O H I O   R I V E R   V A L L E Y   W A T E R   S A N I T A T I O N   C O M M I S S I O N 
 Agenda Item 14

191st Technical Committee Meeting

October 20-21, 2009

A Comparison of Water-Quality Data from 

Two Sample Collection Methods used on the Ohio River by the

Ohio River Valley Water Sanitation Commission (ORSANCO)
Bimonthly Sampling Program

and

United States Geological Survey 

National Stream-Quality Accounting Network

[image: image44.png]



ORSANCO 2009
Abstract

A comparison study has been undertaken to contribute to an ongoing evaluation of ORSANCO Bimonthly Sampling and Clean Metals monitoring program locations and methods. To address this objective ORSANCO grab sampling data was compared to United States Geological Survey (USGS) National Stream Quality Accounting Network (NASQAN) isokinetic, depth-integrated sampling for twenty-two sample events over four years at two Ohio River sample locations: Greenup Lock and Dam and Cannelton Lock and Dam. Twelve water-quality parameters analyzed by both agencies were used to make the comparison: ammonia-nitrogen, arsenic, calcium, chloride, selenium, hardness, magnesium, nitrate/nitrite, sulfate, total kjeldahl nitrogen, total organic carbon, and total phosphorus.
Statistical tests: the parametric t-test and the non-parametric Sign, Wilcoxon Signed Rank, and Paired Prentice-Wilcoxon tests, were undertaken to determine if a significant difference (p<0.05) between agency data existed. Results of the tests reveal that four water quality parameters for which the data agreed at both sites were arsenic, total phosphorus, nitrate/nitrite nitrogen, and total organic carbon. Two of these pollutants, phosphorus and nitrogen, are high priorities in the Ohio River basin as it relates to the hypoxic dead zone in the Gulf of Mexico.

The statistical tests indicate the two agencies programs produce significantly different data for four water quality constituents: chloride, selenium, sulfate, and total kjeldahl nitrogen. Other water quality parameters examined showed significant differences at only one of the two sites or yielded inconsistent conclusions from the different statistical tests.
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Introduction
Study Purpose and Scope

This water quality data comparison study has been undertaken to contribute to an ongoing evaluation of ORSANCO Bimonthly Sampling Program and Clean Metals Program monitoring locations and methods as prescribed by the ORSANCO Monitoring Network and Assessment Strategy (ORSANCO, 2005).  The primary means of evaluation is to compare results of ORSANCO Bimonthly discrete grab sampling to the United States Geological Survey (USGS) National Stream Quality Accounting Network (NASQAN) sample at two locations.

Of seventeen Ohio River locations sampled by the ORSANCO Bimonthly Sampling Program and four Ohio River locations of the NASQAN network, two locations are shared by ORSANCO and the USGS: Greenup Lock and Dam at Ohio River Mile (ORM) 341.0 and Cannelton Lock and Dam at ORM 720.7. This study presents a comparison of data collected at these locations over the three-year period from June 2004 though June 2007. A total of twenty-two sample events were successfully coordinated between the agencies in that period.
Twelve chemical water-quality constituents are analyzed in common by both agencies. The twelve parameters: five metals, four nutrients, and three other non-metals, are selected from the twenty-six water-quality parameters analyzed by the ORSANCO Bimonthly Program and the ninety-one parameters analyzed by the USGS NASQAN Program (see Appendix A for complete tables of water quality parameters).
Coordination of sample events was accomplished through scheduling communication between the ORSANCO sampler and the USGS hydrologist. The ORSANCO sample was collected on the same day at the nearest possible hour to the multi-hour NASQAN sampling events. An average time is assigned to each USGS event while the ORSANCO sample time recorded reflects precisely the time of collection for the single grab sample.

Routine Monitoring
The ORSANCO Bimonthly Sampling Program, in existence since 1975 and formerly called the Manual Sampling program, is the foundation of ORSANCO routine water quality monitoring. Sampling event frequency has varied since the program’s inception: beginning with weekly measurement of some parameters in 1976, reduced to one sample per month from 1982-1992, and reduced again to six samples per year from 1993 through the present day. The Bimonthly Sampling Program’s current six-sample frequency is designed primarily to support analysis of long-term trend monitoring of the Ohio River. Samples are collected every two months in January, March, May, July, September, and November. 
Most ORSANCO samples are collected from United States Army Corps of Engineers Locks and Dams with the remainder collected from bridge or bank locations. Water quality parameters analyzed include nutrients, major ions, metals and suspended solids. A complete table of water quality parameters with method numbers, detections limits, and applicable water quality criteria is given in Appendix A.

ORSANCO sampling for metals underwent a transition from 1998 to 2002 with a new “clean” protocol sampling method replacing the original metals sampling and analysis of the Bimonthly Sampling Program. This new method included new sampling equipment, personnel, and laboratories, and began ORSANCO’s quantification of dissolved metals in the Ohio River. ORSANCO sampling quantifies metals in both dissolved and total recoverable forms with the new technique allowing much lower detection limits than traditionally possible. 

Previous Investigations

In 1994 Bimonthly Sampling Program grab samples were compared to nine-point (three-point width, three-point depth) cross-sectional sampling for three events at three sample locations in the study “Manual Sampling Quality Assurance Cross Section Study”.
The 1994 quality assurance study found it was unable to prove a significant difference between a single grab sample and data generated by a cross-section. The study did find significant differences in the grab sample’s ability to represent the entire river for four water quality parameters at two of the three locations included in the study. Parameters called into question by the study were: manganese, total suspended solids, iron and aluminum. The final caveat of the 1994 study however, was that not enough samples had been collected to say with sufficient confidence if the Bimonthly grab sample was representative of the entire river as described by a nine-point cross-section of samples from the same site.

Comparison Study Design

This monitoring program study again attempts to answer the question of the extent of a grab sample’s representation. Unlike previous grab sample investigations this study utilizes another agency’s data for comparison. Advantages of this method include the extensive research of the USGS in validation of their method of collecting representative samples from surface waters (Wilde et.al, 1999). In addition, the USGS NASQAN sample is a composite of multiple depth-integrated samples, yielding a single sample and set of results that is simpler to compare against a single grab sample than previous ORSANCO attempts using cross-sections of nine discrete sample results. In addition, the study required no extra time, sampling personnel, or equipment from ORSANCO.
Disadvantages of the comparison between separate agencies include a reduced number direct comparison points due to lack of parity in parameters analyzed by both agencies, differences in sample platforms (fixed structure vs. boat), restricted locations for comparison and non-exact sample points due to differences in agency sample locations, and undefined variability from the different laboratories employed for constituent analysis.
The aforementioned disadvantages are accepted in light of two important considerations:

· The study is designed to show if two established monitoring programs produce different results without assignment of error to any specific variable

· Minimum costs are incurred by not requiring additional laboratory analyses, equipment, or personnel.
Water Sampling Methods, Analytical Methods, and Parameters

ORSANCO Sampling Methods

ORSANCO bimonthly samples are collected by a surface grab method using a PVC bailer. Two discrete grabs, one immediately after the other, are required for sufficient volume to meet the Bimonthly program analyses. Sample water is transferred to the sample containers using an intermediate container (HDPE nalgene® carboy). The decontamination method between sample sites is a three-rinse system including 5% hydrochloric acid, distilled or deionized water, and a final rinse with water native to the sample location. Further details on Bimonthly Sampling Procedures are available in the ORSANCO Quality Assurance Program Plan (ORSANCO, 2007) and Standard Operating Procedures Bimonthly Manual Sampling Program (ORSANCO, 2005).
ORSANCO Clean Metals Samples are collected and processed by a technique adapted from the Virginia Division of Environmental Quality method for clean sampling. The sampling technique meets the requirements of the USEPA analytical method 1638 for determination of trace elements in surface waters (USEPA, 1996). Clean Metals sample kits, including the grab sampling bottles and sample containers for filtered sample water, are assembled by the Commonwealth of Virginia, Department of General Services, Division of Consolidated Laboratory Services, the analyzing laboratory for Method 1638 constituents.

The clean technique for dissolved and total recoverable metals is a non-contact method of stream water collection by pre-cleaned bottles submerged in the stream water. Sample water is transferred from the submersion bottle to sample containers by peristaltic pump and Teflon® tubing. Sampling equipment is manipulated with gloved hands only. Use of this equipment eliminates a sampler’s direct contact with the containers and stream sample itself and minimizes exposure of the sample and container to ambient air. All tubing and containers used for collection are cleaned, rinsed, and double-bagged by the laboratory to prevent contamination during transport and storage. ORSANCO dissolved metals determination is made by further processing through a 0.45 micron filter, the same preparation used by the USGS for NASQAN filtered water data. 
Further specifics on the ORSANCO Clean Metals Sampling program are available in the ORSANCO Quality Assurance Program Plan and ORSANCO Standard Operating Procedures for the Collection of Freshwaters for the Determination of Trace Elements (ORSANCO, 2001).
Sample Locations

The Greenup and Cannelton Lock and Dams are long-term fixed monitoring stations of the ORSANCO Bimonthly Sampling Program. The Cannelton site has been sampled since the beginning of ORSANCO monitoring programs in November of 1975. Greenup Lock and Dam was one of the final monitoring stations to be added to the program in July of 1992.
Figure 1 - Greenup and Cannelton Sampling Locations 
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Illustration from US Army Corps of Engineers Navigation Charts (USACE, 1989)

ORSANCO grab samples at both locations are collected from the outer lockwall (closest to river centerline) on the upstream side of the dam (see Figure 1). At Greenup Lock and Dam, located at Ohio River mile 341.0, the locks are positioned on the Kentucky bank or south side of the river. At Cannelton Lock and Dam, Ohio River mile 720.7, the locks are built on the Indiana bank or north side of the river. At both Lock and Dam locations sampling from the outermost lockwall positions the sampler about one-sixth of the total river width toward the river centerline. 
It is important to note that both NASQAN locations and ORSANCO monitoring stations are collected in the vicinity of Ohio River Locks and Dams, but the two agencies sites are on opposite sides of the dams and the dams themselves have significant hydrologic impacts on the river. The distances between the two agency’s locations are extremely short in relation the 981-mile length of the Ohio River yet NASQAN stations are downstream of the Locks and Dams while ORSANCO samples are collected in the slack water on the upstream side of the dam.

Another hydrologic factor to consider at the Greenup sample location is the presence of a hydroelectric power plant on the north bank, opposite the lock and sample site, which can create differences in flow over the width of the dam. Under low flow conditions the flow through the hydroelectric turbines is a greater portion of total flow and could reduce homogeneity across the river as water is largely held still in front of the south side of the dam at the ORSANCO grab sample location.
USGS Sampling Locations, Frequency, and Methods

The United States Geological Survey National Steam Quality Accounting Network was designed to characterize concentrations and flux of chemical constituents in the largest river basins of the United States. (USGS, 1997) The program was initiated with over 500 stations in 1974; however a major redesign in 1995 reduced the number of stations to approximately 40.
 USGS NASQAN sampling is currently conducted on the Ohio River at four locations:
· Ohio River mile 13.3 at Sewickley, Pennsylvania, Station No.03086000

· Ohio River mile 341.5 at Greenup Lock and Dam, Station No. 03216600

· Ohio River mile 720.8 at Cannelton Lock and Dam, Station No. 03303280
· Ohio River mile 962.2 at Lock and Dam 53, Station No. 03612500
The USGS samples are collected by boat as near as practical to the downstream end of the lower pool lockwalls at the Greenup and Cannelton locations. 

Sampling frequency has changed over time in the NASQAN program, fluctuating with availability of funding. The NASQAN program is currently based on a 15 sample per year frequency. This includes monthly sampling as well as the possibility of event-based sampling for events of extreme flood or drought.
Samples are collected by means described in the USGS collection of documents “Techniques of Water-Resources Investigations Reports” (TWRI) (USGS, 1967-2005). These following NASQAN procedures are described in detail in TWRI Book 9, Chap A4.

NASQAN water samples at Greenup and Cannelton are collected by boat using isokinetic depth-integrated sampling methods including Equal-Width Increment (EWI), Equal Discharge Increment (EDI), or Single Vertical at Centroid of Flow (VCF) methods. Equal-width, equal-discharge, and single vertical sampling methods use a depth-integrated sampler that creates a vertical composite sample. The sampling equipment is lowered to the stream bottom and then raised to the surface; the sample is collected as the equipment fills the entire time it is submerged.
The vertical composite is repeated at locations across the stream determined by percentage of discharge (EDI) or equal width (EWI). The vertical centroid method is only used where the stream is known to be both vertically and laterally well mixed. Choice among the three sampling methods is left to the sampler and determined by site conditions as prescribed by TWRI. Vertical composites are further combined to create a single sample representative of the entire river cross-section.
Coordinated Sample Events

The project began in January 2004 with bimonthly sample events coordinated between the agencies. After a six-month pilot study yielding three events at each station the data was examined. The pilot study was inconclusive in its primary goal; however it provided a basis to determine an appropriate sample size
 and the impetus to increase ORSANCO sampling at the two locations to generate the required data set in less time. That initial analysis indicated that a coordinated sample population of at least 18 events would show with a 90% confidence that for 9 of 12 parameters ORSANCO and USGS results differ by no more than 40% of the parameters 10-year geometric mean.
Beginning in July 2005 ORSANCO sampling was increased to a monthly frequency at the two locations. This increase allowed a maximum of 12 coordinated sample events per year at each location. Coordinated monthly sampling continued until June 2007. Figure 2 presents hydrographs of daily flow and each agency’s sample events at Cannelton and Greenup dams since the beginning of monthly sample coordination. Coordinated events are marked by open white circles in this figure.
Figure 2 - Hydrographs and Sample Events August 2005 through August 2007
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The target number of coordinated sample events was 24 at each station. Due to scheduling difficulties and cancellation of some dry weather events by the USGS the actual sample population to be reached was 20 events at Greenup L&D and 21 events at Cannelton L&D. Miscommunications and scheduling difficulties that resulted in 1-day offsets for each location happened three times, these events have been excluded from matched-pair tests as they add unacceptable variability to the data set.
Water Quality Constituents for Comparison

ORSANCO’s routine monitoring for water quality constituents includes 18 metal species and 11 nutrients and other major ions. USGS NASQAN sampling routinely monitors for over 90 pollutants, including metals and nutrients in addition to many organic chemicals from agricultural and industrial pesticide and herbicide uses. The two agencies examine just twelve constituents in common. 
Parameters analyzed by both agencies include: 
· dissolved arsenic
· dissolved selenium
· dissolved calcium
· dissolved magnesium
· dissolved iron
· sulfate
· total phosphorus
· total kjeldahl nitrogen
· ammonia-nitrogen
· nitrate/nitrite
· chloride

· total organic carbon. 
ORSANCO’s non-metal sampling methods quantify the concentration of in a whole-water sample. NASQAN methods for four shared non-metal parameters: ammonia, chloride, nitrate/nitrite, and sulfate are specific to the filtered water sample, quantifying the dissolved portion only. Each of these chemicals are major constituents of water pollution and dissolve readily in water, therefore they remain in consideration for the statistical tests to follow. Complete results of the coordinated sample events, including censored values below method detection limits, are presented in Appendix B.
Laboratory Analytical Methods and Reporting Limits

Agency specific laboratory analytical methods and reporting limits for ORSANCO and USGS sampling are presented in Table 1. All analytical methods compared in the study are designed to quantify the same constituents. Analytical methods for Total Organic Carbon differ slightly between the two agencies. ORSANCO employs EPA method 415.1 (total organic carbon by combustion or oxidation), while the USGS is using EPA method 440.0 (elemental C and N by combustion and thermal conductivity). 
Table 1 - Comparison Analytical Methods and Reporting Limits

	Parameter


	ORSANCO
	USGS

	
	Analytical Method
	Reporting

Limit
	Analytical Method1
	Reporting

Limit

	Arsenic
	EPA 1638
	0.1 ug/L
	I-2477-92
	0.06 ug/L

	Selenium
	EPA 1638
	0.5 ug/L
	I-2477-92
	0.04 ug/L

	Calcium
	EPA 1638
	1.0 mg/L
	I-1472-87
	0.04 mg/L

	Magnesium
	EPA 1638
	1.0 mg/L
	I-1472-87
	0.02 mg/L

	Iron
	EPA 1638
	50 ug/L
	I-1472-87
	8.0 ug/L

	Ammonia Nitrogen
	EPA 350.1
	0.03 mg/L
	I-2522-90
	0.02 mg/L

	Chloride
	EPA 325.3
	1.0 mg/L
	I-2057-85
	0.12 mg/L

	Nitrate + Nitrite
	EPA 353.2
	0.02 mg/L
	I-2545-90
	0.04 mg/L

	Total Kjeldahl Nitrogen
	EPA 351.2
	0.20 mg/L
	I-4515-91
	0.14 mg/L

	Sulfate
	HACH 8051
	1.0 mg/L
	I-2057-85
	0.18 mg/L

	Total Suspended Solids / Suspended Sediment
	EPA 160.2
	1.0 mg/L
	ASTM D399-97
	1.0 mg/L

	Total Phosphorus
	EPA 365.4
	0.01 mg/L
	EPA 365.1
	0.006 mg/L

	Total Organic Carbon
	EPA 415.1
	0.5 mg/L
	EPA 440.0
	0.12 mg/L

	1 USGS methods unless otherwise specified identified by USGS Method identification numbers (i.e. I-2057-85) found in OFR 99-093


Other subtle distinctions between analytical methods are apparent in the USGS 1472 series (i.e.: I-1472-87) which uses Inductively Coupled Plasma-Atomic Emission Spectrometry (ICP-AES) versus the EPA 1638 method that employs ICP-Mass Spectrometry. All other analytical methods for these parameters use identical technology and are designed to quantify the same chemical constituents.

Though reporting limit differences between the programs are significant, concentrations observed of all pollutants with the exception of iron and selenium were well above the higher of the two agency RDLs making the comparison possible. One pollutant: iron, was eliminated entirely from the comparison study because the reporting limit for ORSANCO data (50 ug/L) is above both the USGS reporting limit and the levels of dissolved iron observed during the study period. Differing selenium reporting limits complicate the statistical tests but still allow the comparison.
Statistical Comparisons

Four statistical tests were used to examine the data gathered during the study. First a parametric test, the t-test, was used to point out significant (p<0.05) differences in sample population geometric means. A non-parametric test, the sign test, is resistant to large values and differences between individual results and is used to determine the two-tailed possibility that one agency reports significantly (p<0.05) higher or lower values than the other. A variation of the sign test, the Wilcoxon Signed Rank Test, accounts for the magnitude of the differences in paired observations. The fourth test, the Paired Prentice-Wilcoxon test, is similar to the signed rank test but allows the use of data sets containing non-detects (arsenic, ammonia, selenium, and phosphorus).
Statistical comparisons made between ORSANCO and USGS data were performed separately on the two sample populations:
· Greenup Lock and Dam observed concentrations by water quality constituent

· Cannelton Lock and Dam observed concentrations by water quality constituent

The intent of the statistical tests is to determine if ORSANCO’s data is significantly different than USGS data for any individual parameter for either of the two locations.
Sample Populations

Due to differences in Method Detection Limits (MDL’s), meaningful comparison could not be made for dissolved iron, reducing the suite of comparable parameters to eleven. Difficulty in scheduling sampling events or loss of sample containers due transport or by laboratory accident creates slight difference in the number of analyses available by station and parameter. Water quality parameters, number of analyses and number of detected values by location is presented in Table 2 below:

Table 2 - Number of Analyses Yielding Comparable Data by Location and Parameter
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Analyses

Detects (NDs)

Analyses

Percent Detects

Arsenic

21

21

22

20 (2)

43

95%

Calcium

21

21

22

22

43

100%

Chloride

18

18

20

20

38

100%

Iron

21

1 (20)

22

 (22)

43

2%

Hardness

19

19

21

21

40

100%

Magnesium

21

21

22

22

43

100%

Ammonia Nitrogen

19

9 (10)

21

9 (12)

40

45%

Nitrate-Nitrite-Nitrogen

19

19

21

21

40

100%

Selenium

21

8 (13)

22

9 (13)

43

40%

Sulfate

18

18

21

21

39

100%

Total Kjeldahl Nitrogen

19

19

21

21

40

100%

Total Organic Carbon

19

19

21

21

40

100%

Total Phosphorus

19

19

21

18 (3)

40

93%

Grand Total

255

212 (44)

277

225 (53)

532

78%

Parameter

Cannelton

Greenup

Grand Total


Treatment of Non-Detects

Non-detects required special treatment of six sample populations: ammonia and selenium at both Cannelton and Greenup, and arsenic and total phosphorus at Greenup Lock and Dam. With the exception of the Greenup arsenic data in which computation of the sign test using all data pairs was possible, the six populations with non detects were tested solely by the Paired Prentice-Wilcoxon test.

Parametric t-tests

Distribution characteristics of the differences in uncensored matched pairs (Xi – Yi = Di, N = 535) were examined and found to better match the log-normal distribution. Probability plots of Di and Log Di clearly show the different distribution characteristics of the data set below (Figure 3). Distributions of Log Di by location and parameter show that 18 of the 22 groups fit a normal distribution as indicated by the Shapiro-Wilks test for normality.
Figure 3- Probability Plots of Matched Pair Differences
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The more normal distribution of differences in log-transformed data (Log Xi – Log Yi) allows the use of the parametric t-test on transformed values of some water quality constituents. Separating the pairs by location and parameter yields a better analysis to evaluate the t-test assumption of normality. Table 3 shows the result of the Shapiro-Wilks test for normality of the log-transformed differences in matched-pairs. 
Table 3 - Normality Test Results
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NH3-N

NO2-NO3-N

Se
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TOC

TP

S-W

P-value

0.020
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0.019

0.069
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No
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No
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P-value

0.009

0.656

0.735

0.063

0.320

0.309

0.000

0.111

0.212

0.475

0.478

Non-

normal

Yes

No

No

No

No

No

Yes

No

No

No

No

Non-normal groups of differences (Log Di) indicated by the Shapiro-Wilks test Result (S-W)

cannot be evaluated by the parametric t-test

Cannelton

Greenup


In addition to the Shapiro-Wilks test, complete results of distribution tests including skewness, kurtosis and two other test for normality, the Kolmogorov-Smirnov and Lillifors test are presented in Appendix C. The 16 sample populations qualifying for the parametric t-test with normal distributions of matched pair log-transformed differences were further reduced by the presence of non-detects (in five qualifying populations: ammonia, selenium and Greenup phosphorus data) reducing the number of sample populations for the t-test to 11. 

The parametric t-test for differences in sample means was used on the log-transformed values of all data. 11 populations were examined: each of the locations for seven parameters with the exception of calcium and chloride at Cannelton L&D and total phosphorus at Greenup L&D. Water-quality parameters with data appropriate for the t-test are: calcium, chloride, hardness, magnesium, total kjeldahl nitrogen, total organic carbon, and total phosphorus. 

Results of dependant t-tests for the matched pairs by parameter are presented in Table 4. Sample population means from both agencies are presented in mg/L as back-transformed (Log10(x) = 10x) from the logged data making these estimates of central tendency the respective geometric means rather than means of the data in original units. Use of the geometric mean is the reason some differences marked significant do not appear so when only the magnitude of the difference in respective geometric means is considered (i.e Ca, Cl-, Hardness and Mg at Greenup L&D). Differences are marked significant at p < 0.05.

Table 4 - Results of T-Tests for Differences in Sample Geometric Means
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Data

Ca

Cl-

Hardness

Mg

TKN

TOC

TP

ORSANCO

Mean (mg/L)*

2.16

1.03

-0.15

0.57

-0.94

NASQAN

Mean (mg/L)*

2.15

1.05

-0.29

0.51

-0.89

N

19

21

19

19

19

t

-0.73

2.07

-2.64

-1.01

0.64

p

0.473

0.052

0.017

0.328

0.529

ORSANCO

Mean (mg/L)*

1.44

1.43

2.08

0.94

-0.21

0.48

NASQAN

Mean (mg/L)*

1.48

1.33

2.06

0.97

-0.40

0.50

N

22

20

21

22

21

21

t

3.65

-4.68

-2.89

2.37

-3.48

0.31

p

0.001

0.000

0.009

0.027

0.002

0.761

* Sample means presented here have been back-transformed from their logged values and represent the geometric mean

Cannelton

Greenup


The Greenup Lock and Dam site clearly shows more significant differences (5 of 6 significant results vs. 1 of 5 at Cannelton) when the data are tested by the parametric t-test. Box plots comparing medians and range of all data from each station are presented in Appendix D.
Non-Parametric Tests

Non-parametric tests were performed due to the non-normality of the collected data and the presence of censored data in sample populations. Non-parametric tests were required for four water-quality constituents (As, Ca, Cl-, NO2-NO3-N) that didn’t meet the requirements of the parametric test. A different non-parametric test: the Paired Prentice Wilcoxon was required for six data sets containing non-detects. 
The non-parametric Sign test and Wilcoxon signed-rank tests are not weakened by the lack of normality in the data sets and offer simple but robust methods to determine how the comparable data from each agency differs. The Sign test provides an indication of the tendency for one method to produce a higher or lower value for the same measurement. Results are presented in Table 5.
Table 5 - Results of Sign Tests

[image: image10.wmf]Location

Data

As

Ca

Cl-

Hardness

Mg

NO2-NO3-N

SO4

TKN

TOC

TP

No. of Non-Ties

21

20

18

19

21

19

18

18

18

19

Percent

ORSANCO > NASQAN

52%

40%

83%

68%

24%

63%

94%

83%

56%

37%

Sign p-level

1.0000

0.5023

0.0095

0.1687

0.0291

0.3588

0.0004

0.0095

0.8137

0.3588

No. of Non-Ties

21

22

20

20

22

21

21

21

21

Percent

ORSANCO > NASQAN

67%

23%

80%

65%

36%

48%

86%

86%

38%

Sign p-level

0.190

0.0190

0.0139

0.2636

0.2864

1.0000

0.0023

0.0023

0.3827

Cannelton

Greenup


Results of the sign test above show that at both Cannelton and Greenup significant differences are found for 4 of the tested water quality parameters. At Cannelton lock and Dam the ORSANCO Bimonthly Sampling Program reported a higher sulfate concentration than the NASQAN sample from the same day 94% of the time. This highly unlikely result indicates a significant (p<0.01) difference in the sample collection methods employed at that location.

One sign test was performed on a data set containing non-detects. Data pairs for the two arsenic non-detections at Greenup allowed determination of the direction of sign. For example: April 18, 2007 sampling data showed a detection of 0.32ug/L dissolved arsenic by the NASQAN program and <0.1ug/L dissolved arsenic by the ORSANCO program. In this case the determination can be made that the NASQAN result is higher than that indicated by the ORSANCO non-detect.

The Wilcoxon Signed Rank test is more sensitive than the sign test in that it accounts for the size of differences in observations. The test picked up one additional significant difference (hardness at Greenup) found by the sign test. Results of the Wilcoxon signed rank test are presented in Table 6:
Table 6 - Results of Wilcoxon Signed Rank Tests

[image: image11.wmf]Location

Data

As

Ca

Cl-

Hardness

Mg

NO2-NO3-N

SO4

TKN

TOC

TP

Valid N

21

21

18

19

21

19

18

19

19

19

Wilcoxon T-statistic

100.0

85.0

22.0

64.5

56.0

58.0

2.0

33.0

67.0

77.0

Wilcoxon p-value

0.5901

0.4553

0.0057

0.2197

0.0386

0.1365

0.0003

0.0222

0.4204

0.4688

Valid N

22

20

21

22

21

21

21

21

Wilcoxon T-statistic

42.5

16.0

41.5

68.0

106.5

17.0

24.0

97.0

Wilcoxon p-value

0.0064

0.0009

0.0178

0.0575

0.7544

0.0006

0.0015

0.5202

Cannelton

Greenup


The Paired Prentice-Wilcoxon test was necessary to include the non-detects that are eliminated from the direct comparisons of the sign and signed rank tests. The data collected for ammonia, arsenic, total phosphorus, and selenium all contained non-detects that cannot be directly compared as required by the sign and signed-rank tests. The arsenic and total phosphorus data sets from Cannelton contained did not contain non detects and so were not tested by the PPW test.
For example in the case of selenium data collected March 7, 2006 at Greenup dam the NASQAN program selenium concentration result was 0.3ug/L while the ORSANCO Bimonthly result was below the reporting limit 0.5ug/L. In this data pair the sign (an indicator which is result greater) of the difference cannot be determined. The Paired Prentice-Wilcoxon (PPW) (Helsel, 2005) test solves this problem by ranking all the data from both populations (each agency’s data set) using hypothetical ranks for non-detects. The ranks are then separated by agency and summed for a test statistic.
Table 7 - Results of Paired Prentice-Wilcoxon Tests
[image: image12.wmf]Location

Data

As

NH3-N

Se

TP

Cannelton

Valid N

19

21

PPW Z-statistic

2.617

4.021

PPW p-value

0.0044

0.0000

Greenup

Valid N

22

21

22

21

PPW Z-statistic

0.466

0.934

4.270

-1.624

PPW p-value

0.3207

0.1753

0.0000

0.9478


Results for the PPW test show significant differences in the monitoring data for ammonia and selenium at Cannelton L&D dam and just selenium at Greenup L&D.
Graphical Analysis

A visual inspection of the paired results can reveal many of the same findings as the t-test, sign, and rank-sum tests. When each sample is plotted against its pair on an X, Y scatter plot with a reference line for X=Y, tendencies that result in differing means (as shown by the t-test) or consistent over or under-reporting (as shown by the sign test) can be seen. Groups of data with clealy visible relationships and confirmed by the statistical tests are highlighted in Figure 4.
Figure 4 - Plot of All Matched Pairs

[image: image13.emf]Graphical Analysis of ORSANCO and NASQAN Sample Correlation

0.01

0.1

1

10

100

1000

0.001 0.01 0.1 1 10 100 1000

NASQAN Composite Concentration

ORSANCO Grab Sample Concentration

Cl- Hardness NH3-N NO2-NO3-N SO4

TKN TOC TP As Ca

Mg Se X=Y

Ammonia, TKN, chloride, and sulfate show  

consistent bias higher in ORSANCO Data

Total phosphorus, arsenic, nitrate-

nitrite, magnesium, and hardness 

show consistent agreement


Summary of Test Results

Four statistical tests were used to compare the ORSANCO and USGS NASQAN sampling data. Using the different tests allows clarification of the type of significant differences in the data. The t-test is a familiar way to explain if a difference in the means of two sample populations is significant, the t-test here can point out if one agencies’ data over the entire study period offers a different characterization of water quality than the other.
The sign test states the direction of a difference in two populations if it is significant. Lastly the rank-based Wilcoxon test brings the magnitude of differences into the question and offers a test not weakened by non-normal distributions. The Paired Prentice-Wilcoxon is simply an extension of the Wilcoxon Signed ranks test that is able to include censored or non-detect values. A summary of the findings for each test is presented in Table 8.
Table 8 - Test Result Summary
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Conclusions

Accounting for the results of all statistical tests it becomes apparent that the two sampling methods used by ORSANCO and the USGS NASQAN programs produce similar results for less than half of the water quality parameters they share. The actual determination made by the lack of a significant test result is that the data cannot be proved different for the cases in question. The practical meaning of these results can be interpreted by several measures outlined below.
Four water quality parameters for which the data agreed at both sites were dissolved arsenic, total phosphorus, nitrate/nitrite nitrogen, and total organic carbon. Two of these pollutants, phosphorus and nitrogen, are high priorities in the Ohio River basin as it relates to the hypoxic dead zone in the Gulf of Mexico.
It is unfortunate that two of the few water quality parameters included in this study with published water quality criterion, chloride and sulfate (both WQC set at 250mg/L), are pollutants for which results were proven dissimilar. As noted earlier however, these pollutants are analyzed from the filtered water of the NASQAN program, while quantified from the whole water sample in the ORSANCO program. All three tests indicate ORSANCO consistently reports higher results, though that is to be expected if the pollutants are incompletely dissolved in the stream water.
Of the twelve pollutants compared: four showed no significant differences at either station, four showed differences in each test at both stations, and four pollutants returned mixed results with significant differences at one station and not the other. The sign test which simply states the tendency for one result to be higher than another shows the ORSANCO data is higher than NASQAN concentrations for six of eight significant tests. 
Further study could be undertaken to isolate some of the variables troubling this analysis. Coordinated events using the same laboratory or larger sample populations allowing separate analysis under differing flow conditions could be used to clarify the differences found in this study or strengthen the conclusions around pollutants for which no clear determination was made. Costs could be minimized again by selecting for additional study only those pollutants that revealed no conclusive results in this analysis.
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[image: image15.wmf]Table 1: ORSANCO Bimonthly Sampling Program

Parameter Name

Symbol

Method 

Number

Current 

Reporting Limit

Water

Quality Criterion

Ammonia Nitrogen

NH3-N

350.3

0.03 mg/L

23* mg/L

Chloride

Cl-

SM 4500

1 mg/L

250 mg/L

Hardness

Hardness

130.2

1 mg/L

Nitrate-Nitrite Nitrogen

NO2-NO3-N

353.2

0.1 mg/L

10 mg/L

Phenols

Phenols

420.4

5 ug/L

5 ug/L

Sulfate

SO4

HACH 8051

1 mg/L

250 mg/L

Total Kjeldahl Nitrogen

TKN

351.2

0.1 mg/L

Total Organic Carbon

TOC

415.1

0.5 mg/L

Total Phosphorus

TP

365.1

0.01 mg/L

Total Suspended Solids

TSS

160.2

1 mg/L

Cyanide

CN

335.4

5 ug/L

5.2 ug/L

* acute ammonia criterion at pH 7.4 (median pH all stations) calculated as follows:

Table 2: ORSANCO Clean Metals Program

Metal

Symbol

Method 

Number

Current 

Reporting Limit

Water

Quality Criterion

Mercury

Hg

EPA 245.7

1.5 (ng/L)

12 ng/L

Aluminum

Al

EPA 1638

1 (ug/L)

Chromium

Cr

EPA 1638

0.1 (ug/L)

74.1* ug/L

Manganese

Mn

EPA 1638

0.1 (ug/L)

Nickel

Ni

EPA 1638

0.1 (ug/L)

52* ug/L

Copper

Cu

EPA 1638

0.1 (ug/L)

8.96* ug/L

Zinc

Zn

EPA 1638

1 (ug/L)

118* ug/L

Arsenic

As

EPA 1638

0.1 (ug/L)

10 ug/L

Selenium

Se

EPA 1638

0.5 (ug/L)

5 ug/L

Silver

Ag

EPA 1638

0.1 (ug/L)

50 ug/L

Cadmium

Cd

EPA 1638

0.1 (ug/L)

2.24* ug/L

Antimony

Sb

EPA 1638

0.5 (ug/L)

Thallium

Tl

EPA 1638

0.1 (ug/L)

Lead

Pb

EPA 1638

0.1 (ug/L)

2.52 ug/L

Magnesium

Mg

EPA 1638

1 (mg/L)

Calcium

Ca

EPA 1638

1 (mg/L)

Iron

Fe

EPA 1638

50 (ug/L)

Barium

Ba

EPA 1638

10 (ug/L)

1000 ug/L

* WQC shown is chronic value calculated at hardness of 100 (mg/L as CaCo3), calulation 

procedures available in ORSANCO Pollution Control Standards 2006 revision
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Table 3: USGS NASQAN Program
[image: image16.wmf]Parameter name

Method number

Reporting

Limit

Units

Gage height

USGS TWRI 8-A3

ft

Discharge, instant.

USGS TWRI 3-A10

cfs

Turbidity, NephRatio

180.1

2

NTRU

Air pressure

NFM 6.2

mm/Hg

Dissolved oxygen

4500-O G

mg/l

Diss oxygen,%saturtn

% saturatn

pH

4500-H+ B

std units

pH, wu,lab

I-2587-85

0.1

std units

SpecCond,wu25degCLab

I-2781-85

2.6

uS/cm @25C

Specific cond at 25C

I-1780-77

uS/cm @25C

Temperature, air

deg C

Temperature, water

deg C

Calcium, wf

I-1472-87

0.04

mg/l

Magnesium, wf

I-1472-87

0.02

mg/l

Potassium, wf

3120 ICP

0.02

mg/l

Sodium, wf

I-1472-87

0.12

mg/l

Alkalinity,wf,fixedEP,lab

I-2030-85

5

mg/l CaCO3

Chloride, wf

I-2057-90

0.12

mg/l

Fluoride, wf

I-2327-85

0.12

mg/l

Silica, wf

I-1472-87

0.018

mg/l

Sulfate, wf

I-2057-90

0.18

mg/l

Residue, ROE@180C,wf

I-1750-85

10

mg/l

Ammonia + organic-N, wf

I-2515-91

0.14

mg/l as N

NH3+orgN, wu

I-4515-91

0.14

mg/l as N

Ammonia, wf

I-2525-89,I-2545-90

0.02

mg/l as N

NO3+NO2, wf

I-2545-90

0.04

mg/l as N

Nitrite, wf

I-2540-90, I-2542-89

0.002

mg/l as N

Orthophosphate, wf

I-2525-89,I-2545-90

0.006

mg/l as P

Phosphorus, wf

365.1

0.006

mg/l

Phosphorus, wu

I-4650-03

0.02

mg/l

Arsenic, wf

0.06

ug/l

Boron, wf

I-2477-92

6

ug/l

Iron, wf

I-1472-87

8

ug/l

Lithium, wf

I-2477-92

1

ug/l

Selenium, wf

0.04

ug/l

Strontium, wf

I-2477-92

0.8

ug/l

Vanadium, wf

0.04

ug/l

1-Naphthol, w,gf<.7u

O-2002-01

0.04

ug/l

26Diethylaniline, gf

O-1126-95

0.006

ug/l

2Chloro2'6'diethylacetanilide

O-2002-01

0.01

ug/l

CIAT, wf

O-1126-95

0.014

ug/l

2-Ethyl-6-methylaniline, wf

O-2002-01

0.01

ug/l

3,4-Dichloroaniline, wf

O-2002-01

0.006

ug/l

3,5-Dichloroaniline, wf

O-2002-01

0.008

ug/l

4-Chloro-2-methylphenol, wf

O-2002-01

0.005

ug/l


Table 3 (cont.): USGS NASQAN Program
[image: image17.wmf]Parameter name

Method number

Reporting

Limit

Units

Acetochlor, wf

O-1126-95

0.006

ug/l

Alachlor, wf

O-1126-95

0.006

ug/l

alpha-Endosulfan, wf

O-2002-01

0.006

ug/l

Atrazine, wf

O-1126-95

0.007

ug/l

Azinphos-methyl oxon, wf

O-2002-01

0.042

ug/l

Azinphos-methyl,gf.7

O-1126-95

0.12

ug/l

Benfluralin,w,gf<.7u

O-1126-95

0.01

ug/l

Carbaryl, w,gf<.7u

O-1126-95

0.06

ug/l

Carbofuran, w,gf<.7u

O-1126-95

0.02

ug/l

Chlorpyrifos oxon, wf

O-2002-01

0.0562

ug/l

Chlorpyrifos, wf

O-1126-95

0.005

ug/l

cis-Permethrin,gf.7u

O-1126-95

0.01

ug/l

cis-Propiconazole,wf

O-2002-01

0.006

ug/l

Cyanazine, wf

O-1126-95

0.02

ug/l

Cyfluthrin, wf

O-2002-01

0.016

ug/l

lambda-Cyhalothrin, wf

O-2002-01

0.004

ug/l

Cypermethrin, wf

O-2002-01

0.014

ug/l

DCPA, w,gf<.7u

O-1126-95

0.003

ug/l

Desulfinylfipronil, wf

O-1126-02

0.012

ug/l

Diazinon, wf

O-1126-95

0.005

ug/l

Diazoxon, wf

0.006

ug/l

Dicrotophos, wf

O-2002-01

0.0843

ug/l

Dieldrin, wf

O-1126-95

0.009

ug/l

Dimethoate, w,gf<.7u

O-2002-01

0.006

ug/l

Disulfoton sulfone, wf

O-2002-01

0.014

ug/l

Disulfoton, w,gf<.7u

O-1126-95

0.04

ug/l

Endosulfan sulfate, wf

O-2002-01

0.022

ug/l

EPTC, w,gf<.7u

O-1126-95

0.002

ug/l

Ethion monoxon, wf

O-2002-01

0.021

ug/l

Ethion, wf

O-2002-01

0.006

ug/l

Ethoprop, w,gf<.7u

O-1126-95

0.012

ug/l

Fenamiphos sulfone, wf

O-2002-01

0.053

ug/l

Fenamiphos sulfoxide, wf

O-2002-01

0.2

ug/l

Fenamiphos, wf

O-2002-01

0.029

ug/l

Desulfinylfipronil amide, wf

O-1126-02

0.029

ug/l

Fipronil sulfide, wf

O-1126-02

0.013

ug/l

Fipronil sulfone, wf

O-1126-02

0.024

ug/l

Fipronil, wf

O-1126-02

0.02

ug/l

Fonofos, wf

O-1126-95

0.01

ug/l

Hexazinone, wf

O-2002-01

0.008

ug/l

Iprodione, wf

O-2002-01

0.01

ug/l

Isofenphos, wf

O-2002-01

0.006

ug/l

Malaoxon, wf

O-2002-01

0.02

ug/l

Malathion, wf

O-1126-95

0.016

ug/l


Table 3 (cont.): USGS NASQAN Program

[image: image18.wmf]Parameter name

Method number
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Units

Metalaxyl, wf

O-2002-01

0.0069

ug/l

Methidathion, wf

O-2002-01

0.004

ug/l

Methyl paraoxon, wf

O-2002-01

0.01

ug/l

Methyl parathion, gf

O-1126-95

0.008

ug/l

Metolachlor, wf

O-1126-95

0.01

ug/l

Metribuzin, wf

O-1126-95

0.012

ug/l

Molinate, w,gf<.7u

O-1126-95

0.003

ug/l

Myclobutanil, wf

O-2002-01

0.01

ug/l

Oxyfluorfen, wf

O-2002-01

0.006

ug/l

Pendimethalin, gf.7u

O-1126-95

0.012

ug/l

Phorate oxon, wf

O-2002-01

0.027

ug/l

Phorate, w,gf<.7u

O-1126-95

0.04

ug/l

Phosmet oxon, wf

O-2002-01

0.0511

ug/l

Phosmet, wf

O-2002-01

0.0079

ug/l

Prometon, wf

O-1126-95

0.01

ug/l

Prometryn, wf

O-2002-01

0.0059

ug/l

Propyzamide,w,gf<.7u

O-1126-95

0.004

ug/l

Propanil, w,gf<.7u

O-1126-95

0.006

ug/l

Propargite, w,gf<.7u

O-1126-95

0.04

ug/l

Simazine, wf

O-1126-95

0.006

ug/l

Tebuconazole, wf

0.018

ug/l

Tebuthiuron,w,gf<.7u

O-1126-95

0.016

ug/l

Tefluthrin, wf

O-2002-01

0.0033

ug/l

Terbufos oxon sulfone, wf

O-2002-01

0.045

ug/l

Terbufos, w,gf<.7u

O-1126-95

0.018

ug/l

Terbuthylazine, wf

O-2002-01

0.0083

ug/l

Thiobencarb,w,gf<.7u

O-1126-95

0.01

ug/l

tr-Propiconazole, wf

O-2002-01

0.02

ug/l

Tribuphos, wf

O-2002-01

0.035

ug/l

Trifluralin,w,gf<.7u

O-1126-95

0.009

ug/l

Dichlorvos, wf

O-2002-01

0.013

ug/l

Suspnd, sedmnt conc

1

mg/L

Suspnd sed <63u, sd

1

mg/L

Pheophytin a, phytoplankton

445.0

0.1

ug/L

Chloro a, phyto, cf

445.0

0.1

ug/L

Butylate, wf

O-1126-95

0.002

ug/L

Linuron, w, gf <0.7u

O-1126-95

0.06

ug/l

Napropamide, w, gf <0.7u

O-1126-95

0.018

ug/l

Parathion, wf

O-1126-95

0.01

ug/l

Pebulate,w, gf <0.7u

O-1126-95

0.004

ug/l

Terbacil, w, gf<0.7u

O-1126-95

0.04

ug/l

Triallate, w, gf<0.7u

O-1126-95

0.006

ug/l


	Greenup Lock and Dam

January 15, 2004, Flow 144.3 kcfs

	Parameter
	NASQAN
	ORSANCO

	Time (EDT/EST)
	15:30
	13:10

	As (ug/L)
	0.3
	0.29

	Ca (mg/L)
	27.5
	21

	Fe (ug/L)
	14
	<50

	Mg (mg/L)
	8.37
	6.7

	Se (ug/L)
	0.4
	<0.5

	Greenup Lock and Dam

March 11, 2004, Flow 270.1 kcfs

	Parameter
	NASQAN
	ORSANCO

	Time (EDT/EST)
	15:40
	13:40

	As (ug/L)
	0.2
	<0.1

	Ca (mg/L)
	20.4
	21

	Cl- (mg/L)
	15.4
	20

	Fe (ug/L)
	10
	<50

	Hardness (mg/L)
	80
	92

	Mg (mg/L)
	7.03
	7.7

	NH3-N (mg/L)
	<0.03
	0.04

	NO2-NO3-N (mg/L)
	0.93
	2.85

	Se (ug/L)
	< 0.4
	<0.5

	SO4 (mg/L)
	46.9
	44

	TKN (mg/L)
	0.58
	0.39

	TOC (mg/L)
	1.9
	3.87

	TP (mg/L)
	0.165
	0.191

	Greenup Lock and Dam

May 26, 2004, Flow 185.7 kcfs

	Parameter
	NASQAN
	ORSANCO

	Time (EDT/EST)
	15:30
	13:30

	As (ug/L)
	0.6
	0.54

	Ca (mg/L)
	29.8
	28.5

	Cl- (mg/L)
	17.4
	33

	Fe (ug/L)
	8
	<50

	Hardness (mg/L)
	110
	120

	Mg (mg/L)
	7.49
	8

	NH3-N (mg/L)
	<0.04
	<0.03

	NO2-NO3-N (mg/L)
	0.94
	2.7

	Se (ug/L)
	< 0.4
	0.67

	SO4 (mg/L)
	52.4
	63

	TKN (mg/L)
	0.99
	2.4

	TOC (mg/L)
	2.6
	6.32

	TP (mg/L)
	0.31
	0.622


	Greenup Lock and Dam

January 26, 2005, Flow 128.5 kcfs

	Parameter
	NASQAN
	ORSANCO

	Time (EDT/EST)
	17:30
	01:20

	As (ug/L)
	0.2
	0.28

	Ca (mg/L)
	29
	26.4

	Fe (ug/L)
	17
	<50

	Mg (mg/L)
	8.63
	9.30

	Se (ug/L)
	< 0.4
	<0.5

	Greenup Lock and Dam

May 24, 2005, Flow 79.1 kcfs

	Parameter
	NASQAN
	ORSANCO

	Time (EDT/EST)
	15:00
	13:20

	As (ug/L)
	0.4
	0.41

	Ca (mg/L)
	33.5
	31.3

	Cl- (mg/L)
	21.8
	24

	Fe (ug/L)
	7
	<50

	Hardness (mg/L)
	130
	132

	Mg (mg/L)
	12
	10.8

	NH3-N (mg/L)
	<0.04
	<0.03

	NO2-NO3-N (mg/L)
	0.66
	0.647

	Se (ug/L)
	0.8
	0.56

	SO4 (mg/L)
	73.7
	80

	TKN (mg/L)
	0.41
	2.54

	TOC (mg/L)
	2.5
	6.82

	TP (mg/L)
	<0.064
	0.029

	Greenup Lock and Dam

July 14, 2005, Flow 28.7 kcfs

	Parameter
	NASQAN
	ORSANCO

	Time (EDT/EST)
	14:20
	01:30

	As (ug/L)
	0.6
	0.66

	Ca (mg/L)
	38.1
	28.1

	Cl- (mg/L)
	29.3
	38

	Fe (ug/L)
	< 6
	<50

	Hardness (mg/L)
	150
	140

	Mg (mg/L)
	13.7
	10.9

	NH3-N (mg/L)
	0.04
	0.07

	NO2-NO3-N (mg/L)
	0.66
	0.685

	Se (ug/L)
	0.7
	0.74

	SO4 (mg/L)
	84.9
	90

	TKN (mg/L)
	0.29
	1.1

	TOC (mg/L)
	10.8
	3.17

	TP (mg/L)
	0.026
	0.013


	Greenup Lock and Dam

August 05, 2005, Flow 18.2 kcfs

	Parameter
	NASQAN
	ORSANCO

	Time (EDT/EST)
	10:00
	10:55

	As (ug/L)
	0.7
	0.78

	Ca (mg/L)
	41
	35.9

	Cl- (mg/L)
	36.8
	36

	Fe (ug/L)
	< 6
	<50

	Hardness (mg/L)
	160
	152

	Mg (mg/L)
	14.6
	13.6

	NH3-N (mg/L)
	<0.02
	<0.03

	NO2-NO3-N (mg/L)
	0.54
	0.615

	Se (ug/L)
	< 0.4
	0.94

	SO4 (mg/L)
	95.3
	100

	TKN (mg/L)
	0.29
	0.642

	TOC (mg/L)
	3.9
	8.72

	TP (mg/L)
	0.01
	<0.01

	Greenup Lock and Dam

September 20, 2005, Flow 12.8 kcfs

	Parameter
	NASQAN
	ORSANCO

	Time (EDT/EST)
	16:30
	13:30

	As (ug/L)
	0.63
	0.76

	Ca (mg/L)
	42.7
	38.1

	Cl- (mg/L)
	38.5
	36

	Fe (ug/L)
	< 6
	53

	Hardness (mg/L)
	160
	180

	Mg (mg/L)
	13
	14.1

	NH3-N (mg/L)
	<0.04
	<0.03

	NO2-NO3-N (mg/L)
	0.87
	0.792

	Se (ug/L)
	0.5
	0.94

	SO4 (mg/L)
	110
	120

	TKN (mg/L)
	0.33
	1.3

	TOC (mg/L)
	4.8
	3.33

	TP (mg/L)
	0.027
	0.027

	Greenup Lock and Dam

November 08, 2005, Flow 28.4 kcfs

	Parameter
	NASQAN
	ORSANCO

	Time (EDT/EST)
	15:30
	13:00

	As (ug/L)
	0.69
	0.77

	Ca (mg/L)
	46.2
	51.1

	Cl- (mg/L)
	38.9
	46

	Fe (ug/L)
	7
	<50

	Hardness (mg/L)
	170
	160

	Mg (mg/L)
	14.2
	14.1

	NH3-N (mg/L)
	<0.04
	0.05

	NO2-NO3-N (mg/L)
	1.17
	1.04

	Se (ug/L)
	0.42
	0.81

	SO4 (mg/L)
	101
	95

	TKN (mg/L)
	0.32
	0.527

	TOC (mg/L)
	4.8
	2.32

	TP (mg/L)
	0.052
	0.072

	Greenup Lock and Dam

December 12, 2005, Flow 68.6 kcfs

	Parameter
	NASQAN
	ORSANCO

	Time (EDT/EST)
	14:30
	13:30

	As (ug/L)
	0.26
	0.34

	Ca (mg/L)
	24.1
	22.5

	Cl- (mg/L)
	16.3
	

	Fe (ug/L)
	<50
	18

	Hardness (mg/L)
	87
	96

	Mg (mg/L)
	6.54
	5.51

	NH3-N (mg/L)
	0.06
	0.07

	NO2-NO3-N (mg/L)
	0.83
	0.77

	Se (ug/L)
	0.25
	0.52

	SO4 (mg/L)
	47.5
	80

	TKN (mg/L)
	0.41
	0.777

	TOC (mg/L)
	2.6
	3.53

	TP (mg/L)
	0.05
	0.047

	Greenup Lock and Dam

March 07, 2006, Flow 41.8 kcfs

	Parameter
	NASQAN
	ORSANCO

	Time (EDT/EST)
	16:15
	12:00

	As (ug/L)
	0.25
	0.15

	Ca (mg/L)
	32.6
	26.4

	Cl- (mg/L)
	31.3
	40

	Fe (ug/L)
	<50
	37

	Hardness (mg/L)
	120
	136

	Mg (mg/L)
	10.2
	8.7

	NH3-N (mg/L)
	<0.04
	<0.03

	NO2-NO3-N (mg/L)
	0.85
	0.823

	Se (ug/L)
	0.3
	<0.5

	SO4 (mg/L)
	65.4
	76

	TKN (mg/L)
	0.29
	0.519

	TOC (mg/L)
	1.7
	1.78

	TP (mg/L)
	0.028
	0.036

	Greenup Lock and Dam

April 11, 2006, Flow 148.2 kcfs

	Parameter
	NASQAN
	ORSANCO

	Time (EDT/EST)
	14:15
	12:30

	As (ug/L)
	0.25
	0.27

	Ca (mg/L)
	25.8
	22.0

	Cl- (mg/L)
	17.9
	26

	Fe (ug/L)
	14
	<50

	Hardness (mg/L)
	98
	104

	Mg (mg/L)
	6.19
	8.08

	NH3-N (mg/L)
	<0.04
	0.03

	NO2-NO3-N (mg/L)
	0.69
	0.71

	Se (ug/L)
	0.36
	<0.5

	SO4 (mg/L)
	57.4
	70

	TKN (mg/L)
	0.61
	0.769

	TOC (mg/L)
	2.7
	1.9

	TP (mg/L)
	0.128
	0.1

	Greenup Lock and Dam

May 10, 2006, Flow 57.7 kcfs

	Parameter
	NASQAN
	ORSANCO

	Time (EDT/EST)
	14:30
	12:20

	As (ug/L)
	0.34
	0.32

	Ca (mg/L)
	29.1
	23.4

	Cl- (mg/L)
	19.9
	30

	Fe (ug/L)
	13
	<50

	Hardness (mg/L)
	110
	108

	Mg (mg/L)
	7.39
	9.21

	NH3-N (mg/L)
	<0.04
	<0.03

	NO2-NO3-N (mg/L)
	0.62
	0.663

	Se (ug/L)
	0.37
	<0.5

	SO4 (mg/L)
	63.2
	72

	TKN (mg/L)
	0.25
	0.303

	TOC (mg/L)
	2.3
	2.12

	TP (mg/L)
	0.008
	0.023

	Greenup Lock and Dam

June 27, 2006, Flow 91.3 kcfs

	Parameter
	NASQAN
	ORSANCO

	Time (EDT/EST)
	16:00
	11:50

	As (ug/L)
	0.6
	0.64

	Ca (mg/L)
	35.7
	39.4

	Cl- (mg/L)
	28
	36

	Fe (ug/L)
	< 6
	<50

	Hardness (mg/L)
	140
	156

	Mg (mg/L)
	11.6
	11.9

	NH3-N (mg/L)
	0.067
	0.1

	NO2-NO3-N (mg/L)
	0.95
	0.972

	Se (ug/L)
	0.41
	0.82

	SO4 (mg/L)
	78.4
	94

	TKN (mg/L)
	0.41
	0.339

	TOC (mg/L)
	3.1
	2.45

	TP (mg/L)
	0.091
	0.018

	Greenup Lock and Dam

July 25, 2006, Flow 63.3 kcfs

	Parameter
	NASQAN
	ORSANCO

	Time (EDT/EST)
	13:50
	11:35

	As (ug/L)
	0.63
	0.67

	Ca (mg/L)
	27.9
	29.4

	Cl- (mg/L)
	17.3
	18

	Fe (ug/L)
	8
	<50

	Hardness (mg/L)
	100
	116

	Mg (mg/L)
	7.91
	9.12

	NH3-N (mg/L)
	0.011
	0.04

	NO2-NO3-N (mg/L)
	0.91
	0.894

	Se (ug/L)
	0.36
	0.54

	SO4 (mg/L)
	53.5
	56

	TKN (mg/L)
	0.36
	0.261

	TOC (mg/L)
	4.5
	3.09

	TP (mg/L)
	0.058
	0.063

	Greenup Lock and Dam

November 28, 2006, Flow 73.4 kcfs

	Parameter
	NASQAN
	ORSANCO

	Time (EDT/EST)
	15:10
	12:10

	As (ug/L)
	0.33
	0.33

	Ca (mg/L)
	24.7
	21.9

	Cl- (mg/L)
	12.2
	20

	Fe (ug/L)
	18
	<50

	Hardness (mg/L)
	90
	100

	Mg (mg/L)
	6.9
	6.73

	NH3-N (mg/L)
	0.034
	0.1

	NO2-NO3-N (mg/L)
	0.74
	0.645

	Se (ug/L)
	0.23
	<0.5

	SO4 (mg/L)
	44.9
	54

	TKN (mg/L)
	0.3
	0.302

	TOC (mg/L)
	2.6
	2.57

	TP (mg/L)
	0.054
	<0.01

	Greenup Lock and Dam

December 12, 2006, Flow 50.3 kcfs

	Parameter
	NASQAN
	ORSANCO

	Time (EDT/EST)
	14:40
	11:10

	As (ug/L)
	0.49
	0.55

	Ca (mg/L)
	31.1
	32.0

	Cl- (mg/L)
	18.1
	22

	Fe (ug/L)
	56
	<50

	Hardness (mg/L)
	120
	120

	Mg (mg/L)
	9.21
	9.52

	NH3-N (mg/L)
	0.033
	0.11

	NO2-NO3-N (mg/L)
	0.9
	0.923

	Se (ug/L)
	0.32
	<0.5

	SO4 (mg/L)
	56.6
	72

	TKN (mg/L)
	0.31
	0.434

	TOC (mg/L)
	3
	2.53

	TP (mg/L)
	0.056
	0.051

	Greenup Lock and Dam

January 17, 2007, Flow 286.7 kcfs

	Parameter
	NASQAN
	ORSANCO

	Time (EDT/EST)
	16:50
	11:50

	As (ug/L)
	0.36
	0.37

	Ca (mg/L)
	23.1
	22.3

	Cl- (mg/L)
	11.8
	20

	Fe (ug/L)
	61
	<50

	Hardness (mg/L)
	85
	96

	Mg (mg/L)
	6.54
	6.03

	NH3-N (mg/L)
	0.029
	<0.03

	NO2-NO3-N (mg/L)
	0.78
	0.774

	Se (ug/L)
	0.2
	<0.5

	SO4 (mg/L)
	42.3
	49

	TKN (mg/L)
	0.69
	0.863

	TOC (mg/L)
	3
	2.75

	TP (mg/L)
	0.19
	0.175

	Greenup Lock and Dam

February 22, 2007, Flow 154.9 kcfs

	Parameter
	NASQAN
	ORSANCO

	Time (EDT/EST)
	15:20
	10:50

	As (ug/L)
	0.29
	0.33

	Ca (mg/L)
	36.9
	29.2

	Cl- (mg/L)
	33.3
	36

	Fe (ug/L)
	24
	<50

	Hardness (mg/L)
	140
	152

	Mg (mg/L)
	11.3
	9.84

	NH3-N (mg/L)
	0.099
	<0.03

	NO2-NO3-N (mg/L)
	1.01
	1.12

	Se (ug/L)
	0.29
	0.76

	SO4 (mg/L)
	71.8
	82

	TKN (mg/L)
	0.59
	0.676

	TOC (mg/L)
	2.5
	3.2

	TP (mg/L)
	0.152
	0.092

	Greenup Lock and Dam

March 15, 2007, Flow 119.4 kcfs

	Parameter
	NASQAN
	ORSANCO

	Time (EDT/EST)
	13:40
	11:30

	As (ug/L)
	0.29
	0.19

	Ca (mg/L)
	28.4
	27.7

	Cl- (mg/L)
	25.8
	36

	Fe (ug/L)
	18
	<50

	Hardness (mg/L)
	110
	132

	Mg (mg/L)
	8.42
	8.88

	NH3-N (mg/L)
	0.088
	0.14

	NO2-NO3-N (mg/L)
	1.13
	1.24

	Se (ug/L)
	0.31
	<0.5

	SO4 (mg/L)
	54.5
	58

	TKN (mg/L)
	0.4
	0.428

	TOC (mg/L)
	4
	1.8

	TP (mg/L)
	0.079
	0.043

	Greenup Lock and Dam

April 18, 2007, Flow 344.1 kcfs

	Parameter
	NASQAN
	ORSANCO

	Time (EDT/EST)
	15:00
	11:30

	As (ug/L)
	0.32
	<0.1

	Ca (mg/L)
	21.8
	21.2

	Cl- (mg/L)
	12.9
	12

	Fe (ug/L)
	30
	<50

	Hardness (mg/L)
	82
	80

	Mg (mg/L)
	6.74
	6.36

	NH3-N (mg/L)
	0.029
	0.04

	NO2-NO3-N (mg/L)
	0.67
	0.619

	Se (ug/L)
	0.36
	0.82

	SO4 (mg/L)
	44.8
	40

	TKN (mg/L)
	0.75
	1.22

	TOC (mg/L)
	4.6
	3.43

	TP (mg/L)
	0.194
	0.162

	Greenup Lock and Dam

May 09, 2007, Flow 72.1 kcfs

	Parameter
	NASQAN
	ORSANCO

	Time (EDT/EST)
	15:30
	08:24

	As (ug/L)
	0.35
	0.35

	Ca (mg/L)
	23.8
	30

	Cl- (mg/L)
	20.3
	18

	Fe (ug/L)
	<50
	10

	Hardness (mg/L)
	120
	112

	Mg (mg/L)
	7.19
	9.7

	NH3-N (mg/L)
	<0.02
	<0.03

	NO2-NO3-N (mg/L)
	0.67
	0.647

	Se (ug/L)
	<0.5
	0.41

	SO4 (mg/L)
	62.5
	66

	TKN (mg/L)
	0.25
	0.353

	TOC (mg/L)
	2
	1.82

	TP (mg/L)
	0.043
	0.033


	Cannelton Lock and Dam

January 14, 2004, Flow 353.6 kcfs

	Parameter
	NASQAN
	ORSANCO

	Time (EDT/EST)
	13:00
	11:25

	As (ug/L)
	0.5
	0.52

	Ca (mg/L)
	33.3
	27

	Cl- (mg/L)
	14.2
	8

	Fe (ug/L)
	19
	<50

	Hardness (mg/L)
	120
	100

	Mg (mg/L)
	8.35
	6.9

	NH3-N (mg/L)
	< 0.04
	0.05

	NO2-NO3-N (mg/L)
	1.2
	2.12

	Se (ug/L)
	< 0.4
	<0.5

	SO4 (mg/L)
	39
	37

	TKN (mg/L)
	0.79
	0.46

	TOC (mg/L)
	3.2
	3.5

	TP (mg/L)
	0.25
	0.103

	Cannelton Lock and Dam

March 09, 2004, Flow 339.3 kcfs

	Parameter
	NASQAN
	ORSANCO

	Time (EDT/EST)
	13:30
	11:17

	As (ug/L)
	0.5
	0.39

	Ca (mg/L)
	37.9
	40

	Cl- (mg/L)
	28.2
	35

	Fe (ug/L)
	12
	<50

	Hardness (mg/L)
	140
	156

	Mg (mg/L)
	10.9
	10

	NH3-N (mg/L)
	0.05
	0.14

	NO2-NO3-N (mg/L)
	1.23
	1.53

	Se (ug/L)
	< 0.4
	<0.5

	SO4 (mg/L)
	54.8
	67

	TKN (mg/L)
	0.88
	0.51

	TOC (mg/L)
	2.9
	7.53

	TP (mg/L)
	0.4
	0.597

	Cannelton Lock and Dam

May 25, 2004, Flow 220.9 kcfs

	Parameter
	NASQAN
	ORSANCO

	Time (EDT/EST)
	13:40
	12:25

	As (ug/L)
	0.8
	0.66

	Ca (mg/L)
	42.2
	38

	Cl- (mg/L)
	24.5
	33

	Fe (ug/L)
	< 6.4
	<50

	Hardness (mg/L)
	160
	92

	Mg (mg/L)
	12.1
	12

	NH3-N (mg/L)
	< 0.04
	0.04

	NO2-NO3-N (mg/L)
	1.38
	1.2

	Se (ug/L)
	0.5
	0.81

	SO4 (mg/L)
	60.2
	70

	TKN (mg/L)
	0.77
	1.42

	TOC (mg/L)
	2.6
	5.61

	TP (mg/L)
	0.24
	0.325

	Cannelton Lock and Dam

November 17, 2004, Flow 142.2 kcfs

	Parameter
	NASQAN
	ORSANCO

	Time (EDT/EST)
	13:30
	09:45

	As (ug/L)
	0.6
	0.64

	Ca (mg/L)
	38.9
	44

	Fe (ug/L)
	8
	<50

	Mg (mg/L)
	10.3
	10.4

	Se (ug/L)
	< 0.4
	0.54

	Cannelton Lock and Dam

May 23, 2005, Flow 151.7 kcfs

	Parameter
	NASQAN
	ORSANCO

	Time (EDT/EST)
	13:10
	13:55

	As (ug/L)
	0.5
	0.66

	Ca (mg/L)
	32.9
	R

	Cl- (mg/L)
	15.8
	22

	Fe (ug/L)
	< 6
	<50

	Hardness (mg/L)
	130
	144

	Mg (mg/L)
	10.8
	11.8

	NH3-N (mg/L)
	< 0.04
	0.03

	NO2-NO3-N (mg/L)
	1.1
	1.12

	Se (ug/L)
	< 0.4
	<0.5

	SO4 (mg/L)
	45.4
	69

	TKN (mg/L)
	0.58
	2.22

	TOC (mg/L)
	2.4
	10.4

	TP (mg/L)
	0.2
	0.127

	Cannelton Lock and Dam

July 13, 2005, Flow 28.2 kcfs

	Parameter
	NASQAN
	ORSANCO

	Time (EDT/EST)
	12:00
	11:10

	As (ug/L)
	0.8
	0.93

	Ca (mg/L)
	41.4
	34.1

	Cl- (mg/L)
	31.7
	34

	Fe (ug/L)
	< 6
	<50

	Hardness (mg/L)
	170
	148

	Mg (mg/L)
	15.1
	12.6

	NH3-N (mg/L)
	0.08
	0.09

	NO2-NO3-N (mg/L)
	0.85
	0.919

	Se (ug/L)
	0.6
	0.80

	SO4 (mg/L)
	76.8
	95

	TKN (mg/L)
	0.37
	1.69

	TOC (mg/L)
	3.3
	4.15

	TP (mg/L)
	0.031
	0.021


	Cannelton Lock and Dam

August 09, 2005, Flow 22.6 kcfs

	Parameter
	NASQAN
	ORSANCO

	Time (EDT/EST)
	13:40
	12:15

	As (ug/L)
	1
	1.13

	Ca (mg/L)
	45.4
	38.0

	Cl- (mg/L)
	37.1
	34

	Fe (ug/L)
	< 6
	<50

	Hardness (mg/L)
	180
	156

	Mg (mg/L)
	17.2
	16.4

	NH3-N (mg/L)
	< 0.04
	0.04

	NO2-NO3-N (mg/L)
	0.56
	0.66

	Se (ug/L)
	0.5
	0.99

	SO4 (mg/L)
	91.3
	95

	TKN (mg/L)
	0.37
	0.582

	TOC (mg/L)
	3.1
	9.57

	TP (mg/L)
	0.02
	0.0476

	Cannelton Lock and Dam

November 10, 2005, Flow 35.2 kcfs

	Parameter
	NASQAN
	ORSANCO

	Time (EDT/EST)
	15:10
	10:00

	As (ug/L)
	0.91
	1.12

	Ca (mg/L)
	49.4
	57.3

	Cl- (mg/L)
	44.4
	54

	Fe (ug/L)
	12
	<50

	Hardness (mg/L)
	190
	200

	Mg (mg/L)
	16.5
	18.9

	NH3-N (mg/L)
	0.06
	0.06

	NO2-NO3-N (mg/L)
	1.67
	1.65

	Se (ug/L)
	0.58
	1.09

	SO4 (mg/L)
	106
	120

	TKN (mg/L)
	0.36
	0.669

	TOC (mg/L)
	5.4
	3.3

	TP (mg/L)
	0.068
	0.208

	Cannelton Lock and Dam

December 14, 2005, Flow 79.1 kcfs

	Parameter
	NASQAN
	ORSANCO

	Time (EDT/EST)
	13:00
	11:30

	As (ug/L)
	0.5
	0.40

	Ca (mg/L)
	38.2
	28.5

	Fe (ug/L)
	13
	<50

	Mg (mg/L)
	11
	8.45

	Se (ug/L)
	0.34
	<0.5


	Cannelton Lock and Dam

March 09, 2006, Flow 57.6 kcfs

	Parameter
	NASQAN
	ORSANCO

	Time (EDT/EST)
	12:00
	10:15

	As (ug/L)
	0.44
	0.28

	Ca (mg/L)
	40.1
	39.1

	Cl- (mg/L)
	29.2
	40

	Fe (ug/L)
	14
	<50

	Hardness (mg/L)
	150
	148

	Mg (mg/L)
	12.1
	11.4

	NH3-N (mg/L)
	< 0.02
	0.04

	NO2-NO3-N (mg/L)
	1.35
	1.24

	Se (ug/L)
	0.35
	<0.5

	SO4 (mg/L)
	58.3
	70

	TKN (mg/L)
	0.31
	0.319

	TOC (mg/L)
	2.1
	2

	TP (mg/L)
	0.052
	0.069

	Cannelton Lock and Dam

April 14, 2006, Flow 144.1 kcfs

	Parameter
	NASQAN
	ORSANCO

	Time (EDT/EST)
	11:30
	11:15

	As (ug/L)
	0.42
	0.48

	Ca (mg/L)
	35.1
	35.9

	Cl- (mg/L)
	19.7
	26

	Fe (ug/L)
	7
	<50

	Hardness (mg/L)
	130
	144

	Mg (mg/L)
	10.9
	8.80

	NH3-N (mg/L)
	< 0.04
	<0.03

	NO2-NO3-N (mg/L)
	0.92
	1.02

	Se (ug/L)
	0.3
	<0.5

	SO4 (mg/L)
	58.8
	68

	TKN (mg/L)
	0.46
	0.779

	TOC (mg/L)
	3
	1.97

	TP (mg/L)
	0.151
	0.094

	Cannelton Lock and Dam

May 09, 2006, Flow 51.9 kcfs

	Parameter
	NASQAN
	ORSANCO

	Time (EDT/EST)
	12:00
	08:20

	As (ug/L)
	0.48
	0.54

	Ca (mg/L)
	37.1
	31.9

	Cl- (mg/L)
	16.8
	22

	Fe (ug/L)
	7
	<50

	Hardness (mg/L)
	140
	132

	Mg (mg/L)
	10.7
	10.5

	NH3-N (mg/L)
	< 0.03
	0.04

	NO2-NO3-N (mg/L)
	0.79
	0.812

	Se (ug/L)
	0.32
	0.61

	SO4 (mg/L)
	52.8
	64

	TKN (mg/L)
	0.26
	0.273

	TOC (mg/L)
	2.3
	2.86

	TP (mg/L)
	0.049
	0.041

	Cannelton Lock and Dam

June 29, 2006, Flow 121.6 kcfs

	Parameter
	NASQAN
	ORSANCO

	Time (EDT/EST)
	13:00
	12:40

	As (ug/L)
	0.91
	1.02

	Ca (mg/L)
	43.5
	45.3

	Cl- (mg/L)
	28
	34

	Fe (ug/L)
	< 6
	<50

	Hardness (mg/L)
	170
	184

	Mg (mg/L)
	13.7
	13.1

	NH3-N (mg/L)
	0.068
	0.1

	NO2-NO3-N (mg/L)
	2.38
	2.41

	Se (ug/L)
	0.44
	0.74

	SO4 (mg/L)
	59.7
	70

	TKN (mg/L)
	0.52
	0.691

	TOC (mg/L)
	5.7
	2.99

	TP (mg/L)
	0.112
	0.027

	Cannelton Lock and Dam

July 27, 2006, Flow 72.8 kcfs

	Parameter
	NASQAN
	ORSANCO

	Time (EDT/EST)
	12:30
	12:50

	As (ug/L)
	0.6
	0.77

	Ca (mg/L)
	28.9
	35.9

	Cl- (mg/L)
	15.8
	20

	Fe (ug/L)
	< 6
	<50

	Hardness (mg/L)
	110
	140

	Mg (mg/L)
	8.05
	10.3

	NH3-N (mg/L)
	< 0.006
	0.03

	NO2-NO3-N (mg/L)
	0.97
	1.1

	Se (ug/L)
	0.34
	0.55

	SO4 (mg/L)
	51.6
	66

	TKN (mg/L)
	0.26
	0.517

	TOC (mg/L)
	6.5
	3.15

	TP (mg/L)
	0.053
	0.131

	Cannelton Lock and Dam

November 01, 2006, Flow 311.7 kcfs

	Parameter
	NASQAN
	ORSANCO

	Time (EDT/EST)
	13:30
	11:20

	As (ug/L)
	0.82
	0.79

	Ca (mg/L)
	33.7
	32.3

	Cl- (mg/L)
	13
	20

	Fe (ug/L)
	22
	51.5

	Hardness (mg/L)
	120
	152

	Mg (mg/L)
	8.12
	7.29

	NH3-N (mg/L)
	< 0.02
	0.03

	NO2-NO3-N (mg/L)
	0.97
	0.892

	Se (ug/L)
	0.25
	<0.5

	SO4 (mg/L)
	36
	56

	TKN (mg/L)
	1.2
	1.2

	TOC (mg/L)
	4.5
	4.3

	TP (mg/L)
	0.578
	0.383

	Cannelton Lock and Dam

December 11, 2006, Flow 89.5 kcfs

	Parameter
	NASQAN
	ORSANCO

	Time (EDT/EST)
	13:00
	11:10

	As (ug/L)
	0.61
	0.60

	Ca (mg/L)
	36
	31.9

	Cl- (mg/L)
	15
	20

	Fe (ug/L)
	19
	<50

	Hardness (mg/L)
	130
	144

	Mg (mg/L)
	10.8
	9.29

	NH3-N (mg/L)
	0.048
	0.11

	NO2-NO3-N (mg/L)
	1.21
	1.28

	Se (ug/L)
	0.29
	<0.5

	SO4 (mg/L)
	41.5
	52

	TKN (mg/L)
	0.49
	0.624

	TOC (mg/L)
	2.9
	3.21

	TP (mg/L)
	0.144
	0.191

	Cannelton Lock and Dam

January 19, 2007, Flow 415 kcfs

	Parameter
	NASQAN
	ORSANCO

	Time (EDT/EST)
	13:00
	12:05

	As (ug/L)
	0.58
	0.53

	Ca (mg/L)
	32
	34.0

	Cl- (mg/L)
	11.9
	20

	Fe (ug/L)
	26
	<50

	Hardness (mg/L)
	110
	148

	Mg (mg/L)
	8.07
	8.17

	NH3-N (mg/L)
	0.025
	<0.03

	NO2-NO3-N (mg/L)
	1.02
	0.974

	Se (ug/L)
	0.24
	<0.5

	SO4 (mg/L)
	35.4
	42

	TKN (mg/L)
	1.1
	1.25

	TOC (mg/L)
	4.3
	3.48

	TP (mg/L)
	0.36
	0.335

	Cannelton Lock and Dam

February 21, 2007, Flow 98.4 kcfs

	Parameter
	NASQAN
	ORSANCO

	Time (EDT/EST)
	11:45
	12:00

	As (ug/L)
	0.46
	0.21

	Ca (mg/L)
	43.9
	42.2

	Cl- (mg/L)
	23.5
	0

	Fe (ug/L)
	17
	<50

	Hardness (mg/L)
	160
	168

	Mg (mg/L)
	12.3
	11.2

	NH3-N (mg/L)
	0.093
	0.05

	NO2-NO3-N (mg/L)
	1.23
	1.46

	Se (ug/L)
	0.29
	<0.5

	SO4 (mg/L)
	49.8
	0

	TKN (mg/L)
	0.46
	0.553

	TOC (mg/L)
	2.6
	3.2

	TP (mg/L)
	0.126
	0.111

	Cannelton Lock and Dam

March 13, 2007, Flow 161.1 kcfs

	Parameter
	NASQAN
	ORSANCO

	Time (EDT/EST)
	12:20
	11:50

	Cl- (mg/L)
	25.8
	40

	Hardness (mg/L)
	120
	168

	NH3-N (mg/L)
	0.071
	0.1

	NO2-NO3-N (mg/L)
	1.21
	1.26

	SO4 (mg/L)
	41.5
	44

	TKN (mg/L)
	0.67
	0.569

	TOC (mg/L)
	2.7
	2.7

	TP (mg/L)
	0.217
	0.104

	Cannelton Lock and Dam

April 17, 2007, Flow 262.3 kcfs

	Parameter
	NASQAN
	ORSANCO

	Time (EDT/EST)
	13:20
	12:30

	As (ug/L)
	0.63
	0.57

	Ca (mg/L)
	41.3
	41.3

	Cl- (mg/L)
	19.9
	68

	Fe (ug/L)
	11
	<50

	Hardness (mg/L)
	150
	152

	Mg (mg/L)
	12
	11.2

	NH3-N (mg/L)
	0.023
	0.04

	NO2-NO3-N (mg/L)
	1.08
	1.02

	Se (ug/L)
	0.33
	<0.5

	SO4 (mg/L)
	45.7
	46

	TKN (mg/L)
	0.77
	0.879

	TOC (mg/L)
	2.9
	3.1

	TP (mg/L)
	0.312
	0.172

	Cannelton Lock and Dam

May 08, 2007, Flow 143.7 kcfs

	Parameter
	NASQAN
	ORSANCO

	Time (EDT/EST)
	14:00
	11:50

	As (ug/L)
	0.52
	0.43

	Ca (mg/L)
	35.6
	32.3

	Cl- (mg/L)
	27.5
	20

	Fe (ug/L)
	7
	<50

	Hardness (mg/L)
	130
	132

	Mg (mg/L)
	10.7
	9.37

	NH3-N (mg/L)
	0.02
	0.05

	NO2-NO3-N (mg/L)
	1.04
	1.03

	Se (ug/L)
	0.39
	<0.5

	SO4 (mg/L)
	50.7
	55

	TKN (mg/L)
	0.3
	0.483

	TOC (mg/L)
	2.7
	2.5

	TP (mg/L)
	0.087
	0.069


	Cannelton Lock and Dam

June 28, 2007, Flow 22.5 kcfs

	Parameter
	NASQAN
	ORSANCO

	Time (EDT/EST)
	12:30
	11:05

	As (ug/L)
	0.83
	0.93

	Ca (mg/L)
	39.2
	37.1

	Fe (ug/L)
	< 6
	<50

	Mg (mg/L)
	13.9
	13.6

	Se (ug/L)
	0.56
	0.89
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Site

Parameter

Number

N

Mean

Std. Dev

Skewness

Std. Err.

Skewness

Kurtosis

Std. Err.

Kurtosis

Max D

Kolmolgorov-

Smirnov Test

Lilliefors

Test

Shapiro-Wilks

Test Statistic (W)

S-W

p

Cannelton

As

Di

17

0.11

0.07

0.42

0.55

-0.40

1.06

0.10

p > .20

p > .20

0.9720

0.852

Cannelton

Ca

Di

16

3.90

3.06

0.54

0.56

-1.17

1.09

0.23

p > .20

p < .05

0.8980

0.075

Cannelton

Cl-

Di

14

6.82

3.14

0.91

0.60

1.10

1.15

0.14

p > .20

p > .20

0.9498

0.557

Cannelton

Fe

Di

1

29.50

----

----

Cannelton

Hardness

Di

16

17.63

13.63

0.84

0.56

0.02

1.09

0.23

p > .20

p < .05

0.9137

0.134

Cannelton

Mg

Di

17

1.22

0.86

0.42

0.55

-1.26

1.06

0.17

p > .20

p > .20

0.8997

0.067

Cannelton

NH3-N

Di

8

0.03

0.02

0.38

0.75

0.27

1.48

0.17

p > .20

p > .20

0.9745

0.931

Cannelton

NO2-NO3-N

Di

16

0.07

0.06

1.58

0.56

3.47

1.09

0.14

p > .20

p > .20

0.8652

0.023

Cannelton

Se

Di

7

0.34

0.12

0.64

0.79

-1.11

1.59

0.22

p > .20

p > .20

0.8865

0.257

Cannelton

SO4

Di

18

-10.03

6.76

-0.14

0.54

-0.20

1.04

0.12

p > .20

p > .20

0.9807

0.957

Cannelton

TKN

Di

16

0.31

0.47

2.38

0.56

4.85

1.09

0.37

p < .05

p < .01

0.6079

0.000

Cannelton

TOC

Di

16

1.72

2.38

1.88

0.56

2.86

1.09

0.30

p < .10

p < .01

0.7148

0.000

Cannelton

TP

Di

16

0.07

0.06

0.96

0.56

0.13

1.09

0.19

p > .20

p < .15

0.8830

0.043

Greenup

As

Di

18

0.06

0.04

0.27

0.54

-0.72

1.04

0.13

p > .20

p > .20

0.9363

0.251

Greenup

Ca

Di

19

3.74

2.61

0.69

0.52

0.02

1.01

0.12

p > .20

p > .20

0.9359

0.222

Greenup

Cl-

Di

18

5.59

3.46

-0.23

0.54

-1.73

1.04

0.24

p > .20

p < .05

0.8589

0.012

Greenup

Hardness

Di

19

9.58

6.39

0.28

0.52

-0.66

1.01

0.15

p > .20

p > .20

0.9454

0.329

Greenup

Mg

Di

19

1.07

0.78

0.74

0.52

-0.09

1.01

0.14

p > .20

p > .20

0.9334

0.200

Greenup

NH3-N

Di

9

0.04

0.02

0.17

0.72

-1.17

1.40

0.18

p > .20

p > .20

0.9404

0.586

Greenup

NO2-NO3-N

Di

19

0.05

0.04

0.82

0.52

-0.63

1.01

0.21

p > .20

p < .05

0.8774

0.019

Greenup

Se

Di

9

0.33

0.15

-0.83

0.72

-0.29

1.40

0.23

p > .20

p < .20

0.8967

0.234

Greenup

SO4

Di

21

-7.58

8.17

-1.10

0.50

3.54

0.97

0.17

p > .20

p < .10

0.9042

0.042

Greenup

TKN

Di

19

0.34

0.51

2.80

0.52

8.79

1.01

0.27

p < .15

p < .01

0.6416

0.000

Greenup

TOC

Di

19

1.57

2.01

1.97

0.52

3.81

1.01

0.26

p < .15

p < .01

0.7480

0.000

Greenup

TP

Di

16

0.02

0.02

1.35

0.56

1.45

1.09

0.20

p > .20

p < .10

0.8615

0.020

Normality of Matched-Pair Differences LogTransformed (Log Di)

Site

Parameter

Number

N

Mean

Std. Dev

Skewness

Std. Err.

Skewness

Kurtosis

Std. Err.

Kurtosis

Max D

Kolmolgorov-

Smirnov Test

Lilliefors

Test

Shapiro-Wilks

Test Statistic (W)

S-W

p

Cannelton

As

Diff Logs

17

-0.01

0.12

-1.57

0.55

2.68

1.06

0.22

p > .20

p < .05

0.8532

0.012

Cannelton

Ca

Diff Logs

16

-0.02

0.06

0.16

0.56

0.21

1.09

0.09

p > .20

p > .20

0.9897

0.999

Cannelton

Cl-

Diff Logs

14

0.10

0.09

-1.29

0.60

2.02

1.15

0.23

p > .20

p < .05

0.8967

0.101

Cannelton

Fe

Diff Logs

1

0.37

----

----

Cannelton

Hardness

Diff Logs

16

0.03

0.06

0.27

0.56

-0.47

1.09

0.19

p > .20

p < .15

0.9524

0.529

Cannelton

Mg

Diff Logs

17

-0.02

0.06

0.67

0.55

0.75

1.06

0.15

p > .20

p > .20

0.9663

0.750

Cannelton

NH3-N

Diff Logs

8

0.14

0.21

-0.78

0.75

0.80

1.48

0.15

p > .20

p > .20

0.9490

0.701

Cannelton

NO2-NO3-N

Diff Logs

16

0.01

0.04

0.28

0.56

-0.80

1.09

0.08

p > .20

p > .20

0.9573

0.613

Cannelton

Se

Diff Logs

7

0.23

0.06

-0.88

0.79

0.59

1.59

0.20

p > .20

p > .20

0.9202

0.471

Cannelton

SO4

Diff Logs

18

-0.17

0.12

-0.64

0.54

0.96

1.04

0.15

p > .20

p > .20

0.9373

0.260

Cannelton

TKN

Diff Logs

16

0.18

0.20

1.36

0.56

1.53

1.09

0.17

p > .20

p > .20

0.8629

0.021

Cannelton

TOC

Diff Logs

16

0.02

0.25

1.23

0.56

1.89

1.09

0.25

p > .20

p < .01

0.8751

0.033

Cannelton

TP

Diff Logs

16

-0.04

0.29

0.27

0.56

0.15

1.09

0.17

p > .20

p > .20

0.9459

0.428

Greenup

As

Diff Logs

18

0.02

0.09

-1.53

0.54

3.01

1.04

0.27

p < .15

p < .01

0.8190

0.003

Greenup

Ca

Diff Logs

19

-0.04

0.05

0.04

0.52

-0.75

1.01

0.11

p > .20

p > .20

0.9702

0.780

Greenup

Cl-

Diff Logs

18

0.09

0.09

0.02

0.54

-1.15

1.04

0.09

p > .20

p > .20

0.9522

0.461

Greenup

Hardness

Diff Logs

19

0.02

0.04

-0.02

0.52

-1.50

1.01

0.16

p > .20

p < .20

0.9137

0.087

Greenup

Mg

Diff Logs

19

-0.03

0.06

-0.15

0.52

-0.97

1.01

0.11

p > .20

p > .20

0.9717

0.809

Greenup

NH3-N

Diff Logs

9

0.31

0.18

0.17

0.72

-1.82

1.40

0.20

p > .20

p > .20

0.9090

0.309

Greenup

NO2-NO3-N

Diff Logs

19

0.00

0.03

0.12

0.52

-0.66

1.01

0.08

p > .20

p > .20

0.9795

0.936

Greenup

Se

Diff Logs

9

0.23

0.18

-1.33

0.72

1.27

1.40

0.28

p > .20

p < .05

0.8657

0.111

Greenup

SO4

Diff Logs

21

-0.11

0.13

-1.20

0.50

4.11

0.97

0.16

p > .20

p < .15

0.8899

0.022

Greenup

TKN

Diff Logs

19

0.20

0.24

1.12

0.52

0.99

1.01

0.16

p > .20

p > .20

0.9057

0.062

Greenup

TOC

Diff Logs

19

-0.05

0.22

0.22

0.52

1.11

1.01

0.16

p > .20

p > .20

0.9557

0.491

Greenup

TP

Diff Logs

16

-0.06

0.25

-0.58

0.56

2.50

1.09

0.16

p > .20

p > .20

0.9422

0.377
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[image: image22.wmf]Location=Cannelton, Parameter=Cl-

Box & Whisker Plot

 Median 

 25%-75% 

 Min-Max 

NASQAN

ORSANCO

0

10

20

30

40

50

60

70

80
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� Complete history of the NASQAN Program is available from the USGS at  the Program website http://water.usgs.gov/nasqan/


� Observed differences were compared to the confidence limits obtained by various sample populations as a benchmark for the test of means presented in the parametric t-test.
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