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2.2.2 Water Quality Facility Design 

The CSWQF was constructed between 2007 and 2008 to provide stormwater treatment for 

approximately 709 acres of commercial and industrial development that previously discharged directly to 

the Columbia Slough. The location of the facility and the pipeshed that drains to it are shown in Error! 

Reference source not found.. The facility is comprised of three distinct stormwater treatment 

components that together form the treatment train as shown in Figure 3. The first component is made up 

of a sedimentation manhole at each of the two inlets. The second component consists of two linear 

sedimentation forebays (SFB). Municipal stormwater flows from the city’s storm sewer through two 

separate inlets into the sedimentation manholes and SFBs where solid elements and suspended materials 

are removed by sedimentation. Stormwater then flows into the third component of the treatment train – a 

series of five long, narrow water quality terraces (WQT). These terraces fulfill a function similar to that of 

Figure 3. Flow paths and sampling locations at the CSWQF 

Sedimentation 

Forebays (SFB) 

Water Quality Terraces (WQT) 

1 

2 

3  

Sedimentation 

Manhole 

Sedimentation 

Manhole 







12 

 

Samples were collected at three location within the CSWQF and five locations within the FCWQF 

(Figure 3 and 4) in order to quantify the pollutant removal efficiency of each treatment train component.  

Within the CSWQF, samples were collected at 1) the facility’s eastern inlet immediately above the SFB, 

2) the facility’s western inlet immediately above the SFB, and 3) the facility’s outlet to the Columbia 

Slough from the final WQT. Within the FCWQF, samples were collected at 1) the facility’s water quality 

inlet immediately above the SFB, 2) the discharge point between the SFB and the WDP, 3) the discharge 

point between the WDP and the CSW, 4) the facility’s outlet to Fairview Creek from the CSW, and 5) the 

facility’s secondary inlet immediately above the CSW. Sampling at these locations quantified 

contaminant removal and aided in calculating removal efficiencies for each of the facilities as well as for 

the individual treatment train components. The best attempt was made to collect samples from flowing 

water at each discharge point to ensure that the sample’s water chemistry was representative of the 

stormwater entering and exiting that component of the treatment train and was not biased toward water 

that had already received partial treatment. 

The analysis of a long-term dataset is discussed in Section 3.4. For the sampling events that occurred 

at the FCWQF prior to 11/2/2011 and are contained in the long-term dataset, influent samples were 

collected in the stormwater conveyance system “upstream” of the weir that diverts excess flow to the 

secondary inlet. This sampling point is upstream of sampling locations 1 and 5. Effluent samples for these 

events were collected at sampling location 4. 

Composite samples were collected for most of the contaminants as shown in Table 1. A time-paced, 

constant-volume composite sampling technique was used to generate storm EMC for each contaminant at 

each sampling location. Equal volume aliquots of 2/3 liter were manually collected at equal increments of 

time and composited in the field. This sample collection method resulted in an 8-liter composite sample. 

The aliquot collection frequency for composite samples differed among the treatment train components.  

Each composited sample was made up of 12 aliquots collected throughout the storm event. This number 

was intended to provide a manageable, yet sufficient number of aliquots with which to generate a 
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representative sample.  Increasing the number of aliquots collected would increase the representativeness 

of the sample but would also increase the complexity and difficulty of manually collecting aliquots from 8 

separate locations.  

Table 1. Summary of water quality constituents, analytical methods, and handling guidelines 

Water Quality Parameter Analytical Method 
Sample 

Type 
Container 

Type1 

Maximum 
Holding 

Time 

BACTERIA         

  E. Coli Colilert QT Grab P 
6-24 

hours 

CHLORINATED HERBICIDES EPA 515.3 Composite G 7 days 

GENERAL CHEMISTRY PARAMETERS 

  BOD, 5-day SM 5210B/H10369 Composite G 48 hours 

  Total Organic Carbon SM 5310C Grab G 28 days 

  Total Hardness SM 2340B Composite G 6 months 

  Total Suspended Solids SM 2540D Composite G -- 

MERCURY CONSTITUENTS         

  Hg, Dissolved EPA 1631E Grab G 28 days 

  Hg, Total EPA 1631E Grab FP 28 days 

  Hg, Methyl, Dissolved EPA 1630 Grab G 48 hours 

  Hg, Methyl, Total EPA 1630 Grab G 48 hours 

METALS by ICPMS EPA 200.8 Composite G 6 months 

NUTRIENTS 

  Ammonia-Nitrogen EPA 350.1 Composite G 28 days 

  Nitrate-Nitrogen EPA 300.0 Composite G 48 hours 

  Total Kjeldahl Nitrogen PAI-DK03 Composite G 28 days 

  Orthophosphate EPA 365.1 Composite G 48 hours 

  Total Phosphorus EPA 365.4 Composite G 28 days 

ORGANOCHLORINE PESTICIDES by CAS EPA 3535A Composite G 7 days 

PHTHALATES by GCMS-SIM  EPA 8270-SIM Composite G 7 days 

POLYNUCLEAR AROMATIC 
HYDROCARBONS by GCMS-SIM 

EPA 8270-SIM Composite G 7 days 

FIELD PARAMETERS  

  Conductivity 
Calibrated 

Conductivity  Meter 
In situ -- -- 

  Dissolved Oxygen Calibrated Oxygen Meter In situ -- -- 

  pH Calibrated pH Meter In situ -- -- 

  Temperature Digital Thermometer In situ -- -- 

  Turbidity Calibrated Turbidimeter In situ -- -- 

VOLATILE ORGANIC COMPOUNDS by 
GCMS 

EPA 8260 Grab G 7 days 

1 G: glass; P: polyethylene; FP: fluoropolymer 
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For the CSWQF, the aliquot collection frequency at sampling locations 1 and 2 was based directly on 

the length of the forecasted storm event. This collection frequency is also true for the FCWQF at 

sampling locations 1, 2, and 5 and was calculated by dividing the forecasted storm length by the 12 

aliquots to yield the sampling frequency. This ensured that a sufficient number of samples were collected 

at the inlets and the SFB outlets – sampling locations where flow is only present during the storm event 

itself. Due to the retention time of the WDP, CSW, and WQT components, aliquots were collected at a 

different frequency at sampling location 3 in the CSWQF and locations 3 and 4 in the FCWQF in order to 

collect an equivalent number of samples as stormwater leaves the facilities over the 24-hour drawdown 

period. This frequency was calculated by taking the forecasted length of the storm event plus the length of 

the drawdown period and dividing that number by the 12 aliquots. For example, during an 8-hour storm, 

aliquots are collected every 40 minutes at FCWQF sampling locations 1, 2, and 5. The length of the storm 

plus the length of the drawdown period is 32 hours (8 hours + 24 hours). Therefore, frequency of aliquot 

collection at FCWQF sampling locations 3 and 4 should be one aliquot every 2 hours 40 minutes.  

Grab samples were collected for E. coli, mercury (total and dissolved), methylmercury (total and 

dissolved), and volatile organic compounds (VOCs). E. coli was sampled three times at each location, 

during the rising limb, peak, and falling limb of the storm hydrograph. This provided a reasonable 

estimation of bacteria levels throughout the storm event and allowed samples to be analyzed within the 24 

hour maximum holding time. Rather than using an EMC for bacteria, a geometric mean was used to 

describe concentrations during the event. Mercury and methylmercury constituents were sampled once at 

each sampling location. The number of samples collected was limited by the high cost of analysis for 

these constituents. Since VOCs are typically not present in stormwater samples, a single grab sample 

obtained during the rising limb was used to test for their presence. VOCs were collected during the rising 

limb because their extreme volatility decreases the likeliness of detection over time.  

In situ measurements were made at each sampling location for temperature, pH, conductivity, 

turbidity, and DO using a field multi-parameter instrument for the first sampling event. These 
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measurements were recorded during the rising limb and peak of the storm hydrograph. They were also to 

be recorded during the falling limb and for the second sampling event, but the timing of other sampling 

activities often precluded the in situ measurements. These water quality parameters typically do not 

change dramatically as stormwater moves through the facility (Torrey Lindbo, personal communication, 

Octeober 12, 2011). Thus, three measurements provide enough data to determine a trend while avoiding 

the collection of redundant data. 

Table 2 provides an example sampling schedule based on the above 8 hour storm event. Obviously, 

the length of the forecasted event was not necessarily the length of the actual storm event. The collection 

schedule and number of aliquots collected were therefore target goals and changed in the field during 

storm events to accommodate changes in the forecasted event.  

Table 2. Example of FCWQF Composite Sampling Schedule 

Event Begin 9/15/2011 1:00       

Event End 9/15/2011 9:00 

  

  

Length of Event (hrs) 8 

  

  

Sampling Location SFB In (1) SFB Out/WQF In (2) WQF Out/CSW In (3) CSW Out (4) BYP In (5) 

Time 

9/15/2011 1:30 9/15/2011 1:35 9/15/2011 1:40 9/15/2011 1:45 as necessary 

9/15/2011 2:10 9/15/2011 2:15 9/15/2011 4:20 9/15/2011 4:25 as necessary 

9/15/2011 2:50 9/15/2011 2:55 9/15/2011 7:00 9/15/2011 7:05 as necessary 

9/15/2011 3:30 9/15/2011 3:35 9/15/2011 9:40 9/15/2011 9:45 as necessary 

9/15/2011 4:10 9/15/2011 4:15 9/15/2011 12:20 9/15/2011 12:25 as necessary 

9/15/2011 4:50 9/15/2011 4:55 9/15/2011 15:00 9/15/2011 15:05 as necessary 

9/15/2011 5:30 9/15/2011 5:35 9/15/2011 17:40 9/15/2011 17:45 as necessary 

9/15/2011 6:10 9/15/2011 6:15 9/15/2011 20:20 9/15/2011 20:25 as necessary 

9/15/2011 6:50 9/15/2011 6:55 9/15/2011 23:00 9/15/2011 23:05 as necessary 

9/15/2011 7:30 9/15/2011 7:35 9/16/2011 1:40 9/16/2011 1:45 as necessary 

9/15/2011 8:10 9/15/2011 8:15 9/16/2011 4:20 9/16/2011 4:25 as necessary 

9/15/2011 8:50 9/15/2011 8:55 9/16/2011 7:00 9/16/2011 7:05 as necessary 

3.4 Water Quality Analysis 

Samples were stored in coolers and transported with gel packs at 4°C to the Portland Water Pollution 

Control Laboratory (WPCL), where they were either analyzed on-site or forwarded to Columbia 
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Analytical Services (for analysis of organochlorine pesticides) or TestAmerica (for analysis of chlorinated 

herbicides, mercury constituents, and total organic carbon). Samples were labeled with the project name, 

sample identification number, site location, and date and time collected (for grab samples). Chain of 

custody forms accompanied samples throughout the process, and samples were analyzed within the 

maximum holding time. 

At the CSWQF, it was intended that the facility influent EMC for each constituent would be 

calculated using a weighted sum as show in Equation 1. The percentage of flow through the West and 

East inlets to the total facility influent was to be calculated for each sampling event and multiplied by the 

EMC at that sampling point. The two weighted concentrations were to be summed to estimate a facility 

influent EMC.  

Equation 1 

                   (
  

  
     )  (

  

  
     )  

 where  Vw = volume of stormwater entering through the West inlet 

  Ve = volume of stormwater entering through the East inlet 

Vt = total volume of stormwater  

  EMCw = event mean concentration of the parameter taken at the West inlet 

  EMCe = event mean concentration of the parameter taken at the East inlet 

However, during the course of the project it was discovered that the flow meters installed in the CSWQF 

components do not measure flow accurately enough for use in calculating the total influent EMC. As a 

result, impervious area will be used as a surrogate for stormwater volume to estimate the total influent 

EMC as shown in Equation 2.  

Equation 2 

                   (
  

  
     )  (

  

  
     )  

 where  Aw = amount of impervious area draining to the West inlet 

  Ae = amount of impervious area draining to the East inlet 

At = total amount of impervious area  

  EMCw = event mean concentration of the parameter taken at the West inlet 

  EMCe = event mean concentration of the parameter taken at the East inlet 
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This problem also occurred at the FCWQF, but the solution is not as simple. It was originally 

intended that the total influent for the entire facility and for the CSW component would be calculated 

using the weighted sum method described above. This is necessary because when the facility’s secondary 

inlet flows, the combined influent EMC from the facility’s primary and secondary inlets must be 

calculated. However, calibration problems with the facility’s flow meters made it impossible to determine 

the volume of stormwater entering the facility through either inlet. As a result, the total influent EMC for 

the entire facility and for the CSW component are given as a range of values encompassing the EMCs of 

both inlets. A visual estimate of flow in the primary and secondary inlets was used to develop the 

weighted sum used in the calculation of total influent EMC. This method of estimation affects the 

accuracy of the total influent EMCs, but it fortunately does not impact the effluent EMCs. Although less 

accuracy in the total influent EMCs may affect the removal efficiency ratios described below, effluent 

EMCs are the primary method of measuring the effectiveness of the two facilities.  

Removal efficiency ratios were calculated using the efficiency ratio method as described in the EPA’s 

Urban Stormwater BMP Performance Monitoring guidelines (US EPA, 2002): 

Equation 3 

                 (
                               

                  
)        

A long-term dataset containing EMC data for 21 parameters was analyzed to determine if the FCWQF 

treatment train significantly reduced pollutant concentrations. This dataset contained EMC data for the 

FCWQF facility influent and effluent during the storm events shown in Table 3. 

. 
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Table 3. Sampling events and number of samples contained in the long-term dataset 

Analyte Sampling Events 
No. of 

Influent 
Samples 

No. of 
Effluent 
Samples 

Nutrients 

  

Ammonia-N (NH3-N) 10/3/08, 3/23/09, 10/23/09, 2/25/10, 10/24/10, 5/11/11, 11/2/11, 3/5/12 8 8 

Nitrate-N (NO3-N) 10/3/08, 3/23/09, 10/23/09, 2/25/10, 10/24/10, 5/11/11, 11/2/11, 3/5/12 8 8 

Total Kjeldahl N (TKN) 10/3/08, 3/23/09, 10/23/09, 2/25/10, 10/24/10, 5/11/11, 11/2/11, 3/5/12 8 8 

Orthophosphate (OP) 10/3/08, 3/23/09, 10/23/09, 2/25/10, 10/24/10, 5/11/11, 11/2/11, 3/5/12 8 8 

Total Phosphorus (TP) 10/3/08, 3/23/09, 10/23/09, 2/25/10, 10/24/10, 5/11/11, 11/2/11, 3/5/12 8 8 

General Chemistry 

  

BOD5 10/3/08, 3/23/09, 10/23/09, 2/25/10, 10/24/10, 5/11/11, 11/2/11, 3/5/12 8 8 

Total Suspended 
Solids (TSS) 

10/3/08, 3/23/09, 10/23/09, 2/25/10, 10/24/10, 5/11/11, 11/2/11, 3/5/12 8 8 

Metals, Dissolved 

  

Copper (DCu) 10/3/08, 3/23/09, 10/23/09, 2/25/10, 10/24/10, 5/11/11, 11/2/11, 3/5/12 8 8 

Lead (DPb) 10/3/08, 3/23/09, 10/23/09, 2/25/10, 10/24/10, 5/11/11, 11/2/11, 3/5/12 8 8 

Nickel (DNi) 10/3/08, 3/23/09, 10/23/09, 2/25/10, 10/24/10, 5/11/11, 11/2/11, 3/5/12 8 8 

Zinc (DZn) 10/3/08, 3/23/09, 10/23/09, 2/25/10, 10/24/10, 5/11/11, 11/2/11, 3/5/12 8 8 

Metals, Total 

  

Copper (TCu) 10/3/08, 3/23/09, 10/23/09, 2/25/10, 10/24/10, 5/11/11, 11/2/11, 3/5/12 8 8 

Lead (TPb) 10/3/08, 3/23/09, 10/23/09, 2/25/10, 10/24/10, 5/11/11, 11/2/11, 3/5/12 8 8 

Nickel (TNi) 10/3/08, 3/23/09, 10/23/09, 2/25/10, 10/24/10, 5/11/11, 11/2/11, 3/5/12 8 8 

Zinc (TZn) 10/3/08, 3/23/09, 10/23/09, 2/25/10, 10/24/10, 5/11/11, 11/2/11, 3/5/12 8 8 

Bacteria         

  E. coli 
3/7/07, 5/2/07, 1/14/08, 2/29/08, 10/3/08, 3/23/09, 10/23/09, 2/25/10, 

10/23/10, 5/11/11, 11/2/11, 3/5/12 
21 23 

Field Parameters 

  

Conductivity 
3/7/07, 5/2/07, 1/14/08, 2/29/08, 10/3/08, 3/23/09, 2/25/10, 10/23/10, 

5/11/11, 11/2/11 
38 39 

Dissolved oxygen (DO) 
3/7/07, 5/2/07, 1/14/08, 2/29/08, 10/3/08, 3/23/09, 2/25/10, 10/23/10, 

5/11/11, 11/2/11 
38 40 

pH 3/7/07, 5/2/07, 2/29/08, 10/3/08, 3/23/09, 2/25/10, 10/23/10, 5/11/11, 11/2/11 35 39 

Temperature 
3/7/07, 5/2/07, 1/14/08, 2/29/08, 10/3/08, 3/23/09, 2/25/10, 10/23/10, 

5/11/11, 11/2/11 
38 40 

Turbidity 
5/2/07, 1/14/08, 2/29/08, 10/3/08, 3/23/09, 2/25/10, 10/23/10, 5/11/11, 

11/2/11 
34 34 

The size of the dataset is sufficient to meet the assumptions of the Wilcoxon Signed Rank test which 

will be used to compare the influent and effluent EMCs. The Wilcoxon Signed Rank test is a non-

parametric statistical hypothesis test used when comparing two related samples to assess whether one of 
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the two samples tends to have larger values than the other. It is often used as an alternative to the paired 

Student’s t-test when analyzing environmental data because this data is often not normally distributed. 

The hypothesis for the one-tailed test is as follows: 

Ho: median influent EMC <= median effluent EMC 

Ha: median influent EMC > median effluent EMC 

The critical value for the test was based upon an alpha of 0.05. As shown in Table 3, a sample size of 8 

was available for the nutrients, general chemistry, dissolved metals, and total metals parameters. The 

bacteria influent and effluent parameters had samples sizes of 21 and 23, respectively. Sample sizes for 

the field parameters ranged from 34 to 40. Multiple grab samples were collected throughout each 

sampling event for the bacteria and field parameters, resulting in sample sizes that exceed the number of 

events. 

The dataset contained multiple non-detect observations for several parameters. The values of non-

detect observations were estimated using the ProUCL Version 4.1.01 software developed by the U.S. 

Environmental Protection Agency Office of Research and Development (2011) for analysis of 

environmental data containing non-detect observations. Regression on Order Statistics was used to fit a 

regression line to the data and then fill in values extrapolated from that line for the observations falling 

below the detection limit. On occasion, these extrapolated values were either negative or above the 

detection limit. For these cases, EPA recommendations were followed – a value of half the detection limit 

was substituted for negative values and the value of the detection limit was substituted for extrapolated 

values above the detection limit (Singh et al., 2010). The corrected dataset was then analyzed using the 

Wilcoxon Signed Rank test using the R statistical package. 
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4.0 EVENTS 

4.1 Fall Event of November 2-3, 2011 

The sampling team sampled a storm event on November 2-3, 2011. The storm event began at 19:45 

on 11/2/2011 and ended at 1:15 on 11/3/2011. Approximately 0.6 inch of precipitation occurred during 

this period with 0.01 inch occurring in the previous 72 hours, 0.05 inch in the following 24 hours and, 

0.13 inch in the following 48 hours. Sampling was conducted at the CSWQF East and West inlets over 

approximately 4 hours and at the facility outlet over approximately 24 hours. Sampling was conducted at 

FCWQF sampling locations 1, 2, and 5 over approximately 4.75 hours and at sampling locations 3 and 4 

over approximately 24 hours. Sampling was terminated at the point when outflow from the facility 

returned to approximately base flow conditions as described in Section 3.1.  

4.2 Spring Event of March 5-6, 2012 

The sampling team successfully sampled a storm event on March 5-6, 2012. The storm event began at 

10:00 and ended at 14:00 on 3/5/2012. Approximately 0.36 inch of precipitation occurred during this 

period with 0.09 inch occurring in the previous 72 hours and none in the following 72 hours. Sampling 

was conducted at the CSWQF East and West inlets and FCWQF sampling locations 1, 2, and 5 over 

approximately 3.5 hours and at the CSWQF outlet and FCWQF sampling locations 3 and 4 over 

approximately 24 hours. Sampling was terminated at the point when outflow from the facility returned to 

approximately base flow conditions as described in Section 3.1. 
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5.0 RESULTS 

5.1 Estimated Flows 

Flow data was not reliable for either sampling event at the CSWQF or FCWQF. The flow meters at 

the CSWQF have a history of calibration issues, and these issues resurfaced during the fall and spring 

sampling events. For instance, during one storm event at the CSWQF the meter at the outlet of a 

sedimentation forebay registered 5 times the volume of stormwater as was recorded entering the cell – 

even though there are no additional inputs to the cell. In addition, during the fall and spring sampling 

events, the weir in the flow diversion structure that directs excess flow to the secondary inlet of the 

FCWQF malfunctioned. As a result, flow was not used to aid in the calculation of total EMC for the 

facilities. For the CSWQF, modeling suggests that 80 percent of flow enters through the West Inlet and 

20 % enters through the East Inlet (Tom McCausland, personal communication, May 2, 2012). This ratio 

was used to calculate the total influent EMCs for the CSWQF for both sampling events. For the FCWQF, 

it was visually estimated that the ratio of flow through the primary inlet to the flow through the secondary 

inlet was 80:20 for the fall event and 90:10 for the spring event. These ratios were used to calculate the 

total CSW influent EMCs and the total facility influent EMCs for the FCWQF. 

5.2 CSWQF Water Quality Results 

The results of the fall and spring sampling events are meant to be illustrative in nature and do not 

attempt to quantify the effectiveness of the facility or its individual components in a statistically 

significant manner. To do this, the results of additional sampling events are necessary. For comparison 

purposes, removal efficiencies are often represented as percent removal. These removal efficiencies are 

considered “measurable” if they exceeded the analytical error associated with the laboratory testing. The 

following thresholds were used to demarcate measurable difference: 1) 10 percent for nutrients, general 

chemistry, and metals, 2) 20 percent for chlorinated herbicides, PAHs, and VOCs, and 3) 40 percent for 
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organochlorine pesticides. Removal efficiencies that do not meet these criteria are not mentioned in the 

Results section. This method of representing removal efficiency has been justly criticized as being 

primarily a function of influent quality rather than BMP performance, and variations in percent removal 

may have little relationship to the quality of effluent that is achieved. For this reason, percent removal is 

provided merely as a supplement to the effluent concentrations shown in the following tables.  

5.2.1 Nutrients 

The following section along with Tables 4 and 5 provide information by which to assess the 

effectiveness of the CSWQF treatment train at removing nutrients from stormwater for the fall and spring 

sampling events. The treatment train did not measurably reduce the EMCs of any nutrients except NH3-N 

during the fall event and experienced an overall increase in nutrient concentration of 47 percent. Although 

the EMC of NH3-N decreased by 47 percent (0.024 mg/L), the EMCs of NO3-N, TKN, OP, and TP 

increased between 17 and 104 percent. The treatment train was much more effective at removing nutrients 

for the spring event and measurably decreased nutrient concentrations by 11 percent. Reductions in the 

EMCs of NH3-N, TKN, and TP ranged from 28 to 38 percent. The EMC of NO3-N increased once again 

but this time by only 13 percent. 

Table 4. Nutrient EMCs at the CSWQF for the fall event 

Analyte Unit 

11/2/2011 Storm Event 

Entire Facility 

West Inlet 
Influent 

EMC 

East Inlet 
Influent 

EMC 

Total 
Influent 

EMC 

Effluent 
EMC 

Difference  
% 

Difference 

Nutrients 

  

Total Nutrients mg/L 0.80 0.62 0.76 1.1 -0.36 -47% 

Ammonia-N (NH3-N) mg/L 0.054 0.038 0.051 0.027 0.024 47% 

Nitrate-N (NO3-N) mg/L 0.28 0.24 0.27 0.55 -0.28 -104% 

Total Kjeldahl N (TKN) mg/L 0.35 0.26 0.33 0.39 -0.058 -17% 

Orthophosphate (OP) mg/L 0.039 0.021 0.035 0.053 -0.018 -50% 

Total Phosphorus (TP) mg/L 0.0790 0.0570 0.0756 0.0990 -0.0244 -33% 

NOTE: BOLD values are measurably different as discussed in Section 5.2. 
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Table 5. Nutrient EMCs at the CSWQF for the spring event 

Analyte Unit 

3/5/2012 Storm Event 

Entire Facility 

West Inlet 
Influent 

EMC 

East Inlet 
Influent 

EMC 

Total 
Influent 

EMC 

Effluent 
EMC 

Difference  % Difference 

Nutrients 

  

Total Nutrients mg/L 1.5 1.2 1.4 1.3 0.16 11% 

Ammonia-N (NH3-N) mg/L 0.051 0.039 0.049 0.035 0.014 28% 

Nitrate-N (NO3-N) mg/L 0.75 0.45 0.69 0.78 -0.090 -13% 

Total Kjeldahl N (TKN) mg/L 0.56 0.61 0.57 0.38 0.19 33% 

Orthophosphate (OP) mg/L <0.010 <0.010 <0.010 <0.010 Indeterminate Indeterminate 

Total Phosphorus (TP) mg/L 0.120 0.140 0.124 0.0770 0.0470 38% 

NOTE: Indeterminate values may have occurred either because the influent and effluent EMCs were both below the MRL or because an elevated 

MRL resulted in the MRL for one sample being higher than the detectable value of the other. BOLD values are measurably different as discussed 

in Section 5.2. 

5.2.2 General Chemistry 

Tables 6 and 7 provide information by which to assess the effectiveness of the CSWQF treatment 

train at removing BOD5, TOC, and TSS from stormwater for the fall and spring sampling events. Similar 

to the nutrient results, the treatment train did not measurably reduce the EMCs of any of the above 

parameters during the fall event. The EMC of BOD5 did not measurable change, TOC increased by 90 

percent, and TSS increased by 107 percent. The performance of the treatment train improved during the 

spring event, where the EMC of BOD5 decreased by 64 percent and TSS decreased by 70 percent. The 

EMC of TOC increased again but to a smaller degree – by 11 percent. 

Table 6. General chemistry EMCs at the CSWQF for the fall event 

Analyte Unit 

11/2/2011 Storm Event 

Entire Facility 

West Inlet 
Influent 

EMC 

East Inlet 
Influent 

EMC 

Total 
Influent 

EMC 

Effluent 
EMC 

Difference  % Difference 

General Chemistry 

  

BOD5 mg/L 3 2 3 3 -0.2 -7% 

Total Organic Carbon 
(TOC) 

mg/L 1.55 <0.500 1.34 2.55 -1.21 -90% 

Total Suspended Solids 
(TSS) 

mg/L 6 5 6 12 -6 -107% 

NOTE: BOLD values are measurably different as discussed in Section 5.2. 
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Table 7. General chemistry EMCs at the CSWQF for the spring event 

Analyte Unit 

3/5/2012 Storm Event 

Entire Facility 

West Inlet 
Influent 

EMC 

East Inlet 
Influent 

EMC 

Total 
Influent 

EMC 

Effluent 
EMC 

Difference  % Difference 

General Chemistry 

  

BOD5 mg/L 3 2 3 <1 2 64% 

Total Organic Carbon 
(TOC) 

mg/L 3.07 2.12 2.88 3.21 -0.330 -11% 

Total Suspended Solids 
(TSS) 

mg/L 20 20 20 6 14 70% 

NOTE: BOLD values are measurably different as discussed in Section 5.2. 

5.2.3 Metals 

Tables 8 and 9 provide information by which to assess the effectiveness of the CSWQF treatment 

train at removing metals from stormwater for the fall and spring sampling events. For the fall event, the 

treatment train measurably reduced the EMCs of TCd, DPb, DZn, and TZn by 20, 46, 35, and 27 percent, 

respectively. The EMCs of TAs, DCu, and TNi increased between 12 and 19 percent. For the spring 

event, the treatment train measurably reduced the EMCs of TSb, DAs, TAs, TCd, TCu, DPb, TPb, TNi, 

DZn, and TZn. Removal efficiencies ranged from 12 to 44 percent for total metals and 16 to 30 percent 

for the dissolved metals. DZn and TZn decreased by the greatest absolute amount because they were 

present at far greater concentrations in stormwater than were most other metals. DSb, DAs, and DCd were 

not analyzed for in the fall event, but were later added to sampling plan in order to improve our estimates 

of additional metals. 
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Table 8. Metals EMCs at the CSWQF for the fall event 

Analyte Unit 

11/2/2011 Storm Event 

Entire Facility 

West 
Inlet 

Influent 
EMC 

East Inlet 
Influent 

EMC 

Total 
Influent 

EMC 

Effluent 
EMC 

Difference 
Between 

Influent & 
Effluent EMC 

% Difference 

Metals, Dissolved (composite) 

 

Antimony (DSb) µg/L -- -- -- -- -- -- 

Arsenic (DAs) µg/L -- -- -- -- -- -- 

Cadmium (DCd) µg/L -- -- -- -- -- -- 

Copper (DCu) µg/L 1.82 1.70 1.80 2.01 -0.214 -12% 

Lead (DPb) µg/L 0.237 <0.100 0.210 0.114 0.0956 46% 

Nickel (DNi) µg/L <0.500 <0.500 <0.500 <0.500 Indeterminate Indeterminate 

Zinc (DZn) µg/L 26.9 26.0 26.7 17.3 9.42 35% 

Metals, Total (composite) 

 

Antimony (TSb) µg/L 0.319 0.337 0.323 0.346 -0.0234 -7% 

Arsenic (TAs) µg/L 0.332 0.316 0.329 0.390 -0.061 -19% 

Cadmium (TCd) µg/L 0.124 0.130 0.125 <0.100 0.0252 20% 

Copper (TCu) µg/L 3.33 3.38 3.34 3.30 0.0400 1% 

Lead (TPb) µg/L 1.26 0.864 1.18 1.22 -0.0392 -3% 

Nickel (TNi) µg/L 0.617 0.622 0.618 0.690 -0.0720 -12% 

Zinc (TZn) µg/L 34.9 34.7 34.9 25.5 9.36 27% 

Mercury Constituents - Low-level Analysis (grab) 

  

Dissolved Mercury (DHg) ng/L 1.2 0.94 1.2 1.7 -0.50 -43% 

Total Mercury (THg) ng/L 2.4 1.7 2.2 3.2 -1.0 -47% 

Dissolved Methylmercury 
(DMeHg) 

ng/L <0.050 <0.050 <0.050 <0.050 Indeterminate Indeterminate 

Total Methylmercury (TMeHg) ng/L 0.085 0.077 0.083 0.088 -0.0046 -6% 

NOTE: “I” indicates that the value is indeterminate. This may have occurred either because the influent and effluent EMCs were both below the 

MRL or because an elevated MRL resulted in the MRL for one sample being higher than the detectable value of the other. BOLD values are 

measurably different as discussed in Section 5.2. 

The following mercury results refer to the low-level mercury analysis using EPA 1630 and 1631E 

methods only – not to the results obtained using ICPMS. During the fall event, the EMCs of DHg and 

THg and TMeHg increased by 42 and 45 percent, respectively. There was no change in methylmercury 

EMCs. The performance of the CSWQF treatment train improved with the spring event, and the treatment 

train reduced the EMCs of DHg by 60 percent, THg by 44 percent, DMeHg by 57 percent, and TMeHg 

by 64 percent. 

 



26 

 

Table 9. Metals EMCs at the CSWQF for the spring event 

Analyte Unit 

3/5/2012 Storm Event 

Entire Facility 

West 
Inlet 

Influent 
EMC 

East Inlet 
Influent 

EMC 

Total 
Influent 

EMC 

Effluent 
EMC 

Difference 
Between 

Influent & 
Effluent EMC 

Percent 
Difference 

Metals, Dissolved (composite) 

  

Antimony (DSb) µg/L 0.298 0.382 0.315 0.326 -0.0112 -4% 

Arsenic (DAs) µg/L 0.301 0.256 0.292 0.244 0.0480 16% 

Cadmium (DCd) µg/L <0.100 0.103 0.101 <0.100 0.000600 1% 

Copper (DCu) µg/L 2.22 1.96 2.17 2.00 0.168 8% 

Lead (DPb) µg/L 0.135 <0.100 0.128 <0.100 0.0280 22% 

Nickel (DNi) µg/L <0.500 <0.500 <0.500 <0.500 Indeterminate Indeterminate 

Zinc (DZn) µg/L 40.2 70.8 46.3 32.3 14.0 30% 

Metals, Total (composite) 

  Antimony (TSb) µg/L 0.512 0.620 0.534 0.469 0.0646 12% 

  Arsenic (TAs) µg/L 0.448 0.418 0.442 0.348 0.0940 21% 

  Cadmium (TCd) µg/L 0.148 0.191 0.157 <0.100 0.0566 36% 

  Copper (TCu) µg/L 5.08 4.78 5.02 3.79 1.23 25% 

  Lead (TPb) µg/L 2.39 1.97 2.31 1.28 1.03 44% 

  Nickel (TNi) µg/L 1.00 1.13 1.03 0.663 0.363 35% 

  Zinc (TZn) µg/L 66.6 102 73.7 46.8 26.9 36% 

Mercury - by ICPMS (grab) 

  Total Mercury (THg) µg/L 0.00518 0.00366 0.00488 <0.00200 0.00288 59% 

Mercury Constituents - Low-level Analysis (grab) 

  

Dissolved Mercury (DHg) ng/L 1.7 1.4 1.6 0.66 0.98 60% 

Total Mercury (THg) ng/L 3.7 4.1 3.8 2.1 1.7 44% 

Dissolved Methylmercury 
(DMeHg) 

ng/L 0.11 0.13 0.11 0.049 0.065 57% 

Total Methylmercury (TMeHg) ng/L 0.22 0.28 0.23 0.084 0.15 64% 

NOTE: “I” indicates that the value is indeterminate. This may have occurred either because the influent and effluent EMCs were both below the 
MRL or because an elevated MRL resulted in the MRL for one sample being higher than the detectable value of the other. BOLD values are 

measurably different as discussed in Section 5.2. 

5.2.4 Chlorinated Herbicides, Organochlorine Pesticides, Phthalates, PAHs, and VOCs 

The following section along with Tables 10 and 11 provide information by which to assess the 

effectiveness of the CSWQF treatment train at removing pesticides, phthalates, PAHs, and VOCs from 

stormwater for the fall and spring sampling events. The treatment train decreased the EMCs of 2,4-D and 

pentachlorophenol for both events, with removal efficiencies ranging from 28 to 54 percent. The only 

measurable effect on organochlorine pesticides was the reduction of the EMC of heptachlor by 40 percent 
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for the fall event. It is not possible to estimate removal efficiencies for aldrin, Endosulfan I, or endrin 

aldehyde for the spring event; a matrix interference during laboratory analysis of the samples led to 

elevated MRLs for those compounds.  

The treatment train reduced the EMC of the only phthalate detected in the influent by 60 percent, with 

a reduction of 0.76 µg/L. The treatment train reduced the overall EMC of PAHs between 36 and 42 

percent for the two events. 6 of the 10 PAHs were measurably reduced for the fall event, and 9 of the 10 

PAHs were measurably reduced for the spring event with 3 being reduced to non-detectable levels. 

Removal efficiencies ranged from 32 to 61 percent. Napthalene was the only PAH to show a measurable 

increase for the spring events, and it increased by 28 percent. No VOCs were detected in influent or 

effluent samples for either of the events. 
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Table 10.  Pesticide, phthalate, PAH, and VOC EMCs at the CSWQF for the fall event 

Analyte Unit 

11/2/2011 Storm Event 

Entire Facility 

West 
Inlet 

Influent 
EMC 

East Inlet 
Influent 

EMC 

Total 
Influent 

EMC 

Effluent 
EMC 

Difference 
Between 

Influent & 
Effluent EMC 

% Difference 

Chlorinated Herbicides 

  

2,4-D (Chlorophenoxy 
Herbicide) 

µg/L 0.190 0.0975 0.172 0.114 0.0575 34% 

Pentachlorophenol µg/L 0.138 0.0769 0.126 0.0581 0.0677 54% 

Other Herbicides µg/L ND ND ND ND -- -- 

Organochlorine Pesticides 

  

Aldrin ng/L 0.64 0.17 0.55 0.35 0.20 36% 

Endosulfan I ng/L <0.54 <0.54 <0.54 <0.50 Indeterminate Indeterminate 

Endrin aldehyde ng/L <2.2 <2.2 <2.2 <2.0 Indeterminate Indeterminate 

Heptachlor ng/L 0.54 2.0 0.83 0.50 0.33 40% 

Other Pesticides ng/L ND ND ND ND -- -- 

Phthalates 

  
Bis(2-ethylhexyl phthalate µg/L 1.3 1.1 1.3 <0.50 0.80 62% 

Other Phthalates µg/L ND ND ND ND -- -- 

Polynuclear Aromatic Hydrocarbons (PAHs) 

  

Total PAHs µg/L 0.23 0.098 0.25 0.13 0.089 48% 

Benzo(a)anthracene µg/L 0.012 <0.010 0.012 <0.010 0.0016 14% 

Benzo(a)pyrene µg/L 0.011 <0.010 0.011 <0.010 0.00080 7% 

Benzo(b)fluoranthene µg/L 0.027 <0.010 0.024 0.011 0.013 53% 

Benzo(ghi)perylene µg/L 0.024 <0.010 0.021 0.011 0.010 48% 

Chrysene µg/L 0.027 <0.010 0.024 0.011 0.013 53% 

Fluoranthene µg/L 0.029 0.011 0.025 0.013 0.012 49% 

Indeno(1,2,3-cd)pyrene µg/L 0.013 <0.010 0.012 <0.010 0.0024 19% 

Naphthalene µg/L <0.040 0.042 0.040 0.042 -0.0016 -4% 

Phenanthrene µg/L 0.041 0.027 0.038 0.022 0.016 42% 

Pyrene µg/L 0.047 0.018 0.041 0.019 0.022 54% 

Other PAHs µg/L ND ND ND ND -- -- 

Volatile Organic Compounds (VOCs) 

  Other VOCs ng/L ND ND ND ND -- -- 

NOTE: ND indicates that the actual value of the constituent is below the MRL and is used to represent a variety of constituents with varying 
MRLs. “I” indicates that the value is indeterminate. This may have occurred either because the influent and effluent EMCs were both below the 

MRL or because an elevated MRL resulted in the MRL for one sample being higher than the detectable value of the other. BOLD values are 

measurably different as discussed in Section 5.2. 
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Table 11. Pesticide, phthalate, PAH, and VOC EMCs at the CSWQF for the spring event 

Analyte Unit 

3/5/2012 Storm Event 

Entire Facility 

West 
Inlet 

Influent 
EMC 

East Inlet 
Influent 

EMC 

Total 
Influent 

EMC 

Effluent 
EMC 

Difference 
Between 

Influent & 
Effluent EMC 

% Difference 

Chlorinated Herbicides 

  

2,4-D (Chlorophenoxy 
Herbicide) 

µg/L 0.18 <0.050 0.15 0.11 0.044 29% 

Pentachlorophenol µg/L 0.13 0.045 0.11 0.081 0.032 28% 

Other Herbicides µg/L ND ND ND ND -- -- 

Organochlorine Pesticides 

  

Aldrin ng/L <0.59 <0.50 <0.59 <0.58 Indeterminate Indeterminate 

Endosulfan I ng/L <0.59 0.27 <0.59 <0.58 Indeterminate Indeterminate 

Endrin aldehyde ng/L <2.4 <2.8 <2.8 2.0 Indeterminate Indeterminate 

Heptachlor ng/L 1.2 0.67 1.1 0.68 0.41 38% 

Other Pesticides ng/L ND ND ND ND -- -- 

Phthalates 

  
Bis(2-ethylhexyl phthalate µg/L 1.2 1.5 1.3 <0.50 0.80 62% 

Other Phthalates µg/L ND ND ND ND -- -- 

Polynuclear Aromatic Hydrocarbons (PAHs) 

  

Total PAHs µg/L 0.28 0.23 0.28 0.15 0.13 44% 

Benzo(a)anthracene µg/L 0.017 <0.010 0.016 <0.010 0.0056 36% 

Benzo(a)pyrene µg/L 0.015 0.013 0.015 <0.010 0.0046 32% 

Benzo(b)fluoranthene µg/L 0.029 0.021 0.027 0.011 0.016 60% 

Benzo(ghi)perylene µg/L 0.034 0.027 0.033 0.013 0.020 60% 

Chrysene µg/L 0.027 0.019 0.025 0.010 0.015 61% 

Fluoranthene µg/L 0.038 0.045 0.039 0.017 0.022 57% 

Indeno(1,2,3-cd)pyrene µg/L 0.015 0.013 0.015 <0.010 0.0046 32% 

Naphthalene µg/L <0.040 <0.040 <0.040 0.051 -0.011 -28% 

Phenanthrene µg/L 0.037 0.043 0.038 0.020 0.018 48% 

Pyrene µg/L 0.071 0.053 0.067 0.031 0.036 54% 

Other PAHs µg/L ND ND ND ND -- -- 

Volatile Organic Compounds (VOCs) 

  Other VOCs ng/L ND ND ND ND -- -- 

NOTE: ND indicates that the actual value of the constituent is below the MRL and is used to represent a variety of constituents with varying 
MRLs. “I” indicates that the value is indeterminate. This may have occurred either because the influent and effluent EMCs were both below the 

MRL or because an elevated MRL resulted in the MRL for one sample being higher than the detectable value of the other. BOLD values are 

measurably different as discussed in Section 5.2. 


