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Abbreviations used throughout this document: The Schiermeier Olentangy River Wetland 
Research Park (ORWRP), The Ohio State University (OSU), Ohio Center for Wetland and River 
Restoration (OCWRR) 
  

1. PROJECT DESCRIPTION AND OBJECTIVES  

Purpose: When we lose wetlands, we lose their ability to provide clean water, prevent floods, 
and enhance biological diversity.  Many organizations are calling for creation and restoration of 
wetlands to clean up our streams, rivers, and lakes and to provide lost habitat.  The National 
Academy of Sciences called for the restoration and creation of 10 million acres of wetlands in 
the United States by the year 2010. Five million acres of wetlands in the Mississippi River Basin 
have been suggested as being necessary to help prevent the dead zone, or hypoxia, in the Gulf of 
Mexico.  The U.S. Army Corps of Engineers oversees a regulatory program that results in tens of 
thousands of acres of wetlands being restored and created each year to replace wetlands that are 
lost to development. Furthermore, the largest wetland restoration in the world, at costs that will 
exceed $10 billion, is underway in the Florida Everglades. 

 
While most indications are that wetlands are a reliable tool to improve water quality, a National 
Academy of Sciences panel determined that much more research is needed before we can be 
assured that those wetlands that are constructed to replace wetlands destroyed for development 
can be successful. Even though a recent report by the U.S. Fish & Wildlife Service suggested 
that there was a net gain of wetlands in the United States from 1998 to 2004, the definition of 
what constitutes a wetland remains controversial, as does the question of whether we can create 
and restore wetlands, and that report was roundly criticized.  

 
The Schiermeier Olentangy River Wetland Research Park (ORWRP) exists to understand: 1) 
how wetlands work; 2) if we can create and restore them; and 3) the best approaches to create 
and restore wetlands. It is a long-term, large-scale wetland research facility; there is no other 
facility of its kind on any other university campus in the world.  

 
Descr iption: To evaluate the influence of wetlands on the landscape, a long-term ecological 
study has been established using created riverine wetlands at the ORWRP (Fig. 1) on The Ohio 
State University campus in Columbus, Ohio  (latitude N40.021¡, longitude E83.017¡).  The 
experimental marshes were excavated in 1993 and flooded on a continuous basis starting in 
March 1994 with pumped Olentangy River water.  The two wetlands were constructed to be 
nearly identical in size (~1 ha) and geomorphology, and pumped to have an identical hydrology.    
Pumping rates have been high since 1994 with annual rates typically >20 m yr-1. The only initial 
difference between the two wetlands was that Wetland 1 was planted with native macrophytes 
while Wetland 2 was not. Since their creation, these wetlands have been the source of wetland 
research on nearly all major ecological components and processes.  
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Fig. 1 The two experimental wetlands at The Olentangy 
River Wetland Research Park (ORWRP) at The Ohio 
State University including pumping system and water 
control structures. 

The U.S. Army Corps of Engineers oversees a regulatory program that results in tens of 
thousands of acres of wetlands that are lost to development. Furthermore, the largest wetland and 
riverine restorations in the world, at costs that will exceed $20 billion, are underway or planned 
for the Everglades and the Louisiana Delta. But a National Academy of Sciences panel 
determined that much more research is needed before we can be assured that mitigation 
wetlands, those being created or restored to replace those being destroyed for development, can 
be successful. The ORWRP was designed to address the concerns raised by the NAS panel.   

1.0 History of the ORWRP Wetlands: 

The Olentangy River Wetland Research Park is located on a 30-acre site owned by the Ohio 
State University, immediately north of Dodridge Road and adjacent to the Columbus campus. 
The site was developed in three phases: 
 
 

Phase 1 Ñ  Construction of two experimental wetland basins and their water delivery system; 
Phase 2 Ñ Development of a research and teaching infrastructure at the site, including 

boardwalks, experimental mesocosms, a plant-material greenhouse, additional 
wetlands, instrumentation for long-term research, and a visitor pavilion; and 

Phase 3 Ñ  Development and construction of the Wetland Research and Education Building 
on the site. 
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Phase 1 of site development, which featured construction of two 2.5-acre deepwater marshes and 
a river water delivery system, was completed in 1994. Pumps were installed on the floodplain to 
bring water from the Olentangy River to the wetlands and pumping officially began on March 4, 
1994. River water is pumped continuously, day and night, into the two wetlands. It then flows by 
gravity back to the Olentangy River through a swale and constructed stream system. In May 
1994, one wetland basin was planted with marsh vegetation typical of wetlands in the Midwest; 
the other remained as an unplanted control. 
 
Phase 2, establishing the infrastructure for research and education of the site, began in 1994 and 
was completed with the dedication of the Sandefur Wetland Pavilion in 1999. That phase also 
included the construction of the 7-acre naturally flooded billabong and construction of the 
mesocosm compound.  
 
Phase 3, the construction of the $2.8 million Wetland Research and Education Building at the 
ORWRP, began with the receipt of $1.18 million in 2 Hayes Investment Fund grants from the 
Ohio Board of Regents in 1999 and 2000. The grants were the result of an effort of a 5-university 
consortium of Ohio institutionsÑ Ohio State, Wright State, Shawnee State, Youngstown State, 
and Kenyon College. Additional support for the building was obtained through donations, 
pledges, and a loan from OARDC.  The decision to go forward with building construction was 
made on December 13, 2001. Construction began in spring 2002 and staff and students moved 
into the building on March 6, 2003. As the building was created, three additional wetlands were 
created in the vicinity of the building including a stormwater wetland that receives runoff from 
the roof of the new building. 

1.1 Project objectives: 

Funding is sought for the ORWRP in support of several research programs and initiatives. 
General project objectives associated with this project plan include:  

1) Development of Teaching and Research Instrumentation in the new Heffner 
Wetland Research and Education Building 

2) Support for A Real-Time River Monitoring Network for the Ohio Center for 
Wetland and River Restoration, a university consortium consisting of Ohio State, 
Shawnee State, Wright State, and Kenyon College, Central State, and Ashland 
University. 

3) Provide operation costs of the ORWRP for 4 years to provide vital research 
information for Federal wetland and river restoration programs in the USA. 

 

2. PROJECT ORGANIZATION 

Key points of contact for each organization involved in the project are identified below in Table 1 
by a check by their name.  
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 Table 1. Project Distribution List and Key Organizational Contacts 

KEY 
CONTAC
T 

TITLE NAME EMAIL PHONE 

!  

Director, Schiermeier 
Olentangy River Wetland 
Research Park &  
Distinguished Professor of 
Environment and Natural 
Resources, OSU 

William J. 
Mitsch 
 

mitsch.1@osu.edu  
(614) 292-
9774 

!  
Asst. Director, Schiermeier 
Olentangy River Wetland 
Research Park, OSU 

Li Zhang zhang.326@osu.edu 
(614) 292-
1098 

!  
Project Manager/Liaison - 
USEPA, ORD; Aquatic 
Ecologist /Biogeochemist 

Joe 
Schubauer-
Berigan 

Schubauer-
Berigan.Joseph@epam
ail.epa.gov  

(513)-569-
7734 

 
Professor and Eminent 
Scholar of Soil Science, 
OSU 

Richard 
Dick 

dick.78@osu.edu 
(614) 247-
7605 

 
Associate Professor of 
Ecological Engineering, 
OSU 

Jay Martin martin.1130@osu.edu 
(614) 247-
6133 

 

Professor and Chair/ Director 
International Center for 
Water Resources 
Management, Central State 
University 

Subramania 
I. Sritharan 

sri@centralstate.edu (937) 376-
6275 

 
Associate Professor of 
Biology, Wright State 
University 

James Amon 
james.amon@wright. 
edu 

(937) 775-
2632 

 
Professor of Natural 
Science, Shawnee State 
University 

Robert Deal bdeal@shawnee.edu 
(740) 351-
3486 

 
Associate ProfessorBiology 
and Environmental Studies, 
Kenyon College 

Siobhan 
Fennessy 

Fennessym@kenyon.ed
u 

(740) 427-
5455 

 

3. EXPERIMENTAL APPROACH  

The general approach of this project will focus on three main parts: 
 

1) Conduct a multi-year hydrologic experiment beginning in 2006 with the existing 
experimental wetlands at the ORWRP; 

2) Estimate carbon sequestration of created wetlands and compare these accumulation rates 
with natural wetlands in Ohio; and 

3) Develop an Ohio-wide river water quality network for extrapolating research results at the 
experimental wetlands to rivers with different order, water quality, and hydrologic 
pulsing. 
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3.1  Hydrologic Experiment 
 
The two 1-ha experimental diversion wetlands at the ORWRP (Fig. 1) will both be subject to the 
same flooding conditions for three years (Fig. 2).  Because of the plumbing established at the 
inflows and a previous planting experiment (see Mitsch et al. 1998, 2005) it is neither possible 
nor desirable to establish an experimental vs. control hydrology in the two wetlands at any given 
time. Therefore inflow conditions, which are controlled by two large submersed pumps at the 
river intake, will be similar in each wetland and will be the following:  

Year 1 (2007)Ñ Steady flow for entire year with no pulses (control conditions). 

Year 2 (2008)Ñ Pulsing conditions for Ònatural riverÓ conditions of long flood 
duration (~7-10 days) and relatively low amplitude; 

Year 3 (2009)Ñ Pulsed conditions for Òhuman altered riverÓ flow conditions of 
short duration (~2-3 days) and high amplitude; 

Funding from this 2-year project will cover measurements for Year 1 and Year 2.  We expect to 
obtain continued funding from other sources to complete Year 3 which will provide a second 
ÒpulsingÓ condition but is not necessary for comparison of pulsing v. steady flow hydrologic 
conditions. 

relative 
inflow
rate

low amplitude 
high duration
pulsing

high 
amplitude 
short 
duration
pulsing

no pulses

this proposal future support

 
Fig. 2. Three-year experimental design of f lood pulsing and steady flow conditions that will be 

imposed on the Olentangy River experimental wetland basins. This proposed work will 
extend from September 1,2006 through August 31,2008. 

 

We will attempt to make the total volume of water flowing through the wetlands equivalent each 
year. In other words, the area under the curves of all three years shown in Figure 2 for the 
experimental wetlands will be the same. The only thing changing is the flood duration and 
amplitude. Flood conditions in Year 2 (first half of 2008) will be typical of flooding in 
Midwestern rivers such as the Olentangy River before development, where flood pulses were 
slow (7-10 days) with low amplitude.  Floods in Year 3 (first half of 2009) will have durations of 
2 to 3 days, which are typical pulsing flood durations in ÒflashyÓ Midwestern streams affected by 
agricultural and urban development.  Conditions in 2007 will be with no pulses and a constant 
water level and will provide a baseline ÒcontrolÓ condition for comparing with the pulsing years. 
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Five general categories of wetland processes will be emphasized in this study: 1) 
Hydrology; 2) Nutrient input/output budgets, 3) Gaseous C and N fluxes, 4) Primary 
productivity/nutrient uptake, and 5) Pathogen removal. Specific techniques that will be 
used to estimate these processes are listed in Table 2 and are described below. 

 

Table 2. Specific processes and associated techniques for measurement related to the pulsing 
experiment in the experimental wetlands 

Process Techniques 
1. Hydrology 
 
 

flow gauges, wetland water level gauges and data loggers; 
detailed bathymetric measurements of wetland basins 

2. Nutrient budgets 
nitrate, phosphates, TN (total 
nitrogen), TP (total phosphorus) 

 

hydrologic budgets coupled water chemistry analysis on 
Lachat analyzer 

3. Gas fluxes 
Denitrification 
N2O flux 

 
in-situ acetylene blockage study 
field chamber studies w/gas chromatograph 

CH4 flux 
Methane oxidation 
 

field chamber studies w/gas chromatograph; 
methane oxidation and microbiology of methanotrophs 

4. Primary productivity/uptake  

Macrophytes peak above- and belowground biomass 
plant tissue elemental analysis 

Water column 
 

dissolved oxygen diurnal curves 
chlorophyll a 
 

5. Pathogen removal  PCR (polymerase chain reaction) analysis ofE. coli  
concentrations in water samples 

 

Hydrology:  Instrumentation at or near the ORWRP has been installed to facilitate determination 
of water budgets for the wetlands. The experimental wetlands have been designed so that inflow 
pumping of water from the Olentangy River and weirs on the basin outflows control water 
levels. Acoustic flow gauges measure inflow pumping rates. Ott data loggers measure stages of 
the experimental wetlands. Pan evaporation data, precipitation gauges, calibrated outflow weirs, 
and other instruments are in service to allow calculations of complete hydrologic budgets for 
each wetland basin. A second weather station is maintained about 2 km from the ORWRP site by 
Ohio State University. A USGS-calibrated stage gauge/Ott data logger is located on the 
Olentangy River at the ORWRP.  Stage data for the river, the two experimental wetlands, the 
created oxbow, and a well in the bottomland hardwood forest adjacent to the river and inflow 
pumping rates are transmitted on a 15-minute frequency by radio signal to our data control 
center located in the Heffner Wetland Research and Education Building at the ORWRP. 
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Nutr ient Budgets: Nutrient input/output budgets will be estimated by a combining hydrology 
measurements described above with water quality sampling and analysis described here. Water 
temperature, dissolved oxygen, pH, conductivity, turbidity, and redox potential are currently 
measured on 15- to 30-minute frequencies with YSI 6000̈  water quality sondes installed in the 
Olentangy River and at the inflow and outflows of both experimental diversion wetlands. All 
sonde data are transmitted back to the existing data collection system in the adjacent research 
building. In addition to this instrument sampling, daily manual water samples will be taken 
manually at inflows, middles, and outflows of the experimental wetlands for nutrients, carbon, 
and suspended sediments (turbidity) during pulsing periods and weekly during steady flow 
conditions.  

Water samples will be analyzed for nitrate/nitrite, ammonium-nitrogen, total Kjeldahl nitrogen 
(TKN) to estimate N fluxes and, total organic carbon, and total inorganic carbon to estimate C 
fluxes (APHA 1998, USEPA 1983, Strickland and Parsons 1972). Samples will also be analyzed 
for suspended sediments (turbidity), soluble reactive phosphorous (SRP), and total phosphorus 
(TP). Samples are split into filtered (0.45 " m) and unfiltered acidified samples, frozen until 
analysis, and analyzed for appropriate chemistries. Nutrient chemistries will be run on our 
Lachat QuikChem IV automated system. Total phosphorus and soluble reactive phosphorus are 
measured by ascorbic acid/molybdate color reagent method. Total phosphorus and TKN samples 
are first digested for 2.5 hours at 380 0C in a sulfuric acid/potassium sulfate solution in a block 
digestor. Digested TKN samples are followed by the salycilate method to quantify the 
ammonium concentration. Nitrate/nitrite are determined by sulfanilamide method after reduction 
in a cadmium column, and ammonia is analyzed by the phenolate method. Suspended sediments 
will be estimated via a statistical correlation with turbidity. Turbidity is measured from manual 
samples taken twice per day in the laboratory using a Hach turbidimeter or continuously in the 
field using YSI data sondes and data loggers. 
 
Gas Fluxes 
Denitrification Ñ  Total denitrification (N2 + N2O production) will be measured by adapting the 
acetylene inhibition technique in the field described by Ryden and Dawson (1982). PVC 
(polyvinyl chloride) chambers (4-cm diameter x 75-cm high), with a collar in the upper part to 
hold water for sealing purposes will be placed 10 cm into the soil 24 h before gas measurements. 
Acetylene will be injected 10 cm into the soil using a perforated PVC pipe (4 mm i.d.) to obtain 
a final concentration of 10% v/v in the headspace. Thirty minutes after acetylene injection, the 
chambers will be closed with a cap (4-cm tall) with a thermometer, pressure vent, and gray butyl 
rubber sampling port, and sealed using water. Gas samples will be taken every 10 min during a 
30 min period, transferred to evacuated 20-mL Wheaton bottles, capped with a rubber stoppers 
and aluminum seals, and analyzed within 4 days by GC method as with N2O described below. 
The period before gas sampling was established in an experiment described by Hernandez and 
Mitsch (2006).N2O fluxes will also be measured before acetylene injection in order to calculate 
the N2O:N2 gas ratio of denitrification end-products. N2 fluxes will be calculated as the 
difference in N2O produced in presence of acetylene   and fluxes measured without acetylene. 
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CH4 and N2O Fluxes Ñ  To measure CH4 and N2O fluxes, non-steady-state chambers will be 
designed and used for gas sampling in the wetlands.  Chamber frames will consist of a 
rectangular HDPE (high density polyethylene) base to which a PVC (polyvinyl chloride) frame 
measuring at least 150 cm tall (to ensure that plants remain intact) will be attached.  A plastic-
coated wire will also be secured to the frame to hold a non-mercury thermometer.  At the time of 
sampling, chamber frames will be enclosed by a fitted 4-mil polyethylene bag, affixed with a 3-
m Tygon vent tube (1.6 mm id) and a grey butyl sampling port.  Two 3-cm-wide elastic straps 
placed around the base will ensure that the chambers are sealed.  Bags will be removed at the end 
of each sampling period.  Chamber volume will vary with the fluctuations in the water table.  Six 
samples will be taken from the headspace of each chamber over a period of up to thirty minutes 
during each sampling period.  Samples 30-mL in volume will be extracted through septa with a 
20-ml syringe with a one-way stopcock, and injected into pre-evacuated, 10-ml vials sealed with 
grey butyl septa.  Septa will be pre-boiled for 20 minutes to eliminate potential volatile out 
gassing.  Vials will also be overfilled in order to minimize potential diffusion across the septa.  
Ambient samples will be taken during each sampling period adjacent to randomly selected 
chambers for comparison with chamber concentrations.  Gas samples will be stored at 4¼C until 
analysis.  Matheson gas standards will be taken to the field and stored in the same manner as 
experimental samples to verify that no significant change in concentration occurs during storage.  
Chamber temperature will be recorded when each sample is extracted.  Water elevation, water 
temperature, soil temperature at 5 and 10 cm depths, and percent cover of vegetation by species 
will be recorded for each plot during each sampling period.  Percent cover of vegetation (total 
and that of individual species) will be estimated visually. 

Methane samples will be collected from the gas-sampling chambers permanently installed in the 
inflows and outflows of each of the wetlands included in the study.  Samples will be collected 
over a 30-minute period, during which 6 samples will be drawn from the chamber.  Duplicate 
samples will be drawn randomly for quality control.  Standards will also be brought into the field 
and treated in kind with experimental samples to ensure sample quality.  The sequential samples 
will have captured any changes in concentration of methane trapped in the gas-sampling 
chambers, allowing the calculation of an emission rate using standard gas equations.  Sampling 
will occur in the morning and afternoon, when the soil temperature is at its maximum and 
minimum, thereby capturing daily variations in methane emissions.  Each wetland will be 
sampled every three months, or once per season. 
 
Gas samples will be stored at 4¡C upon collection for no longer than 28 days until analysis.  
Methane will be analyzed on a gas chromatograph by flame ionization detection.  A 1.8 m 
Porapak Q column will be used for sample separation, with helium (25 ml min-1) as the carrier 
gas (oven, injection, and detector temperatures at 40¡C, 40¡C, and 150¡C respectively).  Nitrous 
oxide will be  analyzed using a gas chromatograph fitted with electron capture detector 63Ni and 
two Porapak-Q 1.8-m columns will be used for separation with pure nitrogen carrier gas (10 ml 
min-1) at temperatures of 40, 80 and 300oC for column, injector and detector, respectively 
Matheson methane/nitrous oxide standards, balanced with N2, will be used to perform 4-point 
calibration curves on the gas chromatograph; check-standards should be injected at a rate of 
approximately one check standard per every 50 field samples.  Equipment blanks of pure N2 gas 
will be run in addition to check standards.  An auto-sampler attached to the gas chromatograph 
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will be used to run up to 40 samples at a time, which efficiently speeds the analysis process 
while ensuring a consistent injection pattern.  Cross-contamination is not an issue when using the 
autosampler.  Results will be returned in parts per million (ppm) for methane and parts per 
billion (ppb) for nitrous oxide, which will be converted to flux rates (mg CH4-C m-2 h-1 or µg N- 
N2O m-2 h-1) corrected for chamber volume and temperature. 
 
Methane Oxidation Ñ  Methanotrophs are estimated to consume about 30 Tg CH4 yr-1, an amount 
close to the net annual increase of atmospheric CH4 (about 20 - 40 Tg CH4 yr-1).  Consequently, 
the ecology and activity of methanotrophs is important for an understanding net methane 
production, C fluxes, and ultimately management strategies to reduce net emissions of methane 
to the atmosphere from wetlands. Our goal here is to establish an approach as a viable means to 
closely measure methane oxidation and the underlying microbial controls on methane 
consumption Ð with the ultimate goal that this would then be used a wider scales for research and 
management of methane to reduce its emissions from wetlands.  We will take two approaches to 
study the impact of pulsing on methane consumptionÑ measurement of methane oxidation rates 
and the microbial ecology of methanotrophs. 

 
In brief, we plan  to use cores at the Olentangy Research Wetlands during the spring flooding 
season from the upland, pulsing zone and permanently flooded sites.  Methane oxidation rates 
will be done by exposing a core to methane/air mixture (injected 100 ppm methane) in sealed 
bottles fitted with septa followed by gas sampling and GC analysis for methane at time zero and 
then hourly for 6 hours. Methane oxidation rates are calculated from linear decrease in methane 
over time. 

 
To determine the role of methanotrophs in controlling methane oxidation another set of intact 
cores will be exposed to 13C-methane for a 7 day incubation which for submerged samples will 
follow Boschker et al. (1998) (anoxic water with dissolved 13CH4) or for unsaturated samples we 
will follow the methods of Crossman et al. (2004) (core exposure 13CH4 gas at in situ levels).  
13C-PLFA (Carbon 13-Phophosphlipid fatty acids) Analysis will be done by extracting by 
PLFAs on a modified Bligh and Dyer fractionated on silica columns and trans-methylated, 
followed by separation on a gas chromatograph and d13C analysis of each PLFA on an Finnigan 
Delta-S isotope ratio monitoring mass spectrometer. This will be a powerful tool to determine, 
whether high (methanotrophs I) or low (methanotrophs II) methane affinity microbes are 
important in oxidizing methane of upland, pulsing and flooded soils of wetlands over N l 
gradients. Combining this information with oxidation rates  will tell us how and to what degree 
microbial consumption of CH4 can regulate CH4 emissions relative to wetland water 
management. 
 
Pr imary Productivity/Uptake: Aboveground net primary productivity (ANPP) will be 
estimated by harvesting 16 selected 1-m2 plots in each of the experimental wetland basins 
(locations of inflow and outflow) during peak biomass period (late August) in each of the three 
years of measurement. Aboveground biomass in each plot is clipped at the soil surface and 
weighed immediately. Sub-samples are taken to the lab and dried in a drying oven until constant 
weight to estimate dry/wet ratios. ANPP will be estimated as g-dry wt. m-2 yr-1. The average of 
this number for each basin will be multiplied by the area of vegetation cover in each basin to 
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obtain entire basin macrophyte productivity. Vegetation cover will be estimated annually with 
August color aerial photography provided by Ohio Department of Transportation under a 
separate contract.  At the time of ANPP measurements, three cores will be taken at each plot to 
obtain belowground biomass that can be used to estimate belowground net primary productivity. 
Sub-samples of aboveground and belowground biomass will be ground and analyzed by the OSU 
STAR laboratory (Wooster, OH) for N, P, and C. Soil samples will be dried in an air circulating 
cabinet at 29 oC, passed through a 2mm sieve, and analyzed by extraction for nutrient and 
mineral concentrations.  
 
Diurnal patterns of dissolved oxygen from two new data sondes to be installed in the middle of 
each experimental wetland will be used to estimate aquatic metabolism of the standing water in 
methods similar to those used by Cronk and Mitsch (1994). Respiration is estimated as the 
average rate of oxygen decrease from dusk to dawn. Daytime net primary productivity is 
estimated from the increase in dissolved oxygen from dawn to dusk. Corrected for daytime 
respiration, daytime net primary productivity is used to estimate gross primary productivity 
(GPP) of the water column. Diffusion corrections will be made as necessary using literature or 
field-determined diffusion coefficients.  These daily instrument measurements will be 
supplemented with monthly diurnal measurements of dissolved oxygen at 10-12 locations in 
each wetland basin.  Diurnal oxygen methods will be supplemented with continuous and manual 
measurement of chlorophyll a (Strickland and Parson, 1972). 
 
Pathogen Removal: The goals of this research will be to determine how pulses in river flows 
affect pathogen concentrations in surface waters, and to determine the ability of wetlands to 
reduce pathogen concentrations.  To fulfill these goals we will use PCR (polymerase chain 
reaction) techniques (Datsenko and Wanner 2000) to measure concentrations of Esherichia coli 
in both the river inflow to the wetlands and the outflow from the wetlands.  By comparing the 
differences in these two locations we will quantify the ability of riparian wetland systems to 
reduce pathogen concentrations and the impact of pulsing flows on pathogen reductions. We will 
collect and analyze two samples per month from the wetland inflow and outflows. Based on 
results from previous pathogen studies of surface waters, this frequency is adequate to represent 
pathogen concentrations. After rinsing the 200 ml, acid-washed bottles with wetland water, a 
200ml sample will be collected from each sampling point twice a month.  These samples will be 
gathered 2cm below the water surface.  Sample preservation prior to plating is not needed 
because plating will occur immediately after collection.  PCR samples will be immediately 
centrifuged after collection.  Then, the ÔseedÕ will be removed with a pipette and resuspended in 
1ml of preserving solution, and frozen for PCR analysis. The frozen samples can be held 
indefinitely. The PCR will be calibrated by initially plating and incubating duplicate samples.  
These results will be use to calibrate the results, and also to determine the amount of 
concentration needed prior to PCR analyses.  For quality assurance to be met, the result of the 
PCR and plating analyses should be within the same order of magnitude. Every tenth sample 
frozen for PCR analysis will be a duplicate, for quality assurance purposes. Cross contamination 
of the PCR will be avoided by sterilizing or switching the extraction tubes between the analysis 
of each sample. PCR results will return the number of E. coli cells per ml of water sampled.  The 
deliverables from this section will be E. coli counts in the inflow and outflow from the wetlands 
during steady flow rates and pulsing flow rates. 



 The Schierme ier  Olentangy River Wet land Research Park Date:  7-12-06 

The Ohio St ate Universit y Page 1 3  o f  3 0  

 

08/ 07/ 07 QAPP_v5_f inal.doc 

 

 
In reality, E. coli are not pathogens themselves.  However, because they are present in human 
and animal intestines and excreted in feces, they are commonly used as indicator organisms for 
pathogen contamination.  Similar to methods used by the USEPA  and most state health 
agencies, we will test for E. coli as indicators of the existence of pathogenic organisms.  The 
measurements for E. coli are critical because this is a more common technique to characterize the 
public health threat of surface waters. 
 
 
3.2 Carbon Sequestration 

Carbon sequestration is the positive process in wetlands related to climate change while methane 
emission is regarded as the negative carbon flux process. We will estimate the recent C 
sequestration rate in the Olentangy River Wetland experimental wetlands described above and 
compare those rates to several natural wetlands in Ohio. Carbon accumulation in the two 
experimental wetlands will be measured by estimating sediment accumulation since the wetlands 
were created and by determining the inorganic and organic C that accumulated in those wetlands 
per methods described by Anderson and Mitsch (in press). Because C sequestration results are 
expressed as annual rates of C retention, we will be able to develop unitless C 
sequestration/methane generation ratios for the Olentangy River wetlands that will describe the 
relative function of each wetland in its contribution to greenhouse gas development. This will 
provide an important first indicator for wetland climate change impact of created wetlands 
created in the upper Mississippi River Basin for the control of agricultural runoff to minimize the 
Gulf of Mexico hypoxia. 
 
It is important to compare the rates of carbon sequestration in the created wetlands with carbon 
sequestration rates in natural wetlands in the Midwest.  We will do this with sediment cores from 
natural wetlands dated for 137Cs and 210Pb using gamma spectrometry.  The new instrument 
being purchased in this grant to carry out this analysis is a Canberra Model 7500SL low energy 
Germanium Detector (GD) that detects Cs-137 and Pb-210 background radiation signals in soils.  
This GD is housed in a lead shield 10-cm in thickness and has a self-contained liquid-nitrogen 
cooling system. This cooling system (cryocooler) is more reliable than the conventional 
electrically powered detector coolers because it keeps on working during a power failure. The 
efficiency of the cryocooler and the power controller are very high so the total power 
consumption is typically less than 200 watts. It can be used to determine the annual rate of 
sedimentation in natural systems by identifying high levels of Cs-137, caused by historic 
atmospheric testing of atomic weapons in the mid-20th century, and Pb-210, a naturally occurring 
radionuclide, in the soils.   This piece of equipment is only housed in a handful of other labs in 
the country and clearly should be part of our laboratory at the ORWRP.  The GD will allow us to 
study historical patterns and carbon sequestration of natural wetlands in Ohio and around the 
world. 
 
Because of the extensive amount of time required to provide the spectrometry (24 hours is 
required per 2-cm deep soil sample) we will take samples only once during the study but at 
several locations in three natural wetlands in Ohio. We have estimated that we can analyze 12 
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sediment cores over the two years of our study (4 cores each in 3 wetlands). In these natural 
wetlands, 50 Ð 60-cm sediment cores will be taken at locations in the wetlands with a sharpened 
piston corer (about 7-cm diameter). The core will be extruded and sectioned in the field 
immediately after collection.  The core will be sliced into 2-cm increments, dried, and weighed 
to determine bulk density.  137Cs and 210Pb will be measured in depth increments using gamma 
spectrometry of the 661 keV and 46.5 keV photopeaks per methods described by Graham et al. 
(2005).  This information will be used to estimate soil accretion in these wetlands over the past 
40-110 years.  Organic matter and organic C will be measured using loss on ignition (400oC for 
16 hr) and dry combustion respectively.  Organic matter, organic C, and mineral sediment 
accumulation will be calculated using soil accretion rates (determined from Cs and Pb dating), 
bulk density, and concentration data.  Methane emissions will be measured at two of the natural 
wetlands to allow comparison of methane vs. carbon sequestration for the natural wetlands in 
addition to the Olentangy River created wetlands. 
 
 

 
3.3  Ohio Water Quality Monitoring Network 
 
We propose to extrapolate findings at the Olentangy River experimental wetlands on nitrate 
retention and carbon and nitrogen fluxes to watersheds in the state of Ohio by developing water 
quality and flood pulse measurements at four other rivers in Ohio and comparing those results to 
similar measurements at the Olentangy River site. We will do this in collaboration with 
colleagues in our Ohio Center for Wetland and River Restoration (OCWRR) and specifically in 
this study with colleagues at Kenyon College, Wright State University, and Shawnee State 
UniversityÑ did you forget Central State?, all in Ohio. One aim of the founders of the OCWRR 
was to establish a continuous data collection network at the research wetlands and rivers of each 
of the participating institutions.  To accomplish this it will be necessary to have similar 
monitoring capabilities at each institution or research site and for there to be concurrent 
transmittal of the data to a central computer center at the ORWRP for basic processing and re-
distribution of collated data to each of the research outposts for comparison and analysis by all of 
the researchers. We will establish linkages among the 4 OCWRR institutions to exchange real-
time water quality and quantity data and provide an analytical framework for determining the 
health of the following river systems and their adjacent wetlands: 
 
 Lower Scioto River: Shawnee State University 

Olentangy River: Ohio State University (instruments already installed) 
 Beaver Creek: Wright State University 
 Kokosing River: Kenyon College 
   Miami River: Central State University 
 
Each participating university will do the following: 

1. Establish a water quality/river stage monitoring station at their assigned river with a 
preference for a location where flow can also be measured or a USGS site is nearby and 
where manual samples for nutrients can be taken. 
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2. Design the system to send radio or other signal that can be picked real-time by the host 
university for uploading to the web and/or transmission to the Olentangy River Wetland 
Research Park for data display, storage, and retransmission. 

3. Provide instrument maintenance and manual water sampling for nutrients at the same 
locations, probably by undergraduate research students. 

4. Sample, preserve, and send manual samples to the analytical lab at the ORWRP for 
analysis of nutrients (NO3, NH4, TKN, SRP, TP) from each river site by methods described 
above. 

5. Provide continuous data on stream stage (and flow if available) during the study period to 
the ORWRP for comparison of hydrology and flood pulsing duration with the Olentangy 
River. 

3.4 Statistical Analysis 
 
General statistical methods will be used to evaluate the field and Lab data for hydrology, water 
quality, nutrients, gas fluxes, primary productivity/uptake, and pathogens.  Summary statistics 
(mean, standard deviation. etc.) and the general linear model (GLM), ANOVA (MANOVA), and 
Paired T-tests will be applied. All tests for equal means will be conducted at a 95% confidence 
interval. SPSS (version 11.04) statistical software (SPSS Inc. Chicago, USA) will be used to 
perform the analyses. All measurements from fields and Labs will be identified for each sample 
type or process, and project-specific target analytes will be listed and classified as critical or non-
critical distinction from the statistics. 

 
3.5 Sampling sites 

 
All sites used for this study will be geo-referenced with a GPS unit and incorporated into a 
Geographic Information Systems (GIS).  Site locations will be incorporated into one GIS layer. 
ArcMap 9.1 and Arcview 9.0 will be used to this project. Data also be stored into Excel 
datasheets (see section 5). 
 
3.6 Critical/Non-critical data 
 
Any samples related to water collected directly from the river and wetland are critical data.  
Samples resulting from lab processing are non-critical. 
 

4. CONTROL MEASURES  

 
4.1 Wetland hydrology 
 
Water from the Olentangy River is pumped continuously into the experimental wetlands with a 
submersed pump that has a capacity of roughly a 1000 gal min-1 (or ~3800 L min-1). Pumping is 
continuous except when the pumps are being serviced. Pumped water volumes are gauged and 
displayed at an adjacent pumping control station. The amount of water pumped into each 
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wetland is recorded automatically every 30 minutes and manually twice a day to estimate. A 
calibration curve for water height of inflow plume versus flow developed by Zhang and Mitsch 
(2002) will be updated in the summer of 2006.  This curve will be used to calibrate flowmeters 
and to calculate inflow volume when the flowmeters malfunction.  During the summer of 2006 a 
calibration curve will also be developed for surface outflow according to wetland waterlevel 
recorded automatically every 30 minutes by an Ott datalogger and manual twice-daily staff 
gauge readings. Calibration of meteorological instruments, outflow weirs and stage measurement 
instruments will follow the standards by USGS reference manuals and reference books. 
 
Estimates for water budget of each wetland will be followed by Mitsch and Gosselink (2000). 
Model 2100 (http://www.swoffer.com) for stream velocity instrument will be used to measure 
outflow for each wetland at ORWRP. 
 
4.2 Water quality 

Water quality data at the experimental wetlands will be collected in-situ at the ORWRP 
experimental wetlands using a portable YSI 600XLMulti-Parameter Water Quality 
Monitor with an YSI 650 MDS (Multiparameter Display System). The system will be 
calibrated weekly by the YSI 600XLMulti-Parameter Manual (YSI, 2002). Water quality 
will be monitored remotely at the wetlands, the Olentangy River and the proposed 
OCWRR river sites at 15- to 30-minute frequencies with YSI 6000̈ . Laboratory analyses 
of water sampled in the field will be conducted using a Lachat Quikchem FIA+ 8000 
Series and a Hach 2100N Turbidimeter.  

 

In-situ water  quality measurements: Twice a day (early morning and late-afternoon) in-situ 
measurements of water temperature, pH, specific conductance, redox potential and dissolved 
oxygen will be obtained using the YSI Monitor with measurements taken at the waterÕs surface 
(approx. 0.25 m) and just off the bottom. Accuracy of the YSI Monitor will be checked weekly 
for all measured water parameters based on calibration protocols provided in the YSI Monitor 
Manual and adopted by the ORWRP (YSI Inc. 2002). 

 

Water  nutr ient and turbidity measurements: Weekly water nutrient concentrations will be 
measured for total phosphorus, soluble reactive phosphorus, nitrates, TKN, and occasionally 
ammonia using the Lachat. The generation of quality data begins with the collection of the 
sample, and therefore the integrity of the sample collection process is of the utmost concern.  
Samples will be collected in such a way that no foreign material is introduced into the sample 
and no material of interest escapes from the sample prior to analysis.  To ensure sample integrity, 
the following protocol will be followed: 

!  Samples will be collected in appropriate containers (100 mL and 1000mL Nalgene bottles for 
daily and weekly sampling, respectively).  

!  Sample containers will be properly cleaned after each use (washed with detergent followed 
by an acid rinse and deionized water) to ensure that the sample is not contaminated during 
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the collection process. This clean procedure will also be used for all laboratory glassware 
used for chemical analyses.  

!  Samples will be preserved appropriately to minimize the loss of materials of interest due to 
adsorption or chemical or biological degradation. Samples for Total phosphorus, TKN, 
nitrates and ammonia will be acidified (100 ml of sample with 0.5 ml H2SO4) and  samples 
for soluble reactive phosphorus will be filtered using a 0.45µm. After preservation all 
samples will be kept frozen until analysis. 

 
A critical element in the generation of quality data is the purity/quality of standard solutions and 
reagents used in the analytical operations.  We will continually monitor the quality of reagents 
and standard solutions through a series of well-documented procedures. To ensure the highest 
purity possible, all primary reference standards and standard solutions will be obtained from 
reliable commercial sources. Standard solutions will be validated prior to use.  Validation 
procedures can range from a check for chromatographic purity to verification of the 
concentration of the standard using a different standard prepared at a different time or obtained 
from a different source.  All standard solutions will be properly stored and handled, with all 
containers labeled as to compound, concentration, expiration date, solvent, and preparation date. 
 
Matrix duplicates, check standards and matrix spikes 
Because water quality analysis represents the greatest sampling intensity, specific measures will 
be implemented to provide data quality assurances. Matrix duplicates (and/or check standards) 
and matrix spikes will be utilized each time the Lachat is run to ensure data precision and 
accuracy.   Matrix duplicates are an environmental sample that is divided into two separate 
aliquots in the laboratory. 10% of all samples must be analyzed in duplicate.  Every tenth sample 
should be poured three times (one for the duplicate, and one for the matrix spike as described 
below). Duplicate samples will be carried through all regular sample prep along with all other 
samples, for each method. The check standards must be prepared from standard concentrations 
obtained from Lachat or Fisher, or other appropriate outside source. In either case, the aliquots 
are then processed separately and the results compared to evaluate the effects of the matrix on 
the precision of the analysis.  Results will be analyzed using a correlation analysis and will be 
considered acceptable when they show ± 5% accuracy.  
 
A matrix spike is an environmental sample to which known concentrations of analytes have been 
added and will be used to ensure accuracy using approximately 2% of the samples. 10% of all 
samples must be analyzed as matrix spikes.  The third sample of every 10 samples poured in 
triplicate will be spiked with a known concentration of standard, which can be from our 
calibration standards.  The matrix spike is taken through the entire analytical procedure and the 
recovery of the analytes calculated. Results are expressed as percent recovery of the known 
amount spiked.  The matrix spike is used to evaluate the effect of the sample matrix on the 
accuracy of the analysis and will be considered acceptable when >95% recovery is achieved. 
 
Lachat calibration  
Calibration of instruments is required to ensure that the analytical system is operating correctly 
and functioning at the proper sensitivity.  The Lachat will be calibrated with standard solutions 
appropriate to this instrument and the linear concentration range established for the analytical 
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method. The instrument will be calibrated each time that a set of samples are processed. The 
concentration of calibration standards and all other quality control measures will be implemented 
per guidelines provided in the Lachat Methods Manual (Lachat Instruments 2000). Calibration 
results will be analyzed using a correlation analysis and will be considered acceptable when 
R2>0.99. 
 
Turbidity 
Twice-a-day water data will be collected at the ORWRP wetland inflow and outflow for turbidity 
analysis using the Hach Turbidimeter. Water grab samples will be collected with 125-mL 
Nalgene bottles and stored at 4¡C until processed. Prior to water collection, bottles will be rinsed 
and cleaned per protocols established for the water nutrient samples. Calibration of the Hach 
Turbidimeter will be conducted at least weekly using the recommendations from the instruction 
manual (Hach Company 1999).  Calibration will be carried out using of 20-, 200-, 1000-, and 
4000-NTU Formazin standards. 
 
4.3 Gas emissions 
 
Matheson methane/nitrous oxide standards, balanced with N2, will be used to perform 4-point 
calibration curves; check-standards of various concentrations will be injected at a rate of 
approximately one check standard per every 50 field samples.  Methane standards will consist of 
concentrations set at 5, 10, 15 and 20 parts per million (ppm). Nitrous oxide standards will be set 
at 200, 400, 600 and 800 parts per billion (ppb). Matheson standards from which the various 
concentration levels are prepared typically have an accuracy of ± 2%.  These standards will be 
purchased through Alltec Associates or a reputable supplier. A new calibration will be prepared 
each time samples are run, and calibration linearity will have an R2 # 0.99. Analysis of soil 
methanotrophs levels will be determined in part using a Finnigan Delta-S isotope ratio 
monitoring mass spectrometer. The spectrometer will be calibrated prior to analyses, using 
previously prepared reference standards per manufacturerÕs directions.  
 
4.4 Vegetation 
 
Plant community maps will be ground truthed by vegetation surveys made from the wetland 
boardwalks during the biomass period (/year). All plant species identified in the mapping and 
productivity study will be identified to species per Chadde (2002) and, if necessary, plant 
vouchers will be submitted to the Ohio State University Herbarium for identification. 
 
Sub-samples for biomass of macrophyte plants will be taken to the lab (Heffner Wetland 
Research Building at the Ohio State University) where both wet weight and dry weight (oven-
dried 105oF for a minimum of 48 hours) will be determined to estimate dry/wet ratios.  
 
Sub-samples of aboveground and belowground biomass will be taken to STAR laboratory for 
analyze of N, P, and C. Basically the laboratory subscribes to the North American Proficiency 
Testing Program which sends them both soil and plant samples quarterly for analysis. + or -2 
standard deviations will be selected  as the confidence limits. After each run they add results on 
checks to the file and produce X-charts showing whether checks are within limits.  Rarely are the 
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checks out of the acceptable ranges but when they are the reasons for the outlying data are 
determined and samples re-analyzed when necessary. 
 
Biomass of benthic algae and submerged macrophtyes were washed and separated in tap water to 
remove sediment and invertebrates biomass, and then placed into separate pre-weighted 
aluminum dishes and dried in a drying over at 60 oC (140 F) for more than 48 hours until a 
consistent weight is achieved. Samples with constant mass will be recorded.  
 
4.5 Carbon Sequestration 
 
Carbon sequestration in created wetlands will be determined by methods described by Anderson 
and Mitsch (in press).  This method includes measurements of bulk density and soil organic 
carbon.  At the laboratory, each soil sample will be homogenized by hand.  One section from 
each sampling point will be oven-dried at 60ûC for determination of bulk density and percent 
organic matter based on loss by ignition at 550ûC for 1 hour. When sufficient soil sample is 
available, two replicates of each sample will be analyzed and an average of the two will be 
reported. Using the remaining section, a100-g field-moist sub-sample will be air-dried at room 
temperature, all visible roots and rhizomes will be removed, sediment will be ground using a 
pestle and mortar, passed through a 2 mm sieve, and analyzed for total N and C by combustion 
(AOAC 1989, ISO 1995). All chemical analyses of soils will be submitted to the Ohio 
Agricultural Research and Development STAR-Lab in Wooster, Ohio. Protocols for soil 
analyses and quality assurance can be found for that laboratory at http://www.oardc.ohio-
state.edu/starlab/policy.asp. 
 
Four composite samples will be taken in each natural wetland to estimate carbon sequestration so 
as to be representative of the current vegetation communities and/or hydrology in the wetlands. 
Each composite sample will consist of three sediment cores spaced in a triangular pattern with 40 
cm between each core to include soil heterogeneity in the area (Isaksson et al., 2001; Stark et al., 
2006). The diameter of the sediment sampler (7 cm) should provide a core without compaction, 
distortion, and disturbance (Kemp et al., 1971). Once extruded, they will be immediately 
sectioned into slices 2 cm thick to minimize mixing of layers, and the corresponding layers in the 
three cores of the composite sample will be pooled into one sample per layer. 
 
Even with the time and effort required to analyze a sediment sample using the proposed 
Germanium Detector (GD), we will employ some check standards or duplicates (approx. 10% of 
samples) to test data. The equipment will be calibrated with a certificated Multi-Gamma Ray 
Standard. The standard is provided and certified by the Canberra Industries laboratory, and the 
GD calibration will be done at the ORWRP by CanberraÕs Field Service Engineer. The 
efficiency of the 137Cs analysis will be determined by comparing the levels of Cs-137 with those 
of Pb-210. Both are measured simultaneously by the GD, so no extra time is needed for that. The 
analysis of 137Cs and 210Pb in the same sample provides two independent means of radiodating 
and therefore, two independent results. That way we can check the effectiveness and accuracy of 
the analysis (Lynch et al., 1989; He and Walling, 1996): as long as both measurements provide 
the same results, the analysis and the calibration of the system will be reliable. Otherwise the 
system will be recalibrated. We have also arranged to have our field and instrument methodology 
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critically evaluated by Dr. Christopher Craft of Indiana University. Dr. Craft has extensive 
experience using the GD to date sediment cores (Craft and Casey, 2000; Graham et al., 2005) 
and he was our original consultant in evaluating our need to purchase one. Dr. Craft has agreed 
to visit our lab, evaluate our methodologies and provide general consultation during the project.  
 
4.6 Pathogen Removal 

Bimonthly water sample will be analyzed for E. coli concentrations using the PCR. The 
generation of quality data begins with the collection of the sample, and therefore the integrity of 
the sample collection process is of the utmost concern.  Samples will be collected in such a way 
that no foreign material is introduced into the sample and no material of interest escapes from the 
sample prior to analysis.  To ensure sample integrity, the following protocol will be followed: 

!  Samples will be collected in appropriate containers at the same locations with the same 
methods.  

!  Sample containers will be properly cleaned after each use (washed with detergent followed 
by an acid rinse and deionized water) to ensure that the sample is not contaminated during 
the collection process. This clean procedure will also be used for all laboratory glassware 
used for chemical analyses.  

!  Samples will be preserved appropriately to minimize the loss of materials of interest due to 
adsorption or chemical or biological degradation. Samples for PCR analysis will be first 
centrifuged, then the concentrated sample will be preserved and frozen.  

 
Duplicates and cross contamination 
Every tenth sample frozen for PCR analysis will be a duplicate, for quality assurance purposes. 
Cross contamination of the PCR will be avoided by sterilizing or switching the extraction tubes 
between the analysis of each sample. 
 
4.7 Quality Control Requirements 

Any measurements from field and lab that are not consistent with normal or expected 
readings are repeated.  The Project Manager will review the data analysis reports, and any 
inconsistencies, incomplete information, or other anomalies will be directed to the 
laboratory or responsible sampling team.  The Project Manager will determine if repeat 
sampling is necessary.  

The individual institutions are responsible for documented training of field personnel involved 
with the collection, preservation, and transport of samples; and documentation of all equipment 
and instrument calibrations; maintenance and testing of equipment; laboratory and field quality 
control standards.  
 
All field instruments used in the measurement of physical, chemical or biological parameters 
shall be properly calibrated and maintained.  Records will be kept of these operations for each 
instrument. 
 
4.8 Sample Handling and Custody Requirement 
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In the field, all samples are the responsibility of the sampling team and institution. All samples 
are labeled in the field with the site number, sample number, date, time, and name of the person 
sampling.  More detailed information is recorded on the field sheets including sample location 
description, site conditions, etc.  Samples will not be passed to other organizations or institutions 
until the end of the study, so no Chain of Custody requirements are required. Standard holding 
times will be followed for each sample type.  For instance pathogen samples that are plated will 
be analyzed directly following collection.  AHPA (1998) standard holding times will be used for 
all water quality samples. 
 
 
 

5. DOCUMENTATION AND RECORDS 

 
Daily hydrology data collected at the experimental wetlands and the Olentangy River include: 
!  Date and time of data collection 
!  Staff gauge water levels at the river, experimental wetlands and outflow swale 
!  Inflow pumping rates and volumes for the experimental wetlands   
!  Precipitation measurements per on-site rain gauge 
!  In situ physicochemical measurements  
 
Weekly water quality (nutrient) data collected at each sampling station within the experimental 
wetlands and the Olentangy River include: 
  
!  Date and time of data collection 
!  Staff gauge water levels at the river, experimental wetlands and outflow swale 
!  Inflow pumping rates and volumes for the experimental wetlands   
!  General weather conditions 
!  In situ physicochemical measurements  
!  Nutrient measurements (SRP, Total P, NO3-N and TKN) 
 
A copy of our field data sheets can be found in Appendix A.  Data from all field sheets will be 
entered into a computer database usually within a few weeks. This database will be physically 
located in the computer Server (G5) of the Heffner Wetland Research and Education Building at 
the Ohio State University. Data reports for this project will include all the most recent data 
recorded into our databases, results of Quality Control checks, any necessary changes to standard 
procedures and protocols outlined in the QAPP, and any problems that were encountered in the 
course of the field and lab work.  The original datasheets for the field and the lab will be 
archived at the ORWRP offices and made available to the EPA Project Director upon request.   
 
6.  PREVENTIVE MAINTENANCE 
 
6.1 Equipment Testing, Inspection, and Maintenance Requirements 
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To ensure that analytical data generated for the project are reliable, all equipment and 
instruments will have a prescribed routine maintenance schedule in addition to a calibration 
schedule.  A list of all major analytical instruments is provided in Appendix B. Qualified 
personnel will do all maintenance. 
 
Field instruments: All field instrumentation, sampling equipment, and accessories will be 
maintained in accordance with the manufacturer's recommendations and specifications and 
established field practice.  Qualified personnel will do all maintenance. 
 
Laboratory instruments: Preventive maintenance will be provided on a scheduled basis to 
minimize down time and the potential interruption of analytical work.  All instruments will be 
maintained in accordance with the manufacturer's recommendations and normal laboratory 
practice. 
 
As part of its instrument and equipment maintenance, the project team will perform a variety of 
tests including: all instruments are to be inspected before each use to ensure they are clean and in 
good working order, and all batteries will be tested and fully charged the evening prior to 
sampling.  Parts to equipment will be changed when broken or malfunctioning. 
 

6.2 Instrument Calibration and Frequency 

Calibration of all equipment and analytical instruments used to be performed daily prior to 
analysis following procedures using the ManufacturerÕs recommendations detailed in the Users 
Manual for each piece of equipment or instrument.  All calibrations will be recorded into 
logbooks.  
 
 

7. INSPECTION/ACCEPTANCE REQUIREMENTS FOR SUPPLIES AND 
CONSUMABLES 

 
The Laboratory Manager will be responsible for inspecting collection jars before each sampling 
event for any damage or ill-fitting lids.  Only cleaned and contaminant free collection containers 
will be used for the collection of all water samples. The Laboratory Manager will also be 
responsible for inspecting collection containers upon receipt in the laboratory for analysis. 
 

Reports and plans will be created and distributed to all major stakeholders at the end of the 
project.  Specifically, electronic monitoring and assessment data and a summary report will 
be submitted quarterly to EPA (Dr. Joe Schubauer-Berigan).  A final report will be 
prepared following the completion of the project and will contain data from the entire 
project.  The final report will be distributed to all project partners and the EPA.  Copies of 
the reports will be maintained at The Ohio State University.  
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The Project Manager has oversight on the preparation and distribution of the reports.  The 
reports will contain data results, interpretation of data, updates on project status, 
information gathered from all project partners and laboratories, recommendations on how 
to improve the project and quality assurances.  Any corrections, problems, or changes to 
the project will be included in the reports. 

The Project Manager will review all data associated with the project, and will discuss any data 
inconsistencies to determine whether specific data should be rejected or qualified.  
biogeochemistry and physical (hydrology) will be subjected to internal quality control checks, 
laboratory audits, and system audits where possible.  Data analysis will be proofed before the 
report is developed.  This will be done by the biologist/engineer who has taken the samples.  
Proofing the documents will entail examining field sheets for errors, comparing field sheets to 
bench sheets, and reviewing final tables and results for errors. The Project Manager will perform 
a final review before the report is filed.  
 
If data quality indicators do not meet project specifications, data may be qualified and repeat 
sampling may occur. The cause of the discrepancy will be evaluated and recorded.  Any action 
taken regarding data accuracy and use will be detailed in all project reports.  If the cause of the 
discrepancy is found to be due to equipment failure, calibration/maintenance techniques will be 
inspected and the equipment repaired.  If the failure is determined to be from sampling error, 
samplers will be retrained.  If failure to meet project specifications is found to be unrelated to 
equipment, methods, or sampling error, specifications may be revised for the next sampling 
session.  Any significant revisions will be submitted to the EPA for approval. 
 
The product document that will be prepared for journal articles (e.g. Journal of Ecological 
Engineering, Ecological Modelling, É. ). The contents of this document can be referenced to a 
NRMRL or program-specific QMP, if appropriate. 
 
8.  ASSESSMENT AND RESPONSE ACTIONS 
 
The Project Director will do performance and systems audits when deemed necessary throughout 
the project period.  The objectives of the performance and systems audits are to ensure that the 
quality assurance program developed for this project is being implemented according to the 
specified requirements, to assess the effectiveness of the quality assurance program, to identify 
non-conformance, and to verify that the identified deficiencies are corrected.  If significant 
deviations from the QAPP are documented, corrective action measures will be immediately 
implemented.  The Project Director will be responsible for corrective actions of any mistakes in 
reports or data. 
 

9.  DATA REVIEW, VALIDATION, AND VERIFICATION  

 
Data will be accepted if they meet the following criteria: 

!  Field data sheets are complete 
!  Field data and laboratory data are validated 
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!  Actual sample locations and collection procedures match the proposed sample locations 
and collection procedures 

!  Actual sample handling procedures match the proposed sample handling procedures  

Any data in the databases not consistent with the data in the original data sheets will be 
discarded and the proper data will be entered at which point it will be verified. 

 

10.  TENTATIVE WORK SCHEDULE 

September 1, 2006 USEPA support begins 

September Ð December 2006 no pulsing in two experimental wetlands (preliminary gas and 
carbon sequestration measurements and water quality) 

September Ð December 2006 Installation of water quality monitoring sondes at consortium 
university locations; installation of laboratory equipment at ORWRP 

January Ð June 2007 Steady flow conditions in experimental wetlands Measurement of gas 
fluxes, water quality changes, carbon sequestration and pathogens.  

July Ð December 2007 Analysis of first-year data; biomass sampling 

January Ð June 2008 Pulsing in two experimental wetlands with low amplitude, long duration, 
river pulses. 

August 2008 Final report. This project ends Aug 31, 2008 

The following third-year study will be done if additional funding is found: 

January Ð June 2009  Pulsing in two experimental wetlands with high amplitude, short duration, 
river pulses. 

August 2009 Third-year annual report 
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APPENDIX A Ð Water quality data sheets used for the ORWRP experimental wetlands 
 
 
 
 
 
 
 
 
 
 
 
   

 
 

 Daily Water  Quality Sampling  
(H20G &  Turbidity Bottles) at ORW 

Date Time Temp DO Cond pH Redox  Turbidity  Initials/Notes 
  ûC mg/l " mhos/

cm 
unit mV B # NTU  

INFLOW of 
wetland #1 

        

          
          
          
          
          
          
          
          
          

OUTFLOW of 
wetland #1 

       

          
          
          
          
          
          
          
          
          

OUTFLOW of 
wetland #2 
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APPENDIX A (Continued) 
 

 
 
 
 

                  
OLENTANGY RIVER WETLAND RESEARCH PARKÑ WATER QUALITY WEEKLY DATA   
                  

Date:                    
            General Weather/Other Condition:      

 Inflows   Stages             
 WI W2 River W1 W2 Swale Bilbng             
 gpm gpm ft ft ft ft ft             
                                
 gallons gallons                
                    
    FIELD           lab lab lab LACHAT             

Sampling Station     Temp  DO Cond  pH  Redox  TOC TIC Turb SRP Total P NH3-N NO3-N TKN Si Initials/Notes  

  ID #  Time ¡C mg/l ! S/cm field mV mg/l mg/l NTU mg-P/l mg-P/l mg-N/l mg-N/l  mg-N/l 
ug-
SiO2/l   

River  at CPW                                   

Inflow-W1                                   

Inflow-W2                                   

Middle-W1                                   

Middle-W2                                   

Outflow-W1                                   

Outflow-W2                                   

Swale                                   

                                    

Bilbng-Infl ow                                   

Bilbng-Outflow                                   

                                    

                                    

                                    
                  
GENERAL COMMENTS:                
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APPENDIX A (Continued) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Olentangy River Wetland Research Park NOTES: Wetland Water Level Monitoring
date/time start: * indicate ÒonÓ only if pumps are working and water is flowing into wetlands
date/time end: ** indicate if there is flow (F) or no flow (¯ ) into billabong; also indicate S if sample taken

    Pump Olentangy River   Billabong
Staff Gage Readings On or Off*      Inflow (Rates and Cumulative)     staff gage at     staff gage Inflow?**       Precipitation Remarks/

date time #1 #2 swale 1 2        Wetland 1       Wetland 2       Clinton Park Initials
feet feet feet Disc gpm gal gpm gal time feet time feet F, ¯ , S #1 W-1 W-2
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APPENDIX B Ð List of major analytical instruments, model numbers and manufacturers used at 
the ORWRP 

 
 
 
 
 
 
 

Instrument Model  Manufacturer 

Automated water quality analyzer Lachat QuikChem FIA+ Lachat Instruments 

Gas chromatograph/autosampler Shimadzu GC-14A/HT200H Shimadzu Corp./ 
Hamilton Co. 

Water quality monitor YSI 600XL Multi-parameter Water 
Quality Monitor 

YSI, Inc. 

Water quality monitor YSI 6600 Multi-parameter Water 
Quality Monitor 

YSI, Inc. 

Turbidimeter Hach 2100N Hach Co. 

TOC analyzer Shimadzu 5050A Shimadzu Corp. 

Flowmeter Swoffer Model No. 2100 Swoffer Instruments, 
Inc. 

Centrifuge Sorvall GLC-2B DuPont Instruments 

Block digester Lachat Model No. BD-46 Lachat Instruments 

Spectrometer NIRSystem Model 6500 NIRSystems Co. 

Muffl e furnace Thermolyne 1400 Thermolyne Co. 

Muffl e furnace Fisher Scientifi c Isotemp. 
Programmable MF 650/750 Series 

Fisher Scientifi c Co. 

Drying oven Precision Model No. 16 Precision Scientifi c Co. 

Drying oven Precision Model  Precision Scientifi c Co. 


