DEVELOPING WATER-CONTACT ADVISORIES FOR RECREATIONAL WATERS OF THE CUYAHOGA RIVER, CUYAHOGA VALLEY NATIONAL RECREATION AREA, OHIO

by Donna N. Myers and Greg F. Koltun, U.S. Geological Survey, Columbus, Ohio

PROBLEM STATEMENT:

A 23-mile reach of the Cuyahoga River that flows through the Cuyahoga Valley National Recreation Area (CVNRA) receives discharges of storm water, combined-sewer overflows, and incompletely disinfected wastewater from urban areas. Discharges of this type result in a threat to the health of the public who use the river for partial body-contact recreation. Water-contact recreation is an important use of the river. Park managers are concerned about the threat to human health resulting from sewage and pathogen contamination of recreational waters in the CVNRA. Public health concerns arise because concentrations of E. coli (Escherichia coli) at times greatly exceed safe levels. When found in water, E. coli is a useful indicator of contamination from human and animal waste and the possible presence of disease-causing organisms. When present in sufficient concentrations, E. coli has been shown to be a good predictor of gastrointestinal illness in swimmers. Severe contamination of the Cuyahoga River within the CVNRA happens almost exclusively during periods of rainfall and runoff. 

USGS models of the Cuyahoga River indicate that a greater than 90 percent reduction in E. coli concentrations in the Cuyahoga River upstream from the CVNRA are needed to maintain suitable recreational waters during runoff (Myers and others, 1998). Improvements in the treatment and disinfection of sewage overflows of the magnitude needed to restore recreational waters to beneficial uses will take many years. Until then, resource managers need an interim approach to protect human health and provide safe water-based recreation to park visitors. 

Resource managers at the CVNRA would like to promote the use of the river when it is of acceptable quality. Alone, the standard 24-hour E. coli test does a poor job of predicting when water quality will be acceptable or not for full- or partial-body contact because it "backcasts" rather than "forecasts" water quality. A more sophisticated approach is needed that would safeguard public health and allow for better utilization of the recreational waters in the CVNRA. A predictive river model would be a useful tool that could provide a "24- to 48- hour forecast" or predictions of river quality. To be useful, model predictions must be readily generated each day and communicated quickly to the public by way of the internet.

GOALS AND OBJECTIVES:

Improvement of bacteriological-water quality and enhanced use of the Cuyahoga River is a long-term goal of the CVNRA and its federal, state, and local partners. Solutions to the intermittent water-quality problems associated with discharges from combined sewers and wastewater treatment plants to the Cuyahoga River during periods of rainfall and runoff will require long-term planning, adequate financing, and treatment or detention of sewage overflows followed by disinfection. Long-term solutions to these problems will likely require years to achieve. A realistic policy on use of the river for recreation is an important interim goal that is needed now to protect public health. The overall goal of this project will be to provide information and decision-support tools to resource managers at the CVNRA to help them enhance recreational opportunities and at the same time protect the health of visitors who use the river for recreation. 

To achieve this goal, the objectives of this proposed study are to:

o modify existing models developed for the Cuyahoga River by the USGS to generate 24 to 48 hour forecasts of instream E. coli concentrations,

o characterize the occurrence, distribution, and public health significance of viral and protozoan pathogens that may contaminate the river during runoff, 

o Assist resource managers at the CVNRA to establish water-contact advisories based on model predictions and an improved understanding of waterborne pathogen occurrence.

APPROACH:

The "the USGS models", the Diffusion Analogy Flow (DAFLOW) model and Branched Lagrangian Transport Model (BLTM) model, have been calibrated and verified for recreational waters of the Cuyahoga River within the CVNRA in previous studies (Myers and others, 1998). Building on this foundation, the USGS models will be updated to provide the resource managers at the CVNRA with 24 and 48 hour predictions of bacterial concentrations in the Cuyahoga River using near real-time streamflow data from USGS stream gages, the Akron Water Pollution Control Station. Water-quality samples will be collected to update information on E. coli concentrations at fixed sites and during an intensive study. New microbiological data will be collected to relate the occurrence, concentration, and distribution of E. coli to viral and protozoan indicators and pathogens. These data will be used to characterize the concentrations of fecal indicators in relation to the occurrence of waterborne human pathogens. 

Two types of field studies are needed in 2000 to support the objectives of this work; fixed-site sampling and assessment, and an intensive field study during one period of runoff. Modifications to the existing models will be developed from data collected during these studies. 

Fixed Site Sampling:

The objective of the fixed-site sampling is to characterize the concentrations of fecal indicators organisms and the occurrence of human waterborne pathogens at four sites on the Cuyahoga River; (1) at the upstream boundary of the CVNRA at Botzum (site 6 on fig. 1), (2) midway through the CVNRA at Jaite (site 10 on fig. 1), (3) at the downstream end of the CVNRA at Independence (site 14 on fig. 1), and (4) downstream of the CVNRA at Cleveland (site 15 on fig. 1). A good historical information base on streamflow and water quality exists for these sites. The first four sites were sampled as part of previous modeling studies on the Cuyahoga River (Myers and others, 1998). The most downstream site was sampled for chemical and microbiological water quality from 1996 to 1998 as part of the National Water Quality Assessment Program in the Lake Erie-Lake St. Clair Basin. The entire reach has been recently assessed for water-quality impairment by the Ohio EPA as part of their statewide activities (Ohio Environmental Protection Agency, 1994). See the "Background" section of this proposal for more detail on the Cuyahoga River, its water-quality issues, and contaminant sources.

Samples will be collected five times per month from May through September, 2000 for fecal indicator organisms (E. coli, F-specific coliphage, and Clostridium perfringens). F-specific coliphage and Clostridium perfringens (C. perfringens) are viral and protozoan indicators of sewage contamination, respectively. May 1 through October 15 is the water-contact recreational season and five samples per 30-day period is the minimum sampling effort as defined by Ohio statute (Ohio Environmental Protection Agency, 1990). 

Presence (or absence) of four types of human enteric virus and Cryptosporidium parvum (C. parvum) will be determined at four fixed sites. Human enteric viruses are thought to be the major etiologic agents causing waterborne disease outbreaks in the United States, especially in recreational waters (Craun, 1996). C. parvum is a fairly common protozoan parasite responsible for a large outbreak of waterborne disease in Milwaukee in 1993. Because of high analysis cost and because of the small chance of detecting pathogens when combined sewers and sewage overflows are not discharging, viral and protozoan pathogens will be analyzed only once per month at each site. On a monthly basis, sampling will be targeted to runoff conditions in the river. Previous samples collected at the main stem sampling site at Cleveland (the NAWQA site) have tested positive for human enteric viruses.

Samples will be collected monthly for chemical water quality to include common ions, nutrients, organic carbon, and field measurements. The chemical quality data will conform to protocols and schedules used in the NAWQA Program. Streamflow will be obtained from USGS gaging stations on the Cuyahoga River at Old Portage, Independence, and at Cleveland and on major tributaries; Yellow Creek and Tinkers Creek. Where there is no daily streamflow gage, streamflow will be computed from water-level measurements obtained by use of a wire-weight gage and a rating curve. 

Intensive Study:

In 2000, one intensive study will be done in the Cuyahoga River within the CVNRA to refine the model inputs (model boundary conditions). Intensive sampling will be done at the sites previously identified as major sewage sources to the river (sites 1 and 5 on fig. 1). Sampling intervals of every 15 to 30 minutes will be used at the source sites. The intensive study will focus on documenting the change in concentrations of fecal indicator organisms with time, streamflow, sources, and distance from sources. These data will be used to improve the existing USGS models. Sampling will be done using a "Lagrangian sampling method". A Lagrangian sampling method is one in which a segment of the river is demarcated with fluorescent dye and the water containing this dye is sampled for contaminants as it flows downstream. Sampling sites will be similar to those sampled in the previous modeling studies (Myers and others, 1998; fig. 1) and will include three of fixed-sites described in the previous section (sites 6, 10, and 14 on fig. 1).

The likelihood of detecting pathogens will be greatest in samples representing the peak concentrations of fecal bacteria collected during the highest runoff. F-specific coliphage, C. perfringens, human enteric viruses, and C. parvum will be analyzed from one sample collected during the rising limb and from one sample collected during the peak in streamflow at the three main stem sites and from the discharges of the major sources (sites 1, 5, 6, 10, and 14 on fig. 1). Pathogens also are more likely to be present when there is illness in the general population. Pathogens are shed in human or animal waste entering the sewage collection and treatment system or entering the river from overland runoff. Because the CVNRA is downstream of a major population center, the potential for the detection of human pathogens in the Cuyahoga River when partially or untreated sewage is discharged is greater than if the CVNRA were located downstream of a low-intensity land-use area.

DATA ANALYSIS: 

Model simulations will be run using data collected during previous studies and new data from the intensive and fixed site studies to be completed in 2000. Data collected at the four fixed sites will be used to characterize initial conditions in the model. The fixed site data will also be used to test the quality of model predictions against the empirical set of E. coli data collected at the fixed sites. 

The association between concentrations of E. coli and other fecal indicator organisms will be statistically determined by use of simple linear regression. The association between the concentrations of fecal indicators and occurrence of pathogens will be determined by use of logistic regression. From the statistical analysis, the association between thresholds of fecal indicator organisms above which viral and protozoan pathogens are detected will be determined. For example, the threshold concentration of E. coli above which pathogens are detected will be compared to what are considered safe levels of E. coli in recreational waters. This type of analysis will provide information on the margin of safety associated with current water-quality standards for recreational waters. The relation between water-quality standards for recreation and occurrence and distribution of indicators and pathogens in the Cuyahoga River will be used to determine the type of advisories or restrictions that can be developed and used by park managers. A better understanding will be gained about the use of E. coli as a predictor of the presence of pathogens and human-health risk. 

After the completion of field studies, and after model refinements are made, advisories will be developed. The question of when to issue an advisory is NOT as critical as when to lift an advisory. It is generally accepted that if there is rainfall and runoff, the river will contaminated with sewage and microbial contaminants and the public would need to be warned. In fact, advisories could currently be issued based on a rainfall of as little as 0.2 in that results in a rise in streamflow as measured at a USGS stream gage. A more important question to answer is how long the advisory should be kept in place. 

The greatest amount of certainty is needed when resource managers are making decisions about when to lift water-contact advisories. The falling limb of the streamflow hydrograph typically indicates a decrease in streamflow and a decrease in concentrations of microbial contaminants. Modeling scenarios will be produced for which boundary conditions (input data) for streamflow and E. coli concentrations vary within realistic upper and lower bounds (based on the minimum, maximum, and 10th, 25th, 50th, 75th, and 90th quantiles). From these scenarios, a time table for each of the three sites (site 6, 10, and 14 on fig. 1) will be formulated from which to determine when E. coli concentrations may have returned to safe levels after runoff. This table will be generated from model simulations that take time dependent and hydrologically dependent processes such as decay, transport, dilution, and dispersion into account. The model predictions will be restricted to times when the Cuyahoga river is less than bankfull because the model was initially calibrated and verified for those conditions. Above bankfull, it has been argued that the river is too dangerous for water contact because of high velocities, woody debris, and other obstructions in the channel that might pose a greater danger to human health than sewage and microbial contamination.

Based on the model and pathogen sampling results, CVNRA resource managers, with technical assistance from USGS hydrologists and Ohio Environmental Protection Agency scientists, will formulated and propose a set of water-contact advisories for public and NPS review and action. 

REPORTS:

The results of these studies will be published in a USGS interpretive report (WRIR series) in the year 2002. A fact sheet will be developed from the WRIR that will report conclusions of the studies and an explanation of the advisories and how they were developed. The fact sheet will be directed at a nontechnical audience, mainly recreational users of the river. The Fact Sheet will be written in collaboration with the CVNRA and Ohio EPA water-resources managers. If resource managers become comfortable with use of the modeling tool, and if the accuracy of the modeling tool so warrants, then projections of bacterial conditions in the river could be provided on a CVNRA public web page. A web-based notification system would provide rapid information dissemination to the public, thereby alerting kayakers, canoers, and others to potential health concerns.

TIMELINE:

The proposed project timeline spans the period October 1999 through December 2001. Project activities would begin with the passage of the year 2000 federal budget. Prior to initiation of project activities, an organizational meeting of all persons involved in the project will be held at the CVNRA. In fall and winter 1999, prior to sample collection, the models will be updated with new code and a program to input and process real-time streamflow data. Sample-collection will take place from May through October, 2000. Model verification from data collected at the three stream sites will be done in the late fall of 2000 and in early 2001. The interpretive report will be written in 2001 and will be followed by a fact sheet to be done later in the calendar year. Publication and distribution of the report will be completed by the end of the calendar year in 2001.

BUDGET AND HUMAN RESOURCES:

Donna Myers (GM-13) of the USGS's Ohio District Office in Columbus will manage the project and Greg Koltun (GS-13) will be responsible for water-quality modeling or will oversee the work of a less experienced modeler. A hydrologic technician (GS-10) will be responsible for field studies and assisting the project chiefs. A USGS microbiologist, or USGS hydrologists with adequate training and experience, will analyze water samples for pathogens. Other hydrologists and hydrologic technicians will be responsible for assisting with field studies. In 2000, a student temporary employee may be stationed at the CVNRA to assist with sample collections in support of fixed site and intensive studies.

.

Table 1: Budget for federal fiscal years 2000-2002. (Salary includes reimbursable charge of 8.5 percent for computer resources)

Federal fiscal year

Management Category

2000

2001

2002

Total

Salary

$81,050

$38,890

$1,000

$120,940

Overtime

7,500

0

0

7,500

Travel

4,490

500

500

5,490

Equipment

3,000

0

0

3,000

Supplies

6,000

2,000

0

8,000

Vehicle

3,440

500

0

3.940

USGS lab

10,000

10,200

0

20,200

Other lab

24,800

0

0

24,800

Commun.

500

0

0

500

Printing

0

0

3,500

3,500

Postage

500

250

500

1,250

Total

$141,280

$52,340

$5,500

$199,120

BENEFITS: 

One of the goals of CVNRA managers is to develop water-contact advisories based on the best available information on sewage and microbial contaminants in the river. The other goal is to develop an improved understanding of the risk of potential illness from pathogens in the water. Results of this study will improve the ability of the CVNRA managers to understand and communicate information to the public about the health risks associated with body-contact recreation in the river. This information will be offered through publications, advisories and (or) restrictions, and through a web page. Park managers will be able to inform the public about health risks from water contact on a daily or more frequent basis thereby helping to protect public health and fulfill the mission of the NPS to provide safe water-contact recreation. New microbiological methods and use of microbial and hydrologic data in simulation models will advance the science of public health microbiology as it relates to water resources.

BACKGROUND

The Cuyahoga River drains 813 mi2 (square miles) in northeastern Ohio (fig. 1). The river is 100 mi long and flows south from the headwaters through Geauga County to Akron, in Summit County, turns and flows north through Cuyahoga County, and discharges to Lake Erie at Cleveland. Land use in the river basin is predominantly urban with two major metropolitan areas --Akron, which straddles the middle main stem, and Cleveland, which straddles the lower main stem. The middle main stem of the Cuyahoga River is defined as the segment between Akron and Cleveland. The lower main stem of the Cuyahoga River is defined as the segment from Cleveland to the mouth at Lake Erie (Ohio Environmental Protection Agency, 1994). The population of the Cuyahoga River basin in 1990 was approximately 880,000 in 1990 which is slightly more than 1,000 people per square mile (U.S. Department of Commerce, Census Bureau, 1990). 

The CVNRA is wholly contained within the study area of the Lake Erie-Lake St.Clair Basin (LERI) project, one of 59 river basin and aquifer systems being investigated as part of the USGS's National Water Quality Assessment Program. The LERI project began intensive project activities in 1994. As part of the LERI project, samples were collected and analyzed for nutrients, pesticides, common ions, total and dissolved organic carbon, and fecal coliform bacteria, E. coli, f-specific coliphage, a viral indicator; pathogenic human enteric virus, and Cryptosporidium parvum in cooperation with U.S. EPA's Office of Research and Development. Sampling was done at a site on the Cuyahoga River at Cleveland, Ohio, eight river miles downstream of the terminus of the CVNRA. The Cuyahoga River at Independence, Ohio, at the downstream terminus of the Park, was sampled as part of the National Stream Quality Accounting Network from 1976-95.

figure 1 near here

At Botzum, Ohio (site 6 on fig. 1), the Cuyahoga River enters the CVNRA, a 50 mi2 area that straddles 23 mi (miles) of the middle main stem. The downstream terminus of the CVNRA is at Independence, Ohio (National Park Service, 1989, p. 2.1; site 14 on fig. 1). The National Park Service administers this area and the natural, historic, and recreational features within its boundaries. The National Park Service estimates that over one-third of the population of Ohio lives within an hour drive of the CVNRA (within a 60 mi radius).The middle main stem of the Cuyahoga River is designated a primary-contact recreational water by the Ohio EPA.

The CVNRA attracts recreational users during all times of the year and especially during the warmer months from May through October. Recreational uses include biking, walking, and hiking on paths that follow the river banks from Akron to Cleveland. Body-contact recreation includes canoeing, fishing, and wading, but these uses are not recommended by the National Park Service (NPS) when E. coli concentrations in the river exceed a geometric mean of 126 col/100 mL (colonies per 100 milliliters) or a single-sample concentration of 576 col/100 mL. At these and higher concentrations, the river is thought to be contaminated sufficiently to pose a health risk to users. 

The middle main stem of the Cuyahoga River receives discharges of partially treated domestic sewage, intermittent discharges of storm water, CSOs (combined-sewer overflows), and SSOs (sanitary sewer overflows) during wet weather which are important sources of fecal contaminants, especially from urban watersheds that contain large populations of humans. The middle main stem upstream of the CVNRA also receives treated municipal-wastewater discharges on a continual basis. The river receives approximately 60 Mgal/d (million gallons per day) of treated-municipal and industrial-effluents from the Akron WPCS. The average daily discharge from the WPCS is equivalent to 93 ft3/s (cubic feet per second) and as such, the WPCS is one of the largest tributaries to the middle main stem. Wet weather flows ranging from 107-280 Mgal/d (165-433 ft3/s) receive partial treatment at the WPCS. A total of 40 CSOs drain intermittently to the Cuyahoga River from the City of Akron (Dave Crandell, City of Akron, written commun., 1997). All but four SSOs in the Akron sewage-collection and treatment system were eliminated by 1992. Four more SSO pump-station overflows in the Akron system discovered after 1992 also have been eliminated (Dave Crandell, City of Akron, written commun., 1997). 

The river also receives discharges of treated sewage, and intermittent discharges from CSOs, SSOs, and storm-water from small communities in Summit County, Ohio. One CSO and 17 SSOs are located in the Cuyahoga Falls collection system that when active discharge to the Cuyahoga River upstream of the CVNRA and upstream of the Little Cuyahoga River. The Summit County sewage collection and treatment system contains 15 SSOs, one of which discharges intermittently to Mud Brook, a major tributary to the middle main stem. Discharges from SSOs are likely to be caused by very large rainstorms of 10 year or greater frequency. Some SSOs can intermittently discharge during dry weather but such discharges are infrequent and unpredictable.

Previous Investigations

The hydrology, bacteriological, and chemical water-quality of the middle and lower main stems of the Cuyahoga River and tributaries have been described in previous reports (Childress 1984, 1985; Ohio Environmental Protection Agency, 1994; Shindel and others, 1996-97; Myers and others, in press). Concentrations of fecal bacteria that exceed Ohio's bathing water, primary-contact, and secondary-contact water-quality standards are well documented in the middle and lower main stems of the Cuyahoga River (Shindel and others, 1991, 1992; Shindel and others, 1993; and Ohio Environmental Protection Agency, 1994). During dry weather periods investigated in 1992, the middle and lower main stems typically met geometric-mean primary-contact standards for fecal coliform bacteria (Ohio Environmental Protection Agency, 1994). In an earlier study, Childress (1984) documented elevated concentrations of fecal coliform bacteria during a reconnaissance study conducted during summer low-flow conditions in September, 1982. Improvements in bacteriological water quality of the middle main stem reported by the Ohio Environmental Protection Agency (1994) during this time are attributed to improved sewage treatment and disinfection.

The degree of contamination of the Cuyahoga River within the CVNRA during periods when the river receives wet-weather discharges of sewage is well above safe levels for canoeing and kayaking. The highest concentration of fecal coliform bacteria detected in the Cuyahoga River at the upstream boundary of the CVNRA during USGS field studies in 1991-93 (Francy and others, 1993; Myers and others, in press) was 2,600,000 col/100 mL. This sample exceeded Ohio's single-sample primary-contact recreational standard (2,000 col/100 mL) by a factor of 1,300. At the same location, the highest observed concentration of E. coli, at 2,400,000 col/100 mL, exceeded the single-sample primary-contact recreational standard for E. coli (298 col/100 mL) by a factor of 8,054. The Akron Water Pollution Control Station was identified as the largest source of fecal bacteria to the Cuyahoga River within the CVNRA during periods when large volumes of influent to the plant exceed the capacity of the plant to adequately disinfect the effluent prior to discharge (Myers and others, in press). The next largest sources of microbial contaminants are uncontrolled combined and sanitary sewers that also discharge to the river upstream of the Park. Myers and others (in press) measured the aggregate contribution to the Cuyahoga River the Old Portage gage, upstream of the CVNRA. An excellent information base about the bacteriological quality of the Cuyahoga River within the CVNRA has been developed. This information base can serve as a framework for more sophisticated studies aimed at improvements in the quality of the river.
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