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ABSTRACT   

 The focus of this research was to assess the performance of bioswales in mitigating and 

treating stormwater runoff from highways and to identify critical parameters that influence the 

load of pollutants from the drainage area. These bioswales are located in Philadelphia and are 

part of a project initiated by the Pennsylvania Department of Transportation to upgrade a major 

roadway (Interstate 95) running through the area. 

The work included sampling and laboratory analysis of runoff water from 9 storm events 

to characterize concentrations of contaminants coming from the highway and going in to the 

bioswales. For one storm event, sampling of vadose-zone and ponded water was included to 

assess how contaminants move or are retained within the bioswale. The various contaminants 

include solids, nutrients and metals, which have all been shown to be parameters of concern 

when dealing with stormwater runoff from highways. In addition, a simulated runoff test was 

performed to assess the potential risk of a very large storm in mobilizing contaminants within the 

bioswale. Stepwise linear regression in IBM SPSS was used to analyze the runoff data collected. 

Characteristics of the rainfall (antecedent dry period, total rainfall, rainfall intensity) were 

selected as potential explanatory variables to predict contaminant concentration or load.   

Results of the runoff characterization showed contaminant concentrations that fell within 

range of literature values from a similar drainage area. Estimated annual loads of contaminants 

were also in range of what has been observed for highway runoff. Vadose-zone and ponded 

water sampling showed removal of ammonia, total phosphorus and chemical oxygen demand 

and build-up of nitrate, total nitrogen and TKN. The build-up was likely due to lack of ion 

interaction with soil particles, which caused the contaminants to remain in the water. Simulated 

runoff testing showed no potential for contaminant mobilization within the bioswale but did 
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indicate potential areas of contaminant buildup via observation of a dye tracer. Stepwise linear 

regressions performed in SPSS showed total rainfall as the most significant predictor of 

suspended solid, nitrate and total phosphorus load in the bioswales. Results also indicate that 

there are significant differences between the loads observed for the two bioswales monitored.       
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CHAPTER 1 - INTRODUCTION 

1.1 Problem Statement 

Stormwater management practices (SMPs) are used to mitigate the effects of increased 

stormwater runoff in urban areas. This includes volume increases due to the presence of 

impervious area and possible contamination from different sources. Runoff water in urban areas 

is an increasing concern because it can carry various pollutants from diffuse and undefined 

sources as it moves over the land. This is referred to as non-point source (NPS) pollution (Davis 

and Cornwell, 2012). In particular, highways can be highly toxic sources of pollution because of 

the increased amount of traffic, which can lead to greater emissions, tire and brake wearing and 

other sources of particulates (Opher and Friedler, 2010). This project involves performance 

monitoring and assessment of SMPs recently built along the reconstruction of the northbound 

section of Interstate 95 (I-95) in Philadelphia. These SMPs were implemented by the 

Pennsylvania Department of Transportation (PennDOT) as part of their project to upgrade the 

Girard Avenue/I-95 interchange. The structures are located within the same block of Richmond 

Street, between Shackamaxon and Marlborough Streets in the area of Fishtown (Philadelphia). 

Currently, there is not a complete understanding of the composition of highway runoff 

water (Butler and Vasconcelos, 2015) and the capability of SMPs to remove contaminants from 

this source (Winston et al., 2012, Stagge et al., 2012). This work aimed to contribute to a better 

understanding of these issues by characterizing the runoff water from this drainage area and 

determining significant factors contributing to pollutant concentrations and loads in SMPs.   
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1.2 Objectives 

The Overall Objective of this study was to characterize the stormwater runoff from I-95 

and assess the performance of selected SMPs recently installed in the highway reconstruction 

area for contaminant removal.  

The Specific Objectives of the study included: 

1. Collect and analyze highway runoff water samples (SMP inlet water) during selected 

storms in order to characterize water contaminants and their potential impact on the 

environment. Analysis involved monitoring of select parameters that are typical 

indicators of overall water quality: dissolved oxygen, temperature, pH, turbidity, 

conductivity, solids (total, suspended, dissolved), nutrients (nitrogen, phosphorus) and 

metals.  

2. Collect ponded and shallow infiltration water samples in the SMPs in order to understand 

how contaminants may be deposited or transported during a storm event. 

3. Analyze contaminants and tracers during simulated runoff tests (SRTs) in order to assess 

potential release of contaminants from the SMPs and the distribution of contaminants in 

the SMP during a storm event. 

4. Perform statistical analysis using the contaminant profiles developed during storms in 

order to establish relationships between contaminant concentrations and storm 

characteristics. 

 



 

 

 

3 

1.3 Significance 

This research is significant because stormwater runoff generates NPS pollutants that 

increasingly impair the quality of water bodies including water supplies and recreational water 

(Opher and Friedler, 2010). SMPs are the major control system that can lead to significant 

reduction of contaminants in stormwater runoff. This work aimed to help improve the 

understanding of contaminant concentrations in highway runoff and add to the research already 

conducted in the field of stormwater management (SWM) in densely urban areas (Davis, 2008; 

Roy-Poirier et al., 2010; Davis et al., 2012; DeBusk and Wynn, 2011; Winston et al., 2012). The 

findings give information on the performance of select SMPs and if this information can be 

applied to other SMPs that will be monitored in future stages of the project.     
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CHAPTER 2 - LITERATURE REVIEW 

2.1 SWM in Philadelphia 

In Philadelphia, the planning for green infrastructure began in 1994 when both the federal 

and state government required the city to reduce sewer overflow to meet policy standards 

(Fitzgerald and Laufer, 2017). Combined sewers are what serve most of the city’s residents, 

which are designed to collect domestic sewage, wastewater and stormwater runoff in a single 

pipe.  In 2009, the Office of Watersheds released the "Green City, Clean Waters (GCCW)" 

program, which is a 25-year plan targeted at controlling runoff from approximately 35% of the 

city’s land and capturing 85% of existing combined sewer overflows (CSOs) (Fitzgerald and 

Laufer, 2017). CSO is a condition where the combined sewer system and the wastewater 

treatment plants have reached capacity due to an increase in flow caused by rainfall. In this case, 

the combined sewer system discharges wastewater into nearby waterways with limited to no 

treatment to prevent flooding in local areas and at wastewater treatment plants (Fitzgerald and 

Laufer, 2017). Unfortunately, this occurrence eventually leads to contamination and erosion of 

downstream waterways. In response, the city is making it a priority to reduce stormwater runoff 

entering the sewer system so it will not reach capacity as frequently.    

In addition to the CSOs, GCCW aims to reduce the area of impervious surfaces in the 

city by replacing or modifying it with green stormwater infrastructure (GSI) (Fitzgerald and 

Laufer, 2017). This GSI is usually comprised of one or more structural SMPs, and there are 

varying types that the city can use to meet their goal.      
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2.2 SMP Types 

SMPs include structures such as bioretention basins, porous pavement, or green roofs. 

These structures treat or mitigate stormwater (and the associated contaminants) through physical, 

chemical or biological processes (PWD, 2015). This review will focus solely on bioretention 

systems (also referred to as bioswales or rain gardens), as they are the type of SMPs PennDOT 

chose to implement to treat runoff in the study area. For consistency, the term bioswale will be 

used to refer to the systems monitored in this research. The Philadelphia Water Department 

(PWD) defines a bioretention system as “a vegetated depression or basin that uses surface 

storage, vegetation, planting soil, outlet controls and other components to treat, detain and retain 

stormwater runoff” (PWD, 2015). PWD designates bioretention as the preferred SMP to 

implement because of their high-performance along with cost-effectiveness and relatively low 

maintenance (PWD, 2015). Also, bioretention systems can be designed to fit a variety of land 

uses and site needs by making modifications to the design parameters. Figure 1 shows one of the 

SMPs at the study site, with I-95 running parallel to it in the background.  

 

Figure 1. Bioswale at I-95 site. 
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2.3 Bioswale Effect on Runoff Quantity 

Several studies have shown that bioswales have a significant effect in attenuating both 

the peak flow and total volume of water that would otherwise enter the downstream network 

(Davis, 2008; Hatt et al., 2009; Li et al., 2009; DeBusk and Wynn, 2011; Davis et al., 2012; 

James and Dymond, 2012). This is mostly through the process of infiltration, along with static 

storage, evapotranspiration (ET), slow release and controlled positive overflow (PWD, 2015). 

The effectiveness of these processes is dependent on the intensity and volume of storm events 

and the design of the bioswale to meet the demands of those events (PWD, 2015).  

Per the PWD guidance manual, post-construction stormwater management requirements 

include infiltration of the first 1.5 inches of runoff from all directly connected impervious areas 

(PWD, 2015). This is referred to as the water quality volume, and SMPs must provide enough 

static storage to contain the entire volume as well as adequate infiltration so that any surface 

water drains within 72 hours (PWD, 2015). If infiltration is not possible, the water quality 

volume must be treated and released at a controlled rate (PWD, 2015). These processes lead not 

only to the reduction of the stormwater volume, but the removal of potentially harmful pollutants 

as well. 

2.4 Bioswale Effect on Runoff Quality 

The reduction of nutrients in stormwater is important because elevated concentrations can 

have negative effects in receiving water, such as eutrophication. Eutrophication is an increase in 

growth of algae that is stimulated by an excess of nutrients in the water. The resulting algal 

bloom can lead to increases in turbidity and pH, as well as decreased dissolved oxygen (DO) 

concentrations due to the eventual oxidative degradation of the algal biomass (Wium-Andersen 

et al., 2013). LeFevre et al. (2015) reviewed the removal of nitrogen and phosphorus species in 
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urban stormwater using bioretention from 7 studies conducted at field sites in the mid-Atlantic 

and north-east regions of the U.S. The results of these studies are summarized in Table 1.The 

design of these facilities were cited as conventional with a sand or loam based media, mulch and 

vegetation.  

Table 1. Summary of field studies reviewed by LeFevre et al. (2015) 

Pollutant Mass Reduction Reference 

Nitrate/NOx 

35% (a) 

Up to 40% (b) 

36-87% (c) 

75% (d) 

90% (e) 

43% (g) 

(a) Dietz and Clausen (2005)  

(b) Hsieh and Davis (2005) 

(c) Dietz and Clausen (2006) 

(d) Hunt et al. (2006) 

(e) Davis (2007) 

(g) Passeport and Hunt (2009) 

Ammonia/Ammonium 

85% (a) 

Up to 49% (b) 

69-86% (c) 

86% (d) 

78-88% (g) 

(a) Dietz and Clausen (2005)  

(b) Hsieh and Davis (2005) 

(c) Dietz and Clausen (2006) 

(d) Hunt et al. (2006) 

(g) Passeport and Hunt  

Orthophosphate 
14-91% (f) 

52-77% (g) 

(f) Line and Hunt (2009)  

(g) Passeport and Hunt 

 

The removal values shown in Table 1 are similar when compared to other studies that 

showed nitrate reductions of 25-90% (Elliot et al., 2011) and 72% (Stagge et al., 2012), ammonia 

reductions of 64% (Hatt et al., 2009) and 98-99% (Elliot et al., 2011) and total phosphorus (TP) 

reductions of 72% (Weiss et al., 2007), 69-86% (Elliot et al., 2011) and 14.7% (Stagge et al., 

2012). In addition to nitrate reductions reported, studies showed total nitrogen (TN) removal of 

77% (Stagge et al., 2012) and total Kjeldahl nitrogen (TKN) removals of 79-88% (Elliot et al., 

2011). In terms of sediment removal, all studies previously mentioned reported suspended solids 
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(SS) removal values of 76% or higher: 85% (Weiss et al., 2007), 76% (Hatt et al., 2009), 13-99% 

(Li and Davis, 2009), 33-90% (Elliot et al., 2011), 99% (DeBusk and Wynn, 2011) and 83% 

(Stagge et al., 2012). It is also worth noting that one study reported no outflow for the majority 

of storm events monitored (DeBusk and Wynn, 2011) and that two of the studies showed 

increases in effluent concentration for total phosphorus and nitrogen (Hatt et al., 2009; Li and 

Davis, 2009).  

Similar to nutrients and sediments, reductions in metals concentrations from stormwater 

runoff is important because of possible negative effects downstream. Metals are potentially toxic, 

non-biodegradable and can have different effects depending on the specific element. These 

include causing a risk to human health by increasing the potential for diseases such as cancer and 

hypertension (Ma et al., 2016). Bioswales have been shown to reduce targeted metals 

concentrations. Reductions in lead (Pb) have been reported at 80% (Hatt et al., 2009), 85% (Li 

and Davis, 2009) and 62% (Stagge et al., 2012). Copper (Cu) reductions have been reported at 

67% (Hatt et al., 2009) and 75% (Stagge et al., 2012). Reduction of zinc (Zn) has been reported 

at 84% (Hatt et al., 2009), 20-97% (Li and Davis, 2009) and 88% (Stagge et al., 2012). Also 

reported in these studies were percent removal of manganese (Mn), which was 38% (Hatt et al., 

2009), chromium (Cr), which was 0-90% (Li and Davis, 2009) and cadmium (Cd), which was 

41% (Stagge et al., 2012).      

2.5 Characteristics of Highway Runoff   

The quality of highway runoff water can be affected by the mobilization of compounds 

left on the roadway and coming from pavement and/or vehicle deterioration, construction 

activities or deposition from the air (MacKay et al., 2011). These compounds can include 

sediments, nutrients, organics and metals. Kayhanian et al. (2012) reviewed the concentrations of 
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pollutants found in highway runoff from 29 studies conducted around the world from 1979 to 

2010. These included 13 studies in the US, and the range and mean concentrations from these 

studies are given in Table 2 and Table 3 (see next page). Data from Flint and Davis (2007), 

which was collected from 2002 to 2003 in Maryland, is also included in Table 2 and 3 for 

comparison. Among the conclusions, both studies found that a majority of the storms monitored 

had higher observed concentrations at the beginning of the event (Kayhanian et al., 2012, Flint 

and Davis, 2007). Flint and Davis (2007) defined their first flush criteria as flushing 50% of the 

total pollutant load in the first 25% of the runoff volume. They found first flush occurred in 17% 

of the storms for SS, 22% for nitrate, 22% for TKN, 27% for TP, 21% for Cu, 13% for Pb and 

14% for Zn (Flint and Davis, 2007).   

Table 2. Literature values for concentration of solids and nutrients in highway runoff 

Pollutant 

Mean and range of concentration 

reported by Kayhanian et al., 2012 

(mg/L) 

Mean and range of concentration 

reported by Flint and Davis, 2007 

(mg/L) 

SS 140 (25-250) 420 (41-1,600) 

DS 120 (90-150) -- 

TN 2 (1-3) -- 

NO3-N 1.5 (1-4) 1.0 (0.14-4.3) 

TKN -- 3.4 (0.8-10) 

TP 0.3 (0.15-0.75) 0.56 (0.032-1.9) 

COD 140 (50-430) -- 
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Table 3. Literature values for concentration of metals in highway runoff 

Pollutant 

Mean and range concentration 

reported by Kayhanian et al., 2012 

(µg/L) 

Mean and range concentration 

reported by Flint and Davis, 2007 

(µg/L) 

Cd 55 (25-170) 35 (13-93) 

Cr 1 (1-9) -- 

Cu 40 (10-100) 11 (24-29) 

Pb 50 (0-200) 22 (15-122) 

Ni 20 (5-70) -- 

Zn 220 (50-880) 118 (18-603) 

 

In addition to concentrations, loading of contaminants in highway runoff is another way 

to quantify the amount of pollutants in runoff. These are usually reported as a mass per drainage 

area, which allows for an equal comparison across different studies. Burton and Pitt (2002) 

reported typical urban area pollutant loads for different land uses, using data from studies 

conducted between 1979 and 1986. Data given for freeways are included in Tables 4 (see next 

page) and 5 (see next page). Also included in Table 4 is data from a more recent study (Winston 

et al., 2012) for comparison to the Burton and Pitt data. Winston et al.’s study was conducted in 

North Carolina from 2008 to 2010. One important point to take from these data is that highways 

are among the highest sources of pollutants in urban areas, even for nutrients (Burton and Pitt, 

2002).  
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Table 4. Literature values for annual load of SS and nutrients from highway runoff 

Pollutant 

Pollutant load reported by 

Burton and Pitt, 2002 

(kg/ha/year) 

Pollutant load reported by 

Winston et al., 2012 

(kg/ha/year) 

SS 880 60-290 

TN -- 7.5-32 

NO3-N 4.2 0.8-15 

TKN 7.9 3.2-26 

TP 0.9 0.35-5.8 

           

Table 5. Literature values for annual load of metals from highway runoff 

Pollutant 

Pollutant load  reported 

by Burton and Pitt, 2002 

(kg/ha/year) 

Cd 0.02 

Cr 0.09 

Cu 0.37 

Pb 4.5 

Zn 2.1 

 

2.6 Multivariate Analysis in Stormwater Research 

Multivariate regression analysis is a method in which one variable of interest (termed 

dependent variable) can be predicted based on a series of other relevant variables (termed 

independent or explanatory variables) (Alexopoulos, 2010). Based on a set of data, a formula 

will be determined that can describe how the dependent variable responds to changes in 

explanatory variables (Alexopoulos, 2010). Determining the characteristics of storm events 

(explanatory variables) that have the most influence on contaminant concentration or load in 
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runoff water (dependent variable) can be done through multivariate linear regression (Arora and 

Reddy, 2013; Arora and Reddy, 2014) . 

Linear regression models the relationship between a scalar dependent variable (Y) and 

one or more independent variables (X). The relationships are modeled using linear predictor 

functions whose unknown model parameters are estimated from the data. The form of the linear 

regression model is shown in equation 1 below, where Yi is the observed value for the i-th 

observation, B0 is the regression intercept, Bj is the j-th predictor’s regression slope, Xij is the j-th 

predictor for the i-th observation and Ei is a Gaussian error term: 

𝑌𝑖 = 𝐵0 + ∑ 𝐵𝑗𝑋𝑖𝑗 + 𝐸𝑖

𝑝

𝑗=1

   (1) 

Possible predictor variables that are commonly used in stormwater research are mean 

rainfall intensity, maximum rainfall intensity, total rainfall (depth) and antecedent dry period 

(ADP) (Trenouth and Gharabaghi, 2016). The physical reason behind the influence of rainfall 

intensity is the kinetic energy of individual rain drops making contact with surface particles, 

causing their dislodgement (Alias et al., 2014). Once dislodged, the particles can be carried away 

by runoff. Both average and peak rainfall intensity have been shown to be significant in the 

resulting total pollutant load (Borris et al., 2014, Hwang and Weng, 2015). Similarly, the 

influence of rainfall depth can be explained by the principle of wash-off, where a greater rainfall 

depth would lead to a greater volume of water, more dislodgment of particles and more 

dissolution of soluble contaminants from the road surface. However, research has shown that 

increasing rainfall depth has a different effect on event mean concentration (EMC) than total 

pollutant load (Han et al., 2006, Davis and Birch, 2010, Hilliges et al., 2013). The increase in 
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volume would lead to an increase in the total mass or load of pollutants washed off, but would 

decrease the EMC by dilution (Kim et al., 2004; Trenouth and Gharabaghi, 2016). This is based 

on the assumption that the mass of pollutants that could build up on the roadway is finite.  

Antecedent dry period (ADP) is defined as the period of time between consecutive 

rainfall events, and it is commonly accepted that increasing ADP leads to an increase in buildup 

of pollutants (Trenouth and Gharabaghi, 2016). This belief is built upon the idea that the absence 

of wet weather allows particles and other substances to accumulate on the roadway from traffic 

or other sources. These pollutants will remain until the next rain event, where they are then 

removed by dislodgement and uptake by the runoff as discussed earlier. But, research has shown 

that this theory is not always proven to be correct, with some studies finding an inverse 

relationship between ADP and pollutant load (Kim et al., 2006, Li and Barrett, 2008). To this 

point, the relationship of ADP to contaminant load is best be described as highly variable and in 

need of further research (Trenouth and Gharabaghi, 2016). 
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CHAPTER 3 - RESEARCH METHODS 

3.1 Site Description 

The bioswales monitored in this research are located on Richmond Street between 

Shackamaxon and Marlborough Streets in Fishtown (see Figure 2, A), which is approximately 2 

miles south-east of Temple University’s main campus. The design plans in Figure 2 show SMP 

C (B) and SMP D (C), with I-95 running parallel to each. The approximate surface area of the 

basins are 395 m2 (0.098 acres) and 216 m2 (0.053 acres), respectively. The approximate 

drainage area to each SMP is 1174 m2 (0.29 acres) for C and 728 m2 (0.18 acres) for D.  The 

approximations were made using light detection and ranging (LiDAR) measurements.   

 

 

Figure 2. (A) Map of the location of the study area, (B) design plan for SMP C, (C) design plan for SMP 

D. Both design plans have the basin highlighted in green and the highway highlighted in grey. 

A 

B C 
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Figure 3. (A) Map showing the locations of the inlets and outlets for SMPs, (B) picture near outlet 

structure of SMP C with Richmond Street running parallel to the right, (C) picture near inlet pipe to SMP 

C, (D) picture near outlet structure of SMP D with Richmond Street in the background, (E) picture near 

inlet pipe to SMP D.  

                 

A 

B C 
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 The map given in Figure 3 shows where the inlets and outlets are located for each SMP. 

The pictures included in the figure (taken in May 2017) show the type of vegetation that exists in 

the basins during warmer months. Some shrubs and smaller grasses occupy the lowest level of 

the basin, and the higher elevations can support larger shrubs and even a few small trees.  

3.2 Water Sampling 

3.2.1 Runoff Sampling Methodology 

The approach for runoff characterization involved collecting grab samples in 1-L plastic 

bottles from the inlet pipe to the SMP (shown in Figure 4). A total of 6 samples were collected 

over 2 hours, with 3 samples collected within the first 30 minutes to better assess pollutant 

concentrations in the early part of the storm (first flush). After collecting the first sample at the 

start of flow from the inlet pipe, subsequent samples were taken 15, 30, 60, 90 and 120 minutes 

later. This method was used for all storms presented in this work from October 2016 to October 

2017.  

 

Figure 4. Inlet pipe to SMP C where runoff samples were collected during rain event. 
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3.2.2 Vadose Zone and Ponding Sampling Methodology 

In addition to runoff sampling, an extension of sample collection was initiated to include 

not just the runoff water from the inlet but also ponding, vadose-zone, and outflow water – if 

present in the SMP. The objective here was to assess the change in concentrations within the 

bioswale. This additional sampling began in October 2017.  

Ponding water samples were collected using stormwater sampling bottles from Thermo 

Scientific (one bottle for each per SMP). The bottle was secured to the outside of the outlet 

structure, approximately 6-8 inches above the bottom level of the basin (see Figure 5, B). One 

bottle was also secured to the inside of the structure to attempt to capture outflow water if it 

discharge occurred. Vadose zone samples were collected using 1900 series soil water samplers 

(lysimeters) from Soilmoisture Equipment Corp (see Figure 5, A). The samplers operate by 

creating a vacuum inside the sampler greater than the soil capillary forces keeping water in place. 

This area of negative pressure allows water to flow from the soil into the sampler. 

   

Figure 5. (A) Soilmoisture Equipment Corp. suction lysimeters used to sample vadose-zone water, (B) 

Thermo Scientific stormwater sampling bottle used to capture ponding water.   

  

A B 
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Shown in Figure 6, 10 lysimeters were used in SMP C, one being outside of the basin 

(top left) and the other 9 inside the basin. The locations in red indicate lysimeters reaching 

approximately 30 cm (~12 inches) into the soil and the blue indicate lysimeters reaching 

approximately 15 cm (~6 inches) in depth. Two lysimeters were also installed in SMP D, but 

samples collected for the October 2017 storm were not included in this work. Lysimeter samples 

were collected within 1-2 days following the storm event.  

 

Figure 6. Placement of lysimeters in SMP C 

3.2.3 Analytical Methods 

Lab testing involved several methods for water quality assessment. DO and pH were 

measured on site using a Hach HQ40d water quality meter with calibrated probe. Solids testing 

was conducted following the 2540 protocol approved by the 1997 Standard Methods Committee. 

2540 B was used for total solids and 2540 D for suspended solids. The difference between these 

two measurements was taken as dissolved solids. Conductivity was measured using the same 

Hach HQ40d meter and turbidity was measured using a LaMotte 2020we turbidmeter, both 

calibrated before use. Hach TNTplus 826, 835, 880, 830, 820 and 843 methods were followed 

for TN, nitrate, TKN, ammonia, COD and TP, respectively. Metals concentrations were analyzed 

using inductively coupled plasma mass spectrometry (ICP-MS). Of all the metals analyzed, 8 
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were isolated as target parameters during the course of this work: arsenic (As), chromium (Cr), 

copper (Cu), lead (Pb), zinc (Zn), cadmium (Cd), cobalt (Co) and iron (Fe). Additional details on 

these methods is given in Table 6 (continues on following page).    

Table 6. Analytical methods for water sampling 

Parameter Method Materials & Equipment 

pH 

Combined glass 

bulb electrode (sensitive 

to hydrogen ions) and 

reference electrode 

Accumet Basic AB 15 with Accumet 3-in-1 

pH/ATC combination electrode (Fisher Scientific 

Corporation) 

Dissolved oxygen 

LDO (luminescent 

dissolved oxygen) 

HQd Portable Meter with LDO probe (Hach) 

Conductivity Conductivity 

HQd Portable Meter with Graphite, 4 pole 

conductivity probe (Hach) 

Turbidity Nephelometry Turbidimeter 2020 we (LaMotte) 

Solids (total, 

suspended) 

Evaporation, filtration 

and gravimetry 

Crucibles, glass fiber filters, filtration device, 

analytical balance (precision 0.1 mg/L) 

Total nitrogen Persulfate digestion 

Nitrogen Total 'N Tube Low Range 0.5-25.0 mg/L 

(Hach) and DR5000 Spectrophometer 

Nitrate Dimethylphenol 

Nitrate, Nitrogen TNTplus Low Range 0.23-13.5 

mg/L (Hach) and DR5000 Spectrophometer 
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Ammonia Salicylate 

Ammonia TNTplus 0.015-2.0 mg/L (Hach) and 

DR5000 Spectrophometer 

Total Kjeldahl 

nitrogen 

Simplified TKN (sTKN) 

Simplified TKN TNTplus 0.0-16 mg/L (Hach) and 

DR5000 Spectrophometer 

Total phosphorous 

PhosVer 3 with acid 

persulfate digestion 

Total Phosphorous Test 'N Tube 0.06-3.50 mg/L 

(Hach) and DR5000 Spectrophometer 

COD Dichromate 

TNTplus Ultra Low Range 1–60 mg/L (Hach) and 

DR5000 Spectrophometer 

Metals 

Inductively Coupled 

Plasma Mass 

Spectrometer (ICP-MS) 

Agilent 7900 ICP-MS with collision reaction cell 
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  Grab samples were preserved on site by storing them in a cooler with ice. The samples 

were then transported back to the lab and stored at 4 °C. Samples designated for nutrients and 

metals testing were acidified as quickly as possible using 0.2% sulfuric acid (nutrients) or 2% 

nitric acid and 0.5% hydrochloric acid (metals).  Lab blanks, field blanks, standards and 

triplicates of samples tested were used to quantify error in these methods. Details on the 

precision and accuracy for nutrients testing are shown in Table 7 below and in Appendix A.  

 

Table 7. Range, Standard Error and Standard Deviation of Hach Test Kits 

Test: Parameter Range (mg/L) Standard Error (%) 

Standard Deviation 

(%) 

TNT 826: Total Nitrogen 1 - 16 1.4 – 11 0.02 – 1.3 

TNT 835: Nitrate 0.25 - 13.5 0.70 – 13 0.001 – 0.1 

TNT 880: TKN 0 - 16 1.5 - 17 0.06 – 1.4 

TNT 830: Ammonia 0.015 - 2.00 0.15 - 11 0.002 – 0.01 

TNT 820: COD 1 - 60 2 - 16 0.58 – 1.7 

TNT 843: TP 0.05 - 1.50 0.38 - 5 0.003 – 0.02 
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3.3 Simulated Runoff Testing 

3.3.1 Methodology 

Simulated runoff tests (SRTs) are used in SWM studies to test both the capacity of an 

infiltration SMP as well as assess the movement of contaminants through use of conservative 

tracers (Cederkvist et al., 2017). The objective of performing this test in this study were two-

fold: first to determine the potential release of contaminants accumulating in the SMP in the 

event of a large storm, second to assess the distribution of contaminants in the SMP through the 

use of tracers that will mimic target contaminants. Monitoring the movements of tracers were 

done visually (in the case of a dye) and by taking samples at multiple times in different locations 

and analyzing them in the lab.  

An SRT was performed for SMP C using municipal water from a nearby fire hydrant 

pumped into the basin at an average flow rate of approximately 39 cfm. Three tracers were used 

in this test, one as a pulse injection and the other two as a near-continuous injection. Fluorescein 

was used as the pulse injection tracer as it is non-reactive and low in potential toxicity compared 

to other dye tracers commonly used (Smart and Laidlaw, 1977). Lithium and bromide were 

chosen for the near-continuous injection as they occur at low levels in the natural environment 

and have not been shown to have any adverse effects (Levy and Chambers, 1987). Lithium was 

intended to simulate the behavior of cationic contaminants (i.e. ammonium, metals) and bromide 

was intended to simulated anionic compounds (i.e. nitrate, phosphate). 1-L of fluorescein dye 

was injected at a concentration of approximately 0.33 kg/L, and 17 mL of the lithium bromide 

was added per minute for the duration of the test (~3.5 hours) at a concentration of 

approximately 0.76 kg/L. Samples were taken at 6 different locations within the SMP after 

injection and once the water started to pond significantly. Samples for fluorescein analysis were 
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taken in 60 mL amber glass bottles and samples for lithium bromide and water quality analysis 

were taken in 500 mL plastic bottles. A diagram of these locations is shown in Figure 7 (see next 

page). “S” indicates the source of the water and injection point of the tracers, “Ub” was the most 

upstream point, “U” was 20-25 feet downstream of Ub, “I” was a point in the basin directly in-

line with the inlet to the SMP, “M” was halfway in between I and the outlet and “D/O” was the 

most downstream point by the outlet. 

 

Figure 7. Map showing locations of sampling during SRT in SMP C. 

3.3.2 Analytical Methods 

  Concentrations of fluorescein were measured using a Tecan Infinite M200 Pro 

microplate reader and a 96 well microplate with 2 µL of sample. The excitation (or absorbance) 

wavelength for the reader was set to 490 nm and the emission wavelength was set to 520 nm, as 

recommended by the supplier of the fluorescein. Bromide concentrations were measured using a 

standardized probe. The same tests described in 3.2.3 were used to test the samples for solids, 

nutrients and metals.      
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3.4 Statistical Analysis 

3.4.1 Methodology 

 The approach taken for analysis of the data was a stepwise multiple linear regression 

performed in IBM SPSS. The software models the relationship between a single dependent 

variable and one or more independent variables. In the stepwise approach, the software evaluates 

the significance of each independent variable, mostly through determining the correlation to the 

dependent variable. The correlation is only useful if there is a reasonable hypothesis to explain it. 

For example, a correlation could exist between nitrate and one of the priority metals, but these 

cannot be said to explain each other. SPSS will only consider adding independent variables to the 

regression if they improve the accuracy of the model (i.e. are significant). The result of this is 

one or more regression models containing one or more independent variables. If none of the 

selected independent variables have a significant correlation to the dependent variable, SPSS will 

reject all and no model will be produced.   

 Beyond just the correlation between the independent and dependent variable, several 

other factors were considered manually to evaluate the significance of the models produced. First 

of these factors was the linear relationship between the independent variable(s) and dependent 

variable, evaluated primarily by the R-squared or adjusted R-squared value. Second was to 

assess the independence of the data in that there should not be a simple numerical relationship 

causing the correlation. This was evaluated using the Durbin-Watson statistic within SPSS to 

determine the possibility of autocorrelations in the independent variables of the data. Third was 

the homoscedasticity of the data, or the variance along the trend line. The variance of the 

variables should remain consistent along the trend line for homoscedasticity to be present. In 

addition to the variance, the residuals should also be consistent (i.e. normally distributed) 
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amongst the data. Finally, there should be no presence of significant outliers or influential points 

and there should not be multicollinearity in the independent variables, meaning that they should 

not be highly correlated with each other.            

3.4.2 Variables Included 

The goal was to determine whether the contaminant concentration or load could be 

explained or predicted by relevant factors, such as the rain fall intensity or antecedent dry period. 

The dependent variables included in the analysis were therefore the contaminant concentration or 

load. Concentrations were statistical values of the parameters for a single storm (i.e. maximum, 

minimum, average and median) or values from specific samples (i.e. samples 1 through 6). The 

parameters chosen were suspended solids, nitrate and total phosphorus, as they are significant 

with respect to the environmental and public health. Based the existing literature, the 

independent variables selected were the characteristics of the rainfall (ADP, total rainfall, 

maximum intensity, average intensity) or the concentration/load of suspended solids. The 

rationale behind the choice to include suspended solids is that it has been shown to be a 

significant indicator of concentrations of other contaminants in stormwater (Kayhanian et al., 

2012). 
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The rainfall characteristics were determined using rainfall data collected on site by 

Villanova University. They collected data for 8 of the 9 storms included in this work. In the case 

of the one storm not collected, an estimation was made using data collected at 3 PWD rain 

gauges surrounding the site. The equation used to estimate is shown below (Viessman and 

Lewis, 1989), where P is the precipitation reading at a single gauge (inches), D is the distance of 

that gauge to the point of estimation (miles) and W = 1/D2: 

Σ (𝑃 × 𝑊)/Σ 𝑊     (2) 

As show by equation 2 and the resulting approximations, this method is heavily 

influenced by the distance of the gauges from the point of estimation. In this case, the result is 

controlled by the gauge located closest to the site (RG 15). Looking at Figure 8 (see next page), 

the distance from the site to RG 15 is less than 1/4 of the distance to RG 16 and less than 1/6 of 

the distance to RG 05.  
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Figure 8. Map showing distance of PWD rain gauges from study site 
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The plots for selected storms in Figure 9 show the estimated data from equation 2 mirrors 

that of RG 15, and often time matches well with the data recorded on site by Villanova. F and t-

tests performed in Excel showed equal variance and equal means for all 9 storms when 

comparing the 15-minute totals during sampling for the measured and estimated data. From this, 

it can be reasonably assessed that the estimated data is a suitable substitute for the measured data 

for the missing storm (January 2017). All plots for rainfall data included in this work are in 

Appendix B.     

 

Figure 9. Plots of rainfall versus times for 4 of the 9 storms sampled. "VU" is the data measured on site 

by Villanova, "RG XX" are the data from the 3 PWD gauges and "Estimated" is the rainfall data 

estimated using equation 2 
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For the rainfall values included in the analysis (total rainfall, maximum intensity and 

average intensity), each were considered during the period where samples were collected. The 

criteria for determining ADP was a minimum of 6 hours between events and a minimum of 0.05 

inches (1.27 mm) of rainfall to be considered a storm event. These criteria were chosen based on 

typical values used and reported in literature (Dunkerley, 2008). The values for each storm are 

given in Table 8. Note that the total rainfall, average intensity and maximum intensity were 

considered only for the time where samples were collected and not the entire storm.  

Table 8. Storm event characteristics 

 

3.4.3 Regression Hypothesis 

Based on what has been reported in literature and what was observed qualitatively in the data 

from each storm, the hypotheses for the outcome of the regression analysis were:    

1. ADP would be the most influential predictor of the contaminant concentration/load in 

each SMP 

2. There would be differences in the coefficients of regressions produced for SMPs C and D  

The reasoning for the first hypothesis is that ADP should be highly influential given that the 

drainage area for these SMPs is an interstate highway. In theory, the longer ADP would give 

more time for solids and other potential contaminants to be deposited on the road. The second 

Storm Date Total Rainfall (in) Avg. Intensity (in/hr) Max. Intensity (in/hr) ADP (hours)

10/27/2016 0.06 0.024 0.120 115

11/30/2016 0.19 0.068 0.120 6

1/20/2017 0.11 0.044 0.116 50

2/7/2017 0.08 0.032 0.160 333

3/27/2017 0.19 0.068 0.280 249

4/6/2017 0.05 0.020 0.120 49

5/22/2017 0.28 0.112 0.520 200

8/29/2017 0.17 0.056 0.080 146

10/9/2017 0.64 0.232 0.520 465
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hypothesis is driven purely by the differences seen in concentrations measured in the two SMPs. 

Since the rainfall characteristics are the same for both SMPs, significant differences in the 

regression equations for a given parameter would be more evidence of the differences in the 

measured and expected load from the drainage areas.           
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CHAPTER 4 – RESULTS AND DISCUSSION 

4.1 Runoff Water Sampling  

Runoff characterization was completed from October 2016 to October 2017 following the 

approach detailed in section 3.2.1. Nine storms were sampled over this time period. Samples 

were tested for solids, nutrients and metals concentrations as described in section 3.2.3. The 

following pages show time series plots of the parameters measured, relationships between 

selected data along with general statistics of the concentrations (i.e. mean, median, minimum and 

maximum values).  

 

Figure 10. (A) Inlet Pipe to SMP C during a rain event, (B) basin and outlet for SMP C during a rain 

event, (C) basin and outlet for SMP D during a rain event. 

  

Shown in Table 9 are summary statistics for the solids and nutrients measurements taken 

over the course of the 9 storms. For the parameters measured, there is a broad range between the 

minimum and maximum values in most cases, along with a large standard deviation. This can be 

explained both by the change in concentration during the period of sampling and also the 

A B C 
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difference in values between storms due to certain characteristics. These points will be detailed 

in subsequent pages.    

Table 9. Summary statistics with EPA and DEP criteria exceedances for solids and nutrient 

concentrations measured from October 2016 to October 2017 

 

 In addition to the statistics, exceedance percentages for selected U.S. Environmental 

Protection Agency (EPA) and Pennsylvania Department of Environmental Protection (DEP) 

water criteria were included. These are the National Drinking Water Maximum Contaminant 

Level (MCL) from May 2009 (EPA 816-F-09-004) and specific water quality criteria from Table 

3 in Title 25 of the Pennsylvania Code, chapter 93.7. The specific water quality criteria was 

chosen as it applies to the stretch of the Delaware River just south of the site, which is 

considered a warm water fishery. Cells showing “N/A” had no criteria listed for the parameter. 

Although the drinking water criteria are not of major concern for highway runoff, they were 

included as they are a comprehensive reference that helps to assess how harmful the water could 

be. The data shows a 40 percent exceedance for total solids (TS) levels and 8 percent for TN. As 

for the water quality criteria, 28 percent of samples were above the recommended range for pH 

and none were above the levels for nitrate or ammonia. Note that ammonia is both temperature 

and pH dependent (9.67 mg/L corresponds to temperature = 20 °C and pH = 7).   

pH Turb. 

(NTU)

Conduct. 

(µS/cm)

SS 

(mg/L)

TS 

(mg/L)

DS 

(mg/L)

Tot. N 

(mg/L)

Nitrate 

(mg/L)

Amm. 

(mg/L)

TKN 

(mg/L)

Tot. P 

(mg/L)

COD 

(mg/L)

Number samples 108 108 108 108 108 108 96 108 108 60 96 108

Min 7.19 1.30 49.2 0 10 8 0.808 0.135 0.058 0.051 0.057 6.00

Max 10.01 250 8250 600 1858 1778 26.8 7.17 5.52 20.5 1.42 274

Median 8.66 23.4 445 62.5 417 300 3.29 1.68 0.344 1.49 0.241 65.3

Average 8.56 46.1 996 114 523 409 4.50 2.02 0.512 2.40 0.309 70.3

Standard deviation 0.72 51.3 1437 135 385 355 4.00 1.53 0.598 3.20 0.276 45.6

EPA Drinking Water MCL 6.5 - 8.5 5.00 N/A N/A 500 N/A 10 10 N/A N/A N/A N/A

Percent exceedance 54 93 -- -- 40 -- 8.3 0 -- -- -- --

DEP water quality criteria 6.0 - 9 N/A N/A N/A N/A N/A N/A 10 9.67 N/A N/A N/A

Percent exceedance 28 -- -- -- -- -- -- 0 0 -- -- --
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 Similar to Table 9, Table 10 shows statistics and exceedances for metals concentrations 

from the 9 storms sampled. There is the same broad range of values between the minimum and 

maximum concentrations, and there is a greater exceedance of the drinking water and water 

quality criteria. In particular, copper and lead show exceedances greater than 90 percent for the 

water quality criteria. This highlights the importance of capture and treatment by stormwater 

management practices for these type of contaminants.  

Table 10. Summary statistics with EPA and DEP criteria exceedances for metals concentrations measured 

from October 2016 to October 2017 

 

 In addition to concentrations, the load of select contaminants to these SMPs were 

calculated using the concentration values at each time point multiplied by a time-weighted value 

of the flow into the SMP. A detailed table for each SMP is given in Appendix C. An estimation 

of the total annual load is also included in Appendix D, based on a ratio of the measured amount 

of rainfall over the 9 storms to the typical annual rainfall total for Philadelphia. The resulting 

annual loads are within range or exceed the literature values given in Tables 4 and 5, indicating 

this site represents a significant source of contaminants. Also worth noting is that no overflow 

was observed for the 9 storms sampled during this work. This means that all the stormwater 

coming in to the SMP was removed via infiltration into the subsurface soil.  

  

As    

(µg/L)

Cr     

(µg/L)

Cu    

(µg/L)

Pb    

(µg/L)

Zn    

(µg/L)

Cd    

(µg/L)

Co    

(µg/L)

Fe    

(µg/L)

Number samples 95 82 95 95 72 95 89 95

Min 0.186 0.944 4.89 1.23 9.20 0.015 0.047 86.4

Max 16.4 201 197 97.3 1385 1.08 7.15 10638

Median 1.04 14.33 46.0 9.91 117.5 0.099 0.80 577

Average 2.35 31.2 59.8 20.7 256 0.207 1.46 1540

Standard deviation 3.37 48.0 49.2 23.8 315 0.254 1.70 2452

EPA Drinking Water MCL 10 100 1300 15 5000 5.0 N/A 300

Percent exceedance 5.1 8.5 0 37 0 0 -- 75

DEP water quality criteria 150 74 9.0 2.5 N/A 0.250 N/A 1500

Percent exceedance 0 8.5 98 93 -- 32 -- 32
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4.1.1 Solids 

 Along with measuring solids concentrations directly, measuring turbidity and 

conductivity was done across storms for comparison. Figure 11 shows visually how the trends 

are similar between turbidity and suspended solids for certain storms, particularly for the August 

2017 storm that shows elevated levels of suspended solids. As will be seen in later figures, this 

storm in particular produced higher concentrations for a majority of parameters measured. This 

was likely caused by the absence of rain for 6 days (i.e. ADP = 6 days) before the event and the 

presence of active construction on the highway earlier in the month. This was at a point on I-95 

just upstream of the SMPs near Columbia Avenue.          

 

Figure 11. Time series plots of turbidity and suspended solids measured for the 9 storms in SMP C (top 

left, bottom left) and SMP D (top right, bottom right) 
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Similar to Figure 11, Figure 12 shows relatively consistent trends in specific conductivity 

compared to dissolved solids concentrations for both SMPs. Of note is the difference between 

SMP D (relatively consistent values) and SMP C (values decrease over time, except in the case 

of 3 events). This odd trend in C where the specific conductivity and dissolved solids 

concentrations increased over time occurred for storms sampled in January, March and April 

2017. A possible reason for this would be the application of salt to the highway, but weather 

observations within a week of the sampling dates does not suggest this was the case. There could 

have been salt leftover on the highway from an ice/snow event prior to a week before, but it 

would be expected to be seen in higher concentration values at the beginning of the storm. These 

trends show the opposite and are a specific only to SMP C. 

 

Figure 12. Time series plots of conductivity solids and dissolved solids measured for the 9 storms in SMP 

C (top left, bottom left) and SMP D (top right, bottom right) 
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 The plots in Figure 13 further highlight the relationship of turbidity with suspended solids 

and conductivity with dissolved solids. Regression analysis performed in Excel showed an R-

squared of 0.71 (n = 110, p<0.001) and a correlation factor of 0.84 for turbidity and suspended 

solids. Upon further inspection of the graph in Figure 13 (left), it can be seen that this 

relationship is likely heavily influenced by a cluster of points at the higher end of the regression. 

Based on this, the relationship of turbidity as a predictor for suspended solids concentration is 

deemed insignificant. However, the relationship of specific conductivity to dissolved solids 

(Figure 13, right) can be said to be significant. Regression showed an R-squared of 0.91 (n = 

103, p<0.001) and a correlation factor of 0.95 with no significant outliers. 

 

Figure 13. Plots showing the linear relationship between suspended solids and turbidity (left) and 

dissolved solids and conductivity (right). 

 

 

4.1.2 Nutrients 

Similar to what was shown for the solids concentrations, nutrient concentrations tended 

to be higher towards the beginning of the storm and then decreased for samples taken later in the 

storm. Figure 14 (see next page) shows the time series plots for nitrate and TN for the 9 storms 
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sampled. On average, there was a 59% decrease in the concentration measured in the third 

sample (t = 30 minutes) compared to the first sample for nitrate and a 51% decrease for TN 

(considering data from both SMP C and D). This change is likely due to the dislodgment effect 

of the rainfall removing contaminants from the highway in the initial stages of the storm. As the 

storm continued, there were less and less pollutants present in the runoff water due to the wash 

off occurring earlier on. Also of note are elevated concentrations in the first sample of runoff for 

total nitrogen for the August 2017 storm, the same storm that showed higher concentrations of 

solids. 

 

Figure 14. Time series plots of nitrate and total nitrogen measured for the 9 storms in SMP C (top left, 

bottom left) and SMP D (top right, bottom right). Total nitrogen only includes data from 8 of the 9 

storms. 
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 Figure 15, showing TKN and ammonia concentrations, further illustrates the uniqueness 

of the August 2017 storm. Elevated peak concentrations exist, especially for ammonia in SMP C. 

The peak ammonia concentration for the August storm (5.52 mg/L) is a 231% increase from the 

next highest value recorded (1.67 mg/L in February 2017 storm). In contrast, the peak ammonia 

concentration in SMP D for August is only 0.84 mg/L, suggesting the occurrence is specific only 

to C. The same relationship holds true when looking at TKN, which was measured at a peak 

concentration of 20.5 mg/L in C and 9.76 mg/L in D. This difference is not something that was 

expected, given that both SMPs are located within the same block and they both receive runoff 

from a similar drainage area.  

 

Figure 15. Time series plots of total Kjeldahl nitrogen (TKN) and ammonia measured for the 9 storms in 

SMP C (top left, bottom left) and SMP D (top right, bottom right). TKN only includes data from 7 of the 

9 storms. 
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 The same elevated trend with the data from the August 2017 storm can be seen in Figure 

16 for both TP and COD. Again, the trend across all storms was a higher contaminant level 

earlier in the storm and less as it continued on. But, one difference is that there is greater 

consistency between SMP C and D, with D even showing higher concentrations in some cases 

for TP. The average TP concentration across all samples taken in C (0.32 mg/L) was slightly 

more than D (0.30 mg/L). However, the average peak concentration for storms in D (0.56 mg/L) 

was slightly more than C (0.54 mg/L). As for COD, the average peak concentration was higher 

in SMP C (124 mg/L) compared to D (94 mg/L), and the October 2017 storm produced the 

highest value measured (274 mg/L). 

 

 

Figure 16. Time series plots of total phosphorus and chemical oxygen demand measured for the 9 storms 

in SMP C (top left, bottom left) and SMP D (top right, bottom right). Total phosphorus only includes data 

from 8 of the 9 storms. 
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4.1.3 Metals 

 Metals concentrations showed similar overall trends across the storms sampled. Figure 17 

shows 3 of the 8 target metals for both SMPs. There is not a visible increase in the August 2017 

storm, which is the major difference comparing the metals data to the solids and nutrients for this 

event. 

 

Figure 17. Time series plots of copper, lead and iron measured for the 9 storms in SMP C (left) and SMP 

D (right). Data from the October 2017 storm was not included. 
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4.2 Ponding and Vadose-Zone Sampling 

 Tables 11 and 12 highlight the results of sampling from the October 2017 storm that 

included not just runoff sampling but also sampling of ponding and vadose-zone (lysimeter) 

water. What these results show is a removal of some contaminants and a possible buildup of 

others. Looking at ammonia, TP and COD, there is a clear decrease from the concentrations 

measured in the runoff water compared to the ponding and lysimeter water. This can be 

explained by the effects of dilution in the ponding water and removal by adsorption to soil 

particles (ammonia) or particulate species (TP and COD). But for the other nitrogen species, a 

different trend exists. Instead of a decrease or similar concentration in the lysimeter water 

compared to the ponding, there is an increase. For TN and TKN, the peak lysimeter 

concentration is virtually the same as the peak runoff concentration, and in the case of nitrate it is 

actually greater when comparing the two.  

Table 11. Runoff, ponding, and lysimeter water concentrations (mg/L) for October 2017 storm in SMP C 

 

Table 12. Runoff and ponding water concentrations (mg/L) for October 2017 storm in SMP D 

 

 

 

 

SMP C TN Nitrate Ammonia TKN P COD

Peak Conc., Runoff 18.1 4.00 1.23 16.0 0.93 274

Average Conc., Runoff 5.03 1.31 0.21 3.55 0.27 85.1

Ponding Conc. 3.44 0.56 0.10 2.80 0.18 41.2

Peak Conc., Lysimeter 18.8 7.26 0.13 16.2 0.20 90.2

Average Conc., Lysimeter 14.8 5.11 0.10 9.47 0.13 70.3

SMP D TN Nitrate Ammonia TKN P COD

Peak Conc., Runoff 12.1 3.22 0.52 8.96 0.45 126

Average Conc., Runoff 4.18 1.08 0.24 3.12 0.30 52.2

Ponding Conc. 4.67 0.78 0.17 3.86 1.22 84.8
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The higher concentrations of nitrate seen in lysimeter water can be explained by its high 

solubility in water and the absence of interaction with negatively-charged soil particles.  

Ammonia (as ammonium), although equally soluble, is more likely to remain adsorbed to soil 

particles through electrostatic interactions. Also, contributions to nitrate could have come from 

other sources outside the runoff such as oxidation of organic nitrogen or ammonia from mulch or 

decomposing plants within the basin of the SMP. The process of nitrification and denitrification 

could have affected the concentrations observed from the lysimeters as well. In aerobic 

conditions, bacteria will convert ammonia into nitrate through nitrification. Denitrification, the 

conversion of nitrate into nitrogen gas, will occur in the absence of oxygen which is typical of 

soils with a high water content. The texture of the soil within the SMP can also play a role. Soils 

with a coarse texture such as sand will allow for higher mobility of anions like nitrate. Nitrate is 

less likely to bond to the soil particles and will remain in the water. Although phosphorous (as 

phosphate) is also anionic, its lower solubility may explain a limited mobility in soil and a lower 

concentration in pore water as compared with runoff water.          

4.3 Simulated Runoff Testing 

 Among the most significant results of the simulated runoff testing were the 

concentrations of the water quality parameters that were tested for in runoff water. Although the 

source water used in these tests is presumed to contain very low levels of these contaminants 

(municipal water), it is still worthwhile to quantify them. This is in the event that the high 

volume of water released into the SMP causes mobilization of contaminants that might be 

trapped in the shallow soil. As seen in Figure 18, the results show that this was not the case. Low 

concentrations compared to what was observed in runoff sampling were seen for all parameters 

aside from COD. Some spikes in COD concentrations were seen, but this was likely caused only 
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by higher concentrations of fluorescein in the water which caused positive analytical interference 

in the test. Also, the basin of the SMP does contain organic matter (i.e. mulch, soil, plant 

material) that was re-suspended during the test and likely caused increases in COD as well. 

Despite this, it can be said that for SMP C that there is little chance of contamination being 

present from what is stored in the soil media during a large rain event.            

 

Figure 18. Box and whisker plot of water quality concentrations in samples taken during SRT in SMP C 

 In addition to the water quality measurements, fluorescein concentrations showed 

relevant results in highlighting the areas where the highest concentrations of the tracer were 

observed after injection at the source. As can be seen in Figure 19, peak concentrations of 

fluorescein were observed both at the source location (S) and one of the upstream locations (U), 

both around 12 mg/L (influent pulse concentration was 0.33 kg/L). The peak concentration of 

fluorescein was less in all other locations (10 mg/L at M, 7 mg/L at O, 4 mg/L at Ub and less 

than 1 mg/L at I). As well as the difference in value of the peaks, there is also a difference in the 

timing. The peak concentration at the source was measured in the sample taken at 11:45, while 

the peak concentration at the outlet was not until 30 minutes later.  
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Figure 19. Time series plot of fluorescein concentrations measured in samples taken during SRT in  

SMP C 

 

The results of the analysis of fluorescein are evidence of the travel time of the dye within 

the SMP and also the effect of the path of flow during the test. In looking at the image in Figure 

20, the fluorescein is traveling towards the outlet (left side of the picture) at a faster rate in the 

middle of the basin compared to the edges. It became apparent during the test that the areas of 

the basin not in the most direct flow path saw less movement of the fluorescein. This would 

suggest the presence of dead zones in these areas, where contaminants could accumulate during 

high flow events. The analysis of bromide concentrations were inconclusive so they are not 

included in this work.   
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Figure 20. Image taken of basin in SMP C during SRT. Bright green color is fluorescein dye dispersing 

through ponded water in basin. 

  

4.4 Regression Analysis 

 The initial step taken in performing a regression analysis using the data collected was to 

create a correlation matrix. This was helpful in determining if any correlations existed between 

the parameters measured that could be reasonably explained. The result of the correlation matrix 

(performed in Excel) is shown in Appendix E. Cells highlighted in green show correlations 

greater than +/- 0.8. Among these were DS correlated to TS, TN correlated to TKN and SS 

correlated to TP and several of the priority metals. The strongest correlation was with 

temperature and dissolved oxygen (-0.99).   

 After creating the correlation matrix, the first type of regression attempted utilized all the 

concentration data for a given parameter (i.e. nitrate, TP) as the dependent variable. This 

approach allowed for the maximum number of observations to be entered into the regression. 
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The regressions were significant, but only when other parameters collected at the same time 

points were used as the independent variable (i.e. SS). Attempting to use characteristics of the 

rainfall as independent variables yielded regressions with R-squared values approaching 0. The 

reason was that the rainfall characteristics for each storm were a single value (i.e. ADP = 6 hours 

for November 2016 storm). This single value cannot be modeled in a regression with 6 other 

values that are variable across the storm. An example of this issue is given in Figure 21. The 

regression attempted was using SS concentration as the dependent variable and ADP as the 

independent variable. No regression equation can be fitted to this data as the SS concentrations 

for a given storm are fixed to the x value corresponding to the ADP for that same storm. 

 

Figure 21. Result of initial attempt at regression using SS concentration and ADP 

  

Since the individual concentration data could not be used to produce a relevant regression 

with the rainfall characteristics, the alternative became using the contaminant loads estimated for 

each storm along with statistics of the concentration data (i.e. maximum concentration, average 

concentration, etc.). Also, SMPs C and D were considered individually, to assess if any 
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significant differences existed in the relationships for each practice. Since 9 storms were 

included in this work, this allowed a maximum of 9 observations for each regression.  

A total of 69 models were attempted in SPSS, 16 of which produced significant 

regression equations. A summary of the 16 is presented in Table 13 on the following page. The 

table shows the dependent variable modeled in each regression, the SMP, the independent 

variable(s) included and statistics highlighting the quality of the regression. The R-squared 

values are the adjusted R-squared for the regression and the Durbin-Watson statistic gives 

evidence of possible autocorrelations in the regression. A Durbin-Watson value of 2 indicates no 

autocorrelation, values approaching 0 indicate positive autocorrelation and values approaching 4 

indicate negative autocorrelation.          
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Table 13. SPSS Regression Synopsis Table 

 

  Also included in Table 13 are the rejected independent variables. These were variables 

tested by the stepwise regression and not included, mostly due to the significance and 

collinearity. The other 53 models that did not produce any regression equations were those using 

statistics of concentration as the dependent variable. A significant correlation did not exist 

between these variables and the characteristics of rainfall. One of these model outputs was 

included in Appendix F to show how SPSS displays an output where no regression equation 

could be fitted to the data.  

DVa SMP (Model #) Accepted IVb Rc R squared N P-value Durbin Watsone Rejected IVf

NO3- Load C (1) TR 0.916 0.816 9 0.001 ADP, MRI, ARI

(2) TR, ADP 0.959 0.893 9 0.007 2.834 MRI, ARI

0.049

NO3- Load D (1) TR 0.901 0.785 9 0.001 2.213 ADP, MRI, ARI

SS Load C (1) TR 0.920 0.824 9 <0.001 2.174 ADP, MRI, ARI

SS Load D (1) TR 0.893 0.769 9 0.001 ADP, MRI, ARI

(2) TR, ARI 0.964 0.906 9 0.008 2.298 ADP, MRI

0.016

SS Conc., C1 C (1) ADP 0.739 0.482 9 0.023 2.571 TR, MRI, ARI

TP Load C (1) TR 0.909 0.797 8 0.002 2.342 ADP, MRI, ARI

TP Load D (1) TR 0.902 0.782 8 0.002 ADP, MRI, ARI

(2) TR, ARI 0.983 0.954 8 0.003 2.020 ADP, MRI

0.005

TP Load C (1) SS Load 0.988 0.973 8 <0.001 2.170 ADP, TR

TP Load D (1) SS Load 0.969 0.930 8 <0.001 1.740 ADP, TR

TP Max Conc C (1) SS Max Conc 0.890 0.758 8 0.003 1.907 ADP, TR

TP Max Conc D (1) SS Max Conc 0.967 0.924 8 <0.001 2.161 ADP, TR

TP Avg Conc C (1) SS Avg Conc 0.930 0.842 8 0.001 2.769 ADP, TR

TP Avg Conc D (1) SS Avg Conc 0.974 0.940 8 <0.001 1.527 ADP, TR

TP Med Conc C (1) SS Med Conc 0.911 0.802 8 0.002 2.526 ADP, TR

TP Med Conc D (1) SS Med Conc 0.967 0.924 8 <0.001 1.825 ADP, TR

TP Conc C&D (1) SS Conc 0.893 0.795 100 <0.001 1.078 Turbidity

a. Dependent variable. NO3- = nitrate. SS = suspened solids. TP = total phosphorus. Conc = concentration

b. Accepted independent variables. TR = total rainfall. ADP = antecedent dry period. ARI = average rainfall intensity

c. Coefficient of correlation

d. Adjusted coefficient of determination 

e. Durbin Watson statistic, testing for autocorrelation in the residuals of the regression. 

    A value of 2 means no autocorrelation. Values approaching 0 indicate positive autocorrelation and values approaching 

    4 indicate negative autocorrelation.

f. Rejected independent variables. MRI = maximum rainfall intensity. 
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Table 13 shows that ADP was excluded in 14 of 16 models because of lack of 

significance. This is contrary to what was hypothesized and what has been shown in most 

literature reporting similar analysis. Also, the rainfall intensity (either maximum or average) was 

not included in 5 of the 7 models where it was a possible predictor variable. These results 

indicate that total rainfall is the most influential factor affecting the contaminant load for SS, 

nitrate and TP. Of these 16 models, a few can be said to be less significant. The model predicting 

suspended solids concentration in the first sample of runoff in SMP C has the lowest adjusted R-

squared (0.482) and given that the same regression was not produced for SMP D, this 

relationship is likely non-significant. Similarly, the equations showing multiple independent 

variables are questioned because there is not an agreement between the two SMPs. For example, 

the model predicting nitrate load in SMP C has two independent variables (total rainfall and 

ADP) but the model predicting nitrate load in SMP D only includes one (total rainfall). In this 

case, although the adjusted R-squared is improved in the model by adding the second variable, it 

is much more likely the equation using only total rainfall is the more accurate predictor.  

The Durbin-Watson statistic was included with the intention of measuring similarities 

(autocorrelation) between explanatory variables in the data sets used. Autocorrelation can lead to 

the underestimation of the standard error in a regression, which would show false significance of 

a predictor. For this analysis, Durbin-Watson values between 1.5 and 2.5 were deemed 

acceptable. Only 4 of the 16 models violate this standard. In particular, the model using 

suspended solid concentration and turbidity to predict total phosphorus concentration gave a 

Durbin-Watson value of 1.078. From a statistical perspective, this would indicate a positive 

autocorrelation, showing that suspended solids and turbidity are co-correlated, and should not be 

used together as significant predictors. As previously stated, it can be expected that suspended 
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solids would be a predictor of certain parameters in stormwater. This is particularly true for 

phosphorus, which can sorb to the sediment which would cause an increase in total phosphorus 

load as the suspended solids load increases (Wall et al., 1996).       

After review of the original 16 models, Table 14 shows the final 6 that utilized total 

rainfall as the predictor variable. The constant, coefficient and adjusted R-squared for the 

regressions are given in the table. Of note is that for suspended solids, the constants are similar 

but the coefficients for total rainfall differ between the two SMPs. The same can be said for 

nitrate, while the equations for total phosphorus show similar coefficients but different constants. 

Overall, the differences seen in the regressions likely reflect the differences in physical 

configuration and drainage area between the two SMPs. 

Table 14. Results of the stepwise regression analysis 

 

 The degree of limitation in the 16 models produced can be analyzed by looking at the full 

output given by SPSS. These are given in Appendix G for the six models in Table 14 (as 

examples). Questions on the validity of each model can be assessed by looking at the p-p plots of 

the standardized residuals and the scatterplots of the standardized residuals vs. the predicted 

values. The p-p plots would ideally show a straight-line, indicating that the residuals are 

Regression Equation for SS Load (g) = A + B x (Total Rainfall) 

SMP A B R square

C -142 4909 0.824

D -152 2615 0.769

Regression Equation for TP Load (g) = A + B x (Total Rainfall) 

SMP A B R square

C -0.060 10.3 0.797

D 0.001 9.16 0.782

Regression Equation for Nitrate Load (g) = A + B x (Total Rainfall)

SMP A B R square

C 1.88 37.5 0.816

D 0.029 18.3 0.785
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normally distributed and the error is randomly equal along the trend line. The scatterplot would 

show the points spread out from one another, indicating homoscedasticity. If there are any areas 

in the scatterplot where data is clustered together, the homoscedasticity of the data set should be 

questioned. In such a case, other regression method should be used, e.g., weighted least-squares.  

 Looking at the graphs for these 6 models, the most consistent and acceptable results are 

for the models predicting nitrate load in both SMPs. Models for SS and TP show greater error in 

the residuals and a lack of homoscedasticity from the scatterplots. The limiter in all of these 

models is that there is the low number of data points, which limits the reliability of the 

prediction. Combining the data for both SMPs to increase the number of observations was 

attempted but did not improve significance for models using total rainfall as the predictor. Again, 

this is because the values for total rainfall were the same for both SMPs and the loads measured 

for each storm differed. Collecting data from more storms would likely produce more significant 

regressions. Nevertheless, it can at least be said that (1) the total rainfall is a strong indicator of 

the contaminant concentrations at these sites, (2) suspended solids is very well correlated to total 

phosphorus and (3) significant differences can be expected between the loads of contaminants 

(specifically SS, TP and nitrate) in the two SMPs.       
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CHAPTER 5 – CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclusions 

 After performing the analysis described in this report, relevant conclusions can be made 

that highlight the importance of these SMPs in collecting runoff from a portion of Interstate 95. 

In general, the performance of the SMPs exceeded what has been reported in literature, mostly 

due to the fact that no overflow was observed for the storms that were sampled. The lack of 

overflow was determined to be due to the effective drainage area contributing to the SMPs being 

less than what was planned for when the basins were designed. Concentrations/loads that were 

measured fell within the range of reported values. U.S. EPA and PA DEP guidelines indicate that 

concentrations of total nitrogen and most of the priority metals could be a problem over time.  

 There was a clear trend of higher concentration in the first sample of the runoff event, 

suggesting that the dislodgment and mobilization of contaminants on the highway caused by 

rainfall/runoff was most significant early on in the storm. Particularly high concentrations were 

observed for the storm monitored in August 2017 as compared to the others. This was likely 

caused by construction activity, but cannot be fully reasoned without more information. Lack of 

storms sampled between May and August also makes this point unclear.  

Sampling of ponding and lysimeter water in SMP C from October 2017 showed a 

reduction for ammonia, total phosphorus and COD as compared to the runoff water. Increased 

concentrations for certain nitrogen species were observed in lysimeter samples. This is believed 

to be due to specific ion interaction with the soil media, causing anions like nitrate to not be 

adsorbed onto soil and to remain in the water. Further monitoring and sampling of these 

locations will lead to a better understanding of the fate of contaminants monitored.   
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 Results from simulated runoff testing showed little potential for resuspension of 

contaminants by the increased flow to the basin of SMP C. Concentrations of phosphorus and 

nitrogen species were all below 5 mg/L. The SRT did confirm the presence of dead zones in 

certain areas of the basin by observation of a dye tracer. Areas on the sides and upstream in the 

basin allowed for the fluorescein to accumulate for a longer period of time as they were not in 

the direct path of flow. Differences in the magnitude and timing of the peak fluorescein 

concentrations observed at the sampling locations showed the travel time from the inlet to the 

outlet of the SMP as well as dilution of the tracer.  

After performing stepwise linear regression, total rainfall was shown to be the most 

significant predictor of contaminant load for nitrate, suspended solids and total phosphorus. 

Antecedent dry period and rainfall intensity were shown to be well correlated in some cases but 

less significant of a predictor. The relationship of suspended solids as a predictor of total 

phosphorus was shown to be significant from the models produced. Also, the differences in 

concentrations measured in the two SMPs were significant enough to cause differences in the 

coefficients of the regression equations predicting contaminant load, reflecting differences in the 

SMP configuration and drainage areas.      

 The overall goal of this project is to observe how these SMPs evolve over time and if 

their performance is altered in any way. It is too early to comment on this based off the results of 

this work, but changes in performance in the coming years could very well be possible given the 

load of contaminants into these SMPs. Reduction of permeability in the soil and buildup of 

contaminants are problems commonly cited and could be observed in these SMPs in the coming 

years of operation.  
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In terms of what PennDOT can take from this work, certain observations like the lack of 

outflow from the SMPs are important to consider. The structures may be oversized for the 

drainage area they serve (and this may change as the permeability of the SMPs is expected to 

decrease), but this has created a positive impact where the contaminants in the inlet water have 

been retained in the SMP and are not discharged to the storm sewer. The regression equations 

produced for these SMPs can be useful in predicting loads of contaminants given the total 

amount of rainfall, but these models are likely not applicable to other SMPs that are a part of this 

project. This is because of the differences between the regressions for SMPs C and D and that the 

data from both SMPs cannot be combined into a single model without reducing the significance.       

     

5.2 Recommendations 

 Based on the results and conclusions made, recommendations for future research in 

relation to these SMPs include additions to the sampling protocol and closer attention to external 

factors that could affect the concentrations observed in the runoff. Decreased sampling intervals 

at the beginning of the runoff event are recommended, to better characterize changes in 

concentration. This can be accomplished by use of autosamplers which can be programmed to 

take samples at a set time interval. Also, autosamplers would also allow for sampling over a 

longer period of time. This would be useful to confirm if the trend of decreased concentrations in 

later stages of the runoff event holds true for time periods past 2 hours 

Attention should be given to construction and other activity that could influence the 

drainage areas to the SMPs. This could be road work that leads to the buildup of more 

particulates or sediment on the highway, future changes in the size of the drainage area to these 

SMPs due to modifications (i.e. site grading) or the application of deicers to the road during 
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winter storms that would increase the salinity of the runoff. Communication with those 

overseeing or monitoring the construction can give information on this if it could be something 

affecting the runoff discharged into the SMPs.   
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APPENDICES 

APPENDIX A: QA/QC FOR SOLID AND NUTRIENT ANALYSIS 

 

 

 

 

 

 

 

 

 

 

 

SS TS Tot N Nitrate

St. Dev. (mg/L) 3.5 - 33.1 14.1 - 33.9 0.02 - 1.30 0.001 - 0.101

St. Dev. (%) 3.5 - 10.6 5.6 - 7.1 0.91 - 11.5 0.259 - 3.1

Blank - average (mg/L) 0 - 3.0 0 - 13.0 0.04 - 1.33 0-0.075

Blank - relative to mean (%) 0 - 3.9 0 - 1.8 0.65 - 53.2 2.57-3.86

Standard - average (mg/L) N/A N/A 3.60 - 7.74 5.39 - 6.75

Standard - error (%) N/A N/A 1.36 - 48.1 0.667 - 12.5

Ammonia TKN Total P COD

St. Dev. (mg/L) 0.002 - 0.01 0.061 - 1.4 0.003 - 0.017 0.577 - 1.73

St. Dev. (%) 2.92E-05 - 3.85 2.66 - 30.1 0.394 - 4.46 0.320 - 2.17

Blank - average (mg/L) 0.005 - 0.159 0-0.298 0.005 - 0.038 1.5-1.61

Blank - relative to mean (%) 0.47 - 69.1 3.08-20.4 2.0 - 26.9 1.4-2.9

Standard - average (mg/L) 0.891 - 1.02 1.02 - 13.2 0.996 - 1.05 51 - 52.5

Standard - error (%) 0.15 - 11.0 1.50 - 122 0.376 - 5.00 2.00 - 5.00
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APPENDIX B: RAINFALL DATA 

The charts included in this appendix show the rainfall data for each storm. Included are the data 

measured from the rain gauge on site by Villanova University (VU), the data measured at the 

three PWD rain gauges surrounding the site (RG 15, RG 16, RG 05) and the estimated data using 

Equation 2 from Viessman and Lewis (1989). 
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APPENDIX C: CONTAMINANT LOADS 

 

 

Storm Contaminant

Total 

rainfall 

(mm)

Duration 

(h)

Average 

intensity 

(mm/h)

Intensity 

during 

sampling 

(mm/h)

ADP    

(d)

Total  

Load (g) - 

SMP C

Total  

Load (g) - 

SMP D

16-Oct 10.9 11 0.99 0.51 5

SS 166 60

Nitrate 5.6 2.8

Total P 0.22 0.13

Copper 0.11 0.03

Lead 0.05 0.012

Iron 1.69 0.52

16-Nov 26.2 14 1.9 2.2 0.25

SS 301 115

Nitrate 4.8 1.2

Total P N/A N/A

Copper 0.17 0.04

Lead 0.07 0.03

Iron 5.5 1.6

17-Jan 2.8 3 0.94 0.76 2.1

SS 223 76

Nitrate 3.4 1.46

Total P 0.60 0.35

Copper 0.16 0.029

Lead 0.06 0.011

Iron 3.7 0.64

17-Feb 5.8 2 2.9 2.9 14

SS 222 54

Nitrate 7 1.2

Total P 0.5 1.1

Copper 0.19 0.06

Lead 0.05 0.01

Iron 2.0 0.4

17-Mar 3.3 5 0.66 1 10

SS 1503 593

Nitrate 14.7 6.3

Total P 4.0 2.3

Copper 0.82 0.31

Lead 0.36 0.18

Iron 44 22



 

 

 

67 

 

 

 

 

 

Storm Contaminant

Total 

rainfall 

(mm)

Duration 

(h)

Average 

intensity 

(mm/h)

Intensity 

during 

sampling 

(mm/h)

ADP    

(d)

Total  

Load (g) - 

SMP C

Total  

Load (g) - 

SMP D

17-Apr 26.7 14 1.9 0.18 2

SS 74 22.4

Nitrate 1.67 0.70

Total P 0.16 0.11

Copper 0.04 0.010

Lead 0.016 0.005

Iron 1.15 0.34

17-May 8.1 11 0.74 2.3 8

SS 765 102

Nitrate 10.7 3.2

Total P 1.9 1.41

Copper 0.56 0.16

Lead 0.15 0.07

Iron 14.4 5.5

17-Aug 18 12 1.5 1.2 6

SS 1093 597

Nitrate 9.9 3.36

Total P 2.1 3.16

Copper 0.25 0.09

Lead 0.16 0.09

Iron 13 5.5

17-Oct 16 6 2.7 1.5 19

SS 3068 1649

Nitrate 26 12

Total P 6.4 5.9

Copper N/A N/A

Lead N/A N/A

Iron N/A N/A
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APPENDIX D: ESTIMATED ANNUAL CONTAMINANT LOADS 

 

 

𝐴𝑛𝑛𝑢𝑎𝑙 𝐿𝑜𝑎𝑑 (
𝑔

𝑦𝑟
) = 𝑇𝑜𝑡𝑎𝑙 (𝑔) × (

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐴𝑛𝑛𝑢𝑎𝑙 𝑅𝑎𝑖𝑛𝑓𝑎𝑙𝑙 (
𝑖𝑛

𝑦𝑟
)

𝑅𝑎𝑖𝑛𝑓𝑎𝑙𝑙 𝑓𝑜𝑟 𝑆𝑡𝑜𝑟𝑚𝑠 𝑆𝑎𝑚𝑝𝑙𝑒𝑑 (𝑖𝑛)
) 

Average annual rainfall for city of Philadelphia = 41.5 inches/yr (given by the National Climatic 

Data Center) 

Rainfall for storms sampled = 4.01 inches 

Annual loads were normalized by dividing by the drainage area of the SMP (1174 m2 for C, 728 

m2 for D) 

 

 

 

 

 

SMP C Total Load  (g) Total Load (lbs) Annual Load (lbs/acre-yr) Annual Load (kg/ha-yr)

SS 7415 16.3 575 645

Nitrate 83 0.18 7.9 8.8

Total P 15.9 0.03 2.2 2.4

Copper 2.11 0.005 0.16 0.18

Lead 0.91 0.002 0.07 0.08

Iron 86 0.19 6.7 7.5

SMP D Total Load (g) Total Load (lbs) Annual Load (lbs/acre-yr) Annual Load (kg/ha-yr)

SS 3268 7.2 409 495

Nitrate 33 0.07 4.9 6.0

Total P 14.5 0.03 3.2 3.9

Copper 0.71 0.002 0.09 0.11

Lead 0.40 0.001 0.05 0.06

Iron 36 0.08 4.5 5.5
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APPENDIX E: PARAMETER CORRELATION MATRIX 
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APPENDIX F: SPSS MODEL OUTPUT WITH REJECTED INDEPENDENT 

VARIABLES 

 

Regression 

Dependent Variables (Y): Max Nitrate Concentration, SMP C (mg/L) 

Independent Variables (X): ADP (hours), Total Rainfall (in), Maximum Intensity 

(in/hr), Average Intensity (in/hr)   

 

Notes 

Output Created 06-MAR-2018 14:27:24 

Comments  

Input Data C:\Users\tue56501\Desktop\

Nitrate SMP C.sav 

Active Dataset DataSet2 

Filter <none> 

Weight <none> 

Split File <none> 

N of Rows in Working Data 

File 

9 

Missing Value Handling Definition of Missing User-defined missing values 

are treated as missing. 

Cases Used Statistics are based on cases 

with no missing values for 

any variable used. 
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Syntax REGRESSION 

  /DESCRIPTIVES MEAN 

STDDEV CORR SIG N 

  /MISSING LISTWISE 

  /STATISTICS COEFF 

OUTS CI(95) R ANOVA 

COLLIN TOL ZPP 

  /CRITERIA=PIN(.05) 

POUT(.10) 

  /NOORIGIN 

  /DEPENDENT MaxConc 

  /METHOD=STEPWISE ADP 

TotalRainfall MaxIntensity 

AverageIntesnity 

  /SCATTERPLOT=(*ZRESID 

,*ZPRED) 

  /RESIDUALS DURBIN 

HISTOGRAM(ZRESID) 

NORMPROB(ZRESID). 

Resources Processor Time 00:00:00.02 

Elapsed Time 00:00:00.01 

Memory Required 5072 bytes 

Additional Memory Required 

for Residual Plots 

632 bytes 

 

 

Warnings 

No variables were entered into the equation. 
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Descriptive Statistics 

 

Mean Std. Deviation N 

MaxConc 4.4944 2.07257 9 

ADP 179.2556 149.87085 9 

TotalRainfall .1967 .18221 9 

MaxIntensity .2267 .17550 9 

AverageIntesnity .0729 .06602 9 

 

 

Correlations 

 

MaxConc ADP TotalRainfall MaxIntensity 

Pearson Correlation MaxConc 1.000 .381 -.138 -.073 

ADP .381 1.000 .692 .671 

TotalRainfall -.138 .692 1.000 .805 

MaxIntensity -.073 .671 .805 1.000 

AverageIntesnity -.158 .693 .998 .837 

Sig. (1-tailed) MaxConc . .156 .362 .426 

ADP .156 . .019 .024 

TotalRainfall .362 .019 . .004 

MaxIntensity .426 .024 .004 . 

AverageIntesnity .342 .019 .000 .002 

N MaxConc 9 9 9 9 

ADP 9 9 9 9 

TotalRainfall 9 9 9 9 

MaxIntensity 9 9 9 9 

AverageIntesnity 9 9 9 9 
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Correlations 

 

AverageIntesnity 

Pearson Correlation MaxConc -.158 

ADP .693 

TotalRainfall .998 

MaxIntensity .837 

AverageIntesnity 1.000 

Sig. (1-tailed) MaxConc .342 

ADP .019 

TotalRainfall .000 

MaxIntensity .002 

AverageIntesnity . 

N MaxConc 9 

ADP 9 

TotalRainfall 9 

MaxIntensity 9 

AverageIntesnity 9 
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Appendix G: Accepted SPSS Model Outputs 

Regression 

Dependent Variables (Y): Nitrate Load, SMP C (g) 

Independent Variables (X): ADP (hours), Total Rainfall (in), Maximum Intensity 

(in/hr), Average Intensity (in/hr)   

 

 

Notes 

Output Created 06-MAR-2018 14:24:51 

Comments  

Input Data C:\Users\tue56501\Desktop\

Nitrate SMP C.sav 

Active Dataset DataSet2 

Filter <none> 

Weight <none> 

Split File <none> 

N of Rows in Working Data 

File 

9 

Missing Value Handling Definition of Missing User-defined missing values 

are treated as missing. 

Cases Used Statistics are based on cases 

with no missing values for 

any variable used. 
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Syntax REGRESSION 

  /DESCRIPTIVES MEAN 

STDDEV CORR SIG N 

  /MISSING LISTWISE 

  /STATISTICS COEFF 

OUTS CI(95) R ANOVA 

COLLIN TOL ZPP 

  /CRITERIA=PIN(.05) 

POUT(.10) 

  /NOORIGIN 

  /DEPENDENT Load 

  /METHOD=STEPWISE ADP 

TotalRainfall MaxIntensity 

AverageIntesnity 

  /SCATTERPLOT=(*ZRESID 

,*ZPRED) 

  /RESIDUALS DURBIN 

HISTOGRAM(ZRESID) 

NORMPROB(ZRESID). 

Resources Processor Time 00:00:00.45 

Elapsed Time 00:00:00.31 

Memory Required 5072 bytes 

Additional Memory Required 

for Residual Plots 

632 bytes 

 

 

[DataSet2] C:\Users\tue56501\Desktop\Nitrate SMP C.sav 
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Descriptive Statistics 

 

Mean Std. Deviation N 

Load 9.2556 7.45572 9 

ADP 179.2556 149.87085 9 

TotalRainfall .1967 .18221 9 

MaxIntensity .2267 .17550 9 

AverageIntesnity .0729 .06602 9 

 

 

Correlations 

 

Load ADP TotalRainfall MaxIntensity 

Pearson Correlation Load 1.000 .839 .916 .765 

ADP .839 1.000 .692 .671 

TotalRainfall .916 .692 1.000 .805 

MaxIntensity .765 .671 .805 1.000 

AverageIntesnity .905 .693 .998 .837 

Sig. (1-tailed) Load . .002 .000 .008 

ADP .002 . .019 .024 

TotalRainfall .000 .019 . .004 

MaxIntensity .008 .024 .004 . 

AverageIntesnity .000 .019 .000 .002 

N Load 9 9 9 9 

ADP 9 9 9 9 

TotalRainfall 9 9 9 9 

MaxIntensity 9 9 9 9 

AverageIntesnity 9 9 9 9 
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Correlations 

 

AverageIntesnity 

Pearson Correlation Load .905 

ADP .693 

TotalRainfall .998 

MaxIntensity .837 

AverageIntesnity 1.000 

Sig. (1-tailed) Load .000 

ADP .019 

TotalRainfall .000 

MaxIntensity .002 

AverageIntesnity . 

N Load 9 

ADP 9 

TotalRainfall 9 

MaxIntensity 9 

AverageIntesnity 9 

 

 

Variables Entered/Removeda 

Model 

Variables 

Entered 

Variables 

Removed Method 

1 TotalRainfall . Stepwise 

(Criteria: 

Probability-of-F-

to-enter <= .050, 

Probability-of-F-

to-remove >= 

.100). 
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2 ADP . Stepwise 

(Criteria: 

Probability-of-F-

to-enter <= .050, 

Probability-of-F-

to-remove >= 

.100). 

 

a. Dependent Variable: Load 

 

 

Model Summaryc 

Model R R Square 

Adjusted R 

Square 

Std. Error of the 

Estimate Durbin-Watson 

1 .916a .839 .816 3.19491  

2 .959b .920 .893 2.43370 2.834 

 

a. Predictors: (Constant), TotalRainfall 

b. Predictors: (Constant), TotalRainfall, ADP 

c. Dependent Variable: Load 
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ANOVAa 

Model Sum of Squares df Mean Square F Sig. 

1 Regression 373.250 1 373.250 36.566 .001b 

Residual 71.452 7 10.207   

Total 444.702 8    

2 Regression 409.165 2 204.582 34.541 .001c 

Residual 35.538 6 5.923   

Total 444.702 8    

 

a. Dependent Variable: Load 

b. Predictors: (Constant), TotalRainfall 

c. Predictors: (Constant), TotalRainfall, ADP 

 

 

Coefficientsa 

Model 

Unstandardized Coefficients 

Standardized 

Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) 1.883 1.619  1.163 .283 

TotalRainfall 37.487 6.199 .916 6.047 .001 

2 (Constant) .565 1.344  .420 .689 

TotalRainfall 26.330 6.544 .643 4.023 .007 

ADP .020 .008 .394 2.462 .049 
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Coefficientsa 

Model 

95.0% Confidence Interval for B Correlations 

Collinearity 

Statistics 

Lower Bound Upper Bound Zero-order Partial Part Tolerance 

1 (Constant) -1.945 5.711     

TotalRainfall 22.828 52.147 .916 .916 .916 1.000 

2 (Constant) -2.724 3.854     

TotalRainfall 10.316 42.344 .916 .854 .464 .521 

ADP .000 .039 .839 .709 .284 .521 

 

Coefficientsa 

Model 

Collinearity Statistics 

VIF 

1 (Constant)  

TotalRainfall 1.000 

2 (Constant)  

TotalRainfall 1.921 

ADP 1.921 

 

a. Dependent Variable: Load 
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Excluded Variablesa 

Model Beta In t Sig. 

Partial 

Correlation 

Collinearity Statistics 

Tolerance VIF 

1 ADP .394b 2.462 .049 .709 .521 1.921 

MaxIntensity .078b .286 .785 .116 .352 2.844 

AverageIntesnity -1.981b -.854 .426 -.329 .004 225.257 

2 MaxIntensity -.053c -.240 .820 -.107 .327 3.061 

AverageIntesnity -2.183c -1.339 .238 -.514 .004 225.736 

 

Excluded Variablesa 

Model 

Collinearity Statistics 

Minimum Tolerance 

1 ADP .521 

MaxIntensity .352 

AverageIntesnity .004 

2 MaxIntensity .310 

AverageIntesnity .004 

 

a. Dependent Variable: Load 

b. Predictors in the Model: (Constant), TotalRainfall 

c. Predictors in the Model: (Constant), TotalRainfall, ADP 
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Collinearity Diagnosticsa 

Model Dimension Eigenvalue Condition Index 

Variance Proportions 

(Constant) TotalRainfall ADP 

1 1 1.753 1.000 .12 .12  

2 .247 2.665 .88 .88  

2 1 2.609 1.000 .04 .03 .03 

2 .267 3.126 .92 .20 .07 

3 .124 4.588 .04 .77 .91 

 

a. Dependent Variable: Load 

 

 

Residuals Statisticsa 

 

Minimum Maximum Mean Std. Deviation N 

Predicted Value 2.8339 26.5330 9.2556 7.15161 9 

Residual -2.69597 4.25546 .00000 2.10765 9 

Std. Predicted Value -.898 2.416 .000 1.000 9 

Std. Residual -1.108 1.749 .000 .866 9 

 

a. Dependent Variable: Load 
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Charts 
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Regression 

Dependent Variables (Y): Nitrate Load, SMP D (g) 

Independent Variables (X): ADP (hours), Total Rainfall (in), Maximum Intensity 

(in/hr), Average Intensity (in/hr)   

 

Notes 

Output Created 06-MAR-2018 14:38:06 

Comments  

Input Data C:\Users\tue56501\Desktop\

Nitrate SMP D.sav 

Active Dataset DataSet3 

Filter <none> 

Weight <none> 

Split File <none> 

N of Rows in Working Data 

File 

9 

Missing Value Handling Definition of Missing User-defined missing values 

are treated as missing. 

Cases Used Statistics are based on cases 

with no missing values for 

any variable used. 
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Syntax REGRESSION 

  /DESCRIPTIVES MEAN 

STDDEV CORR SIG N 

  /MISSING LISTWISE 

  /STATISTICS COEFF 

OUTS CI(95) R ANOVA 

COLLIN TOL ZPP 

  /CRITERIA=PIN(.05) 

POUT(.10) 

  /NOORIGIN 

  /DEPENDENT Load 

  /METHOD=STEPWISE ADP 

TotalRainfall MaxIntensity 

AvgIntensity 

  /SCATTERPLOT=(*ZRESID 

,*ZPRED) 

  /RESIDUALS DURBIN 

HISTOGRAM(ZRESID) 

NORMPROB(ZRESID). 

Resources Processor Time 00:00:00.36 

Elapsed Time 00:00:00.31 

Memory Required 5072 bytes 

Additional Memory Required 

for Residual Plots 

632 bytes 

 

 

[DataSet3] C:\Users\tue56501\Desktop\Nitrate SMP D.sav 
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Descriptive Statistics 

 

Mean Std. Deviation N 

Load 3.6333 3.70641 9 

ADP 179.2556 149.87085 9 

TotalRainfall .1967 .18221 9 

MaxIntensity .2267 .17550 9 

AvgIntensity .0729 .06602 9 

 

 

Correlations 

 

Load ADP TotalRainfall MaxIntensity AvgIntensity 

Pearson Correlation Load 1.000 .777 .901 .706 .888 

ADP .777 1.000 .692 .671 .693 

TotalRainfall .901 .692 1.000 .805 .998 

MaxIntensity .706 .671 .805 1.000 .837 

AvgIntensity .888 .693 .998 .837 1.000 

Sig. (1-tailed) Load . .007 .000 .017 .001 

ADP .007 . .019 .024 .019 

TotalRainfall .000 .019 . .004 .000 

MaxIntensity .017 .024 .004 . .002 

AvgIntensity .001 .019 .000 .002 . 

N Load 9 9 9 9 9 

ADP 9 9 9 9 9 

TotalRainfall 9 9 9 9 9 

MaxIntensity 9 9 9 9 9 

AvgIntensity 9 9 9 9 9 
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Variables Entered/Removeda 

Model 

Variables 

Entered 

Variables 

Removed Method 

1 TotalRainfall . Stepwise 

(Criteria: 

Probability-of-F-

to-enter <= .050, 

Probability-of-F-

to-remove >= 

.100). 

 

a. Dependent Variable: Load 

 

Model Summaryb 

Model R R Square 

Adjusted R 

Square 

Std. Error of the 

Estimate Durbin-Watson 

1 .901a .812 .785 1.71871 2.213 

 

a. Predictors: (Constant), TotalRainfall 

b. Dependent Variable: Load 

 

 

ANOVAa 

Model Sum of Squares df Mean Square F Sig. 

1 Regression 89.222 1 89.222 30.204 .001b 

Residual 20.678 7 2.954   

Total 109.900 8    
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a. Dependent Variable: Load 

b. Predictors: (Constant), TotalRainfall 

 

 

Coefficientsa 

Model 

Unstandardized Coefficients 

Standardized 

Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) .029 .871  .033 .975 

TotalRainfall 18.328 3.335 .901 5.496 .001 

 

Coefficientsa 

Model 

95.0% Confidence Interval for B Correlations 

Collinearity 

Statistics 

Lower Bound Upper Bound Zero-order Partial Part Tolerance 

1 (Constant) -2.030 2.088     

TotalRainfall 10.442 26.214 .901 .901 .901 1.000 

 

Coefficientsa 

Model 

Collinearity Statistics 

VIF 

1 (Constant)  

TotalRainfall 1.000 

 

a. Dependent Variable: Load 
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Excluded Variablesa 

Model Beta In t Sig. 

Partial 

Correlation 

Collinearity Statistics 

Tolerance VIF 

1 ADP .294b 1.372 .219 .489 .521 1.921 

MaxIntensity -.057b -.190 .855 -.077 .352 2.844 

AvgIntensity -2.563b -1.049 .335 -.394 .004 225.257 

 

Excluded Variablesa 

Model 

Collinearity Statistics 

Minimum Tolerance 

1 ADP .521 

MaxIntensity .352 

AvgIntensity .004 

 

a. Dependent Variable: Load 

b. Predictors in the Model: (Constant), TotalRainfall 

 

 

Collinearity Diagnosticsa 

Model Dimension Eigenvalue Condition Index 

Variance Proportions 

(Constant) TotalRainfall 

1 1 1.753 1.000 .12 .12 

2 .247 2.665 .88 .88 

 

a. Dependent Variable: Load 
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Residuals Statisticsa 

 

Minimum Maximum Mean Std. Deviation N 

Predicted Value .9452 11.7589 3.6333 3.33958 9 

Residual -2.31114 2.78886 .00000 1.60771 9 

Std. Predicted Value -.805 2.433 .000 1.000 9 

Std. Residual -1.345 1.623 .000 .935 9 

 

a. Dependent Variable: Load 

 

Charts 
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Regression 

Dependent Variables (Y): Suspended Solids Load, SMP C (g) 

Independent Variables (X): ADP (hours), Total Rainfall (in), Maximum Intensity 

(in/hr), Average Intensity (in/hr)   

 

Notes 

Output Created 06-MAR-2018 13:35:41 

Comments  

Input Active Dataset DataSet0 

Filter <none> 

Weight <none> 

Split File <none> 

N of Rows in Working Data 

File 

9 

Missing Value Handling Definition of Missing User-defined missing values 

are treated as missing. 

Cases Used Statistics are based on cases 

with no missing values for 

any variable used. 
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Syntax REGRESSION 

  /DESCRIPTIVES MEAN 

STDDEV CORR SIG N 

  /MISSING LISTWISE 

  /STATISTICS COEFF 

OUTS CI(95) R ANOVA 

COLLIN TOL ZPP 

  /CRITERIA=PIN(.05) 

POUT(.10) 

  /NOORIGIN 

  /DEPENDENT Load 

  /METHOD=STEPWISE ADP 

TotalRainfall MaxIntensity 

AverageIntensity 

  /SCATTERPLOT=(*ZRESID 

,*ZPRED) 

  /RESIDUALS DURBIN 

HISTOGRAM(ZRESID) 

NORMPROB(ZRESID). 

Resources Processor Time 00:00:04.70 

Elapsed Time 00:00:01.20 

Memory Required 5072 bytes 

Additional Memory Required 

for Residual Plots 

632 bytes 

 

 

[DataSet0]  
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Descriptive Statistics 

 

Mean Std. Deviation N 

Load 823.8889 972.43360 9 

ADP 179.2556 149.87085 9 

TotalRainfall .1967 .18221 9 

MaxIntensity .2267 .17550 9 

AverageIntensity .0729 .06602 9 

 

 

Correlations 

 

Load ADP TotalRainfall MaxIntensity 

Pearson Correlation Load 1.000 .768 .920 .694 

ADP .768 1.000 .692 .671 

TotalRainfall .920 .692 1.000 .805 

MaxIntensity .694 .671 .805 1.000 

AverageIntensity .902 .693 .998 .837 

Sig. (1-tailed) Load . .008 .000 .019 

ADP .008 . .019 .024 

TotalRainfall .000 .019 . .004 

MaxIntensity .019 .024 .004 . 

AverageIntensity .000 .019 .000 .002 

N Load 9 9 9 9 

ADP 9 9 9 9 

TotalRainfall 9 9 9 9 

MaxIntensity 9 9 9 9 

AverageIntensity 9 9 9 9 
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Correlations 

 

AverageIntensity 

Pearson Correlation Load .902 

ADP .693 

TotalRainfall .998 

MaxIntensity .837 

AverageIntensity 1.000 

Sig. (1-tailed) Load .000 

ADP .019 

TotalRainfall .000 

MaxIntensity .002 

AverageIntensity . 

N Load 9 

ADP 9 

TotalRainfall 9 

MaxIntensity 9 

AverageIntensity 9 

 

 

Variables Entered/Removeda 

Model 

Variables 

Entered 

Variables 

Removed Method 

1 TotalRainfall . Stepwise 

(Criteria: 

Probability-of-F-

to-enter <= .050, 

Probability-of-F-

to-remove >= 

.100). 
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a. Dependent Variable: Load 

 

 

Model Summaryb 

Model R R Square 

Adjusted R 

Square 

Std. Error of the 

Estimate Durbin-Watson 

1 .920a .846 .824 407.65421 2.174 

 

a. Predictors: (Constant), TotalRainfall 

b. Dependent Variable: Load 

 

 

ANOVAa 

Model Sum of Squares df Mean Square F Sig. 

1 Regression 6401743.180 1 6401743.180 38.522 .000b 

Residual 1163273.709 7 166181.958   

Total 7565016.889 8    

 

a. Dependent Variable: Load 

b. Predictors: (Constant), TotalRainfall 
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Coefficientsa 

Model 

Unstandardized Coefficients 

Standardized 

Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) -141.641 206.555  -.686 .515 

TotalRainfall 4909.475 791.003 .920 6.207 .000 

 

Coefficientsa 

Model 

95.0% Confidence Interval for B Correlations 

Collinearity 

Statistics 

Lower Bound Upper Bound Zero-order Partial Part Tolerance 

1 (Constant) -630.065 346.783     

TotalRainfall 3039.052 6779.899 .920 .920 .920 1.000 

 

Coefficientsa 

Model 

Collinearity Statistics 

VIF 

1 (Constant)  

TotalRainfall 1.000 

 

a. Dependent Variable: Load 
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Excluded Variablesa 

Model Beta In t Sig. 

Partial 

Correlation 

Collinearity Statistics 

Tolerance VIF 

1 ADP .251b 1.275 .250 .462 .521 1.921 

MaxIntensity -.132b -.500 .635 -.200 .352 2.844 

AverageIntensity -3.594b -1.889 .108 -.611 .004 225.257 

 

Excluded Variablesa 

Model 

Collinearity Statistics 

Minimum Tolerance 

1 ADP .521 

MaxIntensity .352 

AverageIntensity .004 

 

a. Dependent Variable: Load 

b. Predictors in the Model: (Constant), TotalRainfall 

 

 

Collinearity Diagnosticsa 

Model Dimension Eigenvalue Condition Index 

Variance Proportions 

(Constant) TotalRainfall 

1 1 1.753 1.000 .12 .12 

2 .247 2.665 .88 .88 

 

a. Dependent Variable: Load 
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Residuals Statisticsa 

 

Minimum Maximum Mean Std. Deviation N 

Predicted Value 103.8325 3000.4231 823.8889 894.54899 9 

Residual -490.15906 711.84094 .00000 381.32560 9 

Std. Predicted Value -.805 2.433 .000 1.000 9 

Std. Residual -1.202 1.746 .000 .935 9 

 

a. Dependent Variable: Load 

 

Charts 
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Regression 

Dependent Variables (Y): Suspended Solids Load, SMP D (g) 

Independent Variables (X): ADP (hours), Total Rainfall (in), Maximum Intensity 

(in/hr), Average Intensity (in/hr)   

 

 

 

Notes 

Output Created 06-MAR-2018 14:04:00 

Comments  

Input Data C:\Users\tue56501\Desktop\S

uspended Solids SMP D.sav 

Active Dataset DataSet1 

Filter <none> 

Weight <none> 

Split File <none> 

N of Rows in Working Data 

File 

9 

Missing Value Handling Definition of Missing User-defined missing values 

are treated as missing. 

Cases Used Statistics are based on cases 

with no missing values for 

any variable used. 
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Syntax REGRESSION 

  /DESCRIPTIVES MEAN 

STDDEV CORR SIG N 

  /MISSING LISTWISE 

  /STATISTICS COEFF 

OUTS CI(95) R ANOVA 

COLLIN TOL ZPP 

  /CRITERIA=PIN(.05) 

POUT(.10) 

  /NOORIGIN 

  /DEPENDENT Load 

  /METHOD=STEPWISE ADP 

TotalRainfall MaxIntensity 

AverageIntensity 

  /SCATTERPLOT=(*ZRESID 

,*ZPRED) 

  /RESIDUALS DURBIN 

HISTOGRAM(ZRESID) 

NORMPROB(ZRESID). 

Resources Processor Time 00:00:00.36 

Elapsed Time 00:00:00.29 

Memory Required 5072 bytes 

Additional Memory Required 

for Residual Plots 

632 bytes 
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Descriptive Statistics 

 

Mean Std. Deviation N 

Load 363.1111 533.50456 9 

ADP 179.2556 149.87085 9 

TotalRainfall .1967 .18221 9 

MaxIntensity .2267 .17550 9 

AverageIntensity .0729 .06602 9 

 

 

 

 

Correlations 

 

Load ADP TotalRainfall MaxIntensity 

Pearson Correlation Load 1.000 .730 .893 .567 

ADP .730 1.000 .692 .671 

TotalRainfall .893 .692 1.000 .805 

MaxIntensity .567 .671 .805 1.000 

AverageIntensity .867 .693 .998 .837 

Sig. (1-tailed) Load . .013 .001 .056 

ADP .013 . .019 .024 

TotalRainfall .001 .019 . .004 

MaxIntensity .056 .024 .004 . 

AverageIntensity .001 .019 .000 .002 

N Load 9 9 9 9 

ADP 9 9 9 9 

TotalRainfall 9 9 9 9 
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MaxIntensity 9 9 9 9 

AverageIntensity 9 9 9 9 

 

Correlations 

 

AverageIntensity 

Pearson Correlation Load .867 

ADP .693 

TotalRainfall .998 

MaxIntensity .837 

AverageIntensity 1.000 

Sig. (1-tailed) Load .001 

ADP .019 

TotalRainfall .000 

MaxIntensity .002 

AverageIntensity . 

N Load 9 

ADP 9 

TotalRainfall 9 

MaxIntensity 9 

AverageIntensity 9 
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Variables Entered/Removeda 

Model 

Variables 

Entered 

Variables 

Removed Method 

1 TotalRainfall . Stepwise 

(Criteria: 

Probability-of-F-

to-enter <= .050, 

Probability-of-F-

to-remove >= 

.100). 

2 AverageIntensity . Stepwise 

(Criteria: 

Probability-of-F-

to-enter <= .050, 

Probability-of-F-

to-remove >= 

.100). 

 

a. Dependent Variable: Load 

 

 

Model Summaryc 

Model R R Square 

Adjusted R 

Square 

Std. Error of the 

Estimate Durbin-Watson 

1 .893a .798 .769 256.48002  

2 .964b .929 .906 163.67205 2.298 

 

a. Predictors: (Constant), TotalRainfall 

b. Predictors: (Constant), TotalRainfall, AverageIntensity 

c. Dependent Variable: Load 
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ANOVAa 

Model Sum of Squares df Mean Square F Sig. 

1 Regression 1816542.887 1 1816542.887 27.615 .001b 

Residual 460474.002 7 65782.000   

Total 2277016.889 8    

2 Regression 2116285.642 2 1058142.821 39.500 .000c 

Residual 160731.247 6 26788.541   

Total 2277016.889 8    

 

a. Dependent Variable: Load 

b. Predictors: (Constant), TotalRainfall 

c. Predictors: (Constant), TotalRainfall, AverageIntensity 

 

 

Coefficientsa 

Model 

Unstandardized Coefficients 

Standardized 

Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) -151.216 129.956  -1.164 .283 

TotalRainfall 2615.223 497.668 .893 5.255 .001 

2 (Constant) -72.682 86.190  -.843 .431 

TotalRainfall 18523.866 4766.498 6.326 3.886 .008 

AverageIntensity -44001.688 13154.354 -5.445 -3.345 .016 
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Coefficientsa 

Model 

95.0% Confidence Interval for B Correlations 

Lower Bound Upper Bound Zero-order Partial Part 

1 (Constant) -458.513 156.081    

TotalRainfall 1438.426 3792.021 .893 .893 .893 

2 (Constant) -283.582 138.219    

TotalRainfall 6860.664 30187.067 .893 .846 .422 

AverageIntensity -76189.233 -11814.144 .867 -.807 -.363 

 

Coefficientsa 

Model 

Collinearity Statistics 

Tolerance VIF 

1 (Constant)   

TotalRainfall 1.000 1.000 

2 (Constant)   

TotalRainfall .004 225.257 

AverageIntensity .004 225.257 

 

a. Dependent Variable: Load 
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Excluded Variablesa 

Model Beta In t Sig. 

Partial 

Correlation 

Collinearity Statistics 

Tolerance VIF 

1 ADP .215b .902 .402 .345 .521 1.921 

MaxIntensity -.432b -1.698 .141 -.570 .352 2.844 

AverageIntensity -5.445b -3.345 .016 -.807 .004 225.257 

2 ADP .239c 1.904 .115 .648 .520 1.925 

MaxIntensity .271c .781 .470 .330 .105 9.543 

 

Excluded Variablesa 

Model 

Collinearity Statistics 

Minimum Tolerance 

1 ADP .521 

MaxIntensity .352 

AverageIntensity .004 

2 ADP .004 

MaxIntensity .001 

 

a. Dependent Variable: Load 

b. Predictors in the Model: (Constant), TotalRainfall 

c. Predictors in the Model: (Constant), TotalRainfall, AverageIntensity 
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Collinearity Diagnosticsa 

Model Dimension Eigenvalue Condition Index 

Variance Proportions 

(Constant) TotalRainfall AverageIntensity 

1 1 1.753 1.000 .12 .12  

2 .247 2.665 .88 .88  

2 1 2.681 1.000 .04 .00 .00 

2 .318 2.901 .89 .00 .00 

3 .001 53.143 .06 1.00 1.00 

 

a. Dependent Variable: Load 

 

 

Residuals Statisticsa 

 

Minimum Maximum Mean Std. Deviation N 

Predicted Value -26.5222 1574.2008 363.1111 514.33035 9 

Residual -339.73804 138.26196 .00000 141.74416 9 

Std. Predicted Value -.758 2.355 .000 1.000 9 

Std. Residual -2.076 .845 .000 .866 9 

 

a. Dependent Variable: Load 
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Charts 
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Regression 

Dependent Variables (Y): Total Phosphorus Load, SMP C (g) 

Independent Variables (X): ADP (hours), Total Rainfall (in), Maximum Intensity 

(in/hr), Average Intensity (in/hr)   

 

Notes 

Output Created 06-MAR-2018 14:50:33 

Comments  

Input Data C:\Users\tue56501\Desktop\T

otal Phosphorus SMP C.sav 

Active Dataset DataSet4 

Filter <none> 

Weight <none> 

Split File <none> 

N of Rows in Working Data 

File 

8 

Missing Value Handling Definition of Missing User-defined missing values 

are treated as missing. 

Cases Used Statistics are based on cases 

with no missing values for 

any variable used. 
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Syntax REGRESSION 

  /DESCRIPTIVES MEAN 

STDDEV CORR SIG N 

  /MISSING LISTWISE 

  /STATISTICS COEFF 

OUTS CI(95) R ANOVA 

COLLIN TOL ZPP 

  /CRITERIA=PIN(.05) 

POUT(.10) 

  /NOORIGIN 

  /DEPENDENT Load 

  /METHOD=STEPWISE ADP 

TotalRainfall MaxIntensity 

AvgIntensity 

  /SCATTERPLOT=(*ZRESID 

,*ZPRED) 

  /RESIDUALS DURBIN 

HISTOGRAM(ZRESID) 

NORMPROB(ZRESID). 

Resources Processor Time 00:00:00.55 

Elapsed Time 00:00:00.33 

Memory Required 5072 bytes 

Additional Memory Required 

for Residual Plots 

632 bytes 

 

 

[DataSet4] C:\Users\tue56501\Desktop\Total Phosphorus SMP C.sav 
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Descriptive Statistics 

 

Mean Std. Deviation N 

Load 1.9838 2.21752 8 

ADP 200.9125 144.38069 8 

TotalRainfall .1975 .19477 8 

MaxIntensity .2400 .18268 8 

AvgIntensity .0735 .07055 8 

 

 

Correlations 

 

Load ADP TotalRainfall MaxIntensity AvgIntensity 

Pearson Correlation Load 1.000 .758 .909 .709 .891 

ADP .758 1.000 .762 .652 .756 

TotalRainfall .909 .762 1.000 .824 .998 

MaxIntensity .709 .652 .824 1.000 .853 

AvgIntensity .891 .756 .998 .853 1.000 

Sig. (1-tailed) Load . .015 .001 .024 .001 

ADP .015 . .014 .040 .015 

TotalRainfall .001 .014 . .006 .000 

MaxIntensity .024 .040 .006 . .004 

AvgIntensity .001 .015 .000 .004 . 

N Load 8 8 8 8 8 

ADP 8 8 8 8 8 

TotalRainfall 8 8 8 8 8 

MaxIntensity 8 8 8 8 8 

AvgIntensity 8 8 8 8 8 
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Variables Entered/Removeda 

Model 

Variables 

Entered 

Variables 

Removed Method 

1 TotalRainfall . Stepwise 

(Criteria: 

Probability-of-F-

to-enter <= .050, 

Probability-of-F-

to-remove >= 

.100). 

 

a. Dependent Variable: Load 

 

 

 

 

 

Model Summaryb 

Model R R Square 

Adjusted R 

Square 

Std. Error of the 

Estimate Durbin-Watson 

1 .909a .826 .797 .99841 2.342 

 

a. Predictors: (Constant), TotalRainfall 

b. Dependent Variable: Load 
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ANOVAa 

Model Sum of Squares df Mean Square F Sig. 

1 Regression 28.441 1 28.441 28.531 .002b 

Residual 5.981 6 .997   

Total 34.422 7    

 

a. Dependent Variable: Load 

b. Predictors: (Constant), TotalRainfall 

 

 

Coefficientsa 

Model 

Unstandardized Coefficients 

Standardized 

Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) -.060 .521  -.116 .912 

TotalRainfall 10.349 1.937 .909 5.341 .002 

 

Coefficientsa 

Model 

95.0% Confidence Interval for B Correlations 

Collinearity 

Statistics 

Lower Bound Upper Bound Zero-order Partial Part Tolerance 

1 (Constant) -1.334 1.214     

TotalRainfall 5.608 15.090 .909 .909 .909 1.000 
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Coefficientsa 

Model 

Collinearity Statistics 

VIF 

1 (Constant)  

TotalRainfall 1.000 

 

a. Dependent Variable: Load 

 

 

Excluded Variablesa 

Model Beta In t Sig. 

Partial 

Correlation 

Collinearity Statistics 

Tolerance VIF 

1 ADP .157b .562 .598 .244 .420 2.382 

MaxIntensity -.124b -.383 .717 -.169 .321 3.113 

AvgIntensity -3.804b -1.654 .159 -.595 .004 235.603 

 

Excluded Variablesa 

Model 

Collinearity Statistics 

Minimum Tolerance 

1 ADP .420 

MaxIntensity .321 

AvgIntensity .004 

 

a. Dependent Variable: Load 

b. Predictors in the Model: (Constant), TotalRainfall 
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Collinearity Diagnosticsa 

Model Dimension Eigenvalue Condition Index 

Variance Proportions 

(Constant) TotalRainfall 

1 1 1.735 1.000 .13 .13 

2 .265 2.559 .87 .87 

 

a. Dependent Variable: Load 

 

 

Residuals Statisticsa 

 

Minimum Maximum Mean Std. Deviation N 

Predicted Value .4573 6.5632 1.9838 2.01568 8 

Residual -.90754 2.11387 .00000 .92435 8 

Std. Predicted Value -.757 2.272 .000 1.000 8 

Std. Residual -.909 2.117 .000 .926 8 

 

a. Dependent Variable: Load 
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Charts 
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Regression 

Dependent Variables (Y): Total Phosphorus Load, SMP D (g) 

Independent Variables (X): ADP (hours), Total Rainfall (in), Maximum Intensity 

(in/hr), Average Intensity (in/hr)   

 

Notes 

Output Created 06-MAR-2018 15:02:00 

Comments  

Input Data C:\Users\tue56501\Desktop\T

otal Phosphorus SMP D.sav 

Active Dataset DataSet5 

Filter <none> 

Weight <none> 

Split File <none> 

N of Rows in Working Data 

File 

8 

Missing Value Handling Definition of Missing User-defined missing values 

are treated as missing. 

Cases Used Statistics are based on cases 

with no missing values for 

any variable used. 
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Syntax REGRESSION 

  /DESCRIPTIVES MEAN 

STDDEV CORR SIG N 

  /MISSING LISTWISE 

  /STATISTICS COEFF 

OUTS CI(95) R ANOVA 

COLLIN TOL ZPP 

  /CRITERIA=PIN(.05) 

POUT(.10) 

  /NOORIGIN 

  /DEPENDENT Load 

  /METHOD=STEPWISE ADP 

TotalRainfall MaxIntensity 

AvgIntensity 

  /SCATTERPLOT=(*ZRESID 

,*ZPRED) 

  /RESIDUALS DURBIN 

HISTOGRAM(ZRESID) 

NORMPROB(ZRESID). 

Resources Processor Time 00:00:00.34 

Elapsed Time 00:00:00.25 

Memory Required 5072 bytes 

Additional Memory Required 

for Residual Plots 

632 bytes 

 

 

[DataSet5] C:\Users\tue56501\Desktop\Total Phosphorus SMP D.sav 
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Descriptive Statistics 

 

Mean Std. Deviation N 

Load 1.8088 1.97693 8 

ADP 200.9125 144.38069 8 

TotalRainfall .1975 .19477 8 

MaxIntensity .2400 .18268 8 

AvgIntensity .0735 .07055 8 

 

 

Correlations 

 

Load ADP TotalRainfall MaxIntensity AvgIntensity 

Pearson Correlation Load 1.000 .781 .902 .584 .875 

ADP .781 1.000 .762 .652 .756 

TotalRainfall .902 .762 1.000 .824 .998 

MaxIntensity .584 .652 .824 1.000 .853 

AvgIntensity .875 .756 .998 .853 1.000 

Sig. (1-tailed) Load . .011 .001 .064 .002 

ADP .011 . .014 .040 .015 

TotalRainfall .001 .014 . .006 .000 

MaxIntensity .064 .040 .006 . .004 

AvgIntensity .002 .015 .000 .004 . 

N Load 8 8 8 8 8 

ADP 8 8 8 8 8 

TotalRainfall 8 8 8 8 8 

MaxIntensity 8 8 8 8 8 

AvgIntensity 8 8 8 8 8 
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Variables Entered/Removeda 

Model 

Variables 

Entered 

Variables 

Removed Method 

1 TotalRainfall . Stepwise 

(Criteria: 

Probability-of-F-

to-enter <= .050, 

Probability-of-F-

to-remove >= 

.100). 

2 AvgIntensity . Stepwise 

(Criteria: 

Probability-of-F-

to-enter <= .050, 

Probability-of-F-

to-remove >= 

.100). 

 

a. Dependent Variable: Load 

 

 

Model Summaryc 

Model R R Square 

Adjusted R 

Square 

Std. Error of the 

Estimate Durbin-Watson 

1 .902a .814 .782 .92211  

2 .983b .967 .954 .42490 2.020 

 

a. Predictors: (Constant), TotalRainfall 

b. Predictors: (Constant), TotalRainfall, AvgIntensity 

c. Dependent Variable: Load 
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ANOVAa 

Model Sum of Squares df Mean Square F Sig. 

1 Regression 22.256 1 22.256 26.175 .002b 

Residual 5.102 6 .850   

Total 27.358 7    

2 Regression 26.455 2 13.228 73.268 .000c 

Residual .903 5 .181   

Total 27.358 7    

 

a. Dependent Variable: Load 

b. Predictors: (Constant), TotalRainfall 

c. Predictors: (Constant), TotalRainfall, AvgIntensity 

 

 

Coefficientsa 

Model 

Unstandardized Coefficients 

Standardized 

Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) .001 .481  .001 .999 

TotalRainfall 9.155 1.789 .902 5.116 .002 

2 (Constant) .356 .233  1.524 .188 

TotalRainfall 70.062 12.656 6.903 5.536 .003 

AvgIntensity -168.495 34.938 -6.013 -4.823 .005 
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Coefficientsa 

Model 

95.0% Confidence Interval for B Correlations 

Collinearity 

Statistics 

Lower Bound Upper Bound Zero-order Partial Part Tolerance 

1 (Constant) -1.176 1.177     

TotalRainfall 4.776 13.533 .902 .902 .902 1.000 

2 (Constant) -.244 .956     

TotalRainfall 37.528 102.596 .902 .927 .450 .004 

AvgIntensity -258.307 -78.684 .875 -.907 -.392 .004 

 

Coefficientsa 

Model 

Collinearity Statistics 

VIF 

1 (Constant)  

TotalRainfall 1.000 

2 (Constant)  

TotalRainfall 235.603 

AvgIntensity 235.603 

 

a. Dependent Variable: Load 
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Excluded Variablesa 

Model Beta In t Sig. 

Partial 

Correlation 

Collinearity Statistics 

Tolerance VIF 

1 ADP .223b .793 .464 .334 .420 2.382 

MaxIntensity -.494b -1.906 .115 -.649 .321 3.113 

AvgIntensity -6.013b -4.823 .005 -.907 .004 235.603 

2 ADP .165c 1.439 .224 .584 .416 2.406 

MaxIntensity .278c 1.081 .341 .475 .097 10.341 

 

Excluded Variablesa 

Model 

Collinearity Statistics 

Minimum Tolerance 

1 ADP .420 

MaxIntensity .321 

AvgIntensity .004 

2 ADP .004 

MaxIntensity .001 

 

a. Dependent Variable: Load 

b. Predictors in the Model: (Constant), TotalRainfall 

c. Predictors in the Model: (Constant), TotalRainfall, AvgIntensity 
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Collinearity Diagnosticsa 

Model Dimension Eigenvalue Condition Index 

Variance Proportions 

(Constant) TotalRainfall AvgIntensity 

1 1 1.735 1.000 .13 .13  

2 .265 2.559 .87 .87  

2 1 2.658 1.000 .04 .00 .00 

2 .341 2.794 .87 .00 .00 

3 .001 52.566 .09 1.00 1.00 

 

a. Dependent Variable: Load 

 

 

Residuals Statisticsa 

 

Minimum Maximum Mean Std. Deviation N 

Predicted Value .4891 6.1046 1.8088 1.94405 8 

Residual -.38576 .51097 .00000 .35910 8 

Std. Predicted Value -.679 2.210 .000 1.000 8 

Std. Residual -.908 1.203 .000 .845 8 

 

a. Dependent Variable: Load 
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Charts 
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