bio-A
	0.16
	0.065
	0.406
	0.065
	0.406
	1.207

	PGC 3 Bio-B
	0.06
	0.065
	1.083
	0.065
	1.083
	1.144

	PGC 3 Bio-C
	0.52
	0.020
	0.039
	0.075
	0.144
	1.670

	PGC 3 Bio Means
	0.25
	0.050
	0.509
	0.068
	0.545
	1.340

	PGC 3 Dep-A
	3.76
	0.420
	0.112
	0.997
	0.265
	30.631

	PGC 3 Dep-B
	2.07
	0.203
	0.098
	0.508
	0.245
	16.784

	PGC 3 Dep-C
	1.14
	0.019
	0.016
	0.090
	0.079
	2.131

	PGC 3 Dep Means
	2.32
	0.214
	0.075
	0.531
	0.196
	16.515

	PGC 4 Bio-A
	0.06
	0.060
	1.000
	0.060
	1.000
	1.022

	PGC 4 Bio-B
	0.19
	0.006
	0.034
	0.065
	0.342
	1.194

	PGC 4 Bio-C
	0.06
	0.060
	1.000
	0.060
	1.000
	1.043

	PGC 4 Bio Means
	0.10
	0.042
	0.678
	0.062
	0.781
	1.087

	PGC 4 Dep-A
	1.13
	0.055
	0.049
	0.075
	0.066
	2.091

	PGC 4 Dep-B
	0.79
	0.024
	0.030
	0.113
	0.143
	1.690

	PGC 4 Dep-C
	1.15
	0.090
	0.078
	0.284
	0.247
	6.953

	PGC 4 Dep Means
	1.02
	0.056
	0.052
	0.157
	0.152
	3.578

	PGC 6 Bio-A
	0.24
	0.003
	0.012
	0.080
	0.333
	1.266

	PGC 6 Bio-B
	0.22
	0.009
	0.040
	0.070
	0.318
	1.117

	PGC 6 Bio-C
	0.26
	0.070
	0.269
	0.070
	0.269
	1.135

	PGC 6 Bio Means
	0.24
	0.027
	0.107
	0.073
	0.307
	1.173

	PGC 6 Dep-A
	1.30
	0.043
	0.033
	0.110
	0.085
	2.128

	PGC 6 Dep-B
	0.67
	0.035
	0.053
	0.140
	0.209
	2.322

	PGC 6 Dep-C
	1.51
	0.022
	0.014
	0.090
	0.060
	1.567

	PGC 6 Dep Means
	1.16
	0.033
	0.033
	0.113
	0.118
	2.006

	PGC 8 Bio-A
	1.32
	0.078
	0.059
	0.131
	0.099
	9.648

	PGC 8 Bio-B
	1.25
	0.117
	0.094
	0.243
	0.194
	15.054

	PGC 8 Bio-C
	0.85
	0.127
	0.150
	0.337
	0.396
	14.981

	PGC 8 Bio Means
	1.14
	0.108
	0.101
	0.237
	0.230
	13.228

	PGC 8 Dep-A
	1.04
	0.205
	0.197
	0.838
	0.806
	26.414

	PGC 8 Dep-B
	1.46
	0.180
	0.123
	0.652
	0.447
	24.354

	PGC 8 Dep-C
	1.90
	0.188
	0.099
	1.069
	0.563
	33.449

	PGC 8 Dep Means
	1.47
	0.191
	0.140
	0.853
	0.605
	28.072

	PGC 10 Bio-A
	0.22
	0.006
	0.029
	0.166
	0.756
	1.185

	PGC 10 Bio-B
	0.20
	0.015
	0.073
	2.800
	13.998
	4.625

	PGC 10 Bio-C
	0.12
	0.007
	0.058
	0.085
	0.708
	1.564

	PGC 10 Bio Means
	0.18
	0.009
	0.053
	1.017
	5.154
	2.458

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	Table 3. – continued.

	 
	%
	Esfenvalerate
	Esfenvalerate
	Deltamethrin
	Deltamethrin
	Total

	Sample ID
	TOC
	ng/g
	@ 1% TOC
	ng/g
	@ 1% TOC
	Pyrethroids

	PGC 10 Dep-A
	1.71
	0.087
	0.051
	0.667
	0.390
	15.869

	PGC 10 Dep-B
	2.78
	0.147
	0.053
	0.602
	0.217
	24.975

	PGC 10 Dep-C
	2.22
	0.096
	0.043
	1.163
	0.524
	20.417

	PGC 10 Dep Means
	2.24
	0.110
	0.049
	0.811
	0.377
	20.420

	PGC 11 Bio-A
	1.22
	0.391
	0.320
	2.290
	1.877
	47.714

	PGC 11 Bio-B
	0.54
	0.183
	0.340
	0.958
	1.774
	21.307

	PGC 11 Bio-C
	1.04
	0.221
	0.212
	1.765
	1.697
	29.334

	PGC 11 Bio Means
	0.93
	0.265
	0.291
	1.671
	1.783
	32.785

	PGC 11 Dep-A
	4.98
	0.792
	0.159
	4.460
	0.896
	87.642

	PGC 11 Dep-B
	3.85
	0.793
	0.206
	5.393
	1.401
	88.705

	PGC 11 Dep-C
	6.59
	1.069
	0.162
	6.640
	1.008
	126.443

	PGC 11 Dep Means
	5.14
	0.885
	0.176
	5.498
	1.101
	100.930

	PGC 12 Bio-A
	4.21
	0.194
	0.046
	1.490
	0.354
	18.221

	PGC 12 Bio-B
	3.30
	0.186
	0.056
	0.818
	0.248
	11.023

	PGC 12 Bio-C
	0.14
	0.011
	0.081
	0.070
	0.500
	1.412

	PGC 12 Bio Means
	2.55
	0.130
	0.061
	0.793
	0.367
	10.219

	PGC 12 Dep-A
	2.72
	0.174
	0.064
	0.584
	0.215
	8.011

	PGC 12 Dep-B
	6.73
	0.495
	0.074
	1.544
	0.229
	18.910

	PGC 12 Dep-C
	3.23
	0.378
	0.117
	1.051
	0.325
	18.231

	PGC 12 Dep Means
	4.23
	0.349
	0.085
	1.060
	0.256
	15.051

	PGC 17 Bio-A
	0.84
	0.099
	0.118
	0.552
	0.657
	11.971

	PGC 17 Bio-B
	0.14
	0.025
	0.179
	0.271
	1.938
	2.983

	PGC 17 Bio-C
	0.87
	0.054
	0.061
	0.660
	0.759
	7.735

	PGC 17 Bio Means
	0.62
	0.059
	0.119
	0.495
	1.118
	7.563

	PGC 17 Dep-A
	18.74
	0.429
	0.023
	4.704
	0.251
	53.708

	PGC 17 Dep-B
	2.79
	0.514
	0.184
	4.043
	1.449
	61.598

	PGC 17 Dep-C
	14.46
	4.345
	0.301
	18.249
	1.262
	400.196

	PGC 17 Dep Means
	12.00
	1.763
	0.169
	8.999
	0.987
	171.834

	PGC 19 Bio-A
	0.07
	0.065
	0.929
	0.065
	0.929
	1.331

	PGC 19 Bio-B
	0.22
	0.012
	0.055
	0.065
	0.295
	1.304

	PGC 19 Bio-C
	0.09
	0.005
	0.054
	0.060
	0.667
	1.118

	PGC 19 Bio Means
	0.13
	0.027
	0.346
	0.063
	0.630
	1.251

	PGC 19 Dep-A
	0.74
	0.080
	0.108
	0.080
	0.108
	2.702

	PGC 19 Dep-B
	1.35
	0.270
	0.200
	0.910
	0.674
	27.387

	PGC 19 Dep-C
	0.74
	0.084
	0.113
	0.310
	0.420
	13.273

	PGC 19 Dep Means
	0.94
	0.144
	0.140
	0.434
	0.401
	14.454


Table 4. Statistical analyses of the standard deviations (SD) of total pyrethroids 
(ng/g dry weight) from depositional verses biological replicates by site.

	Sample Site
	Depositional

Replicates SD
	Biological

Replicates SD

	PGC 3
	14.25
	0.29

	PGC 4
	2.93
	0.09

	PGC 6
	0.39
	0.08

	PGC 8
	4.77
	3.10

	PGC 10
	4.55
	1.89

	PGC 11
	22.10
	13.54

	PGC 12
	6.11
	8.43

	PGC 17
	197.81
	4.50

	PGC 19
	12.39
	0.12

	Mean SD
	29.48*
	3.56


* Mean of standard deviations significantly greater using t-test (P < 0.05). T-test analysis of log transformed standard deviations yielded P = 0.030.

Table 5. T-test comparisons of depositional verses biological replicate means from all sites by  individual and total pyrethroids. P values are from tests using log transformed data. Where assumptions of normality and homogeneity could not be met with data transformation a Mann-Whitney Rank Sum Test was used .
	Chemical
	Depositional Mean
	Biological

Mean
	T-test 

P-value
	Mann-Whitney Rank Sum Test P-value

	Bifenthrin
	23.13
	4.444
	<0.001*
	

	Fenpropathrin
	0.063
	0.054
	–
	0.938

	Lambda-cyhalothrin
	1.113
	0.215
	<0.001*
	

	Permethrin
	5.942
	1.290
	–
	0.002*

	Cyfluthrin
	3.830
	0.680
	0.002*
	

	Cypermethrin
	4.881
	0.639
	<0.001*
	

	Esfenvalerate
	0.416
	0.080
	<0.001*
	

	Deltamethrin
	2.051
	0.498
	0.002*
	

	Total pyrethroids
	41.43
	7.900
	<0.001*
	


* Statistically significant comparisons (P < 0.05). 

Figure 1.  Pleasant Grove Creek historical sample sites including backwater surrogate mainstem sites PGC8a, PGC9a, PGC11a, PGC16a, PGC17a, and PGC22a.
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Figure 2a.  Depositional (D) and Biological (B) sites for PGC 3.


[image: image2]  

Figure 2b.  Depositional areas (in black) for PGC 3 that covered approximately 27% of the wetted stream  bed.


[image: image3]
Figure 3a.  Depositional (D) and Biological (B) sites for PGC 4.


[image: image4]
Figure 3b.  Depositional areas (in black) for PGC 4 that covered approximately 10% of the wetted stream bed.
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Figure 4a.  Depositional (D) and Biological (B) sites for PGC 6.


[image: image6]
Figure 4b.  Depositional areas (in black) for PGC 6 that covered approximately 35% of the wetted stream bed.
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Figure 5a.  Depositional (D) and Biological (B) sites for PGC 8.


[image: image8] 
Figure 5b.  Depositional areas (in black) for PGC 8 that covered approximately 59% of the wetted stream bed.
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Figure 6a.  Depositional (D) and Biological (B) sites for PGC 10.


[image: image10] 
Figure 6b.  Depositional areas (in black) for PGC 10 that covered approximately 17% of the wetted stream bed.
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Figure 7a.  Depositional (D) and Biological (B) sites for PGC 11.


[image: image12] 
Figure 7b.  Depositional areas (in black) for PGC 11 that covered approximately 24% of the wetted stream bed.
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Figure 8a.  Depositional (D) and Biological (B) sites for PGC 12.


[image: image14] 
Figure 8b.  Depositional areas (in black) for PGC 12 that covered approximately 92% of the wetted stream bed.


[image: image15] 

Figure 9a.  Depositional (D) and Biological (B) sites for PGC 17.


[image: image16] 
Figure 9b.  Depositional areas (in black) for PGC 17 that covered approximately 71 % of the wetted stream bed.


[image: image17] 

Figure 10a.  Depositional (D) and Biological (B) sites for PGC 19.


[image: image18] 
Figure 10b.  Depositional areas (in black) for PGC 19 that covered approximately 20% of the wetted stream bed.
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Figure 11.  Total pyrethroid measured in replicates from targeted biological samples at all PGC sites.
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Figure 12.  Total pyrethroid measured in replicates from targeted depositional samples at all PGC sites.
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Figure 13.  Bifenthrin concentrations measured in replicates from targeted biological samples at all PGC sites.
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Figure 14.  Bifenthrin concentrations measured in replicates from targeted depositional samples at all PGC sites.
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Figure 15a. Total mean pyrethroid and standard deviations (SD) from targeted biological and depositional samples at all PGC sites.
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Figure 15b. Total mean pyrethroid and standard deviations (SD) from targeted biological and depositional samples at all PGC sites.
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