
August 2010  EA Project No. 14479.09 
 

 
 
 
 
 
 
 
 
 

Chemical Data Analysis 
Ambient Station / Unnamed Tributary to Winters Run 

Harford County, Maryland 
  
 
 
 
 
 

Prepared for 
 

Harford County Department of Public Works 
Division of Highways and Water Resources 

212 South Bond Street, 3rd Floor 
Bel Air, Maryland 21014 

 
 
 
 
 

Prepared by 
 

EA Engineering, Science and Technology, Inc. 
15 Loveton Circle 

Sparks, Maryland 21152 
 

 
 
 

 
 
 
 





August 2010  EA Project No. 14479.09 
 

i

TABLE OF CONTENTS 
 

Page 
 
LIST OF FIGURES ........................................................................................................... ii 
 
LIST OF TABLES ............................................................................................................ iv 
 
1. INTRODUCTION ..................................................................................................... 1 
 
2. METHODS AND DATA COLLECTION ................................................................... 1 
 
 2.1 LAND USE ...................................................................................................... 3 
 2.2 ESTIMATION OF RUNOFF COEFFICIENTS ................................................. 3 
 2.3 PRECIPITATION ............................................................................................. 4 
 2.4 EVENT MEAN CONCENTRATION ................................................................. 7 
 2.5 POLLUTANT LOADS ...................................................................................... 7 
   
3. RESULTS AND DATA ANALYSIS .......................................................................... 8 
  
 3.1 EVENT MEAN CONCENTRATIONS AND POLLUTANT LOADS ................... 8 
 3.2 COMPARISON OF WATER QUAITY DATA TO AMBIENT WATER QUALITY 

CRITERIA ....................................................................................................... 8 
 3.3 COMPARISON OF EMCS WITH MARYLAND NATIONAL 
   POLLUTANT DISCHARGE ELIMINATION SYSTEM (NPDES) AND  
  NATIONWIDE URBAN RUNOFF PROGRAM (NURP) ................................. 18 
 3.4 CORRELATION BETWEEN WATER QUALITY CONSTITUENTS AND THE 

BENTHIC COMMUNITY ............................................................................... 19 
 3.5 COMPARISONS BETWEEN STATION LOCATIONS AND TREND  

ANALYSIS ..................................................................................................... 21 
 3.6 COMPARISON OF POLLUTANT LOADS WITH AVAILABLE NPS DATA ... 22 
 
4. SUMMARY AND CONCLUSION ........................................................................... 22 
 
5. REFERENCES ...................................................................................................... 26 
 
APPENDIX A: WATER QUALITY AND RAINFALL DATA 
 
APPENDIX B:  EVENT MEAN CONCENTRATION TABLES 
 
APPENDIX C:  TREND ANALYSIS GRAPHS 
 
APPENDIX D:  WATERSHED PROFILES 
 



August 2010  EA Project No. 14479.09 
 

ii

LIST OF FIGURES 
 
Number Title 
 

1 Location of Sampling Stations 
 
2 Ambient Station Drainage Area 
 
3 1998 – 2009 Event Mean Concentrations (EMCs) of Biological Oxygen 

Demand (BOD5) and Total Suspended Solids (TSS) Baseflow and 
Stormflow Data 

 
4 1998 – 2009 Event Mean Concentrations (EMCs) of Nitrite plus Nitrate 

(NO2NO3), Total Kjeldahl Nitrogen (TKN) and Total Phosphorus Baseflow 
and Stormflow Data  

 
5 1998 – 2009 Event Mean Concentrations (EMCs) of Copper (Cu), Lead 

(Pb) and Zinc (Zn) Baseflow and Stormflow Data 
 
6 1998 – 2009 Event Mean Concentrations (EMCs) of Temperature, pH and 

Total Petroleum Hydrocarbons (TPH) Baseflow and Stormflow Data 
 
7 2009 Event Mean Concentrations (EMCs) of Copper (Cu), Lead (Pb) and 

Zinc (Zn) Stormflow Data from the Upstream (outfall) and Downstream 
station (instream) Compared Against the Maryland Department of the 
Environment (MDE) Acute and Chronic  Freshwater Water Quality Criteria 
for Ambient Surface Waters 

 
8 1998 - 2009 Event Mean Concentrations (EMCs) of Copper (Cu),  

Lead (Pb) And Zinc (Zn) Baseflow Data from the Upstream Station  (Outfall) 
Compared Against the Maryland Department of the Environment (MDE) 
Acute and Chronic Freshwater Water Quality Criteria for Ambient Surface 
Waters  

 
9 1998 - 2009 Event Mean Concentrations (EMCs) of Copper (Cu), Lead (Pb) 

And Zinc (Zn) Stormflow Data from the Upstream Station (Outfall) 
Compared Against the Maryland Department of the Environment (MDE) 
Acute and Chronic Freshwater Water Quality Criteria for Ambient Surface 
Waters 

 
10 1998 - 2009 Event Mean Concentrations (EMCs) of Copper (Cu), Lead (Pb) 

And Zinc (Zn) Baseflow Data from the Downstream Station (Instream) 
Compared Against the Maryland Department of the Environment (MDE) 
Acute and Chronic Freshwater Water Quality Criteria for Ambient Surface 
Waters 

 



August 2010  EA Project No. 14479.09 
 

iii

LIST OF FIGURES 
 
Number Title 
 

11 1998 - 2009 Event Mean Concentrations (EMCs) of Copper (Cu), Lead (Pb) 
And Zinc (Zn) Stormflow Data from the Downstream Station (Instream) 
Compared Against the Maryland Department of the Environment (MDE) 
Acute and Chronic Freshwater Water Quality Criteria for Ambient Surface 
Waters 

 
12 Location of Benthic Monitoring Stations 
 
13 Comparison of Total Kjeldahl Nitrogen and Nitrate + Nitrite Data to Non-

Point Source (NPS) Data  
 
14 Comparison of Total Phosphorus Data to Non-Point Source (NPS) Data 
 

 
 



August 2010  EA Project No. 14479.09 
 

iv

LIST OF TABLES 
 
Number Title 
 
 1 Land Use Code, Land Use Category and Land Use Acreage 
 
 2 Land Use Code, Impervious Cover and Runoff Coefficient Station 002 
 
 3 2009 Daily Rainfall Totals (inches) 
 
 4 Maryland Freshwater Water Quality Criteria for Ambient Surface 
  Waters (mg/L) 
 
 5 Comparison of 2009 Event Mean Concentrations (EMCs) with Maryland 

NPDES EMCs and NURP Residential EMCs  
  
 6 Pearson Product-Moment Correlation Coefficients between Water Quality 

Parameters and Benthic Condition Metrics 
 
A-1 Water Quality Data Station 002 (Outfall) Baseflow 
 
A-2 Water Quality Data Station 002 (Outfall) Stormflow 
 
A-3 Water Quality Data Station 001 (Instream) Baseflow 
 
A-4 Water Quality Data Station 001 (Instream) Stormflow 
 
A-5 1998 - 2009 Monthly Rainfall Totals (inches) Harford County:  Trib to 

Winters Run at Tollgate Road 
 
B-1 2009 Baseflow Event Mean Concentrations (EMCs) Station 002 
 
B-2 2009 Stormflow Event Mean Concentrations (EMCs) Station 002 
 
B-3 2009 Baseflow Event Mean Concentrations (EMCs) Station 001   
 
B-4 2009 Stormflow Event Mean Concentrations (EMCs) Station 001 
 
B-5 2009 Monthly Event Mean Concentrations (EMCs) Station 002 
 
B-6 2009 Monthly Event Mean Concentrations (EMCs) Station 001 
 
B-7 1998 - 2009 Annual Loads and Yields Station 002 
 
B-8 1998 - 2009 Annual Loads and Yields Station 001 

 



August 2010  EA Project No. 14479.09 
 

v

LIST OF TABLES 
 
Number Title 
 
B-9 1998 - 2009 Seasonal Loads and Yields Station 002 
 
B-10 1998 - 2009 Seasonal Loads and Yields Station 001 
 
B-11 Comparison of 1998 - 2008 Event Mean Concentrations (EMCs) 
  with Maryland NPDES EMCs and NURP Residential EMCs 
 



August 2010 1 EA Project No. 14479.09 
 

1.  INTRODUCTION 
 
Harford County Department of Public Works (DPW) has collected water quality data from 
baseflow and stormflow samples from two stations (001 and 002) on an unnamed 
tributary to Winters Run in Bel Air, Maryland during the years 1998 through 2009.  The 
lower station 001 (downstream station) is located just upstream of Tollgate Road near an 
existing pumping station, and the upper station 002 (upstream station) is located just 
downstream from Brentwood Park Drive at the outfall of a storm water management 
facility.  The sample locations are presented on Figure 1.  Baseflow samples were 
collected monthly and stormflow samples were collected during storm events.  
Continuous temperature, pH, velocity, level calculated flow was recorded at the outfall 
station during monthly baseflow sampling and stormflow events.  A summary of the water 
quality data recorded during each sampling event and chemical results of the samples 
collected in 2009 is presented in Appendix A. 

 
2.  METHODS AND DATA COLLECTION 
 
EA Engineering, Science and Technology, Inc. (EA) conducted comparisons and 
statistical trend analyses for the baseflow and stormflow samples collected from 1998-
2009 for the following water quality parameters. 
 

• 5 Day Biological Oxygen Demand (BOD5) 
• Total Suspended Solids (TSS) 
• Nitrate plus Nitrite (NO23) 
• Total Kjeldahl Nitrogen (TKN) 
• Total Phosphorus (TP) 
• Total Copper (Cu) 
• Total Lead (Pb) 
• Total Zinc (Zn) 
• Total Petroleum Hydrocarbons (TPH) 
• Escherichia coli (E. coli) 

 
Monitoring data consisting of precipitation, stream flow, and water quality was used to 
conduct the following analyses: 
 

1. Calculation of storm event mean concentrations (EMCs) 
2. Estimation of annual constituent loading 
3. Comparison of EMCs to Maryland Department of the Environment (MDE) ambient 

water quality criteria 
4. Comparison of EMCs to Maryland National Pollutant Discharge Elimination 

System (NPDES) and National Urban Runoff Program (NURP) EMCs 
5. Correlation between water quality data and benthic data 
6. Spatial comparisons and temporal trend analysis of EMCs 
7. Comparison of  pollutant loads per acre to other local watersheds 
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2.1  Land Use 
 
The existing land use codes, land use categories and land use acreage for each station 
is presented in Table 1.  The total drainage area for station 002 is 79.02 acres and the 
drainage area for station 001 is 169.09 acres (Figure 2).  

 
Table 1. Land Use Code, Land Use Category and Land Use Acreage 

 

Stationa 
Land Use 

Code 
Land Use 
Category Land Use 

Land Use 
Acreage 

002 12 Residential 

Medium 
Density 

Residential 49.56 

002 13 Residential 
High Density 
Residential 15.27 

002 18 Urban Open Urban 14.19 

001 11 Residential 
Low Density 
Residential 35.11 

001 12 Residential 

Medium 
Density 

Residential 56.44 

001 13 Residential 
High Density 
Residential 36.96 

 
a Station 002 is designated as the outfall and station 001 is designated as the instream. 
 
2.2  Estimation of Runoff Coefficients 

 
The runoff coefficient for the downstream station 001 was determined to be 0.31 
empirically by a regression analysis between measured flow data and precipitation.   
 
The runoff coefficient (Rvi) is directly related to imperviousness and land use.  The runoff 
coefficients for station 002 were estimated based on the impervious area within each 
zoning category.  The land use code, impervious cover and calculated runoff coefficients 
for station 002 are listed in Table 2.  Information regarding each zoning category was 
obtained from the County.  The runoff coefficient for each zoning category was estimated 
using Equation 3 on page 5-16 of the “Guidance Manual for the Preparation of Part 2 of 
the NPDES Permit Applications for Discharges from Municipal Separate Storm Sewer 
Systems”, 1992. 
 
The following equation was used to estimate average runoff coefficients for percent 
imperviousness.  Using this method, the runoff coefficient for 002 was estimated to be 
0.29. 
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Equation 3 
 

Rvi = 0.05 + 0.009*I 
 
Where: Rvi = Runoff coefficient 

I = Fraction of impervious area  
 
 

Table 2. Land Use Code, Impervious Cover and Runoff Coefficient 
Station 002 

 

Land Use Code Land Use 
Impervious Cover 

(%) 
Runoff Coefficient 

(Rvi) 

11 
Low Density 
Residential 14.3 0.1787 

12 
Medium Density 

Residential 27.8 0.3002 

13 
High Density 
Residential 40.9 0.4181 

18 Open Urban 8.6 0.1274 
 
2.3  Precipitation   
 
A rain gauge is located at the 001 instream station and the rainfall measurements are 
recorded by the SIGMA.  During periods where the SIGMA was not recording data, 
precipitation data from the USGS rain gage in Winters Run Basin at Fallston, MD 
http://waterdata.usgs.gov/md/nwis/uv?cb_00045=on&format=html&period=1&site_no=39
3126076244301  was substituted.  The daily rainfall totals for 2009 are presented in 
Table 3.  The total rainfall measured for the year 2009 was 50 inches.  The highest 
rainfall total of 6.49 inches was measured in the month September.  The monthly rainfall 
totals for 1998-2008 are presented in Appendix A.   
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Table 3. 2009 Daily Rainfall Totals (inches) 
 

  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1 0.00 0.12 0.13 0.04 0.25 0.00 0.71 0.00 0.00 0.00 0.27 0.00
2 0.00 0.00 0.00 0.06 0.06 0.00 0.00 1.04 0.00 0.02 0.01 0.84
3 0.00 0.08 0.00 1.98 0.63 0.68 0.00 0.00 0.00 0.00 0.00 0.68
4 0.00 0.01 0.29 0.00 0.99 0.46 0.00 0.01 0.00 0.00 0.00 0.00
5 0.02 0.00 0.00 0.00 0.38 0.83 0.00 0.00 0.00 0.00 0.03 0.07
6 0.04 0.00 0.00 0.13 0.30 0.00 0.00 0.07 0.00 0.01 0.00 0.04
7 1.02 0.00 0.00 0.00 1.04 0.00 0.00 0.00 0.00 0.02 0.00 0.21
8 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.18
9 0.00 0.00 0.00 0.00 0.04 0.82 0.00 0.03 0.01 0.07 0.00 1.79

10 0.06 0.00 0.00 0.00 0.00 0.11 0.00 0.00 0.01 0.04 0.00 0.00
11 0.08 0.07 0.00 0.41 0.01 0.01 0.00 0.11 4.00 0.00 0.44 0.00
12 0.00 0.00 0.00 0.00 0.00 0.13 0.00 0.24 0.00 0.00 0.39 0.00
13 0.00 0.00 0.00 0.15 0.00 0.00 0.00 0.00 0.00 0.00 0.38 0.75
14 0.00 0.02 0.03 0.37 0.27 0.01 0.00 0.00 0.00 0.00 0.06 0.00
15 0.00 0.00 0.14 0.69 0.00 0.03 0.00 0.00 0.00 0.16 0.00 0.00
16 0.00 0.00 0.10 0.00 0.04 0.00 0.00 0.00 0.13 0.00 0.00 0.00
17 0.00 0.00 0.04 0.00 0.15 0.18 0.09 0.00 0.11 0.34 0.00 0.00
18 0.00 0.22 0.01 0.00 0.00 0.83 0.00 0.50 0.00 0.14 0.00 0.00
19 0.00 0.01 0.12 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.47 0.00
20 0.08 0.00 0.00 1.38 0.00 0.76 0.00 0.00 0.00 0.00 0.28 0.00
21 0.00 0.00 0.00 0.40 0.00 0.00 0.00 0.91 0.00 0.00 0.00 0.09
22 0.00 0.04 0.00 0.04 0.00 0.00 0.00 0.93 0.00 0.00 0.00 0.06
23 0.00 0.00 0.00 0.00 0.00 0.00 0.32 0.00 0.43 0.17 0.20 0.03
24 0.00 0.00 0.00 0.00 0.00 0.00 0.13 0.00 0.07 0.85 0.84 0.02
25 0.00 0.00 0.00 0.00 0.12 0.00 0.17 0.00 0.05 0.00 0.23 0.02
26 0.00 0.00 0.43 0.00 0.46 0.00 1.14 0.00 0.77 0.00 0.00 0.00
27 0.00 0.06 0.03 0.00 0.02 0.00 0.01 0.00 0.66 0.99 0.04 0.00
28 0.07 0.00 0.42 0.00 0.13 0.00 0.08 1.89 0.25 1.16 0.00 0.00
29 0.32 ----- 0.21 0.07 0.42 0.00 0.09 0.02 0.00 0.00 0.00 0.00
30 0.19 ----- 0.00 0.00 0.01 1.46 0.00 0.00 0.00 0.02 0.20 0.00
31 0.02 ----- 0.00 ----- 0.06 ----- 0.72 0.00 ----- 0.07 ----- 0.00

 1.91 0.63 1.95 5.72 5.38 6.31 3.46 5.76 6.49 4.06 3.84 4.78
 
Note:  Missing precipitation data from the rain gauge located at the outfall station was 
retrieved from the USGS rain gauge Winters Run Basin at Fallston, MD.  
 
Annual Rainfall = 50 inches
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 2.4  Event Mean Concentration 
 
The continuous flow data and water quality data were used to estimate an event mean 
concentration (EMC) for each parameter during each baseflow and stormflow event in the 
year 2009 at stations 002 and 001.  The EMCs were based on storm water samples 
collected during the rising limb, the peak, and the falling limb of the storm.  Water quality 
data was evaluated using three substitution methods for results below the detection limit 
(DL):  (1) zero, (2) one-half of the DL, and (3) the DL.  The EMC for each parameter was 
estimated using the formula below:  
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where:  

EMC = event mean concentration 
Ci  = concentration of the ith sample in the storm  
Vi   = storm flow volume associated with the ith sample in the storm 
Qt = the volume flow rate at time t 
∆t = the interval between flow measurements (typically 5-minutes for site 001) 
I = the time interval between consecutive samples 

 
2.5  Pollutant Loads 
 
The method used to determine the pollutant loading for each station is based on the 
Simple Method (Schueler, 1987).  The Simple Method is given by the following equation: 
 

Li  = 1/12*P*Pj*Rvi*Ci*Ai*U 
 
Where: Li  = Annual pollutant load (lbs/outfall/yr) 

P  = Annual precipitation (in/yr) 
Pj  = Proportion storms where runoff occurs 
Rvi = Weighted Runoff coefficient for the area served by the outfall 
Ci  = Event Mean Concentration of pollutant (mg/L) or (MPN/100 mL) 
Ai  = Catchment area (acres) 
1/12 = Conversion factor 
U  = Unit conversion factor:  U = 2.72 for chemical constituents in mg/L;  
U  = 12,334,818 for bacteria in MPN/100 mL. 

 
The parameter Pj was determined by calculating the proportion of storms that produced 
runoff for the period between 1998 through 2006.  The Pj value used to calculate the 
pollutant loads for the data was found to be 0.95. 
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The continuous streamflow and water-quality data from the upstream location were used 
to estimate the loads.  Annual and seasonal pollutant loads were calculated based on 
data using zero for concentrations less than the detection limit (DL) (nd=0), and half of 
the DL for concentrations less than the DL (nd=1/2DL).  Loading rates and yields were 
also determined.   
 
3.  RESULTS AND DATA ANALYSIS 
 
3.1 Event Mean Concentrations and Pollutant Loads 
 
The annual EMCs for the baseflow and stormflow sampling events from each station are 
graphed in Figures 3 through 6.  The estimated EMCs of each parameter during each 
baseflow and stormflow event in the year 2009 at stations 002 and 001 are presented in 
Tables B-1 through B-4 located in Appendix B.  Monthly EMCs for the year 2009 are 
presented in Tables B-5 and B-6.  The estimated pollutant loads are presented in Tables 
B-7 through B-10 located in Appendix B.   
 
3.2  Comparison of Water Quality Data to Ambient Water Quality Criteria  
 
The EMCs of copper, lead, and zinc baseflow and stormflow samples for stations 002 
and 001 were compared to the Maryland Department of the Environment (MDE) acute 
and chronic freshwater water quality criteria for ambient surface waters listed in Table 4.  
The data for the year 2009 is presented in Figure 7 and the comprehensive data for the 
years 1998-2009 is presented in Figures 8 through 11.  The EMCs compared were 
calculated using one half of the detection limit (DL) for concentrations less than the DL. 
The comprehensive data indicate that during stormflow conditions the estimated EMCs of 
total cooper concentrations are higher than the MDE acute and chronic ambient surface 
water quality criteria. During baseflow and stormflow conditions, lead EMCs are observed 
above the MDE chronic criteria.  This is due to the amount of non-detected lead 
concentrations and the detection limit being measured above the criterion. 
Concentrations of E. coli frequently exceed the criterion of the single sample maximum of 
298 cfu/mL and the average EMC at both stations 001 and 002 exceeded the steady-
state criterion of 126 cfu/100mL for moderate full body contact recreation (MDE, 2003). 
 

 
Table 4. Maryland Freshwater Water Quality Criteria 

for Ambient Surface Waters (mg/L) 
 

Parameter Name Acute Criteria Chronic Criteria 
Total Copper 0.013 0.009 
Total Lead 0.065 0.0025 
Total Zinc 0.12 0.12 
E. coli  (MDE, 2003) 298 cfu/100 mL 126 cfu/100 mL 

 
Code of Maryland Regulations, 26.08.02, Water Quality. Maryland Department of the 
Environment, Baltimore, Maryland 
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Figure 3.  1998 - 2009 Event Mean Concentrations (EMCs) of biological oxygen demand (BOD5) and 
total suspended solids (TSS) baseflow and stormflow data. The upstream station (outfall) is a tributary to 
Winters Run at Brentwood Park Drive, and the downstream station (instream) is a tributary to Winters 
Run at Tollgate Road. The EMCs were calculated based on analysis results of discrete samples collected 
from baseflow and stormflow sampling events between April 1998 and December 2009. Data presented 
is one half of the detection limit (DL) for concentrations less than the DL. The error bars represent the 
95% confidence intervals.
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Figure 4.  1998 - 2009 Event Mean Concentrations (EMCs) of nitrite plus nitrate (NO2NO3), total kjeldahl 
nitrogen (TKN) and total phosphorus baseflow and stormflow data. The upstream station (outfall) is a 
tributary to Winters Run at Brentwood Park Drive, and the downstream station (instream) is a tributary to 
Winters Run at Tollgate Road. The EMCs were calculated based on analysis results of discrete samples 
collected from baseflow and stormflow sampling events between April 1998 and December 2009. Data 
presented is one half of the detection limit (DL) for concentrations less than the DL. The error bars 
represent the 95% confidence intervals.

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Ev
en

t M
ea

n
C

on
ce

nt
ra

tio
n 

(m
g/

L)

Year

Total Kjedahl Nitrogen
Event Mean Concentrations (1998-2009)

Upstream Station (002) Downstream Station (001)

0.00
0.05
0.10
0.15
0.20
0.25
0.30
0.35

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Ev
en

t M
ea

n 
C

on
ce

nt
ra

tio
n 

(m
g/

L)

Year

Total Phosphorus
Event Mean Concentrations (1998-2009)

Upstream Station (002) Downstream Station (001)

August 2010 10 EA Project No. 14479.09



0
0.002
0.004
0.006
0.008
0.01

0.012
0.014

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Ev
en

t M
ea

n
C

on
ce

nt
ra

tio
n 

(m
g/

L)

Year

Copper
Event Mean Concentrations (1998-2009)

Upstream Station (002) Downstream Station (001)

0.0000
0.0010
0.0020
0.0030
0.0040
0.0050
0.0060
0.0070

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Ev
en

t M
ea

n
C

on
ce

nt
ra

tio
n 

(m
g/

L)

Year

Lead
Event Mean Concentrations (1998-2009)

Upstream Station (002) Downstream Station (001)

Figure 5.  1998 - 2009 Event Mean Concentrations (EMCs) of copper (Cu), lead (Pb) and zinc (Zn) 
baseflow and stormflow data. The upstream station (outfall) is a tributary to Winters Run at Brentwood 
Park Drive, and the downstream station (instream) is a tributary to Winters Run at Tollgate Road. The 
EMCs were calculated based on analysis results of discrete samples collected from baseflow and 
stormflow sampling events between April 1998 and December 2009. Data presented is one half of the 
detection limit (DL) for concentrations less than the DL. The error bars represent the 95% confidence 
intervals.

0
0.002
0.004
0.006
0.008
0.01

0.012
0.014

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Ev
en

t M
ea

n
C

on
ce

nt
ra

tio
n 

(m
g/

L)

Year

Copper
Event Mean Concentrations (1998-2009)

Upstream Station (002) Downstream Station (001)

0.0000
0.0010
0.0020
0.0030
0.0040
0.0050
0.0060
0.0070

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Ev
en

t M
ea

n
C

on
ce

nt
ra

tio
n 

(m
g/

L)

Year

Lead
Event Mean Concentrations (1998-2009)

Upstream Station (002) Downstream Station (001)

0.00
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Ev
en

t M
ea

n
C

on
ce

nt
ra

tio
n 

(m
g/

L

Year

Zinc
Event Mean Concentrations (1998-2009)

Upstream Station (002) Downstream Station (001)

August 2010 11 EA Project No. 14479.09



0

20

40

60

80

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Ev
en

t M
ea

n
C

on
ce

nt
ra

tio
n 

(d
eg

 F
)

Year

Temperature
Event Mean Concentrations (1998-2009)

Upstream Station (002) Downstream Station (001)

0
2
4
6
8

10
12
14

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Ev
en

t M
ea

n
C

on
ce

nt
ra

tio
n 

Year

pH
Event Mean Concentrations (1998-2009)

Upstream Station (002) Downstream Station (001)

0

20

40

60

80

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Ev
en

t M
ea

n
C

on
ce

nt
ra

tio
n 

(d
eg

 F
)

Year

Temperature
Event Mean Concentrations (1998-2009)

Upstream Station (002) Downstream Station (001)

Figure 6.  1998 - 2009 Event Mean Concentrations (EMCs) of temperature, pH and total petroleum 
hydrocarbons (TPH) baseflow and stormflow data. The upstream station (outfall) is a tributary to Winters 
Run at Brentwood Park Drive, and the downstream station (instream) is a tributary to Winters Run at 
Tollgate Road. The EMCs were calculated based on analysis results of discrete samples collected from 
baseflow and stormflow sampling events between April 1998 and December 2009. The error bars 
represent the 95% confidence intervals. 
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Figure 7.  2009 Event Mean Concentrations (EMCs) of copper (Cu) , lead (Pb) and zinc (Zn) stormflow data from 
the upstream (outfall) and downstream station (instream) compared against the Maryland Department of the 
Environment (MDE) acute and chronic freshwater water quality criteria for ambient surface waters. Data presented 
is on half of the detection limit (DL) for concentrations less than the DL.  
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Figure 8. 1998 - 2009 Event Mean Concentrations (EMCs) of copper (Cu) , lead (Pb) and zinc (Zn) baseflow data 
from the downstream station (instream) compared against the Maryland Department of the Environment (MDE) 
acute and chronic freshwater water quality criteria for ambient surface waters. Data presented is on half of the 
detection limit (DL) for concentrations less than the DL.
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Figure 9. 1998 - 2009 Event Mean Concentrations (EMCs) of copper (Cu) , lead (Pb) and zinc (Zn) stormflow 
data from the downstream station (instream) compared against the Maryland Department of the Environment 
(MDE) acute and chronic freshwater water quality criteria for ambient surface waters. Data presented is on half of 
the detection limit (DL) for concentrations less than the DL.
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Figure 10. 1998 - 2009 Event Mean Concentrations (EMCs) of copper (Cu) , lead (Pb) and zinc (Zn) baseflow 
data from the upstream station (outfall) compared against the Maryland Department of the Environment (MDE) 
acute and chronic freshwater water quality criteria for ambient surface waters. Data presented is on half of the 
detection limit (DL) for concentrations less than the DL.
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Figure 11. 1998 - 2009 Event Mean Concentrations (EMCs) of copper (Cu) , lead (Pb) and zinc (Zn) stormflow 
data from the upstream station (outfall) compared against the Maryland Department of the Environment (MDE) 
acute and chronic freshwater water quality criteria for ambient surface waters. Data presented is on half of the 
detection limit (DL) for concentrations less than the DL.
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3.3  Comparison of EMCs with Maryland National Pollutant Discharge Elimination 
System (NPDES) and Nationwide Urban Runoff Program (NURP) 
 
Average yearly EMCs for stations 002 and 001 were compared to EMCs from Maryland’s 
NPDES stormwater monitoring program and NURP (EPA, 1983). The average yearly 
EMCs were calculated from data using zero for concentrations less than the detection 
limit (DL).  The NPDES EMC information was derived from the Maryland’s NPDES 
Municipal Stormwater Monitoring, Maryland Department of the Environment (MDE), 
Water Management Administration, 1997 (Table 7, pg. 16).  The 2009 data is presented 
in Table 5 and the comprehensive data from 1998-2009 is presented in Table B-11 
located in Appendix B.  As in previous years, nitrate plus nitrite EMCs have been 
observed at concentrations slightly higher that the Maryland NPDES and NURP EMCs at 
station 001.  
 

Table 5. Comparison of 2009 Event Mean Concentrations (EMCs) 
with Maryland NPDES EMCs and NURP Residential EMCs 

 

Parameter 

Average 
Yearly 
EMC 

(mg/L) 

Maryland 
NPDES 
EMCs 
(mg/L) 

NURP Residential 
EMCs 
(mg/L) 

Upstream Station (Outfall)       
Biological Oxygen Demand 1.16 14.26 11 
Total Suspended Solids 15.25 55.08 140 
Nitrate plus Nitrite 0.92 0.97 0.96 
Total Kjeldahl Nitrogen 0.39 1.75 2.35 
Total Phosphorus 0.03 0.37 0.47 
Total Petroleum Hydrocarbons 1.90 -- -- 
Total Copper 0.0009 0.0141 0.05 
Total Lead 0.0000 0.0057 0.18 
Total Zinc 0.0225 0.0893 0.18 
E. coli (MPN/mL) 856 -- -- 
Downstream Station (Instream)       
Biological Oxygen Demand 1.85 14.26 11 
Total Suspended Solids 23.79 55.08 140 
Nitrate plus Nitrite 1.08 0.97 0.96 
Total Kjeldahl Nitrogen 0.37 1.75 2.35 
Total Phosphorus 0.04 0.37 0.47 
Total Petroleum Hydrocarbons 1.70 -- -- 
Total Copper 0.0013 0.0141 0.05 
Total Lead 0.0004 0.0057 0.18 
Total Zinc 0.0204 0.0893 0.18 
E. coli (MPN/mL) 655 -- -- 

 
Note:  Bold values represent exceedences.  
aTotal lead was not detected. 
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3.4  Correlation between Water Quality Constituents and the Benthic Community  
 
Since 1998, Harford County DPW has been monitoring the benthic condition of the 
unnamed tributary at three stations presented in Figure 12.  The association between 
water quality and the condition of the benthic community was investigated by computing 
Pearson product-moment correlations coefficients between the water quality parameters, 
and values of the Maryland Benthic Index of Biotic Integrity (B-IBI) and Hilsenhoff Biotic 
Index (HBI).  The B-IBI and HBI scores were obtained from EA (2009), and were paired 
with mean water quality data by year and season. 
 
The results of the Pearson product-moment correlation coefficient's between water 
quality and benthic condition are presented in Table 6.  None of the correlation 
coefficients exceeded the critical value at the 95% significance level, which is not 
surprising since benthic communities tend to reflect average water quality conditions. 
 
Table 6.  Pearson Product-Moment Correlation Coefficients between Water Quality 

Parameters and Benthic Condition Metrics 
 

Parameter Station B-IBI HBI 

BOD5 001 -0.23 0.30 
002 -0.07 -0.02 

Cu 001 0.26 -0.45 
002 -0.07 -0.24 

E. coli 001 -0.78 -0.26 
002 -0.04 0.45 

Nitrate+Nitrite 001 0.31 -0.15 
002 -0.33 -0.04 

Pb 001 0.20 -0.25 
002 0.07 -0.12 

Temperature 001 0.14 0.21 
002 0.04 0.14 

TKN 001 -0.16 0.27 
002 0.16 -0.03 

TN 001 0.11 0.08 
002 0.23 -0.29 

TP 001 0.18 -0.18 
002 0.23 0.07 

TPH 001 0.22 -0.24 
002 0.11 -0.07 

TSS 001 -0.02 -0.10 
002 -0.08 -0.09 

Zn 001 -0.23 0.30 
002 -0.07 -0.02 

Note:  None of the correlation coefficients exceed the critical value at the 
95% significance level. 
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3.5  Comparisons between Station Locations and Trend Analysis 
 
A variance component model was used to conduct spatial and temporal trend analysis of 
EMCs.  The variance component model included fixed effect terms for the two sampling 
stations 002 and 001, seasonal cyclicality, and temporal trend.  The model also included 
random effect terms attributed to sample year and residual sampling error.  The variance 
component model is given by the following: 
 

YEAR RESIDUAL0 YEAR SEASON SITE (0, ) (0, )

0

YEAR

WINTER

SP
SEASON

EMC B B YEAR B B N N

where
EMC event mean concentration
YEAR calendar year of EMC
B model intercept
B temporal trend

B if season winter
B

B season effect

σ σ= + × + + + +

=
=

=
=

=

=

year

RING

SUMMER

FALL

001
SEASON

002

(0, )

if season spring
B if season summer
B if season fall

B if site 001
B season effect

B if site 002

N random year effect, distributed normally with mean of 0 and varianσ

⎧
⎪ =⎪
⎨ =⎪
⎪ =⎩

=⎧
= ⎨ =⎩
=

residual

2
year

2
(0, ) residual

ce of 

N residual error, distributed normally with mean of 0 and variance of σ

σ

σ=

 

Once the model coefficients have been determined, the trend line was computed by 
zeroing the random effect components 

year(0, )N σ and 
residual(0, )N σ .  Significant trends were 

identified at the 95% significance level. 
 
The results of the trend analysis are presented in Appendix C.  The EMCs of biological 
oxygen demand, total suspended solids, total phosphorus, total copper, and total zinc 
that have declined since 1998 continue to stabilize at relatively low concentrations.  
Water quality EMCs tended to be higher in the spring/summer months, than in winter 
months.  This is likely a combination of higher residential activities during spring/summer 
and due to the spring snow melt releasing material sequestered during the winter 
months.  The summer peak in total phosphorus may be attributed to the relatively heavy 
use of fertilizers and frequent lawn mowing that result in grass clippings entering the 
stream during periods of runoff.   
 
Between monitoring locations, station 002 had higher concentrations of total phosphorus 
and zinc.  A likely source of the phosphorus is from grass clippings left in the grass buffer 
strips along Brentwood Park Drive.  The most likely source of zinc is leachate from the  
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culvert.  The relatively high concentrations of nitrate+nitrite at the downstream station 001 
are indicative of the use of fertilizers containing inorganic nitrogen that, being completely 
soluble and highly mobile, is conveyed to the stream by stormwater runoff. 
 
3.6  Comparison of Pollutant Loads with available NPS Data 
 
To further assess the effects of nutrient pollutant loads, the annual loading yields 
(lbs/acre/yr) for total kjeldahl nitrogen (TKN); nitrate plus nitrite (NO2NO3) and total 
phosphorus were compared to nitrogen and phosphorus loading rates (lbs/acre) for 
selected watersheds in Maryland (Aberdeen Proving Ground, Bynum Run and Lower 
Winters Run).  The information was downloaded from the website: 
http://www.dnr.state.md.us/bay/czm/nps/.  The watershed restoration indicators show that 
a reduction in nutrient loading for nitrogen and total phosphorus is necessary in Bynum 
Run and Lower Winters Run. The Watershed profiles for Aberdeen Proving Ground, 
Bynum Run and Lower Winters Run are in Appendix D.  The results of the watershed 
comparisons are presented in Figures 13 and 14.   
 
4.  SUMMARY AND CONCLUSION 
 
Harford County Department of Public Works (DPW) has collected water quality data from 
baseflow and stormflow samples collected from two stations (001 and 002) on an 
unnamed tributary to Winters Run in Bel Air, Maryland during the years 1998 through 
2009.   
 
This report summarizes surface water quality data collected by Harford County 
Department of Public Works (DPW) from an unnamed stream to Winters Run in Harford 
County, Maryland in calendar year 2009.  The water quality monitoring data was used to 
calculate event mean concentrations (EMCs) and seasonal and annual pollutant loads at 
the outfall and instream station.  
 
The total suspended solids EMCs were some among the lowest on record since chemical 
monitoring began in 1998.  This is most likely a result of random variation in the 
characteristics of the sampled storm events (e.g., total rainfall, rainfall intensity, duration 
of rainfall, and antecedent dry days), rather than any systematic watershed effects.  
Additionally, the biological oxygen demand, total phosphorus, total copper, and total zinc 
EMCs continue on a downward trend. 
 
The average EMCs of the copper, lead and zinc were compared to the MDE acute and 
chronic ambient surface water criteria. Copper concentrations measured during the 
stormflow events have been above the acute and chronic criteria. Lead concentrations 
are not detected and zinc concentrations remain below the criterion.   
 
The chemical monitoring data were compared to the average EMCs from Maryland’s 
NPDES stormwater monitoring program and NURP.  Nitrate plus nitrite EMCs remain 
slightly above the NPDES and NURP concentrations.  All other parameters compared 
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were measured at lower concentrations.  Seasonal trends exist in TPH and total 
phosphorous during spring and summer months, respectively.  
 
Water quality data collected by the County and EA indicated that concentrations of fecal 
bacteria became elevated during storm events, and were approximately 10 times higher 
in the summer months than during the winter months.  As a result, a bacterial source 
tracking (BST) study was conducted from November 2007 through December 2008 to 
determine the cause(s) of the elevated fecal bacteria.  The results of the BST study 
showed that wildlife was the largest contributor of fecal bacteria comprising on average 
43%, the human source was the second largest contributor at 30%, followed by 18% pet, 
and 9% livestock (EA, 2009).  This BST study showed a relatively high concentration of 
fecal bacteria with approximately 30% attributed to human fecal pollution within the 
watershed, such as sanitary sewer leaks or failing septic systems (EA, 2009). 



Figure 13.  Comparison of Total Kjeldahl Nitrogen and Nitrate + Nitrite Data to
Non-Point Source (NPS) Data
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Bynum Run and Lower Winters Run Watershed. The calculated loading rates were derived using one half of the 
detection limit (DL) for concentrations less than the DL. The information was dowloaded from the website: 
http://www.dnr.state.md.us/bay/czm/nps/.  
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Table A-5.  1998 - 2008 Monthly Rainfall Totals (inches)
Harford County:  Trib to Winters Run at Tollgate Road

Month 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
1 --- 4.88 --- 2.85 1.78 2.24 0.9 4.03 3.72 1.84 1.43 1.91
2 --- 2.83 1.59 2.4 0.16 1.64 3.2 0.9 1.8 1.16 4.58 0.63
3 --- 3.75 2.52 5.5 2.89 4.6 2.62 5.31 0.18 3.88 2.96 1.95
4 0.32 2.62 3.22 1.81 2.21 1.87 5.31 4.64 3.63 4.63 3.21 5.72
5 6.67 1.52 2.74 4.24 2.73 0.83 2.98 2.41 2.6 1.27 5.01 5.38
6 2.25 2.42 1.91 3.41 3.17 3.38 4.46 3.66 20.08 2.76 1.99 6.31
7 2.94 2.02 5.77 0 2.1 3.61 7.17 5.68 4.75 2.88 5.09 3.46
8 5.12 5.74 3.06 3.46 2.63 5.9 2.42 1.25 2.76 3.48 1.94 5.76
9 1.97 12.84 3.61 4.4 4.46 9.28 6.32 0.35 7.94 0.95 6.87 6.49

10 2.82 4.14 0.27 0.92 3.74 6.94 2.6 13.26 5.75 7.20 2.21 4.06
11 1.33 2.74 2.38 1.49 0.25 3.44 5.33 2.41 5.61 1.92 2.68 3.84
12 0.96 3.4 2.91 1.57 5.25 --- 3.3 2.14 1.88 5.29 4.01 4.78

Total Rainfall  (inches) 24.38 48.9 29.98 32.05 31.37 43.73 46.61 46.04 60.7 37.26 41.98 50.29

Note:  

---  represents missing data 

Missing precipitation data due to equipment failure from the rain gauge located at the outfall station was retrieved from the 
USGS rain gauge Winters Run Basin at Fallston, MD.

August 2010 32 EA Project No. 14479.09
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Table B-11.  Comparison of 1998-2008 Event Mean Concentrations (EMCs)
with Maryland NPDES EMCs and NURP Residential EMCs

Parameter
Yearly Average EMC

(mg/L)
Maryland NPDES

(mg/L)
NURP Residential EMCs

(mg/L)
1998 Upstream Station (Outfall)
Biological Oxygen Demand 2.54 14.26 11
Total Suspended Solids 21.14 55.08 140
Nitrate plus Nitrite NC 0.97 0.96
Total Kjeldahl Nitrogen 0.64 1.75 2.35
Total Phosphorus 0.13 0.37 0.47
Total Petroleum Hydrocarbons 0.002 -- --
Total Phenols 0.003 0.0022 --
Total Cadmium NC 0.00004 --
Total Copper 0.004 0.0141 0.05
Total Lead 0.0005 0.0057 0.18
Total Zinc 0.026 0.0893 0.18
1998 Downstream Station (Instream)
Biological Oxygen Demand 4.22 14.26 11
Total Suspended Solids 63.63 55.08 140
Nitrate plus Nitrite NC 0.97 0.96
Total Kjeldahl Nitrogen 0.64 1.75 2.35
Total Phosphorus 0.11 0.37 0.47
Total Petroleum Hydrocarbons 0.076 -- --
Total Phenols 0.010 0.0022 --
Total Cadmium NC 0.00004 --
Total Copper 0.003 0.0141 0.05
Total Lead 0.0007 0.0057 0.18
Total Zinc 0.014 0.0893 0.18
1999 Upstream Station (Outfall)
Biological Oxygen Demand 1.26 14.26 11
Total Suspended Solids 28.13 55.08 140
Nitrate plus Nitrite 1.31 0.97 0.96
Total Kjeldahl Nitrogen 0.41 1.75 2.35
Total Phosphorus 0.14 0.37 0.47
Total Petroleum Hydrocarbons 0.70 -- --
Total Phenols 0.024 0.0022 --
Total Cadmium NC 0.00004 --
Total Copper 0.003 0.0141 0.05
Total Lead 0.0003 0.0057 0.18
Total Zinc 0.020 0.0893 0.18
Fecal Coliform (MPN/mL) 899.76 2309.12 --
1999 Downstream Station (Instream)
Biological Oxygen Demand 3.22 14.26 11
Total Suspended Solids 30.90 55.08 140
Nitrate plus Nitrite 1.30 0.97 0.96
Total Kjeldahl Nitrogen 0.47 1.75 2.35
Total Phosphorus 0.05 0.37 0.47
Total Petroleum Hydrocarbons 1.08 -- --
Total Phenols 0.015 0.0022 --
Total Cadmium NC 0.00004 --
Total Copper 0.004 0.0141 0.05
Total Lead 0.0005 0.0057 0.18
Total Zinc 0.011 0.0893 0.18
Fecal Coliform (MPN/mL) 852.08 2309.12 --

Note:  Bold values represent exceedences.

Maryland's National Pollutant Discharge Elimination System Municipal Stormwater Monitoring, 1997. Maryland Department of the Environment Water 
Management Administration. 
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Table B-11.  Comparison of 1998-2008 Event Mean Concentrations (EMCs)
with Maryland NPDES EMCs and NURP Residential EMCs

Parameter
Yearly Average EMC

(mg/L)
Maryland NPDES

(mg/L)
NURP Residential EMCs

(mg/L)
2000 Upstream Station (Outfall)
Biological Oxygen Demand 1.99 14.26 11
Total Suspended Solids 14.94 55.08 140
Nitrate plus Nitrite 0.90 0.97 0.96
Total Kjeldahl Nitrogen 0.31 1.75 2.35
Total Phosphorus 0.10 0.37 0.47
Total Petroleum Hydrocarbons 0.193 -- --
Total Phenols 0.003 0.0022 --
Total Cadmium 0.0002 0.00004 --
Total Copper 0.003 0.0141 0.05
Total Lead 0.0002 0.0057 0.18
Total Zinc 0.015 0.0893 0.18
Fecal Coliform (MPN/mL) 222.08 2309.12 --
2000 Downstream Station (Instream)
Biological Oxygen Demand 1.93 14.26 11
Total Suspended Solids 15.07 55.08 140
Nitrate plus Nitrite 1.26 0.97 0.96
Total Kjeldahl Nitrogen 0.30 1.75 2.35
Total Phosphorus 0.08 0.37 0.47
Total Petroleum Hydrocarbons 0.716 -- --
Total Phenols NC 0.0022 --
Total Cadmium NC 0.00004 --
Total Copper 0.004 0.0141 0.05
Total Lead 0.0003 0.0057 0.18
Total Zinc 0.009 0.0893 0.18
Fecal Coliform (MPN/mL) 104.49 2309.12 --
2001 Upstream Station (Outfall)
Biological Oxygen Demand 2.55 14.26 11
Total Suspended Solids 28.81 55.08 140
Nitrate plus Nitrite 0.66 0.97 0.96
Total Kjeldahl Nitrogen 0.38 1.75 2.35
Total Phosphorus 0.10 0.37 0.47
Total Petroleum Hydrocarbons 5.677 -- --
Total Phenols 0.026 0.0022 --
Total Cadmium NC 0.00004 --
Total Copper 0.003 0.0141 0.05
Total Lead 0.0003 0.0057 0.18
Total Zinc 0.020 0.0893 0.18
Fecal Coliform (MPN/mL) 269.90 2309.12 --
2001 Downstream Station (Instream)
Biological Oxygen Demand 2.23 14.26 11
Total Suspended Solids 39.17 55.08 140
Nitrate plus Nitrite 1.68 0.97 0.96
Total Kjeldahl Nitrogen 0.19 1.75 2.35
Total Phosphorus 0.08 0.37 0.47
Total Petroleum Hydrocarbons 5.809 -- --
Total Phenols 0.024 0.0022 --
Total Cadmium 0.00002 0.00004 --
Total Copper 0.005 0.0141 0.05
Total Lead 0.0007 0.0057 0.18
Total Zinc 0.012 0.0893 0.18
Fecal Coliform (MPN/mL) 324.52 2309.12 --

Note:  Bold values represent exceedences.

Maryland's National Pollutant Discharge Elimination System Municipal Stormwater Monitoring, 1997. Maryland Department of the Environment Water 
Management Administration. 
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Table B-11.  Comparison of 1998-2008 Event Mean Concentrations (EMCs)
with Maryland NPDES EMCs and NURP Residential EMCs

Parameter
Yearly Average EMC

(mg/L)
Maryland NPDES

(mg/L)
NURP Residential EMCs

(mg/L)
2002 Upstream Station (Outfall)
Biological Oxygen Demand 0.50 14.26 11
Total Suspended Solids 11.97 55.08 140
Nitrate plus Nitrite 0.58 0.97 0.96
Total Kjeldahl Nitrogen 0.38 1.75 2.35
Total Phosphorus 0.08 0.37 0.47
Total Petroleum Hydrocarbons 3.53 -- --
Total Phenols 0.023 0.0022 --
Total Cadmium 0.000002 0.00004 --
Total Copper 0.003 0.0141 0.05
Total Lead 0.0002 0.0057 0.18
Total Zinc 0.022 0.0893 0.18
Fecal Coliform (MPN/mL) 660.68 2309.12 --
2002 Downstream Station (Instream)
Biological Oxygen Demand 0.99 14.26 11
Total Suspended Solids 39.07 55.08 140
Nitrate plus Nitrite 1.08 0.97 0.96
Total Kjeldahl Nitrogen 0.21 1.75 2.35
Total Phosphorus 0.08 0.37 0.47
Total Petroleum Hydrocarbons 3.83 -- --
Total Phenols 0.024 0.0022 --
Total Cadmium 0.00001 0.00004 --
Total Copper 0.005 0.0141 0.05
Total Lead 0.0005 0.0057 0.18
Total Zinc 0.011 0.0893 0.18
Fecal Coliform (MPN/mL) 485.68 2309.12 --
2003 Upstream Station (Outfall)
Biological Oxygen Demand 3.09 14.26 11
Total Suspended Solids 10.97 55.08 140
Nitrate plus Nitrite 1.37 0.97 0.96
Total Kjeldahl Nitrogen 0.24 1.75 2.35
Total Phosphorus 0.04 0.37 0.47
Total Petroleum Hydrocarbons 0.45 -- --
Total Phenols 0.011 0.0022 --
Total Cadmium 0.00000 0.00004 --
Total Copper 0.004 0.0141 0.05
Total Lead 0.0001 0.0057 0.18
Total Zinc 0.016 0.0893 0.18
Fecal Coliform (MPN/mL) 586.81 2309.12 --
2003 Downstream Station (Instream)
Biological Oxygen Demand 3.04 14.26 11
Total Suspended Solids 23.06 55.08 140
Nitrate plus Nitrite 1.62 0.97 0.96
Total Kjeldahl Nitrogen 0.15 1.75 2.35
Total Phosphorus 0.04 0.37 0.47
Total Petroleum Hydrocarbons 0.61 -- --
Total Phenols 0.001 0.0022 --
Total Cadmium 0.11905 0.00004 --
Total Copper 0.005 0.0141 0.05
Total Lead 0.0003 0.0057 0.18
Total Zinc 0.008 0.0893 0.18
Fecal Coliform (MPN/mL) 594.09 2309.12 --

Note:  Bold values represent exceedences.

Maryland's National Pollutant Discharge Elimination System Municipal Stormwater Monitoring, 1997. Maryland Department of the Environment Water 
Management Administration. 
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Table B-11.  Comparison of 1998-2008 Event Mean Concentrations (EMCs)
with Maryland NPDES EMCs and NURP Residential EMCs

Parameter
Yearly Average EMC

(mg/L)
Maryland NPDES

(mg/L)
NURP Residential EMCs

(mg/L)
2004 Upstream Station (Outfall)
Biological Oxygen Demand 4.03 14.26 11
Total Suspended Solids 19.88 55.08 140
Nitrate plus Nitrite 0.44 0.97 0.96
Total Kjeldahl Nitrogen 0.92 1.75 2.35
Total Phosphorus 0.07 0.37 0.47
Total Petroleum Hydrocarbons 0.00 -- --
Total Phenols 0.034 0.0022 --
Total Cadmium 0.00 0.00004 --
Total Copper 0.002 0.0141 0.05
Total Lead 0.00 0.0057 0.18
Total Zinc 0.010 0.0893 0.18
Fecal Coliform (MPN/mL) 1179.53 2309.12 --
2004 Downstream Station (Instream)
Biological Oxygen Demand 1.54 14.26 11
Total Suspended Solids 16.04 55.08 140
Nitrate plus Nitrite 1.07 0.97 0.96
Total Kjeldahl Nitrogen 0.72 1.75 2.35
Total Phosphorus 0.05 0.37 0.47
Total Petroleum Hydrocarbons 0.00 -- --
Total Phenols 0.018 0.0022 --
Total Cadmium 0.00 0.00004 --
Total Copper 0.003 0.0141 0.05
Total Lead 0.00 0.0057 0.18
Total Zinc 0.00 0.0893 0.18
Fecal Coliform (MPN/mL) 844.61 2309.12 --
2005 Upstream Station (Outfall)
Biological Oxygen Demand 0.55 14.26 11
Total Suspended Solids 16.90 55.08 140
Nitrate plus Nitrite 0.74 0.97 0.96
Total Kjeldahl Nitrogen 0.10 1.75 2.35
Total Phosphorus 0.06 0.37 0.47
Total Petroleum Hydrocarbons 0.00 -- --
Total Copper 0.0007 0.0141 0.05
Total Lead 0.0003 0.0057 0.18
Total Zinc 0.0186 0.0893 0.18
Fecal Coliform (MPN/mL) 365 2,309 --
2005 Downstream Station (Instream)
Biological Oxygen Demand 0.60 14.26 11
Total Suspended Solids 11.90 55.08 140
Nitrate plus Nitrite 1.25 0.97 0.96
Total Kjeldahl Nitrogen 0.14 1.75 2.35
Total Phosphorus 0.03 0.37 0.47
Total Petroleum Hydrocarbons 0.00 -- --
Total Copper 0.0008 0.0141 0.05
Total Lead 0.0001 0.0057 0.18
Total Zinc 0.0047 0.0893 0.18
Fecal Coliform (MPN/mL) 336 2,309 --

Note:  Bold values represent exceedences.

Maryland's National Pollutant Discharge Elimination System Municipal Stormwater Monitoring, 1997. Maryland Department of the Environment Water 
Management Administration. 
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Table B-11.  Comparison of 1998-2008 Event Mean Concentrations (EMCs)
with Maryland NPDES EMCs and NURP Residential EMCs

Parameter
Yearly Average EMC

(mg/L)
Maryland NPDES

(mg/L)
NURP Residential EMCs

(mg/L)
2006 Upstream Station (Outfall)
Biological Oxygen Demand 2.91 14.26 11
Total Suspended Solids 13.66 55.08 140
Nitrate plus Nitrite 0.68 0.97 0.96
Total Kjeldahl Nitrogen 0.17 1.75 2.35
Total Phosphorus 0.07 0.37 0.47
Total Petroleum Hydrocarbons 0.00 -- --
Total Copper 0.0004 0.0141 0.05
Total Lead 0.0001 0.0057 0.18
Total Zinc 0.0131 0.0893 0.18
E. coli (MPN/mL) 554 -- --
2006 Downstream Station (Instream)
Biological Oxygen Demand 8.33 14.26 11
Total Suspended Solids 14.91 55.08 140
Nitrate plus Nitrite 1.16 0.97 0.96
Total Kjeldahl Nitrogen 1.10 1.75 2.35
Total Phosphorus 0.12 0.37 0.47
Total Petroleum Hydrocarbons 0.00 -- --
Total Copper 0.0020 0.0141 0.05
Total Lead 0.0002 0.0057 0.18
Total Zinc 0.0082 0.0893 0.18
E. coli (MPN/mL) 537 -- --
2007 Upstream Station (Outfall)
Biological Oxygen Demand 2.11 14.26 11
Total Suspended Solids 19.25 55.08 140
Nitrate plus Nitrite 1.69 0.97 0.96
Total Kjeldahl Nitrogen 0.42 1.75 2.35
Total Phosphorus 0.07 0.37 0.47
Total Petroleum Hydrocarbons 0.90 -- --
Total Copper 0.0026 0.0141 0.05
Total Lead 0.0009 0.0057 0.18
Total Zinc 0.0309 0.0893 0.18
E. coli (MPN/mL) 785 -- --
2007 Downstream Station (Instream)
Biological Oxygen Demand 2.03 14.26 11
Total Suspended Solids 35.23 55.08 140
Nitrate plus Nitrite 1.63 0.97 0.96
Total Kjeldahl Nitrogen 0.34 1.75 2.35
Total Phosphorus 0.04 0.37 0.47
Total Petroleum Hydrocarbons 0.00 -- --
Total Copper 0.0019 0.0141 0.05
Total Lead 0.0002 0.0057 0.18
Total Zinc 0.0094 0.0893 0.18
E. coli (MPN/mL) 633 -- --

Note:  Bold values represent exceedences.

Maryland's National Pollutant Discharge Elimination System Municipal Stormwater Monitoring, 1997. Maryland Department of the Environment Water 
Management Administration. 
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Table B-11.  Comparison of 1998-2008 Event Mean Concentrations (EMCs)
with Maryland NPDES EMCs and NURP Residential EMCs

Parameter
Yearly Average EMC

(mg/L)
Maryland NPDES

(mg/L)
NURP Residential EMCs

(mg/L)
2008 Upstream Station (Outfall)
Biological Oxygen Demand 1.08 14.26 11
Total Suspended Solids 7.12 55.08 140
Nitrate plus Nitrite 1.11 0.97 0.96
Total Kjeldahl Nitrogen 0.18 1.75 2.35
Total Phosphorus 0.02 0.37 0.47
Total Petroleum Hydrocarbons 0.98 -- --
Total Copper 0.0005 0.0141 0.05
Total Lead 0.0000 0.0057 0.18
Total Zinc 0.0136 0.0893 0.18
E. coli (MPN/mL) 427 -- --
2008 Downstream Station (Instream)
Biological Oxygen Demand 1.08 14.26 11
Total Suspended Solids 5.32 55.08 140
Nitrate plus Nitrite 1.31 0.97 0.96
Total Kjeldahl Nitrogen 0.19 1.75 2.35
Total Phosphorus 0.02 0.37 0.47
Total Petroleum Hydrocarbons 1.70 -- --
Total Copper 0.0001 0.0141 0.05
Total Lead 0.0000 0.0057 0.18
Total Zinc 0.0054 0.0893 0.18
E. coli (MPN/mL) 504 -- --

Note:  Bold values represent exceedences.

Maryland's National Pollutant Discharge Elimination System Municipal Stormwater Monitoring, 1997. Maryland Department of the Environment Water 
Management Administration. 
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WATERSHED PROFILES 
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 WATERSHED INDICATORS  

Maryland's Surf Your Watershed - Watershed Profile

Aberdeen Proving Ground

   
 WATERSHED INFORMATION 

Maryland 8-Digit Watershed 
Code: 02130705
Tributary
Basin: UPPER WESTERN SHORE

 
Population (1990 US Census)
1990 Est. Population Density 
(Ppl per ac) 0.87

 
1994 Land Use (MdOP Data)
Urban Acres 8,253
Agricultural Acres 224
Forest Acres 8,460
Wetland Acres 3,042
Barren Acres 0

  
Total Acres (non-water) 19,979

 
NON-TIDAL WETLAND 

REGULATORY ACTIONS 
Authorizations by Type (since 1991)
Letter of Authorization 2
Permit 1
Emergency Permit 0
Authorization to Proceed 0

Wetland Impact Data (since 1991)
Acres of Permanent Loss -0.13
Acres of Permitted Mitigation 0
Acres of Programmatic Gains 0
Acres of Other Gains 0

Net Gain/Loss -0.13

Restoration Indicators
Indicator

Value
Failed 

Indicator

Water Quality
Monitored Nutrient Concentrations
- eutrophication    
- habitat    
Modeled Nitrogen Loading Rate per ac. 
(lbs.) 9.32   
Modeled Phosphorus Loading Rate per ac. 
(lbs.) 0.32   

 
Aquatic Living Resources
SAV Abundance    
SAV Habitat    
Tidal Benthic Index of Biotic Integrity    
Tidal Fish Index of Biotic Integrity    
Anadromous Fish Index    
Non-Tidal Benthic Index of Biotic Integrity 2.57   
Non-Tidal Fish Index of Biotic Integrity    
Non-Tidal Instream Habitat Index    

 
Landscape Parameters
Percent Impervious Surface 31.5 Yes 
Population Density (people per land acre) 0.87   
Historic Wetland Loss (acres) 258   
Percent Unforested Stream Buffer 26   
Soil Erodibility 0.01   

 
Clean Water Requirements
303d List 2 Yes 

 

Protection Indicators
Indicator

Value
Select 

Indicator

Aquatic Living Resources
Tidal Fish Index of Biotic Integrity    
Non-Tidal Instream Habitat Index    
Non-Tidal Fish Index of Biotic Integrity    
Imperiled Aquatic Species Indicator 0   
Migratory Fish Spawning Area 4 Yes 
Anadromous Fish Index    
Wetland-Dependent Species 0.0   
Trout Spawning Area    
Fish Hatchery Water Supply    

Landscape Parameters
% Headwater Streams occurring in 
Interior Forest 18   
Percent Watershed Forested 46   
Wildland Acres 0   
Number of Drinking Water Intakes 0   
Wetlands Acres of Special Concern 0   

Unified Watershed Assessment Categorization

Priority Category 1 (Does Not Meet Clean 
Water or Natural Resource Goals)

No 

Priority Category 2 (Meets Clean Water or 
Natural Resource Goals)

No 

Select Category 3 (Need for Special Protection 
of Natural Resources)

No 

Documents at DNR  
Search for documents related to the Aberdeen Proving Ground watershed that are held 
at the W.R. Nick Carter III Library & Information Resource Center (IRC) at the 
Maryland Department of Natural Resources. 



 WATERSHED INDICATORS  

Maryland's Surf Your Watershed - Watershed Profile

Bynum Run

   
 WATERSHED INFORMATION 

Maryland 8-Digit Watershed 
Code: 02130704
Tributary
Basin: UPPER WESTERN SHORE

 
Population (1990 US Census)
1990 Est. Population Density 
(Ppl per ac) 0.81

 
1994 Land Use (MdOP Data)
Urban Acres 6,858
Agricultural Acres 5,521
Forest Acres 2,011
Wetland Acres 0
Barren Acres 176

  
Total Acres (non-water) 14,566

 
NON-TIDAL WETLAND 

REGULATORY ACTIONS 
Authorizations by Type (since 1991)
Letter of Authorization 37
Permit 31
Emergency Permit 0
Authorization to Proceed 0

Wetland Impact Data (since 1991)
Acres of Permanent Loss -4.44
Acres of Permitted Mitigation 3.17
Acres of Programmatic Gains 0
Acres of Other Gains 0

Net Gain/Loss -1.27

Restoration Indicators
Indicator

Value
Failed 

Indicator

Water Quality
Monitored Nutrient Concentrations
- eutrophication    
- habitat    
Modeled Nitrogen Loading Rate per ac. 
(lbs.) 10.94 Yes 
Modeled Phosphorus Loading Rate per ac. 
(lbs.) 0.47   

 
Aquatic Living Resources
SAV Abundance    
SAV Habitat    
Tidal Benthic Index of Biotic Integrity    
Tidal Fish Index of Biotic Integrity    
Anadromous Fish Index    
Non-Tidal Benthic Index of Biotic Integrity 4.3   
Non-Tidal Fish Index of Biotic Integrity 8.3   
Non-Tidal Instream Habitat Index 6.01   

 
Landscape Parameters
Percent Impervious Surface 21.1 Yes 
Population Density (people per land acre) 0.81   
Historic Wetland Loss (acres) 3,321   
Percent Unforested Stream Buffer 70 Yes 
Soil Erodibility 0.34 Yes 

 
Clean Water Requirements
303d List 2 Yes 

 

Protection Indicators
Indicator

Value
Select 

Indicator

Aquatic Living Resources
Tidal Fish Index of Biotic Integrity    
Non-Tidal Instream Habitat Index 6.01   
Non-Tidal Fish Index of Biotic Integrity 8.3 Yes 
Imperiled Aquatic Species Indicator 0   
Migratory Fish Spawning Area 0   
Anadromous Fish Index    
Wetland-Dependent Species 0.0   
Trout Spawning Area 0.0   
Fish Hatchery Water Supply    

Landscape Parameters
% Headwater Streams occurring in 
Interior Forest 1   
Percent Watershed Forested 33   
Wildland Acres 0   
Number of Drinking Water Intakes 0   
Wetlands Acres of Special Concern 0   

Unified Watershed Assessment Categorization

Priority Category 1 (Does Not Meet Clean 
Water or Natural Resource Goals)

Yes 

Priority Category 2 (Meets Clean Water or 
Natural Resource Goals)

No 

Select Category 3 (Need for Special Protection 
of Natural Resources)

No 

Documents at DNR  
Search for documents related to the Bynum Run watershed that are held at the W.R. 
Nick Carter III Library & Information Resource Center (IRC) at the Maryland 
Department of Natural Resources. 



 WATERSHED INDICATORS  

Maryland's Surf Your Watershed - Watershed Profile

Lower Winters Run

   
 WATERSHED INFORMATION 

Maryland 8-Digit Watershed 
Code: 02130702
Tributary
Basin: UPPER WESTERN SHORE

 
Population (1990 US Census)
1990 Est. Population Density 
(Ppl per ac) 0.81

 
1994 Land Use (MdOP Data)
Urban Acres 3,142
Agricultural Acres 1,805
Forest Acres 3,311
Wetland Acres 144
Barren Acres 0

  
Total Acres (non-water) 8,402

 
NON-TIDAL WETLAND 

REGULATORY ACTIONS 
Authorizations by Type (since 1991)
Letter of Authorization 13
Permit 4
Emergency Permit 0
Authorization to Proceed 1

Wetland Impact Data (since 1991)
Acres of Permanent Loss -3.41
Acres of Permitted Mitigation 8.47
Acres of Programmatic Gains 0
Acres of Other Gains 0

Net Gain/Loss 5.06

Restoration Indicators
Indicator

Value
Failed 

Indicator

Water Quality
Monitored Nutrient Concentrations
- eutrophication    
- habitat    
Modeled Nitrogen Loading Rate per ac. 
(lbs.) 11.54 Yes 
Modeled Phosphorus Loading Rate per ac. 
(lbs.) 0.38   

 
Aquatic Living Resources
SAV Abundance    
SAV Habitat    
Tidal Benthic Index of Biotic Integrity    
Tidal Fish Index of Biotic Integrity    
Anadromous Fish Index    
Non-Tidal Benthic Index of Biotic Integrity 3.71   
Non-Tidal Fish Index of Biotic Integrity 8.0   
Non-Tidal Instream Habitat Index 6.43   

 
Landscape Parameters
Percent Impervious Surface 18.3 Yes 
Population Density (people per land acre) 0.81   
Historic Wetland Loss (acres) 3,102   
Percent Unforested Stream Buffer 34   
Soil Erodibility 0.33 Yes 

 
Clean Water Requirements
303d List 0   

 

Protection Indicators
Indicator

Value
Select 

Indicator

Aquatic Living Resources
Tidal Fish Index of Biotic Integrity    
Non-Tidal Instream Habitat Index 6.43   
Non-Tidal Fish Index of Biotic Integrity 8.0   
Imperiled Aquatic Species Indicator 6 Yes 
Migratory Fish Spawning Area 2 Yes 
Anadromous Fish Index    
Wetland-Dependent Species 0.0   
Trout Spawning Area 0.0   
Fish Hatchery Water Supply    

Landscape Parameters
% Headwater Streams occurring in 
Interior Forest 8   
Percent Watershed Forested 41   
Wildland Acres 0   
Number of Drinking Water Intakes 1 Yes 
Wetlands Acres of Special Concern 0   

Unified Watershed Assessment Categorization

Priority Category 1 (Does Not Meet Clean 
Water or Natural Resource Goals)

No 

Priority Category 2 (Meets Clean Water or 
Natural Resource Goals)

No 

Select Category 3 (Need for Special Protection 
of Natural Resources)

No 

Documents at DNR  
Search for documents related to the Lower Winters Run watershed that are held at the 
W.R. Nick Carter III Library & Information Resource Center (IRC) at the Maryland 
Department of Natural Resources. 




