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Introduction 

 
This document is a synopsis of the activities undertaken that led the Department (DHEC) to the adoption 
of Escherichia coli (E. coli) as the new freshwater fecal pathogen indicator in Regulation 61-68 Water 
Classifications and Standards, replacing fecal coliform bacteria. This report is primarily a collection of the 
documentation presented to the US Environmental Protection Agency (EPA) Region 4 to support the 
change to R.61-68, with additional original material to connect the various attachments. 

Background 

 
Historically, DHEC had used fecal coliform bacteria as the bacterial indicator for the protection of all 
waters for recreational use relative to the presence of fecal material from warm-blooded animals. In the 
1986, EPA criteria document EPA440/5-84-002 Ambient Water Quality Criteria for Bacteria – 1986, EPA 
documented that other bacterial indicators were more closely correlated with the occurrence of illness 
at freshwater lake beaches due to fecal matter and were, therefore, preferable over fecal coliform 
bacteria. For freshwaters, EPA recommended either E. coli or Enterococcus species and published 
criteria values for each. 
 
While none of the indicator bacteria may be directly responsible for illness, they serve as indicators that 
other disease-causing organisms (pathogens) may be present. In almost all cases of water-borne 
illnesses, the pathogens come from inadequately treated waste of humans or other warm-blooded 
animals.  Enterococcus and E. coli are more specific to sewage from fecal sources than the more general 
fecal coliform bacteria group. 
 
In the mid to late 2000s, a discussion began between DHEC and a group of NPDES permittees about 
changing the bacteria indicator in R.61-68 and NPDES permits from fecal coliform bacteria to either 
Enterococcus or E. coli.  
 
The Clean Water Act, as amended by the Beaches Environmental Assessment and Coastal Health 
(BEACH) Act in 2000, required the EPA to conduct studies associated with pathogens and human health 
and to publish new or revised Water Quality Criteria recommendations for the pathogens and pathogen 
indicators based on those studies (EPA 2012). 
 
So, in the late 2000s, EPA began an effort to collect new data and update the recreational water quality 
criteria. In 2007, EPA Office of Water, Office or Research and Development, published a Criteria 
Development Plan & Schedule for Recreational Water Quality Criteria (EPA, 2007, 823-R-08-003) to guide 
this process. As part of this plan, the Analysis and Synthesis of Data and Peer Review of Results and 
Analyses was scheduled for January 2011-March 2011.  
 
During this same timeframe, an EPA Workgroup was formed that consisted of staff-level representatives 
from throughout EPA, including representatives from offices that manage various Clean Water Act 
Programs such as the NPDES Permitting Program, the TMDL Program, and the Beach Monitoring and 
Advisory Program; the Office of Research and Development; the Office of Enforcement and Compliance 
Assurance; and, the Office of General Counsel. 
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Mr. Joel Hansel, EPA Region 4’s Standards Coordinator, and EPA standards coordinator for South 
Carolina, was serving on the national EPA Workgroup.  DHEC maintained close communication with Mr. 
Hansel to stay informed of the thinking and direction of the EPA Workgroup.  
 
With all of the discussion of potential changes to criteria and indicator recommendations, DHEC decided 
it would be beneficial to collect the Department’s own data on the all three: fecal coliform bacteria, E. 
coli, and Enterococcus. Attachment 1, Evaluation of Alternative Freshwater Pathogen Indicators, is the 
original QAPP for this effort. The actual raw data are contained in Synopsis: Development and adoption 
of the Escherichia coli Freshwater Water Quality Standard, Volume II – Raw Data. The raw data are also 
available electronically from the Water Quality Portal, https://www.waterqualitydata.us/ under 
Organization ID 21SC60WQ_WQX. The goal of this investigative effort was to determine whether the use 
of either Enterococcus or E. coli was reasonable and thereby develop meaningful and realistic protection 
for primary contact recreational uses of freshwaters of the State. Primary contact recreation typically 
includes activities where immersion and ingestion are likely and there is a high degree of bodily 
contact with the water, such as swimming, bathing, surfing, water skiing, tubing, skin diving, water 
play by children, or similar water-contact activities. 
 
During the planning process, the most current bacteria water quality was the EPA Ambient Water 
Quality Criteria for Bacteria – 1986. In this criteria document, there were multiple Single Sample 
Maximum (SSM) Allowable Density values for E. coli and enterococci based on different confidence 
limits from the EPA datasets. These different values were equated to different intensities of use for full 
body contact recreation. So at this stage of the project process, DHEC anticipated the possible need for 
multiple SSM values. This is reflected in some of the language of the QAPP (Attachment 1). 
 
When the final 2012 Recreational Water Quality Criteria were released, the acceptance of the multiple 
SSM values had been scrapped. Mr. Hansel informed DHEC that any standards change based on that 
concept would be denied. There was also no support from the stakeholder group for multiple values. So 
although such ideas may be referred to in some of the attachments, they were not pursed to the end of 
the project’s final submission of proposed standards changes to EPA. 

Project Description 

 
DHEC undertook a statewide effort to collect weekly data for a comparison of all three indicators, fecal 
coliform bacteria, Enterococcus, and E. coli, in freshwater locations across South Carolina. 
 
The data collected were compared to the published criteria developed by EPA and were used to 
examine reasonable criteria for South Carolina reservoirs and flowing freshwater resources. 
 
Input from the DHEC Regional monitoring staff was used to help identify potential sampling sites from 
the routine ambient monitoring network for inclusion in this effort.  Considerations for selecting existing 
sites included a representation of: 
 

• Different ecoregions  
• All freshwater waterbody types, i.e. streams and lakes  
• A wide range of stream sizes, multiple stream orders  
• Different stream types, e.g. blackwater, swamps, mountain streams, etc.  
• Sites on §303(d) list for fecal coliform bacteria, extreme and borderline  

https://www.waterqualitydata.us/
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• Sites that currently meet fecal standards, extreme and borderline 
• Neighborhoods on septic tanks 
• Suburban sewered 
• Urban runoff with no NPDES discharge 
• Rural agricultural settings around pastureland or livestock operations  
• Wooded, primarily undeveloped with little potential for human input 

 
This resulted in an initial list of 74 locations (list of sites Attachments 1 and 3, map of sites Attachments 
1 and 4). 
 
All sites selected were to be sampled weekly for one year beginning January 1, 2009;these samples 
analyzed for all three parameters:  fecal coliform bacteria using Membrane Filter, Enterococci by 
Enterolert, and E. coli by Colilert (Quantitray). However, by the third week of sampling it was necessary 
to drop one of the monitoring sites, SV-291, Clarks Hill Reservoir at US 378, due to dangerous 
conditions to staff associated with very heavy traffic on the bridge. This left 73 locations for the 
remainder of the study period. 
 
As data began coming in it, became apparent that the E. coli results were producing many values in the 
range of 300 to 800 Most Probably Number (MPN) of Colony Forming Units (CFU) per 100 ml, where the 
Quantitray most probable number (MPN) table has less discriminatory power, with several values 
reported as >2419.6 CFU/100 ml The distribution of possible values (concentrations) from the 
Quantitray MPN table shows much better resolution between values within a range near the lower 
values and a wider spread of numbers towards the higher end of the possible range. IDEXX, the 
manufacturer of the Quantitray, recommends dilution to get within the MPN range needed with the 
least dilution necessary being preferable. 
 
With a 1 to 4 dilution [e.g., 25 milliliters (ml) sample, 75 ml deionized (DI) water] much better resolution 
was achieved in the range of values important for picking a standard within EPA-acceptable ranges.  
While this did somewhat reduce resolution for very low values (i.e., <40 CFU/100 ml) this range was less 
than any of the possible criteria for E. coli. An addendum was made to the original QAPP (Attachment 2) 
to incorporate the noted 1 to 4 dilution factor for all samples collected beginning the week of June 15, 
2019. 
 
In order to explore relationships between the different indicator concentrations, it was essential to have  
quantifiable values for the indicators being compared. Values reported as estimated or greater than 
reporting limits were not of use in assessing the statistical relationships between indicators. Considering 
the impact and importance of setting a new statewide pathogen standard to be protective of human 
health that will impact a wide range of Bureau of Water (BOW) activities and the regulated community, 
it was imperative that there be adequate resolution within the results to evaluate the different available 
criteria options. 

Results and Data Evaluation 

 
Weekly sampling for three pathogen indicators: fecal coliform bacteria, Escherichia coli, and 
Enterococcus, was conducted at 73 locations during 2009.  From January 5, 2009 through December 30, 
2009, there were a total of 10, 922 analyses conducted of which: 3,717 were for fecal coliform bacteria; 
3,602 for Escherichia coli; and, 3,603 for Enterococcus. 



4 
 

 
Statistical analyses of the resulting data (Attachment 5) were performed using R (2009, R Development 
Core Team, http://www.R-project.org). The statistical analyses excluded censored data as discussed 
below. 
 
For microbial analyses, dilution of the sample is often necessary to obtain concentrations within a 
quantifiable range.  With different dilution factors, this can result in a variety of different Less Than or 
Greater Than, or Estimated values when the resulting value is not within the quantifiable range.  
Censored data are those where an individual number is not known, but it is known that the value is less 
than or greater than a threshold value or the value is estimated where a precise value could not be 
measured but only estimated as a possible value (Less Than, Greater Than, or Estimated). 
 
Correlation or regression of data where censored data are present can alter the variation from what 
would have occurred in nature and introduce error in the estimates of the relationships between the 
variables being compared.  Therefore, all of the analytical analyses presented and discussed below are 
based on only the uncensored data with all values reported as Greater Than , Less Than , or Estimated 
excluded. 
 
Bacteria commonly reproduce by asexual cell division called binary fission, whereby a single bacterial 
cell divides into two identical cells.  Under favorable conditions, this results in logarithmic population 
growth, a very rapid form of growth where the population initially doubles, then quadruples, then grows 
to 8 times the original number, then 16 times, 32 times, etc.  Arithmetic evaluations of such populations 
are often improved by transforming the raw data to logarithmic values prior to statistical analyses.  
Therefore, all of the analyses were conducted using both raw values and log base 10 transformed data. 
 
Correlations were evaluated using Pearson’s Product-Moment Correlations for fecal coliform bacteria vs. 
Escherichia coli, and fecal coliform bacteria vs. Enterococcus (Table 1).   
 
To examine relationships between the different indicators tested, regressions were performed on the 
same data sets.  Because the measures of all the indicators compared have associated measurement 
errors, simple linear regression is not suitable.  A more appropriate regression method in such situations 
is the orthogonal least squares regression.  To illustrate this difference, in Figures 1-4 a simple linear 
regression line is also included as the red dashed line. 
 
The correlation analyses for this study (Table 1) indicated that of the evaluated alternative pathogen 
indicators, E. coli was most closely correlated with the historic fecal coliform bacteria indicator.  This was 
also supported by the regression analyses.  Figures 1 and 2 illustrate better relationships between the 
current fecal coliform indicator and E. coli than between fecal coliform and Enterococcus (Figures. 3 and 
4).   
 
A series of stakeholder meetings were held throughout the data evaluation and proposed standard 
Single Sample Maximum/Statistical Threshold Value development (May 26, 2011; 1une 30, 2011; July 
21, 2011).  
 
 
  

http://www.r-project.org/
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Table 1. Pearson Product-Moment Correlation Results, Uncensored Data Only 

Comparison Correlation 
Coefficient 

Lower 95th 
Percent 

Confidence 
Interval 

Upper 95th 
Percent 

Confidence 
Interval 

Fecal coliform vs. E. coli 0.8102 0.7967 0.8230 

Log10 Fecal coliform vs. Log10 
E. coli 0.8765 0.8673 0.8851 

Fecal coliform vs. Enterococcus 0.3826 0.3488 0.4154 

Log10 Fecal coliform vs. Log10 
Enterococcus 0.6930 0.6722 0.7128 

Discussion 

 
EPA’s 2012  Recreational Water Quality Criteria states Scientific advancements in microbiological, 
statistical, and epidemiological methods have demonstrated that culturable enterococci and E. coli are 
better indicators of fecal contamination than the previously used general indicators, total coliforms and 
fecal coliforms. Fecal contamination in recreational waters is associated with an increased risk of 
gastrointestinal (GI) illness and less often identified respiratory illness. As such, fecal contamination and 
its indicators are considered “pathogen indicators,” as defined by §502(23) of the CWA. 
 
EPA also stated that E. coli is the most fecal-specific of the coliform indicators. 
 
The 2012, EPA criteria redefined what constituted an illness from the definitions previously used. The 
new definition  used a more comprehensive definition of GI illness, referred to as NEEAR-GI (NGI). 
Because NGI is broader than HCGI (i.e., NGI includes diarrhea without the requirement of fever), more 
illness cases were reported and associated with aquatic recreation in the NEEAR study using the NGI 
definition of illness, at the same level of water quality observed using the previous illness definition (i.e., 
HCGI). 
 
EPA’s 1986 criteria recommendations correspond to a level of water quality that is associated with an 
estimated illness rate expressed in terms of the number of highly credible gastrointestinal illnesses 
(HCGI) per 1,000 primary contact recreators. EPA’s National Epidemiological and Environmental 
Assessment of Recreational Water (NEEAR) study used a more comprehensive definition of GI illness, 
referred to as NEEAR-GI (NGI). Because NGI is broader than the older definition of highly credible 
gastrointestinal illness HCGI (i.e., NGI includes diarrhea without the requirement of fever), more illness 
cases were reported and associated with aquatic recreation in the NEEAR study using the NGI definition 
of illness, at the same level of water quality observed using the previous illness definition (i.e., HCGI). 
 
The new criteria have two components, a geometric mean (GM) and statistical threshold value (STV). 
The STV approximates the 90th percentile of the water quality distribution. 



6 
 

0 500 1000 1500 2000

0
50

0
10

00
15

00
20

00

Fecal Coliform

E
nt

er
oc

oc
cu

s

Figure 3. Fecal Coliform vs Enteroc

y=  -43.3157088158896  +  0.878065246  

0 1 2 3 4 5

0
1

2
3

4
5

Fecal Coliform

E
nt

er
oc

oc
cu

s

Figure 4. Log10 Fecal Coliform vs.  

y=  0.848595890097454  +  0  

0 1000 2000 3000 4000

0
10

00
20

00
30

00
40

00

Fecal Coliform

E
. c

ol
i

Figure 1. Fecal Coliform vs. E. Coli
Updated Analysis 6-28-2011

y=  0  +  1.2249 x

0 1 2 3 4

0
1

2
3

4

Fecal Coliform

E
. c

ol
i

Figure 2. Log10 Fecal Coliform vs.   
Updated Analysis 6-28-2011

y=  0.0491  +  0.9583 x



7 
 

 

Table 2. Recommended 2012 RWQC 

Criteria 
Elements 

Estimated Illness Rate (NGI):  
36 per 1,000 primary contact  

recreators 

OR 

Estimated Illness Rate (NGI):  
32 per 1,000 primary contact  

recreators 
Magnitude Magnitude 

Indicator 
GM 

(cfu/100 mL)a 
STV 

(cfu/100 mL)a 
GM 

(cfu/100 mL)a 
STV 

(cfu/100 mL)a 
Enterococci 
– marine 
and fresh 35 130 30 110 
OR   
E. coli – 
fresh 126 410 100 320 
Duration and Frequency: The waterbody GM should not be greater than the selected GM 
magnitude in any 30-day interval. There should not be greater than a ten percent excursion 
frequency of the selected STV magnitude in the same 30-day interval. 

aEPA recommends using EPA Method 1600 (U.S. EPA, 2002a) to measure culturable enterococci, or 
another equivalent method that measures culturable enterococci and using EPA Method 1603 (U.S. EPA, 
2002b) to measure culturable E. coli, or any other equivalent method that measures culturable E. coli; 
cfu = colony forming units 
 
Derivation of a Single Sample Maximum Allowable Density/Statistical Threshold Value 
 
The R script used is part of Attachment 5. 
 
An E. coli concentration equivalent to a fecal coliform bacteria density of 400 per 100 ml (the current 
maximum for fecal coliform bacteria not to be exceeded by more than 10% of the total samples during 
any 30 day period) was calculated using the regression formula from Figure 2 as below.  
 
Log10(Y)=0.0491+0.9583Log10(x) 
Log10(E. coli)=0.0491+0.9583Log10(Fecal Coliform) 
Log10(E. coli)=0.0491+0.9583Log10(400) 
Log10(E. coli) =2.5426 
E. coli =102.5426 
E. coli =348.8 
E. coli 349= Fecal Coliform 400 
 
The single sample maximum allowable E. coli density of 349 per 100 ml falls between the 2012 Statistical 
Threshold Values for freshwater E. coli (Table 2). This value had a great deal of consensus support from 
the stakeholder community that participated in the discussions leading to the pathogen indicator 
change. 
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EPA Submittal 

 
Proposed revisions to South Carolina Regulation 61-68, Water Classifications and Standards, and 
Regulation 61-69, Classified Waters, were submitted for the EPA review by letter dated July 2, 2012 from 
Mr. W. Marshall Taylor, Jr., General Counsel for the South Carolina DHEC to Ms. Gwendolyn Keyes 
Fleming, Regional Administrator of the EPA's Region 4 Office. The State's request for review included a 
certification by the DHEC's General Counsel that the revisions were duly adopted pursuant to State law. 
 
These revisions were duly promulgated by the Department’s Board  and became effective for purposes 
of State law upon publication in the State Register on June 22, 2012. These revisions included the 
removal of the fecal coliform indicator and adoption of the E. coli indicator for recreational uses in 
Freshwaters of the State and other editorial revisions.  
 
Attachments 1-5 were included in the submission to EPA’s Region 4 Office, along with the raw data 
contained in Synopsis: Development and adoption of the Escherichia coli Freshwater Water Quality 
Standard, Volume II – Raw Data. 
 
DHEC received approval of the removal of the fecal coliform indicator and adoption of the E. coli 
indicator  for recreational uses in Freshwaters of the State in a letter dated February 28, 2013, from Mr. 
Jim Giattina, then EPA Region 4 Director of the Water Protection Division, to then SCDHEC Bureau of 
Water Chief Mr. David Wilson (Attachment 6). 
 

Citations 

 
 
EPA. 1986. Ambient Water Quality Criteria for Bacteria – 1986. EPA440/5-84-4402. 
 
EPA. 2012. Recreational Water Quality Criteria. Office of Water 820-F-12-058. 
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Attachment 2. Evaluation of Alternative Freshwater Pathogen Indicators  

QAPP Addendum – June 1, 2009 







 
Considering the impact and importance of setting a new statewide pathogen standard 
to be protective of human health that will impact a wide range of BOW activities and the 
regulated community it is imperative that there is adequate resolution within the results 
to evaluate the different available criteria options. 
 
Changes 
 
Beginning with the samples collected the week of June15, 2009, a 1 to 4 dilution (25 ml 
of sample, 75 ml of sterile DI water) will be used for all E. coli samples from all sample 
locations for the duration of the study. 
 
The dilution will be accomplished by pipetting 25 ml of the sample into the Colilert 
sample bottle and then filling the bottle to the 100 ml line with Sterile DI water. 
 
There are no changes proposed for the Enterococcus analysis. 
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Attachment 3. Weekly Pathogen Indicator Study Sites 



Weekly Pathogen Indicator Study Sites

DHEC 

Regional 

Office Station

Approx 

Stream 

Order

Recreational 

Use Support Location Description Reason, if specified

Majority Land Use within 1/2 mile 

radius Level 3 Ecoregion Latitude Longitude

Aiken SV-324 2 Meets TIMS BR AT SRP ROAD C SRS Developed, Medium Intensity SOUTHEASTERN PLAINS 33.28712897950 -81.69740720610

Aiken E-107 3 Meets DEAN SWAMP CK AT SC 4 Region interest Developed, Low Intensity SOUTHEASTERN PLAINS 33.51246447210 -81.31836508450

Aiken SV-069 3 Meets SAND RVR AT OLD US 1 1.2 MI SE WARRENVILLE Urban, Domestic Animals, Wildlife Developed, High Intensity SOUTHEASTERN PLAINS 33.55443360580 -81.78865322640

Aiken SV-353 3 Impaired BEAVERDAM CREEK AT FOREST SERVICE ROAD 621 OFF S-19-68 Wildlife Scrub/Shrub PIEDMONT 33.79981006960 -82.12331455920

Aiken E-007 4 Meets N FORK EDISTO RVR AT US 601 AT ORANGEBURG Urban Scrub/Shrub SOUTHEASTERN PLAINS 33.48280107880 -80.87396804290

Aiken E-059 4 Impaired FOUR HOLE SWP AT S-38-50 5.2 MI SE OF CAMERON Region interest Grassland/Herbaceous SOUTHEASTERN PLAINS 33.49044104860 -80.67995112650

Aiken SV-325 4 Impaired UPPER THREE RUNS AT SRP ROAD A SRS Pasture/Hay SOUTHEASTERN PLAINS 33.23902931890 -81.74369715960

Aiken SV-072 5 Meets HORSE CK AT S-02-145 WWTP, Septic Developed, High Intensity SOUTHEASTERN PLAINS 33.48552047510 -81.89616937840

Aiken SV-366 8 Meets SAVANNAH RVR OFF JACKSON LANDING OFF END OF S-02-299 Urban Developed, Open Space SOUTHEASTERN PLAINS 33.27807900320 -81.84447143220

Aiken SV-291 Lake Meets CLARKS HILL RESERVOIR AT US 378 7 MI SW MCCORMICK Lake / Bridge Mixed Forest PIEDMONT 33.85816623450 -82.39021441110

Beaufort RS-08260 1 Unassessed

UNNAMED TRIB TO LITTLE SALKEHATCHIE RIVER AT CULVERT 

ON SC 362 JUST NORTH OF S-15-465 First order stream

MIDDLE ATLANTIC COASTAL 

PLAIN 33.05908176070 -80.87976759890

Beaufort CSTL-071 3 Impaired HORSESHOE CREEK AT SC 64 Region interest Developed, Low Intensity

MIDDLE ATLANTIC COASTAL 

PLAIN 32.81282517070 -80.53199215160

Beaufort CSTL-121 3 Impaired COOSAWHATCHIE RIVER AT SC 363 Region interest Mixed Forest

MIDDLE ATLANTIC COASTAL 

PLAIN 32.85329363360 -81.16110067330

Beaufort CSTL-122 3 Meets CYPRESS CREEK AT S-27-108 Region interest Developed, Low Intensity

MIDDLE ATLANTIC COASTAL 

PLAIN 32.69581194400 -80.98920127970

Beaufort CSTL-109 4 Meets COOSAWHATCHIE RVR AT S-25-27 2.5 MI SW CUMMINGS Region interest Emergent Herbaceous Wetland

MIDDLE ATLANTIC COASTAL 

PLAIN 32.76125649590 -81.02003482000

Beaufort RS-08076 4 Unassessed BUCKHEAD CREEK AT US 21 Region interest

MIDDLE ATLANTIC COASTAL 

PLAIN 33.01826926940 -80.81174363470

Beaufort CSTL-075 Lake Meets LAKE WARREN, BLACK CK ARM, AT S-25-41 5 MI SW OF HAMPTON Minor Lake Pasture/Hay

MIDDLE ATLANTIC COASTAL 

PLAIN 32.82681229170 -81.18030838490

Catawba CW-088 1 Impaired GRASSY RUN BR AT SC 72 1.6 MI NE CHESTER Urban Cultivated Crops PIEDMONT 34.71771468050 -81.19228425150

Catawba CW-036 4 Impaired SUGAR CREEK AT S-46-36 Urban, NC Developed, Low Intensity PIEDMONT 34.95077641670 -80.86868032940

Catawba CW-016 7 Meets CATAWBA RVR AT SC 9 AT FT LAWN Major river below NC Scrub/Shrub PIEDMONT 34.70832342570 -80.86756144250

WQM & ABS C-076 3 Unassessed CEDAR CK CANOE ACCESS OFF S-40-1288 (SO CEDAR CK RD) Background/National Park SOUTHEASTERN PLAINS 33.81840198270 -80.78798276390

WQM & ABS C-077 3 Unassessed CEDAR CK - BRIDGE B Background/National Park SOUTHEASTERN PLAINS 33.81988312540 -80.82308357150

Cent Mid B-123 1 Impaired WINNSBORO BR AT US 321-AB WINNSBORO MILLS OUTFALL Urban, Golf Course Woody Wetlands PIEDMONT 34.37128783600 -81.08935624380

Cent Mid C-021 1 Impaired MILL CK AT SC 262 Suburban Pasture/Hay SOUTHEASTERN PLAINS 33.98014695560 -80.91460740420

Cent Mid B-280 2 Impaired SMITH BR AT N MAIN ST (US 21) IN COLA Urban, no NPDES Pasture/Hay SOUTHEASTERN PLAINS 34.02723011690 -81.04197905580

Cent Mid S-287 2 Impaired RAWLS CREEK AT S-32-107 Suburban Scrub/Shrub PIEDMONT 34.05384144410 -81.18636514470

Cent Mid S-306 3 Impaired HOLLOW CK AT S-32-54 Livestock Barren Land PIEDMONT 33.99208232800 -81.46496652760

Cent Mid C-001 4 Impaired GILLS CK AT BRDG ON US 76 (GARNERS FERRY ROAD) Urban Scrub/Shrub SOUTHEASTERN PLAINS 33.98965502440 -80.97411392710

Cent Mid S-298 5 Meets SALUDA RVR AT USGS GAGING STATION, 1/2 MI BELOW I-20 Urban runoff, rec use area Scrub/Shrub PIEDMONT 34.01385513060 -81.08780920450

Cent Mid C-068 Lake Meets FOREST LAKE AT DAM Lake/ Suburban Mixed Forest SOUTHEASTERN PLAINS 34.02199837450 -80.96255680580

Cent Mid CW-208 Lake Meets LK WATEREE AT S-20-101 11 MI ENE WINNSBORO Major Lake Developed, High Intensity PIEDMONT 34.42192264290 -80.86743212470

Cent Mid S-213 Lake Meets LAKE MURRAY AT S-36-15 Major Lake Scrub/Shrub PIEDMONT 34.12514632320 -81.43367351170

Charleston CSTL-043 2 Impaired SAWMILL BR AT SC 78 E OF SUMMERVILLE Suburban Deciduous Forest

MIDDLE ATLANTIC COASTAL 

PLAIN 33.02228925090 -80.16348542910

Charleston RS-01056 2 Impaired

CEDAR CREEK AT CNTY RD 857 HAMPTON PLANTATION STATE 

PARK Region interest

MIDDLE ATLANTIC COASTAL 

PLAIN 33.19401262670 -79.45328603470

Charleston RS-02461 2 Impaired WADBOO SWAMP AT S-08-447 THIRD BRIDGE FROM WEST Wildlife Developed, Open Space

MIDDLE ATLANTIC COASTAL 

PLAIN 33.30186924210 -79.91208159830

Charleston RS-05572 2 Impaired GUM BRANCH AT S-18-167 4.9 MI SE OF ST GEORGE Domestic Animals Open Water

MIDDLE ATLANTIC COASTAL 

PLAIN 33.13206998170 -80.52191265790

Charleston CSTL-063 3 Meets WASSAMASSAW SWP AT US 176 Wildlife Cultivated Crops

MIDDLE ATLANTIC COASTAL 

PLAIN 33.15092640890 -80.17538101080

Charleston CSTL-113 3 Meets WADBOO SWP AT SC 402 Wildlife Developed, Medium Intensity

MIDDLE ATLANTIC COASTAL 

PLAIN 33.19531049050 -79.95155117230
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Charleston E-016 3 Meets POLK SWP AT UNIMP RD S-18-180 2 MI S OF ST GEORGE Domestic Animals Mixed Forest

MIDDLE ATLANTIC COASTAL 

PLAIN 33.15478934790 -80.58505492930

Charleston E-032 3 Impaired INDIAN FIELD SWAMP AT S-18-19 Domestic Animals Grassland/Herbaceous

MIDDLE ATLANTIC COASTAL 

PLAIN 33.09142760530 -80.51275626720

Charleston E-109 3 Impaired POLK SWAMP AT S-18-19 Domestic Animals Open Water

MIDDLE ATLANTIC COASTAL 

PLAIN 33.08921301340 -80.52144934860

Charleston RS-02467 3 Impaired ECHAW CK AT PITCH LANDING FRANCIS MARION NATL FOREST Wildlife Pasture/Hay

MIDDLE ATLANTIC COASTAL 

PLAIN 33.24736710690 -79.57740951040

Charleston RS-03333 3 Impaired

CANE GULLEY BRANCH AT S-08-97 6.1 MI NE OF MONCKS 

CORNER Wildlife Grassland/Herbaceous

MIDDLE ATLANTIC COASTAL 

PLAIN 33.21918222580 -79.91319486020

Charleston CSTL-112 4 Meets

WAMBAW CK AT EXTENSION OF S-10-857 (BRIDGE NEAR BOAT 

LANDING) Wildlife Developed, Open Space

MIDDLE ATLANTIC COASTAL 

PLAIN 33.20833204390 -79.46903540410

Florence PD-065 1 Impaired GULLEY BR AT S-21-13, TIMROD PARK Urban Mixed Forest SOUTHEASTERN PLAINS 34.18339141950 -79.76975666380

Florence PD-258 1 Impaired SNAKE BR AT RR AVE IN HARTSVILLE Urban Emergent Herbaceous Wetland SOUTHEASTERN PLAINS 34.37370233310 -80.06077039840

Florence PD-167 3 Impaired WILLOW CREEK AT S-21-57 Urban - Looks Ag to us Developed, Low Intensity SOUTHEASTERN PLAINS 34.11052697700 -79.59418241890

Florence PD-230 3 Impaired MIDDLE SWP AT SC 51 3.5 MI SSE OF FLORENCE Urban, Swamp Developed, High Intensity SOUTHEASTERN PLAINS 34.15195293970 -79.73473349950

Florence PD-256 3 Impaired JEFFRIES CK AT S-21-112 4.8 MI W OF FLORENCE AG Emergent Herbaceous Wetland SOUTHEASTERN PLAINS 34.18613706210 -79.85134708150

Florence PD-346 3 Impaired CAMP BRANCH AT S-21-278 Urban Open Water

MIDDLE ATLANTIC COASTAL 

PLAIN 33.88170522410 -79.76394561040

Florence PD-353 3 Meets BLACK RIVER AT S-43-57 AG Mixed Forest SOUTHEASTERN PLAINS 33.95034608990 -80.17971577290

Florence PD-035 4 Meets JEFFERIES CK AT SC 327 AT CLAUSSEN Urban SOUTHEASTERN PLAINS 34.13580514330 -79.63162556920

Florence PD-367 4 Meets THREE CREEKS AT SC 38, S OF BLENHEIM AG Emergent Herbaceous Wetland SOUTHEASTERN PLAINS 34.50019416950 -79.64991137960

Florence PD-027 5 Meets BLACK CK AT S-16-35 5.5 MI SE DARLINGTON AG Grassland/Herbaceous SOUTHEASTERN PLAINS 34.27074444190 -79.78645668570

Florence PD-041 5 Meets LYNCHES RVR AT US 52 NEAR EFFINGHAM WWTP, AG Developed, High Intensity

MIDDLE ATLANTIC COASTAL 

PLAIN 34.05149422450 -79.75360879280

Florence PD-042 6 Meets LITTLE PEE DEE RVR AT US 501, GALIVANT'S FERRY WWTP, AG Deciduous Forest

MIDDLE ATLANTIC COASTAL 

PLAIN 34.05705586880 -79.24781846830

Florence PD-337 7 Meets GREAT PEE DEE RVR AT US 301/76 WWTP, AG Emergent Herbaceous Wetland SOUTHEASTERN PLAINS 34.20357138570 -79.54927014080

Florence CL-077 Lake Meets LAKE ASHWOOD, FOREBAY MOVED TO CATWALK NEAR DAM Lake / AG Mixed Forest SOUTHEASTERN PLAINS 34.09966293210 -80.31662730190

Florence PD-081 Lake Meets PRESTWOOD LK AT US 15 Lake / Urban SOUTHEASTERN PLAINS 34.38633662720 -80.07679206260

Greenville BE-035 2 Impaired

BRUSHY CK AT HOWELL RD (S-23-273/335) APPROX 5 MI NE OF 

GREENVILLE (BIO B-798) Urban Mixed Forest PIEDMONT 34.87876816270 -82.33074176680

Greenville RS-02330 2 Meets ADAMS CK AT UNPVD RD FROM SC 8 AND END OF S-39-34 Rural Mixed Forest PIEDMONT 34.98722804850 -82.65660682860

Greenville SV-341 2 Impaired LITTLE EASTATOE CREEK AT S-39-49 Blue Ridge ecoregion Scrub/Shrub BLUE RIDGE 34.94919541370 -82.83309687680

Greenville B-246 3 Impaired BEAVERDAM CK AT S-30-97, 7 MI NE OF GRAY COURT Septic, Livestock, SPST Developed, Medium Intensity PIEDMONT 34.64623594580 -81.99552644730

Greenville B-317 3 Impaired MUSH CK AT SC 253 BL TIGERVILLE SPST Open Water PIEDMONT 35.05487919140 -82.36721541670

Greenville S-319 3 Impaired REEDY RVR AT RIVERS ST, DOWNTOWN GREENVILLE Urban, Local Interest Deciduous Forest PIEDMONT 34.84489991260 -82.40167687050

Greenville SV-230 3 Meets EASTATOE CREEK AT S-39-143 Reference Scrub/Shrub BLUE RIDGE 34.95812944850 -82.85319035840

Greenville SV-342 3 Impaired CANE CREEK AT S-37-133 Local Interest, upper Piedmont ecoregion Mixed Forest PIEDMONT 34.76653493770 -83.02571045320

Greenville SV-343 3 Impaired LITTLE CANE CREEK AT S-37-133 Local Interest, upper Piedmont ecoregion Mixed Forest PIEDMONT 34.76926882230 -83.01150169190

Greenville BL-001 4 Impaired LAWSONS FORK CK AT S-42-108 Local Interest Developed, Low Intensity PIEDMONT 34.94370037520 -81.78854862910

Greenville S-004 4 Impaired N SALUDA RVR AT BRDG AB JCT WITH SALUDA RVR E OF SC 186 SPST, Local Interest Scrub/Shrub PIEDMONT 34.97890320770 -82.52201756330

Greenville B-339 Lake Meets LAKE BOWEN 0.3 MI W OF SC 9 Lake/ Bridge Mixed Forest PIEDMONT 35.11285121980 -82.04553096510

Greenville RL-02307 Lake Meets LAKE OOLENOY SAMPLED FROM S SIDE OF SC 11 BRIDGE Minor Lake Scrub/Shrub PIEDMONT 35.02157963190 -82.69494984370

Greenville RL-04461 Lake Meets LAKE BLALOCK AT US 221 Minor Lake Barren Land PIEDMONT 35.06693019040 -81.87737030480

Greenville SV-288 Lake Meets

LK HARTWELL, SENECA RVR ARM AT USACE BUOY BTWN 

MRKRS S-28A & S-29 Major Lake Mixed Forest PIEDMONT 34.52647023750 -82.81533736630

Page 2



12 
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Attachment 5. Statistical Evaluation Summary and R Script and 349 Calculation 



Evaluation of Freshwater Recreational Uses and Bacteria 
Evaluation of Alternative Indicators 

Updated 6/28/2011 
 

Note: The fecal coliform vs. E. coli regressions (Figures 1 and 2) were recalculated on 
6/28/2011 using the final QA/QC’d public export raw data (link below and included on 
the enclosed CD).  The R script used to conduct the actual correlation and regression 
analyses is included in Appendix A.  
 
Introduction 
 
For an overview, introduction, and background of this effort, please visit 
http://www.scdhec.gov/environment/water/fwater.htm. 
 
The project Quality Assurance Project Plan can be found at 
http://www.dhec.sc.gov/environment/water/docs/fw_EAFPI.pdf and the Addendum to 
the plan is available at 
http://www.scdhec.gov/environment/water/docs/fw_PISQAPP.pdf. 
 
A list of the sampling sites can be found at 
http://www.dhec.sc.gov/environment/water/docs/fw_weekly.pdf, with a general map of 
the sampling locations at 
http://www.dhec.sc.gov/environment/water/docs/fw_weeklym.pdf.   
 
The raw data is available via a link from 
http://www.scdhec.gov/environment/water/fw_PIS.htm. 

 
Results and Data Evaluation 
 
Weekly sampling for three pathogen indicators: fecal coliform bacteria, Escherichia coli, 
and Enterococcus, was conducted at 73 locations during 2009.  From January 5, 2009 
through December 30, 2009, there were a total of10, 922 analyses conducted of which: 
3,717 were for fecal coliform bacteria, 3,602 for Escherichia coli, and 3,603 for 
Enterococcus. 
 
Statistical analyses of the resulting data were performed using R (2009, R Development 
Core Team, http://www.R-project.org).  The statistical analyses excluded censored data 
as discussed below. 
 
For microbial analyses, dilution of the sample is often necessary to obtain 
concentrations within a quantifiable range.  With different dilution factors, this can result 
in a variety of different “Less Than” or “Greater Than”, or “Estimated” values when the 
resulting value is not within the quantifiable range.  Censored data are those where an 
individual number is not known, but it is known that the value is below or above a 
threshold (“Less Than”, “Greater Than”, or “Estimated”). 
 

http://www.scdhec.gov/environment/water/fwater.htm
http://www.dhec.sc.gov/environment/water/docs/fw_EAFPI.pdf
http://www.scdhec.gov/environment/water/docs/fw_PISQAPP.pdf
http://www.dhec.sc.gov/environment/water/docs/fw_weekly.pdf
http://www.dhec.sc.gov/environment/water/docs/fw_weeklym.pdf
http://www.scdhec.gov/environment/water/fw_PIS.htm
http://www.r-project.org/


Correlation or regression of data where censored data are present can alter the 
variation from what would have occurred in nature and introduce error in the estimates 
of the relationships between the variables being compared.  Therefore, all of the 
analytical analyses presented and discussed below are based on only the uncensored 
data with all values reported as Greater Than (GT), Less Than (LT), or Estimated 
excluded. 
 
Bacteria commonly reproduce by an asexual kind of cell division called binary fission, 
whereby a single bacterial cell divides into two identical cells.  Under favorable 
conditions, this results in logarithmic population growth, a very rapid form of growth 
where the population initially doubles, then quadruples, then grows to 8 times the 
original number, then16 times, 32 times, etc.  Arithmetic evaluations of such populations 
are often improved by transforming the raw data to logarithmic values prior to statistical 
analyses.  Therefore, all of the analyses were conducted using both raw values and log 
base 10 transformed data. 
 
Correlations were evaluated using Pearson’s Product-Moment Correlations for fecal 
coliform bacteria vs. Escherichia coli, and fecal coliform bacteria vs. Enterococcus 
(Tables 1.).   
 
To examine relationships between the different indicators tested, regressions were 
performed on the same data sets.  Because the measures of all the indicators 
compared have associated measurement errors, simple linear regression is not 
suitable.  A more appropriate regression method in such situations is the orthogonal 
least squares regression.  To illustrate this difference, in Figures 1-4 a simple linear 
regression line is also included as the red dashed line. 
 

Table 1. Pearson Product-Moment Correlation 
Results, Uncensored Data Only 

Comparison 
Correlation 
Coefficient 

Lower 95th 
Percent 

Confidence 
Interval 

Upper 95th 
Percent 

Confidence 
Interval 

Fecal coliform vs. E. coli 0.8102 0.7967 0.8230 
Log10 Fecal coliform vs. 
Log10 E. coli 0.8765 0.8673 0.8851 
Fecal coliform vs. 
Enterococcus 0.3826 0.3488 0.4154 
Log10 Fecal coliform vs. 
Log10 Enterococcus 0.6930 0.6722 0.7128 
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Figure 3. Fecal Coliform vs Enteroc
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Figure 1. Fecal Coliform vs. E. Coli
Updated Analysis 6-28-2011
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Figure 2. Log10 Fecal Coliform vs.   
Updated Analysis 6-28-2011

y=  0.0491  +  0.9583 x



Discussion 
 
In its 1986 Ambient Water Quality Criteria for Bacteria (EPA440/5-84-002) 
http://www.epa.gov/waterscience/beaches/files/1986crit.pdf, EPA’s results of freshwater 
illness studies indicated that both E. coli and Enterococcus showed strong relationships 
to the occurrence of gastroenteritis in swimmers, although none of the indicators tests 
showed relationships to other illnesses investigated. 
 
EPA concluded that the similarities in the relationships of E. coli and enterococci to 
swimming associated gastroenteritis in freshwater indicate that these two indicators are 
equally efficient for monitoring water quality in freshwater.  The correlation coefficient for 
E. coli (0.80) was slightly greater than that for enterococci, (0.74) however, statistical 
analysis indicated that the two values were not significantly different. 
 
EPA also stated that E. coli is the most fecal specific of the coliform indicators. 
 
A cursory survey of State water quality standards available online gives the following 
picture of current freshwater regulatory pathogen indicators: 
 

Table 2.  Summary of Freshwater Pathogen  
Indicators in State Water Quality Standards 

Indicator(s) 
Number 
of States 

E. coli 23 
E. coli & Fecal coliform (several in transition to E. coli only)  7 
  
Enterococcus 2 
Enterococcus & E. coli 3 
Enterococcus & Fecal coliform 1 
  
Fecal coliform 11 
Fecal coliform in general, E. coli waterbody specific 1 
Fecal coliform – unclear about other indicators 1 

 
 
The correlation analyses for this study (Table 1.) indicate that of the evaluated 
alternative pathogen indicators, E. coli is most closely correlated with the historic fecal 
coliform bacteria indicator.  This is also supported by the regression analyses.  Figures 
1 and 2, illustrate better relationships between the current fecal coliform indicator and E. 
coli than between fecal coliforms and Enterococcus (Figs. 3 and 4).   
 

http://www.epa.gov/waterscience/beaches/files/1986crit.pdf


 
Derivation of a Single Sample Maximum Allowable Density 
 
EPA considers that illness rates of 10 illnesses per 1000 swimmers (1.0%) or less for 
fresh waters are as protective of human health as the 1986 bacteria criteria (Water 
Quality Standards For Coastal Recreation Waters, Considerations for States as They 
Select Appropriate Risk Levels, EPA September 2006, EPA-823-F-06-012 
(http://www.epa.gov/waterscience/beaches/rules/bacteria-risk-level-
factsheet.htm#whatdoes); Implementation Guidance for Ambient Water Quality Criteria 
for Bacteria, USEPA November 2003 Draft; Federal Register: November 16, 2004 
(Volume 69, Number 220),Rules and Regulations, pp 67217-67243, page 67232 
(http://www.epa.gov/EPA-WATER/2004/November/Day-16/w25303.htm).  All of the 
illness rates cited below are considered by the USEPA to protect primary contact 
recreation and support the swimmable goal of the Clean Water Act.  
 

• 8 illnesses per 1000 swimmers 
• 9 illnesses per 1000 swimmers 
• 10 illnesses per 1000 swimmers 

 
An E. coli concentration equivalent to a fecal coliform bacteria density of 400 per 100 ml 
(the current maximum for fecal coliform bacteria not to be exceeded by more than 10% 
of the total samples during any 30 day period) was calculated using the regression 
formula from Figure 2 as below.  
 
Log10(Y)=0.0491+0.9583Log10(x) 
Log10(E. coli)=0.0491+0.9583Log10(Fecal Coliform) 
Log10(E. coli)=0.0491+0.9583Log10(400) 
Log10(E. coli) =2.5426 
E. coli =102.5426 
E. coli =348.8 
E. coli 349= Fecal Coliform 400 
 
The single sample maximum allowable E. coli density of 349 per 100 ml falls between 
the 1986 criteria single sample maxima for Moderate and Lightly Used Full Body 
Contact Recreation at 8 illnesses per 1000 swimmers.  This value had a great deal of 
consensus support from the stakeholder community that participated in the discussions 
leading to the pathogen indicator change.  It is also based on the most restrictive illness 
rate suggested by the EPA of 8 illnesses per 1000 swimmers, as is the current fecal 
coliform standards. 

http://www.epa.gov/waterscience/beaches/rules/bacteria-risk-level-factsheet.htm#whatdoes
http://www.epa.gov/waterscience/beaches/rules/bacteria-risk-level-factsheet.htm#whatdoes
http://www.epa.gov/EPA-WATER/2004/November/Day-16/w25303.htm


Appendix A 
R Script Used For Correlation and Regression Analyses 

 
###############################################################################
# 
#R Code to do the Orthogonal Regression anlysis 
#Data set used was the public export that is avaliable on the SCDHEC website 
with 
#      duplicate dates, times, and results removed via Microsoft Access 
#      In two instances there were two fecal values for a given station, date, 
#      and time CSTL-109 4/15/2009 and SV-325 12/7/2009 the lower of each value 
#      was deleted.  Also created were separate fields for date and time.  This 
#      way the joins were done correctly with out any manipulation in R. 
# 
#Last Modified by 
#Bryan Rabon (raboneb@dhec.sc.gov) 
#on 6/28/2011 
#This code was run under R version 2.10.1 (2009-12-14)   
###############################################################################
# 
 
###############################################################################
# 
#Adding the required libraries 
library(xlsReadWrite) 
library(car) 
 
###############################################################################
# 
#Function used to rename a known column in an unknown location in a dataframe 
ReName <- function(x, replace) { 
 replacement <-  replace[names(x)] 
 names(x)[!is.na(replacement)] <- replacement[!is.na(replacement)] 
 x 
} 
 
###############################################################################
# 
#Dataset is read in using the xlsReadWrite library 
ALLDATA <- read.xls("PubExp.xls", colNames = TRUE, 
                          colClasses = c('character', 
'character','isodatetime', 
                          'character','character','numeric','character', 
                          'character','character')) 
 
###############################################################################
# 
#Remove all data that is not an actual value,  
#i.e. EST or LT or GT 
ALLDATA <- subset(ALLDATA, REMARK == "") 
                              
###############################################################################
# 
#Create the fecal dataset 
FECALALL <- subset(ALLDATA, PARAMETER_CODE == "31616", 
  select=c(STATION,DATE_ONLY,TIME_ONLY,RESULT, REMARK)) 



 
###############################################################################
# 
#Create the Ecoli dataset 
ECOLIALL <- subset(ALLDATA, PARAMETER_CODE == "31633", 
  select=c(STATION,DATE_ONLY,TIME_ONLY,RESULT, REMARK)) 
   
###############################################################################
# 
#Calculate the Log10 values for each record in a new field 
FECALALL$logfecal <- with(FECALALL, log10(RESULT)) 
ECOLIALL$logecoli <- with(ECOLIALL, log10(RESULT)) 
 
###############################################################################
# 
#Rename the result column in each of the datasets to the name of the parameter 
#in the dataset 
FECALALL <- ReName(FECALALL,c(RESULT="FECAL")) 
ECOLIALL <- ReName(ECOLIALL,c(RESULT="ECOLI")) 
 
###############################################################################
# 
#Join the two datasets together based on the records that are matched by 
#          Station, date, and time 
ECOLIFECAL <- merge(FECALALL, ECOLIALL) 
 
###############################################################################
# 
#Start the file to hold the correlation 
sink(file= "pathresults.txt") 
 
###############################################################################
# 
#Correlation between Fecal and Ecoli 
cor.test(ECOLIFECAL$FECAL, ECOLIFECAL$ECOLI) 
 
###############################################################################
# 
#Correlation between the Log10 of Fecal and Ecoli 
cor.test(ECOLIFECAL$logfecal, ECOLIFECAL$logecoli) 
 
###############################################################################
# 
#Close the file holding the output 
sink() 
 
 
###############################################################################
# 
#Doing the orthogonal regression for Log10 Fecal and Ecoli 
 
#The two datasets this section will use 
fecal <- subset(ECOLIFECAL, select = c(FECAL,logfecal)) 
ecoli <- subset(ECOLIFECAL, select = c(ECOLI,logecoli)) 
 
###############################################################################
# 



#seting the starting point for the optimization 
x <- c(0,1) 
 
###############################################################################
# 
#The orthogonal regression function for the log10 data 
elllog <- function(x)  
           {sum(((fecal$logfecal - (x[1] + 
x[2]*ecoli$logecoli))^2)/(1+x[2]^2))} 
 
###############################################################################
# 
#Running the optimiztion 
elllogopt <- optim(x,elllog,lower =c(0,0), hessian = TRUE, method = "L-BFGS-B") 
 
###############################################################################
# 
#LOG10 PLOT 
 
###############################################################################
# 
#Creating the graphic device to store the plot 
win.metafile("FecalvsEcoliLogNoLTGTEST.wmf") 
 
###############################################################################
# 
#Attaching the dataset making it easier to work with the columns of data so the 
#data can be called by just the column name and not DATAFRAME$COLUMNNAME 
attach(ECOLIFECAL) 
 
###############################################################################
# 
#Creating the scatter plot with a linear least squares regression plotted as a  
#                dashed line 
scatterplot(logecoli~logfecal, reg.line=lm, lty = 2, smooth=FALSE, 
labels=FALSE,  
              boxplots=FALSE, span=0.5, xlab="Fecal Coliform", ylab="E. coli",  
              grid = FALSE) 
               
###############################################################################
# 
#Adding the Title               
title( 
"Figure 2. Log10 Fecal Coliform vs. Log10 E. coli\nUpdated Analysis 6-28-2011" 
) 
 
###############################################################################
# 
#Adding the optimized orthogonal regression line to the plot as a blue line 
abline(elllogopt$par[1],elllogopt$par[2], col = "blue") 
 
###############################################################################
# 
#Adding the formula to the plot as blue text 
equaplot <- paste("y= ",round(elllogopt$par[1],4), " + ", 
                        round(elllogopt$par[2],4), "x") 
text(.75, 3.5, equaplot, col = "blue") 



 
###############################################################################
# 
#Closing the graphic device so the plot is saved 
dev.off() 
 
###############################################################################
# 
#Doing the orthogonal regression for untransformed Fecal and Ecoli 
 
###############################################################################
# 
#The orthogonal regression function for the untransformed data 
ell <- function(x)  
         {sum(((fecal$FECAL - (x[1] + x[2]*ecoli$ECOLI))^2)/(1+x[2]^2))} 
 
###############################################################################
# 
#Running the optimiztion 
ellopt <- optim(x,ell,lower =c(0,0), hessian = TRUE, method = "L-BFGS-B") 
 
###############################################################################
# 
#Creating the graphic device to store the plot 
win.metafile("FecalvsEcoliNoLTGTEST.wmf") 
 
###############################################################################
# 
#Creating the scatter plot with a linear least squares regression plotted as a  
#                dashed line 
scatterplot(ECOLI~FECAL, reg.line=lm, lty = 2, smooth=FALSE, labels=FALSE,  
               boxplots=FALSE, span=0.5, xlab="Fecal Coliform", ylab="E. coli",  
               xlim = c(0,4000), ylim = c(0,4000),grid = FALSE) 
 
###############################################################################
# 
#Adding the Title                 
title("Figure 1. Fecal Coliform vs. E. Coli\nUpdated Analysis 6-28-2011") 
 
###############################################################################
# 
#Adding the optimized orthogonal regression line to the plot as a blue line 
abline(ellopt$par[1],ellopt$par[2], col = "blue") 
 
###############################################################################
# 
#Adding the formula to the plot as blue text 
equaplot2 <- paste("y= ",round(ellopt$par[1],4), " + ", 
                         round(ellopt$par[2],4), "x") 
text(750, 3500, equaplot2, col = "blue") 
 
###############################################################################
# 
#Detaching the dataset for clean up 
detach(ECOLIFECAL) 
 



###############################################################################
# 
#Closing the graphic device so the plot is saved 
dev.off() 



14 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Attachment 6. EPA Approval Letter 

 



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

REGION 4 

Mr. David Wilson, Chief 
Bureau of Water 

ATLANTA FEDERAL CENTER 

61 FORSYTH STREET 

ATLANTA, GEORGIA 30303-8960 

FEB 2 8 2013

South Carolina Department of Health and 
Environmental Control 

2600 Bull Street 
Columbia, South Carolina 29201-1708 

Dear Mr. Wilson: 

The purpose of this letter is to notify you that the U.S. Environmental Protection Agency is approving 
revisions to South Carolina Regulation 61-68, Water Classifications and Standards, and Regulation 61-
69, Classified Waters, as revisions to South Carolina's water quality standards. These revisions were 
duly promulgated by the Board of the Department of Health and Environmental Control (DHEC) and 
became effective for purposes of State law upon publication in the State Register on June 22, 2012. 
These revisions include the removal of the fecal coliform indicator and adoption of the E. coli indicator 
for recreational uses in Freshwaters of the State and other editorial revisions. 

These revisions were submitted for the EPA review by letter dated July 2, 2012 from W. Marshall 
Taylor, Jr., General Counsel for the South Carolina DHEC to Gwendolyn Keyes Fleming, Regional 
Administrator of the EPA's Region 4 Office. The State's request for review included a certification by 
the DHEC's General Counsel that the revisions were duly adopted pursuant to State law. 

In accordance with Section 303(c) of the Clean Water Act (CWA) and 40 Code of Federal Regulations 
Part 131, I am hereby approving these revisions to the State water quality standards with the following 
exceptions. EPA is not taking action on the following revisions because they fall outside the scope of 
Section 303(c) of the Act and are not considered water quality standards: R.61-68.E.14.c(8)-(14) 
inclusive, R.61-68.E.14.d(4), and R.61-68.H.8-10 inclusive. The first two sets of revisions constitute 
permit limit derivation/compliance determinations or assessment procedures for Section 303(d) listing 
and have been referred to the appropriate programs in the Region for further review. The revisions to 
Section H are related to the State groundwater classifications and outside the scope of the Clean Water 
Act. The EPA is additionally not taking action on the following language in R.61-68.G.10.f: ' ... based on 
at least four samples collected from a given sampling site ... ' as this language is determined to be related 
to assessment procedures within the State and not to be a water quality standard. Finally, EPA published 
updated primary contact recreation criteria in November 2012 and the State is encouraged to review this 
criterion and associated implementation recommendations during its next triennial review. The EPA 
will monitor the implementation of all of the approved revisions to ensure consistency with the CW A 
and the appropriate implementing regulations. 

Internet Address (URL)• http://www.epa.gov 

Recycled/Recyclable • Printed wrth Vegetable Oil Based Inks on Recycled Paper (Minimum 30% Postconsumer) 
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