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Abstract 

 This study is to serve as a model for future, intensive studies into the effects 

roadway runoff has on the water quality of the Codorus Creek watershed.  A preliminary 

sampling of runoff water at 3 sites will be conducted over the span of 3 months 

(beginning the last week of August and ending the last week of November) and will be 

tested for the following:  lead, iron, zinc, pH, hydrocarbons, turbidity, and total 

suspended solids.  These samples will be analyzed and those results compared with 

the EPA’s National Recommended Water Quality Criteria, similar studies on the effects 

of roadway runoff in other locations, and a recent evaluation of the Codorus Creek’s 

overall water quality.  These comparisons will serve as a cursory evaluation of the 

effects roadway runoff has on the quality of water in the Codorus Creek.  My overall 

goal is to provide detailed directives with which individuals can use in the future to 

perform in-depth analysis of the effects of roadway runoff in this watershed. 

Hypothesis 

 The purpose of this study is to obtain findings that support my hypothesis, that 

there is a direct relationship between roadway runoff and increased pollution into 

adjacent bodies of water.  I expect to find cursory results to support this statement after 

my 3 month sampling of storm and runoff events of the South Branch of the Codorus 

Creek.  Specifically, I expect to find a high level of total petroleum hydrocarbons and 

heavy metals, which are common pollutants associated with roadways. 

 

 



Introduction 

Pollution can enter our watersheds through fairly obvious channels such as 

pipes, sewers, and treatment plants.  There are also less obvious means that pollution 

can enter our streams and rivers, referred to as nonpoint source pollution.  The term 

“nonpoint source pollution” is generally defined as “a contributory factor to water 

pollution that cannot be traced to a specific spot; for example, pollution that results from 

water runoff from urban areas, construction sites, agricultural and silvicultural 

operations, and so forth ( DEP, 2011)”.  This pollution generally results from land runoff, 

precipitation, atmospheric deposition, drainage, or seepage that carries and deposits 

both natural and man-made pollutants into watersheds.  

The most common nonpoint source pollutants are sediment and nutrients.  Other 

common nonpoint source pollutants include pesticides, pathogens (bacteria and 

viruses), salts, oil, grease, toxic chemicals and heavy metals (EPA, 2011).  These 

pollutants can be found in a variety of sources, such as agricultural, mining-related, and 

for the purpose of this paper, highway facilities.  Table 1 shows some of the major 

contributors to roadway runoff pollution and the specific sources from which they arise.  

 

Table 1. Typical pollutants found in runoff from roads and highways. 

Sources of Pollution in Highway Runoff 

 

 
Pollutant Source 

Sedimentation Particulates 
Pavement wear, vehicles, the atmosphere and 

maintenance activities 

Nutrients 
Nitrogen & 

phosphorus 
Atmosphere and fertilizer application 

Heavy Metals Lead Leaded gasoline from auto exhausts and tire wear 



 
Zinc Tire wear, motor oil and grease 

 
Iron 

Auto body rust, steel highway structures such as bridges 

and guardrails, and moving engine parts 

 
Copper 

Metal plating, bearing and brushing wear, moving 

engine parts, brake lining wear, fungicides & insecticides 

 
Cadmium Tire wear and insecticide application 

 
Chromium Metal plating, moving engine parts and brake lining wear 

 
Nickel 

Diesel fuel and gasoline, lubricating oil, metal plating, 

bushing wear, brake lining wear and asphalt paving 

 
Manganese Moving engine parts 

 
Cyanide 

Anti-caking compounds used to keep deicing salt 

granular 

 

Sodium, calcium & 

chloride 
Deicing salts 

 
Sulphates Roadway beds, fuel and deicing salts 

Hydrocarbons Petroleum 
Spills, leaks, antifreeze and hydraulic fluids and asphalt 

surface leachate 

Adapted from Guidance Specifying Management Measures for Sources of Nonpoint 

Pollution in Coastal Waters 

 

     Highway nonpoint source pollution is created when chemicals, debris, fertilizers 

and automotive oils are washed off roadways and bridges during rainstorms and carried 

as runoff to streams, rivers, lakes and bays.  The proximity of urban and suburban 

areas to major highways allows for runoff containing any number of these pollutants 

(Barrett, et. al.,1995).   

 The Codorus Creek, located in York County, PA, is a tributary of the 

Susquehanna River and is comprised of a 278 square mile drainage area, 447 miles of 

streams and approximately 20,000 acres of freshwater wetlands.  This watershed is 

home to approximately 220,000 residents and has a wide diversity of land uses 

including agricultural, forest, residential, commercial, and industrial (DEP, 2011).  The 

watershed is comprised of three primary drainages: East Branch Codorus, South 



Branch Codorus and West Branch Codorus.  The water quality of the Codorus has been 

heavily studied over the past few decades and it has been determined that out of the 

447 miles of streams, only 46% of those assessed meet water quality standards (EPA, 

2011).  Nonpoint source pollution factors attributed include: stream bank, channel 

erosion and sedimentation, which is responsible for more than half of the degraded 

streams.  Although information is available for less than half of the Codorus Creek's 

streams and tributaries, many of those are considered eutrophic (high in nutrients and 

low in dissolved oxygen.  The Susquehanna River, which feeds into the Chesapeake 

Bay, accounts for about 20% of the total phosphorus and 39% of the total nitrogen 

loadings of the Bay, of which nonpoint sources of pollution generate the majority of 

these. 

Studies have been performed in various locations worldwide to determine the impact 

roadway nonpoint source pollution has on the water quality of neighboring watersheds, 

though this has never been researched in any area of the Codorus watershed.  As seen 

in Figure 1, this watershed has numerous roadways running through it, and most of the 

major routes directly border banks of the Codorus and streams branching from the 

mainstem.  My objective is to collect water samples of three sites adjacent to the 

Codorus to gain an understanding of the effect roadway runoff has in this area for use in 

future, more intensive water quality studies. 



Figure 1. Major roadways in the Codorus Watershed

 

Methods 

The three sites I chose for this study differ in the nature of their locations; site 1 in 

Glen Rock Borough is located adjacent to a primary roadway, State Route 216; site 2 is 

a secondary roadway also in Glen Rock Borough, Rockville Road; site 3 is also in Glen 

Rock but is a more remote section of the creek and should display lower amounts of 

pollutants since it is not directly adjacent to a major roadway.  All three sites are located 

in the South Branch Codorus and this drainage area was chosen because its primary 

land use is agriculture (about 80%).  The lack of runoff from additional nonpoint sources 



other than agriculture enables me to rule out other factors that may contribute to the test 

results.  

The water samples are to be collected from three distinct sites and will be tested 

for turbidity, heavy metals (including lead, zinc, and iron), total suspended solids (TSS), 

pH, and hydrocarbons (total petroleum hydrocarbons).  These parameters were chosen 

because they are directly related to roadway runoff pollution; consequently, I chose not 

to test for parameters which can also be equally attributed to agricultural nonpoint 

source pollution (including nutrients such as nitrogen and phosphorous).   

 The samples will be collected during runoff events; therefore it is difficult to 

predetermine the number of sampling events that will be taken during this timeframe.  I 

would like to have at least 6 events sampled and analyzed.  Water will be collected 

using the grab method from a downspout at each of the three sites and immediately 

dropped off at: Lancaster Laboratories, 2425 New Holland Pike, Lancaster, PA 17605 

for analysis.  This laboratory will employ the following methods for analyzing the 

samples: 

pH:  SM20 4500 H/B/EPA 150.1; measured by electrometric device 

Turbidity:  EPA 180.1 (1993); measurement by nephelometry 

Total Suspended Solids:  SM20 2540 D/EPA 160.2; measured by gravimetric device 

Iron, Lead, and Zinc:  SW-846 6010B/EPA 200.7; Inductively Coupled Argon Plasma 

(ICP)  



TPH-GRO (water C6-C10):  SW-846 8015B; purge and trap gas 

chromatography/FID (flame ionization detector) analysis, which is the gross 

measurement of organics in the C6-C10 range  

Additionally, field blanks will be utilized for each procedure for quality assurance 

purposes. 

 Summary water quality characteristics for runoff samples will be presented as 

median event mean concentrations (EMC’s) and coefficient of variation for each site. 

The EMC’s for each constituent will be derived from the average concentration of the 

constituent for each of the runoff events monitored and for which a sufficient volume of 

runoff was generated to complete the chemical analyses.  I will also show comparisons 

of these findings to:  the EPA’s National Recommended Water Quality Criteria, 

published pursuant to Section 304(a) of the Clean Water Act (CWA) and provide 

guidance for states and tribes to use in adopting water quality standards; a similar study 

performed by Barrett et al (1998); and a 2005 study of the Codorus Creek water quality.  

These comparisons will serve as an evaluation of the effects roadway runoff has on the 

quality of water in the Codorus Creek.  More importantly, this process will serve as 

model which individuals can use in the future to perform in-depth analysis of the effects 

of roadway runoff in this watershed. 

Timeframe 

August 2011:  Begin sampling of sites, dependent upon occurrence of storm events 

September 2011:  Continue sampling and immediate analysis at Lancaster   



 

Laboratories, begin compiling the results into database for statistical evaluation 

October 2011:  Collect more runoff samples and analyze, start evaluating the results 

statistically and compare to other findings 

November 2011:  Final round of data collection, analysis, and complete statistical 

analysis of results.  Fine tune the paper, taking these findings into account 

December 2011:  Finalize thesis and submit for review 
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