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ABSTRACT 

Guy, Adam Christopher, M.S., Department of Soil Science, College of Agriculture, Food 
Systems, and Natural Resources, North Dakota State University, March 2011. Effects of 
Major Flooding on Water and Sediment Characteristics in an Urban Enviromnent. Major 
Professor: Dr. Thomas Desutter. 

Spring flooding of the Red River of the North is a common phenomenon, but no 

infonnation exits on how these flooding events impact both water and sediment quality 

within an urban area. The objectives of this study were to assess if urban enviromnents 

affect floodwater quality and to determine the quality of sediment deposited in an urban 

environment after floodwaters recede. Water samples were taken on 12 dates from two 

locations before and after the city limits of Pargo, North Dakota and Moorhead, Minnesota 

(F-M), and were measured for 12 variables including total sediment, P04, 17/3-estradiol, 

and diesel range organics. Sediment and underlying soil samples were collected from three 

locations within F-M where, at each location, there were three equidistant transects parallel 

to the river channel, and analyzed for 40 variables including dry sediment mass, carbon, 

nitrogen, diesel and gasoline range organics, and trace elements. Considering river 

discharge and total sediment and P04 concentrations at each sampling date, about 4500 Mg 

of sediment and 30 Mg of P04 were estimated to have been deposited within F-M. l 7B

estradiol was detected in 9 of 24 water samples with an average concentration of0.61 ng L-

1 and diesel range organics were detected in 8 of 24 samples with an average concentration 

of 80.0 µg L-1. Average mass of sediment across locations and transects ranged from about 

2 to 1 O kg m·2 where transects closest to the river channel had the higher mass deposits of 

sediment. Total carbon and nitrogen within the sediment was determined to be mostly 

organic and ranged from about 40 to 59 g kg'1 and about 1,760 to 4,930 mg kg·1, 

respectively, with the highest concentrations occurring at the transect furthest from the 
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river channel. No gasoline range organics were detected, but diesel range organics were 

detected in 26 of the 27 sediment samples analyzed with a maximum concentration of 49.2 

µg g-1• Total Hg concentrations in the sediment and soil averaged about 55 and 61 ng g-1, 

respectively, and all trace elements detected in the sediments were within ranges for non

contaminated sites. Although sediments remaining after floodwaters recede can be 

unsightly and cleanup efforts can be labor intensive, these sediments can also provide 

essential plant nutrients for urban riverine ecosystems, which may include turf grass, fruits 

and vegetables, and horticultural plants. 
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GENERAL INTRODUCTION 

Flooding of the Red River of the North (RR) is a major detriment to economic, 

social, and agricultural communities. The average annual costs of flood damage for Fargo, 

North Dakota and Moorhead, Minnesota (F-M) exceed $190 million (US) (US Anny Corps 

of Engineers, 2010). The RR basin is predominantly agricultural (Stoner et al., 1993) and 

there is a concern for high volumes of sediment loading into the RR because constituents 

attached to sediments may affect water and sediment quality in floodwaters (Du Laing et 

al., 2008; Lair et al., 2009; Ongley, 1996b; Sterk et al., 1996). 

Problems associated with flooding in an urban environment may be multi-faceted. 

Impacts from runoff or contaminated floodwater to an urban environment may include 

surface and groundwater degradation (Cihacek et al., 1993; Ongley, 1996b), impainnent to 

aquatic species (Schueler, 1994; Schoenfuss et al., 2011; Toft and Baatrup, 2001), 

recreational and aesthetic values (Dudgeon, 2000; Hearne, 2007; Schoenfuss et al., 2011), 

and economic losses to farmers and communities (James and Korum, 2001; Leitch and 

Schultz, 2003; Ongley, 1996b ). The response or prevention of these challenges may 

determine how these impacts affect the economic, social, and agricultural communities 

overall (IJC, 2001). Floodwater is the general and temporary condition of partial or 

complete inundation ofnonnally dry land from overland flow or rapid accumulation of 

surface water runoff from any source (FEMA, 2010). 

There are many potential enviromnental impacts associated with flooding in an 

urban enviromnent (Goonetilleke et al., 1995; Ongley, 1996b; Tsihrintzis and Hamid, 

1997). To reduce the potential impacts of flooding, many decisions and actions could be 

considered to minimize the effects of flooding on water and sediment quality, which may 
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include the selection of sustainable agricultural practices (Ongley, 1996b ), socially 

responsible floodplain development (Leitch, 2003), and minimizing impervious surfaces 

(Niemczynowicz, 1999; Tsihrintzis and Hamid, 1997). However, little research has been 

done on the impacts of flooding on sediment deposition and its quality or water quality 

tlrrough an urban environment in the RR basin. The purpose of this study was to determine 

if urban environments affect floodwater constituents and to assess quality of the sediment 

deposited in an urban environment after floodwaters recede. 
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LITERATURE REVIEW 

Floodplain Features and the Red River Valley of the North 

The simplified definition of floodplain is an area adjacent to a body of water that is 

periodically inundated (FEMA, 2003). However, there are other technical definitions of a 

floodplain, which include its fonnation by periodical deposition of suspended sediments 

from river water during flood events (Du Laing et al., 2008); characte1ization of the 

shifting mosaic of interconnected aquatic, semi~aquatic and terrestrial habitats and are 

among the most productive and heterogeneous ecosystems on continents (Lair et al., 2009); 

and a strip ofrelatively flat-lying land bordering a stream and is underlain by sediment 

carried by the stream and dropped in the slack water beyond the influence of the swiftest 

current (USGS, 2008). Even though soils of many floodplains developed before human 

influence, some major sedimentation events were a result of human settlement. 

Deforestation, cultivation, and flood protection measures are a few human activities that 

had an impact on sedimentation (Du Laing et al., 2008). 

Flood damage has been a persistent characteristic of human use and settlement of 

the RR, and, as a result, has been a hazard for communities within its basin (Todhunter, 

1998). In March 2009, the RR at Fargo-Moorhead (F-M) experienced the highest flood 

stage in recorded basin history (USGS, 2010b). When floods reach this magnitude costly 

consequences can occur. Flooding in the RR is a major detriment to economic, social, and 

agricultural communities where the average annual flood damage for F-M exceeds $190 

million (US) (US Army Corp of Engineers, 2010), and annually across the US average over 

$3 billion (US) (Pielke and Downton, 2009). With nearly 6 million buildings within the 

boundaries of a 100-year floodplain in the United States, flood damages are widespread 
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(averaging $115 million (US) per week) and will probably continue (Congressional Natural 

Hazard Caucus Work Group, 2001). 

The magnitude of spring flooding in the RR basin is affected by a series of factors 

contributing to the rapid water-level rise and eventual flooding. These factors include: (i) 

precipitation amounts in the fall that produce above average soil moisture before soil 

freeze-up; (ii) above-nonnal winter snowfall; (iii) the depth and moisture content of the 

seasonally frozen soils that prohibit water infiltration; (iv) above-normal precipitation 

during spring thaw; (v) the duration and rate of spring snowmelt; (vi) temporary dams of 

ice (ice jams) on the river; and (vii) the gentle slope of the main channel, ranging from 0.25 

m km-1 at Wahpeton, 0.095 m km-1 at Grand Forks, and only 0.038 m km-1 at the North 

Dakota and Canada border (IJC, 2000; Macek-Rowland, 1997; Todhunter, 2001). 

Some areas of the United States, such as the RR basin, are plagued with flooding 

(Leitch, 2003), however, pressures for new housing developments in flood-prone areas 

(near rivers and lakes) continue (Pinter, 2005). There are many reasons why development 

of floodplains remains high. For example, floodplains are among the most unique 

landscapes and are characterized by high biodiversity (vegetation and wildlife), 

productivity, and for recreational and aesthetic values (Lair et al., 2009; Magilligan et al, 

1998; Ravenga et al., 2000; Tockner and Stanford, 2002). 

Floodplains are known for their cultural and economic importance; early 

civilizations thrived in fertile floodplains, and throughout history humans have learned to 

use floodplains extensively (Hillel, 1991; Tockner and Stanford, 2002). For example, 46% 

of floodplains in the United States are intensively cultivated; and between 60 and 99% of 

floodplains have been transfonned to cropland or urbanized in Asia and Europe (Ravenga 
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et al., 2000; Tockner and Stanford, 2002). Currently over 60 percent of the world's 

population lives within 1 km of surface water, commonly along rivers and coastlines 

(Tockner and Stanford, 2002). Flood damages have increased due to the extensive 

development of floodplains (Burby, 2002). 

Many studies have been conducted on the RR involving the social, economic, 

geologic, and land use related issues (Hearne, 2007; James and Korum, 2001; Leitch and 

Schultz, 2003; Schwert, 2003; Simonovic and Carson, 2003). The 1997 flood forced 

75,000 North Dakotans from their homes (James and Korum, 2001). Land use in the RR 

basin plays a major role in the enviromnental impacts directly relating to the soil and water 

quality of the RR. In 1972, approximately 75% of the land base in the RR basin was used 

for production agriculture (Souris-Red-Rainy River Basins Commission, 1972). 

Commonly grown production crops in the basin include com (Zea mays), soybeans 

(Glycine max), sugar beets (Beta vulgaris), and wheat (Triticum spp.) (USDA-NASS, 

2010). Approximately 3% of the RR basin is urban lands (Souris-Red-Rainy River Basins 

Commission, 1972); however, urban areas play a sizeable role in contaminating watersheds 

(Davis et al., 2001; Goonetilleke et al., 2005; Gromaire-Mertz et al., 1999, Sartor and 

Boyd, 1972; Tsihrintzis and Hamid, 1997). Water from approximately 19% (about 1.8 

million ha) of the RR drainage basin flows through F-M (Stoner et al., 1993). Along the 43 

river-km in F-M, urban development (residential homes) encompasses much of the land 

area, but over 20 public and recreational areas (parks, community gardens, school 

campuses, and golf courses) also occupy lands along its banks in F-M. 
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Land Use Impacts 

Land use impacts contributing to flood events can be urban and rural and both can 

contribute positive and negative attributes to flood events. In 2009, many factors 

contributed to the highest recorded levels of the RR in the F-M area, which can include: (i) 

substantial amount of precipitation in the fall that produces high leyels of soil moisture 

before soil freeze-up; (ii) above-average winter snowfall covering the vast amounts of 

agricultural acreage; (iii) the depth and moisture content of the seasonally frozen soils that 

prohibits water infiltration; (iv) above-normal precipitation during spring thaw; (v) and the 

duration and rate of spring snowmelt; (Macek-Rowland, 1997; Simonovic and Carson, 

2003; Todhunter, 2001). 

Human activities associated with settlement, around the early 19th century, have 

changed the hydrologic landscape, which includes flooding, the dynamics of stream 

channels and the associated floodplains, and erosion, transportation, deposition of 

sediments (Knox, 2006). Many factors affect the quality of runoff with land use having the 

most impact. Land use changes, such as vegetation removal, increases in impervious 

surfaces, construction, cultivation practices, and changing drainage channels, coupled with 

urbanization may result in surface runoff alterations (Cooper and Gillespie, 2001; Du Laing 

et al., 2008; Goonetilleke et al., 2005; Lair et al., 2009; Sartor & Boyd, 1972; Tsihrintzis 

and Hamid, 1997). Future floodplain land use must aid in long-term storage of 

contaminants through soil conservation (Lair et al., 2009) because many studies have tried 

to correlate land use with contaminant loadings, but the results reported have been 

inconsistent (Hall and Anderson, 1986; Parker et al., 2000; Sartor and Boyd, 1972). 
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, 
Urban Characteristics 

Positive. 

There is little research available on the benefits of urban flooding. Observations of 

the spring 2009 RR flood might suggest that lands along the river are managed for and 

covered with turf grass. Functional benefits from turf grass may include: soil erosion and 

dust stabilization thereby protecting the soil resource; improved recharge of groundwater, 

plus flood control; entrapment of and biodegradation of nutrients (N and P), contaminants 

(Hg, Pb, and Zn}, and organic compounds (hydrocarbons) (Beard and Green, 1994). 

Negative. 

Urban runoff is a source of water contamination and has been shown to contribute 

nutrients (total N and P), trace metals (Cu, Hg, Pb, and Zn), polycyclic aromatic 

hydrocarbons (PAHs) (pyrene, benzol[a]pyrene, and chrysene), organic compounds (fecal 

coliform), and sediment to receiving waters (Bakri et al., 2008; Hemgren et al., 201 O; 

Niernczynowicz, 1999; USEPA, 1990; Vaze and Chiew, 2002). These contaminants can 

adversely affect water bodies by degrading aquatic habitats, depreciating recreation and 

aesthetics, or by causing algae to grow uncontrollably (Hemgren et al., 201 O; Hunter et al., 

1979; Settachamwit et al., 2003). In addition, high concentration levels of these 

contaminants corning from suspended solids, pathogens (e.g., animal waste), nutrients (N 

and P), and toxic chemicals (PAHs, Hg, Pb, and Zn) (Bay et al., 2003; Boxall and Maltby, 

1995; Carr et al., 2000) affect the organisms living in these environments. Urban runoff 

can be highly contaminated, and above tolerable environmental standard concentration 

levels (Taebi and Droste, 2004a,b ). 
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Potential concerns from the environmental presence of hormones include their 

ability to alter sexual behavior and endocrine systems of animals and aquatic species 

(Larsson et al., 2000) and increased incidences of cancer (Davis and Bradlow, 1995). Most 

of these hormones are produced and released into the environment by livestock (manure), 

wildlife, and humans (urine and feces) (Shore et al., 1998; Shore and Shemesh, 2003). 

17B-estradiol strongly binds to the organic phase of soil particles and does not dissolve or 

transport in soil water (Casey et al., 2003; Anderson et al., 2005). 

In addition to the numerous environmental impacts, urban runoff may contribute to 

social and economic hardships (James and Korum, 2001). For example, recreational and 

aesthetic values may be diminished (Dudgeon, 2000; Hearne, 2007; Schoenfuss et al., 

2011) through impairment to aquatic species (Schueler, 1994; Schoenfuss et al., 2011; Toft 

and Baatrup, 2001), considerable cleanup costs (Burby, 2002; James and Korum, 2001), 

closing of businesses for extended periods oftime (IJC, 2000; James and Korum, 2001), 

and the loss of community members caused from relocating (James and Korum, 2001). 

Urban environments may be affected by contaminants introduced through human 

activities (Goonetilleke et al., 2005). There is a difference between contaminant and 

pollutant, but for the purpose of this paper contaminant will be used. A contaminant is 

above background levels but has not been found to cause harm, whereas a pollutant is 

above background levels and has been deemed to potentially cause hann. As a result, 

activities associated with urbanization have a direct influence on the quality of stonnwater 

runoff. Stonnwater runoff is water from rain or melting snow that runs off across the land 

instead of seeping into the ground and usually flows into the nearest water body and is 

commonly untreated (FEMA, 2010). Land use and imperviousness are important factors in 
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water quality management and contaminant loading into water bodies (Anon., 1981; 

O'Loughlin, 1994;Schueler, 1994; Tsihrintzis and Hamid, 1997). As a result of increased 

impervious surfaces, greater concentration levels of contaminants have been found in urban 

runoff (Hwang and Foster, 2006). 

Rural Characteristics 

Rural environments, specifically correlated with agricultural inputs, provide both 

positive and negative attributes to flood zones. 

Positive. 

Positive attributes from rural environments to flood zones may not be as evident as 

the negative attributes. Through management practices humans have a certain amount of 

control to minimize erosion. For example, losses of soil at the rate of 200 Mg ha-1 (100 

tons ac-1) under fallow or up-and-down-hill cultivation might lose only 20 Mg ha-1 (10 tons 

ac-1) when planted with small grains; 4 Mg ha-1 (2 tons ac-1) when in good pasture; and less 

that 2 Mg ha-1 (< 1 ton ac-1) when in good forest cover (Gottschalk and Jones, 1955). 

Considerable reductions in soil erosion such as this example can equate to retaining more 

than two centimeters (1 inch) of topsoil from being removed annually (Gottschalk and 

Jones, 1955). Choosing management practices for certain terrains or soil types may reduce 

the impacts of erosion on water quality. 

Historically, flooding has nourished and sustained river valleys for millennia 

(Hillel, 1991). For example, flooding brought fertile alluvium to the Nile River valley, 

which sustained more than five millennia of civilization without disruption. The flooding 

events were considered a "gift from the Nile", which included both silt, nutrients, and 

water. Heavy monsoonal rains would scour the landscape, detaching the rich loose 
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sediments, and transporting them to the banks of the Nile. Upon reaching the valley, the 

waters would overflow the banks and deposit a thin layer of new sediment on the 

floodplain. The amount of sediment deposited was not enough to choke off the irrigation 

canals or cover the seedlings, but it was fertile enough to add nutrients to the land. Floods 

were beneficial because of the favorable mixture of water, soil, nutrients, and organic 

matter (Hillel, 1991). The RR basin too was dubbed the ''Nile of the Western Hemisphere" 

on an early map that tried to recruit settlers to this area (Hall, 1908). 

Once sediments settle out from the water column or have accumulated on the 

channel banks after floodwaters recede, nutrients can become stored within the sediments, 

transfonn through nutrient cycling, or become plant available (Nahlik and Mitsch, 2008). 

The organic matter content plays an important role in nitrogen cycling because certain 

forms of nitrogen (e.g., NH4-N) are bound to organic matter until decomposition or by 

plant uptake (Mitsch and Gosselink, 2007). The process of sedimentation contributes to 

the removal of these physical and chemical parameters in the water column (Nahlik and 

Mitsch, 2008). 

Negative. 

Rural lands account for approximately 75 percent (93,200 km2) of the total land 

base (116,500 km2) (Souris-Red-Rainy River Basins Commission, 1972) in the RR basin, 

thus playing a contributing role in flood events and impacts. Negative characteristics from 

rural environments can include elevated concentrations of soil detachment (Bielders et al., 

2003; Brunet and Astin, 2008; Hansen et al., 2000), nutrients (Hansen et al., 2000; Nahlik 

and Mitsch, 2008; Pease et al., 2010; Rekolianen, 1989; Shigaki et al., 2009), trace metals 

(Balogh et al., 2000; Buccolieri et al., 2010; Sando et al., 2003), and organic compounds 
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(Brigham et al., 1997; Tomes and Brigham, 1995). For example, incoming water to an 

Australian urban catchment received moderate to high levels of P (up to 2.0 mg L·1), N (up 

to 14 mg L·1), suspended solids (up to 660 mg L·1), heavy metals (Zn(::; 0.05 mg L·1); Pb 

(0.25 to 0.74 mg L·1); Cu (0.05 to 0.14 mg L"1)), and fecal coliforms (up to 69,000 CFU 

100 mL-1) (Bakri et al., 2008). Some of these contaminants increased as the floodwater 

passed through urban areas, but rural stormwater runoff also showed relatively high 

concentrations of nutrients before reaching the urban catchment. 

Artificially high nutrient inputs lead to an impoverished floodplain community (van 

den Brink et al., 1996). For example, floodplains along many southeast Asian rivers may 

serve as contaminant sinks when intensive cultivation or deforestation takes place 

(Dudgeon, 2000). The RR valley is like many southeast Asian rivers because of its 

agriculture land base (extensive cultivation). Nutrients and contaminants easily bind to 

clay-sized particles and organic matter (Dudgeon, 2000; Du Laing et al., 2008), of which 

the RR basin is primarily comprised. Other sources contributing to elevated contaminant 

levels include sewage, animal waste, and industrial waste that are discharged into rivers 

during seasonal floods (Dudgeon, 2000). However, streams are typically more 

contaminated in the dry seasons when low flows are insufficient to dilute contaminants 

(Dudgeon, 2000), which does not indicate that floods are good, but that floods dilute 

contaminant concentrations. 

Water and Wind Erosion Impacts 

Human activities, mainly related to agricultural land use over the past 200 years, 

have altered aspects relating to floods, which include erosion, transportation, and 

deposition of sediments associated with floodplains (Knox, 2006). Water-erodible 
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sediments can be major sources of contamination to water bodies (Bielders et al., 2003; 

Hansen et al., 2000; Hubbard et al., 2011; Walling et al., 2003). When the rate of 

precipitation, or water content, in the soil exceeds the intake capacities of the soil, water 

that is not absorbed moves across the land as surface flow or evaporates (Osborn, 1955). 

The amount of soil displaced, or in motion, is a function of the energy of the runoff water 

and total suspended and dissolved solid levels. When the ground is frozen beneath the 

thawing surface layer, like during the 2009 RR spring flood, the topsoil becomes saturated 

and highly vulnerable to detachment and transport by surface flow (Osborn, 1955). 

Sediment from agricultural runoff and erosion can be extensive in quantity and may 

facilitate transport of contaminants downstream. Sediment runoff and erosion is not 

necessarily the primary concern involved in flooding events. However, tillage practices 

may determine how much sediment loss will occur from agriculture lands. Choosing the 

appropriate tillage practice for a particular soil over time will often decrease soil erosion 

and increase available soil water for vegetation (Myers and Wagger, 1996). Conservation 

tillage practices, such as no-till, are generally credited with reducing soil losses compared 

to conventional tillage (Blevins et al., 1990; Mills et al., 1986; Myers and Wagger, 1996). 

Runoff and sediment losses from different tillage systems are often affected by regional 

characteristics of soils. For example, conservation practices, like no-till, have not been 

adopted in the RR valley because producers cannot easily convert from conventional to no

till due to cool soil temperatures, soil compaction, and poor water drainage (imperfectly 

drained clay soils) (Chen and Wylde, 2007). The loss of fertile topsoil by erosion 

commonly corresponds to a loss of productive land, nutrients, and organic matter (Ongley, 

1996b ). To maintain soil productivity, fanners replace this loss with fertilizer. Control of 
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agricultural runoff usually starts with measures to control erosion and sediment runoff 

(Ongley, 1996b). 

Although erosion is a natural phenomenon, the rate of soil loss is greatly increased 

by poor agricultural practices, which increase sediment loads in surface waters. To protect 

surface waters, soil must be managed well, which may require changes in land use and 

management (Ongley, 1996a). Sediments act as physical pollutants where high levels of 

sedimentation in rivers lead to physical disruption of the hydraulic characteristics of the 

channel (Ongley, 1996a). This phenomenon can have major impacts on navigation through 

reduction in depth of the channel, and can increase flooding events due to a reduction in 

capacity of the river channel to efficiently route water through the drainage basin. 

Suspended sediment concentrations typically peak during spring runoff (Bhowmik et al., 

1986), whereas the growing season is not usually associated with sediment production, 

because landscapes are commonly well vegetated (Magilligan et al., 1998). 

Nutrients, trace metals, organic compounds, and other contaminants have high 

affinity or sorption to mineral and organic particulate matter transported in the surface flow 

from agriculture lands (Du Laing et al., 2008; Hansen et al., 2000; Ongley, 1996a; Pease et 

al., 2010; Rinklebe et al., 2007; Walling et al., 2003). Sediment retention is a major 

mechanism of nutrient retention in floodplains (Olde Venterink et al., 2006). However, the 

retention of the physical and chemical inputs from sediment deposition can be questioned 

because of the possibility of being resuspended in future floods (Olde Venterink et al., 

2006). 

Agriculture sediments in the RR basin are highly susceptible to being displaced by 

wind and can be a source of contamination to RR water quality. These sediments can 
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accumulate in dune-like deposits in road ditches, drainage ditches, and along banks of 

streams (Cihacek et al., 1993). In the Great Plains region of the United States in 2007, 

where the RR basin is located, more soil was lost by wind erosion (210 million metric tons) 

than water erosion (155 million metric tons) (USDA-NRI, 2007a,b, 2009). Wind-erodible 

sediments, like water erodible-sediments, are transport mechanisms of nutrients and 

minerals (N03-N, P, K, and organic C), trace metals (Hg, Zn, MN, and Cu), organic 

compounds (atrazine and acetochlor), and other contaminants (dust) to non-target 

destinations (Cihacek et al., 1993; Clay et al., 2001; Desutter et al., 1998). However, the 

impact of these sediments on surface water quality in the RR basin is unknown (Cihacek et 

al., 1993). 

Non-point Source Contamination 

Urban runoff, as a whole, was reported as the second most frequent cause of 

contamination of surface waters, after agriculture (Anon., 1986), and the prevalence of 

such impacts is becoming more common in urban water bodies (Lehner et al., 1999; 

Makepeace et al., 1995; Marsalek, 1991; Sartor & Boyd, 1972; USEPA, 2000). 

Contaminant loadings in urban stormwater can be appreciably higher than in treated 

domestic sewage (Haiping and Yamada, 1998). Among the various contaminants, 

polycyclic aromatic hydrocarbons (PAHs), which are detrimental to ecosystems and human 

health, are commonly found in urban runoff (Estebe i;:t al., 1997). Polycyclic aromatic 

hydrocarbons in urban runoff are generated from residential, industrial, and commercial 

urban land use and are commonly associated with particulate matter (Hemgren et al., 2010; 

Makepeace et al., 1995; Marsalek et al, 1997). Contaminants transported in water 

downstream of urban enviromnents can adversely affect water quality and land areas. 
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Therefore, it is important to know what activities and where in the urban environments 

contamination is generated to avoid downstream contamination (Niemczynowicz, 1999). 

Street surface contaminants can directly impact contaminant concentrations in 

stormwater runoff, and may include all components related to vehicles (paint, rust, 

lubricants, fuel, and exhaust), atmospheric deposition (DDT, PCBs, and Cd, Hg, N, and Pb 

compounds), litter (trash), deliberate and accidental spills (oil, fertilizers, and residential 

and industrial chemicals), seasonal pavement compounds (ice control chemicals, publicly 

used chemicals, coal-tar pavement sealcoat), and human activities (Gnecco et al. 2005; 

Sartor & Boyd, 1972; Sartor et al., 1974; USEPA, 2009b; Van Metre and Mahler, 2010). 

In addition to the frozen soils in the RR basin in 2009, the impervious surfaces contribution 

may have increased contaminant loading while the area was flooding. Consideration must 

be given to the sources and route of transportation into and out of watersheds (Barkdoll et 

al., 1977). 

Reducing Contamination Impacts 

Urban surface water contamination is a challenge, but there are many measures and 

activities that can help improve the quality of urban and rural water bodies. Craft and 

Casey (2000) suggest that anthropogenic land use within a river basin or watershed is the 

primary factor affecting sediment and nutrient runoff and/or retention. Riparian vegetation 

is useful in retaining suspended sediments and its as5ociated nutrients (Brunet and Astin, 

2008). Long-term effects from implementing conservation tillage practices can reduce 

excessive amounts of sediment erosion and retain nutrients, otherwise transported in 

runoff, for agricultural production (Myers and Wagger, 1996). 
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Flooding events are not always predictable, controllable, or preventable. However, 

the more that is known about floods, the better-prepared humans can be to minimize flood 

impacts (social, economical, and environmental). Watershed planning and management 

should be considered in an effort to reduce the concentration levels of contaminants in 

urban and rural runoff. Therefore, adopting and implementing conservation practices that 

reduce contaminant loadings in urban stormwater runoff and rural overland flow might 

include: effective street cleaning operations; car parking controls and street zoning 

restrictions; reducing the number of impervious drainage channels; increasing water 

catclunent areas and rain gardens in residential areas; reducing the amount of applications 

and compounds used in winter deicing operations; more effective street and sewer 

sanitation maintenance in commercial and industrial sectors; increase riparian vegetation; 

and implementation of conservation tillage practices (Tsihrintzis and Hamid, 1997). 
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EFFECTS OF MAJOR FLOODING ON WATER AND SEDIMENT 

CHARACTERISTICS IN AN URBAN ENVIRONMENT 

Introduction 

Flooding in the Red River Valley of the North (RR) is a major detriment to 

economic, social, and agricultural communities where the average annual flood damage to 

the F-M area exceeds $190 million (US) (US Army Corp of Engineers, 2010). The 

!nagnitude of spring flooding in the RR basin is hinged on a series of varying factors 

contributing to the rapid rise and eventual flooding. These factors include: (i) precipitation 

amounts in the fall that produce above average soil moisture before soil freeze-up; (ii) 

above-normal winter snowfall; (iii) the depth and moisture content of the seasonally frozen 

soils that prohibit water infiltration; (iv) above-normal precipitation during spring thaw; (v) 

the duration and rate of spring snowmelt; (vi) temporary dams of ice (ice jams) on the 

river; and (vii) the gentle slope of the main channel, ranging from 0.25 m km"1 at 

Wahpeton, 0.095 m km-1 at Grand Forks, and only 0.038 m km-1 at the Canadian border 

(IJC, 2000; Macek-Rowland, 1997; Todhunter, 2001). In 2009, these factors contributed to 

the historic levels of the RR in the F-M area. 

The predominant land use in the RR drainage basin is agriculture where the main 

crops are corn (Zea mays), soybeans (Glycine max), sugar beets (Beta vulgaris), and wheat 

(Triticum spp.) (USDA-NASS, 2010). Water from approximately 19 percent (about 1.8 

million ha) of the RR drainage basin flows through F-M (Stoner et al., 1993). Along the 43 

river km in F-M, urban development (residential homes) encompasses much of the land 

area, but over 20 public and recreational areas (parks, community gardens, school 

campuses, and golf courses) also occupy lands along its banks. 
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Chemicals, dissolved in water and attached to sediments, transported via rural and 

urban flooding from target to non-target areas may impact water quality and the quality of 

the sediments deposited after floodwaters recede. Chemicals may include inorganics 

(Hubbard et al., 2011; Owens and Walling, 2002; Tian and Zhou, 2007), organics 

(Hemgren et al., 2010;), and trace elements (Du Laing et al., 2008; Lair et al., 2009). An 

evaluation ofN and P removed from the landscape during the June 2008 eastern Iowa 

flooding would have supplied enough N to fertilize six percent of all tillable land in the 

state and enough P for one percent of all tillable land in the state (Hubbard et al., 2011 ). 

Many of these chemicals may not negatively impact the environment; however, fruits and 

vegetables grown on contaminated soils can uptake trace elements and organic chemicals 

affecting food safety (Kipopoulou et al., 1999; Samsoe-Peterson et al., 2002; Voutsa et al., 

1996). 

In March 2009, the RR at F-M reached the highest flood stage in its recorded 

history (275.l m above sea level) (Figure 1) (USGS, 2010b). Much of this area was 

flooded for more than 10 weeks, which allowed deposition of extensive quantities of 

sediment on this urban landscape (up to 4 cm). 

Although many social and economic studies regarding RR flooding have been 

conducted (Bum, 1999; Hearne, 2007; IJC, 2000; James and Korum, 2001; Leitch and 

Shultz, 2003; Simonovic and Carson, 2003; Stoner e! al., 1993), no environmental studies 

have been conducted regarding major flooding through an urban area in the southern RR 

basin. A combination of factors from both rural and urban environments, which may 

include chemicals (gasoline, diesel fuel, motor oil, pesticides, and fertilizers) stored in 

outbuildings, flooded motorized equipment, detached fuel-oil tanks, and detached soil 
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Figure 1. 2009 Red River of the North elevation above sea level and discharge recorded at 
the USGS gaging station in Fargo, N01ih Dakota 
(http://fargoflood.dreamhosters.com/level2009/data.cgi). 

carrying plant nutrients might influence water and sediment quality. The objectives of this 

study were to (i) detennine if the F-M area affects floodwater quality and (ii) detennine the 

quality of the sediment deposited in the F-M area after floodwaters recede. 

Materials and Methods 

Water Sampling 

Water samples from the RR were taken on 12 days of year (DOY) 83, 84, 85, 86, 

89, 91, 93, 98, 105, 112, 119, and 126 from two locations during the spring 2009 flood to 

assess water quality. Location one was the 5211d Ave S Bridge (-96.796789 W, 46.803362 

N) on the south side ofF-M, which is upstream of the most populated urban areas. 

Location two was the 40th Ave N Bridge (-96.791386 W, 46.933856 N) on the north edge 

19 



and downstream of the main urban areas (Figure 2). Water samples were collected from 

the middle of the RR from each bridge by lowering a 2-L stainless steel beaker attached to 

a rope about 0.25 m below the water surface. This was done three times before a sample 

was collected for analysis. Samples for gasoline range organics (ORO) and diesel range 

organics (DRO) were stored in manufacturer-cleaned 500 mL glass bottles. All samples 

from both locations were taken within 1 hr of each other. Water samples for total sediment 

(suspended plus dissolved), N03-N, NH4-N, and P04, pH, EC, S04, and Cl were stored in 

plastic 500 mL bottles. Samples for 178-estradiol and estrone were stored in 50 mL 

narrow-mouth high-density polyethylene (HOPE) bottles and were frozen until analysis. 

Water pH and EC were measured using an ion probe (Senslon 378; HACH Co., 

Loveland, Colorado). Nitrate-N and NH4-N concentrations were measured using EPA 

methods 350.1 and 353.2, respectively (US EPA, 1993b,c), with flow injection (FIAlab 

2500; FIAlab Instruments, Inc., Bellevue, Washington). Orthophosphate concentration was 

determined using EPA method 365.1 (US EPA, 1993d) with flow injection (FIAlab 2500). 

Sulfate and chloride concentrations were detennined using the EPA methods 375.2 and 

140.4, respectively (US EPA, 1993e,a) with flow injection (FIAlab 2500). Total sediment 

(suspended plus dissolved ions) was determined by oven-drying (105°C, 24 hr) 50 mL of 

each sample. Each of these chemical constituents was quantified within 48 hr after 

collection. 

178-estradiol and estrone were quantified following the methods of Thompson et al. 

(2009) at the USDA-ARS Biosciences Research Laboratory (Fargo, North Dakota). 

Gasoline and diesel range hydrocarbons were determined by the North Dakota Department 

of Health (Bismarck, North Dakota) using EPA methods 5035 and 8260B, and3550C and 
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Figure 2. Aerial map depicting water and sediment/soil sampling locations near the Red 
River of the North at Fargo, North Dakota and Moorhead, Minnesota. (Note: Image from 
Google Earth). 

8270D, respectively (USEP A, 1996a,b; 2007a,b ). 

Average mass (Mass (Mg)) of each parameter was calculated by multiplying the 

average concentration (Mass/Volume) by the average discharge (Volume/Time) by the 
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elapsed time: (i.e. Mass= (MassNolume) x (Volume/Time) x (Time)= Concentration x 

discharge x elapsed time). Mass was calculated for both locations and the difference 

calculated whether there was a gain ( +) or loss (-) in mass between sampling locations. A 

gain between locations indicated an input into F-M and a loss output from F-M. 

Sediment and Soil Sampling 

Sediment and soil samples were collected at three locations in F-M and are referred 

to as locations A, B, and C. Location A was a residential lawn in south Fargo and the most 

upstream sampling location that was accessible for the study. Location B was a centrally 

located city park in Fargo. Location C was a residential lawn north of Moorhead and was 

the most downstream sampling location (Figure 2). 

All sediment and soil samples were collected as soon as floodwaters receded to a 

safe level. Each location included three transects regularly parallel to the river channel at a 

constant elevation. Transect 1 was furthest from the river channel, Transect 2 was between 

Transects 1 and 3, and Transect 3 was closest to the river channel (Table 1 and Figure 3). 

Transects at each location were measured for equal points of elevation using a rod and 

transit. Each transect was comprised of 17 sampling locations of sediment and underlying 

soil, which allowed for a distribution of samples across each transect. Sampling locations 

were approximately 2 m apart from each other. 

Table 1. Transect elevations in meters above sea levd at Locations A, B, and C along the 
banks of the Red River of the North at Fargo, North Dakota and Moorhead, Minnesota. 

Location Transect I Transect 2 Transect 3 
m above sea level 

At 272.0 271.2 270.2 
B 270.4 268.7 268.4 
C 270.8 268.2 267.6 

f A, B, and C md1cate the upstream res1denhal lawn, the central city park, and the downstream restdenhal lawn, respectively. 
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Transects 

1 2 3 

River channel 

Figure 3. Transect locations relative to the river channel. 

Sediment and soil samples were from the Cashel soil series (Cashel fine, smectitic, 

calcareous, frigid, Aquertic Udifluvents) (USDA-NRCS, 2002). Sediment samples were 

collected at each point within an area of 0.06 m2 using cleaned plastic spatulas, placed in 

plastic bags, and put in coolers for transport. After sediment was removed, four soil cores 

to a depth of 10 cm were extracted using a 3.2 cm-i.d. stainless steel probe and stored as 

noted above for the sediment. All sediment and soil samples were transported to North 

Dakota State University, Fargo, North Dakota where they were weighed and sub-sampled 

for trace elements, gravimetric water measured, and all samples were frozen within 24 hr. 

Both sediment and soil samples for nutrients were air-dried, ground to pass through a 2 mm 

sieve and stored in plastic bags until analysis. Samples for trace element determination 

were air-dried and ground using a clean mortar and pestle. 

Total C and N were measured by high-temperature combustion {TruSpec CHNS; 

LECO, St. Joseph, Michigan). Nitrate-N and NH4-N were extracted with IM KCl and 

quantified using flow injection (FIAlab-2500) following EPA methods 350.1 and 353.2, 

respectively (US EPA, 1993b,c ). Organic N was calculated as the difference between total 

N and the sum of the inorganic N species. Inorganic C was determined using a modified 

pressure-calcimeter method of Sherrod et al. (2002). Organic C was determined to be the 

difference between total and inorganic C. Olsen-P (Olsen et al., 1954) and water 
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extractable P (Olsen and Sommers, 1982) were both quantified with a flow injection 

analyzer (FIAlab 2500). Sulfate-S was extracted with a 0.25M KCl and determined using 

the method of Tabatabai (1982) and flow injection (FIAlab 2500). Sediment and soil were 

analyzed for pH and EC in 1 :1 soil:deionized water at 25°C using ion probes (Senslon 378; 

HACH Co., Loveland, CO). The method of Polemic and Rhoades (1977) was used to 

detennine cation exchange capacity (CEC) where NH4-N was quantified using flow 

injection (FIAlab 2500) and EPA method 353.2 (USEPA, 1993c). No attempt was made to 

determine the contribution to CEC by organic matter. 

Gasoline range organics and DROs from the sediment and soil were collected on 

the same transect elevations outside the sampling areas (one replication per transect) into 

manufacturer-washed glass jars, and extracted and analyzed by the North Dakota 

Department of Health using EPA SW846 methods 5035 and 8260D (USEPA, 1996a,b), 

and EPA SW846 methods 3550C and 8207D (USEPA, 2007a,b), respectively. Particle 

size analysis was determined on both sediment and soil from five sampling areas from each 

transect with a hydrometer (ASTM 152-H Soil Hydrometer; H-B Instrument Co., 

Collegeville, Pennsylvania) following the procedure of Gee and Bauder (1979). From 

these same transects As, B, Ba, Bi, Cd, Co, Cr, Cu, Ga, La, Mo, Mn, Ni, Pb, Sb, Sc, Se, Sr, 

Te, Ti, U, V, W, and Zn were determined by a private laboratory (Lab code 1DX2; Acme 

Analytical Laboratories, Vancouver BC Canada) and quantified using ICP-MS. Total Hg 

was determined using EPA method 7473 (USEPA, 2009a) and a direct Hg analyzer (DMA-

80; Milestone Inc., Shelton, Connecticut). Quantifications of Se, Te, and W were generally 

below the laboratory's quantification limit and are not reported here. 
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Statistical Analyses 

Statistical analyses were performed using JMP 8 software (ver. 8.0 SAS Institute 

Inc., Cary, North Carolina). Tukey-Kramer HSD was used to test for differences in 

physical and chemical parameters of the sediment and soil between transects at each 

location). Student's t-test was used to test for differences between sample sediment and 

soil. Statistical results were considered significant at the p ::; 0.05 level. 

Results and Discussion 

Water Quality 

Total solids (suspended plus dissolved) in water samples ranged from 300 to 600 

mg L-1 (Figure 4). Mean concentrations across locations and dates were similar to other 

samples collected within F-M from 2001 to 2008 (mostly summer months) (Ivashchenko, 

2009; Ryberg 2006). Water at the 40th Ave N location had higher total solids concentration 

in the first half of sampling than in the second half (Figure 4), possibly due to deposition as 

river discharge rates decreased (Figure 1). Average N03-N concentrations in water 

samples (0.3 mg L-1) were similar to, or less than, Ivashchenko (2009) and Ryberg (2006) 

(Figure 4). This is to be expected, since contaminant concentrations are commonly greater 

during dry seasons and low flow (Dudgeon, 2000). Ammonium-N concentrations averaged 

0.04 mg L-1 and varied little across sampling dates whereas N03-N peaked on DOY 98 and 

then trended back to initial concentrations (Figure 4). Overall, 6.1 and 9.2 Mg ofN03-N 

and NH4-N, respectively, were estimated to have exited F-M, and over 4,000 Mg of solids 

were estimated to be deposited between the sampling locations (Figure 5). 

Average P04 concentrations in water samples from both locations were 0.1 mg L-1 

and little variation was observed between the two sampling points (Figure 4). Although 

25 



-'I'" 
I 

..J - 0.7 1000 C') 
'I'" 

I 

..J 
--e-- Phosphate (40th Ave N) E 

C) 0.6 
-o- Phosphate (52nd Ave S) 900 ... 

E 
~ Nitrate-N (40th Ave N) "C 
--t::z-- Nitrate-N (52nd Ave S) G) _.. > 

z 0.5 -a- Ammonium-N (40th Ave N) 800 -
."It 

-o-- Ammonium-N (52nd Ave S) 0 
-+- Total solids (40th Ave N) tn 

:::c 0.4 700 tn 
z ....+- Total solids (52nd Ave S) ·-"C 

"C 0.3 600 + 
C "C 
CG ·-.. 0.2 500 -
z 0 

I 
tn 

r, 400 
_.. 

0 0.1 tn 
z "C ·-.. 0.0 300 -

'q' 
0 

0 tn 
a. 200 -as 

80 85 90 95 100 105 110 115 120 125 130 
,+J 

0 
I-

Day of Year 

Figure 4. Concentrations of P04, N03-N, NH4-N, and total solids (suspended plus 
dissolved) at two locations during the spring 2009 Red River of the North flood at Fargo, 
North Dakota and Moorhead, MN. 

differences in P04 between upstream and downstream F-M were not observed here, 

Ivashchenko (2009) showed that P04 concentrations were generally higher downstream of 

the two F-M wastewater treatment plants, which would be upstream of the 40th Ave N 

location in this study. Samples in lvashchenko's study were collected over a longer time 

period and river discharges ranged from 21 to 113 m3 s-1• However, Ryberg (2006) 

reported average P04 concentrations three times greater than the average concentration 

reported here. Considering river discharge (Figure 1) and P04 concentrations (Figure 4) at 

each sampling date, about 30 Mg of P04 were estimated to have been deposited within F-M 

(Figure 5). Concentrations of P04, N03-N, and NH4-N were coupled with the river 

discharge infonnation (Figure 5) to estimate nutrient input into or output from F-M. 
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Figure 5. Estimated mass additions to (positive numbers) and losses from (negative 
numbers) the Fargo, North Dakota and Moorhead, Minnesota urban area of P04, N03-N, 
and NH4-N during the spring 2009 Red River of the North flood. (Note: estimated total 
mass additions(+) and losses(-) are reported in the figure legend). 

The pH values averaged 7.8 at both water-sampling locations (Figure 6). Electrical 

conductivities of floodwater were similar at both sampling locations. Average S04 and Cl 

concentrations were about 105 and 11 mg L-1 at both locations, respectively, and both 

trended upward as dates of floodwater inundation increased (Figure 6), perhaps due to 

decreased dilution (Dudgeon, 2000; Ryberg, 2006). None of these values were considered 

detrimental to water quality of the RR. Electrical conductivity and pH values are similar to 

those reported in Ivashchenko (2009) and Ryberg (2006). The S04 results reported here 

were about 50 mg L-1 less than the average value reported by Ryberg (2006), who collected 

samples within F-M across both high and low river flows. 
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Figure 6. Concentrations of Cl, S04 and values of EC and pH at two locations during the 
spring 2009 Red River of the North flood at Fargo, North Dakota and Moorhead, MN. 

l 7B-estradiol (E2) was detected in 9 of 24 water samples with an average 

concentration of0.61 ng L·' and no detection of estrone (El) was found in any sample 

(Kolpin et al., 2002). Concentrations here are similar those found by Kolpin et al. (2002) 

where they detected 17B-estradiol in 85 of 139 streams sampled across 30 states during 

1999 and 2000 with at concentrations ranging from 0.0 to 1.5 ng L-1. The results from this 

thesis are the first known values reported for flooding waters. Concerns surrounding these 

honnones are their capability to alter sexual behavior and endocrine systems of wildlife 

and aquatic species (Larsson et al., 2000). Minor reductions in spawning behavior and 

sperm production in male goldfish (Carassius auratus) have been found at concentrations 

as low as 50 ng L-1 ofE2 (Schoenfuss et al., in press). However, three studies on guppies 
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did not find reproductive impainnent at 30 ng L-1 E2 exposure (Toft and Baatrup, 2001; 

Schoenfuss et al., 2011), and saw no behavioral impairment at 100 ng L-1 E2 exposure 

(Schoenfuss et al., 2011). Diesel range organics were detected in 8 of 24 samples with an 

average concentration of 80.0 µg L-1, while no GRO was found in any sample. The 

concentration range of DRO was 0.0 to 108 ng L-1• 

Sediment and Soil Characterization 

The days that each transect was inundated ranged from 31 to 59 (Table 2). Due to 

the elevations of each transect with respect to flooding waters and safety concerns, not all 

transects were sampled on the same date and thus the days between submergence and 

sampling varied. The deposition of sediment across all transects at all locations was a 

Table 2. Number of days that each location and transect was inundated by floodwaters and 
the number of days between submergence and sediment and soil sampling. 

Location Transect Days Inundated Days Between Day of Year 
Submergence and 
Sam Jin 

A 1 31 15 127 
2 37 9 127 
3 59 1 138 

B I 41 10 128 
2 44 JO 139 
3 54 5 139 

C 1 42 5 127 
2 57 1 138 
3 59 I 138 

t A, B, and C md1cate the upstream res1dential lawn, the central city park, and U1c downstream res1denual lawn, respec!Jvely. 

function of duration of flooding and landscape position. The average mass of sediment 

across locations and transects ranged from 2.01 kg m-2 to 10.3 kg m-2 (Tables 3, 4, and 5). 

The sediment layer covering the riverbanks after flo0dwaters receded was typically less 

than 5 cm thick. 

Sediment mass at all locations increased significantly (p:S0.05) as distance to the 

river channel decreased. Texture of both the sediment and soil was predominately clay and 

silt and generally contained less than 10 g kg-1 sand-sized fractions (see Appendix A, B, 
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and C). Some significant differences did occur for clay and silt content between soil and 

sediment across transects at each location, but in general, clay concentrations in the 

sediment were greater than in the underlying soil and silt concentrations were typically 

greater in the underlying soil. Sediment enriched in the clay-sized fraction is an essential 

transport mechanism for nutrients and contaminants (Ongley, 1996a,b ). Nutrients and 

contaminants have a high affinity to clay-sized particles, which are easily transported in 

runoff and floodwater (Lair et al., 2009). 

Electrical conductivities were consistent across transects and averaged 1.1 and 0. 7 

dS m-1 across all sediment and soil, respectively (Tables 2, 3, and 4) (estimated saturated 

paste EC of 2.5 and 1.3 dS m-1, respectively, as computed from Franzen (2007)). At all 

transects the sediment had significantly greater (ps0.05) EC than the underlying soil, which 

indicates that the sediment characteristics were either different than previous flooding 

events or that the soluble salts in the parent material had leached below the depth of soil 

sampling. All EC values reported here are considered "non-saline" (Richards, 1954), and 

should not hinder most plants grown in this environment (USDA-NRCS, 1996). However, 

some vegetables, such as carrots (D. carota), Jerusalem artichoke (H tuberosus), and 

turnip (B. rapa L. Rapifera group), will have decreased yields at threshold saturated paste 

EC values ofless than 1.0 dS m-1 (Francois, 1984; Maas, 1986; Newton et al., 1991). 

The pH values across locations and transects :anged from 7.2 to 7.5 across all 

sediment and soil (Tables 3, 4, and 5). Although some statistical differences did occur, the 

values reported here do not indicate the sediment pH is different from the underlying soil. 

The pH of the sediment was similar to values measured in the water analysis (Figure 3). 
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Table 3. Physical and chemical variables for sediment (SED) and soil (SOIL) (0-lOcm) 
from location A along the Red River of the North near Fargo, North Dakota. No gasoline 
range organics were found. 

Sample 
SEO 

Transect 
2 

6.5 ( 1.0)B 
3 

8.4 (l.3)A 

Clay (g kg-1) SEO 497 (26.S)al,A 469 (4.5)a,B 441 (5.5)a,C 
SOIL 406 (24.9)b 391 (16.9)b 418 (6.l)b 

Silt (g kg"1) SEO 503 (26.8)b,B 529 (5.5)b,B 559 (5.5)b,A 
SOIL 594 (24.9)a 609 {16.9)a 582 (6.I)a 

EC (dS m"1) SEO 0.98 (0.20)a,B 1.0 (0.07)a,AB 1.1 (O.l 8)a,A 
SOIL 0.74 (0.09)b 0.70 (0.08)b 0.58 (O.IO)b 

pH SEO 7.2 (0.06)a,C 7.3 (0.05)a,B 7.4 (0.08)b,A 
SOIL 7.2 (0.07)a 7.2 (O. IO)a 7.5 (0.04)a 

CEC# cmol(+> kg"1 SED 30.7 (l.3)b,A 25. I (1.8)b,B 21.2 (5.5)b,C 
SOIL 33.3 (l.l)a 30.6 (l.2)a 26.4 (1.5)a 

Total C (g kg"1) SEO 54.9 (2.9)a,A 49.9 (3.4)a,B 40.0 (2.3)b,C 
SOIL 54.3 (3.5)a 47.3 (1.5)b 41.4 (l.2)a 

Organic C (g kg-1) SEO 46.0 (3.3)b,A 36.3 (3.4)b,B 29.5 (2.2)a,C 
SOIL 49.1 (3.6)a 40.0 (l.4)a 28.9 (I.l)a 

Inorganic C (g kg"1) SEO 8.9 (0.54)a,C 13.6 (0.32)a,B 10.5 (0.70)b,A 
SOIL 5.2 (0.87)b 7.3 (0.40)b 12.6 (0.44)a 

Total N (mg kg"1) SEO 4460 (235)b,A 3940 (376)b,B 2740 (293)b,C 
SOIL 5260 (345)a 4370 (182)a 3250 (183)a 

Organic N (mg kg"1) SEO 4330 (228)b,A 3830 (374)b,B 2680 (293)b,C 
SOIL 5220 (342)a 4350 (18I)a 3230 (183)a 

NH/-N (mg kg"1) SED 128 (16.9)a,A 113 (12.7)a,B 51.6 (9.l)a,C 
SOIL 13.3 (10.3)b 7.7 (l.4)b 6.1 (0.87)b 

N03"-N (mg kg"1) SEO 1.4 (0.78)b,B 1.5 (0.82)b,B 3.1 (l.4)b,A 
SOIL 28.6 (9.3)a 20.0 (6. l)a 15.8 (1.9)a 

Olsen P (mg kg"1) SEO 35.5 (12.2)a,A 32.6 (3.0)a,AB 27.0 (8.1 )a,B 
SOIL 25.5 (4.9)b 24.9 (5.2)b 26.3 (3.9)a 

Water-soluble P (mg kg"1) SEO 3.9 (0.75)b,A 3.2 (0.54)b,B 2.0 (0.35)b,C 
SOIL 7.2 (1.9)a 4.4 (0.79)a 3.8 (l.O)a 

So/· (mg kg"1) SEO 2430 (509)a,B 2120 (564)a,B 4140 (733)a,A 
SOIL 501 (150)b 441 (66.l)b 378 (78.9)b 

DRott (µg g·1) SEO 34.9 (l l.2)a,AB 49.2 (7.8)a,A 18.1 (2.8)a,8 
SOIL 1.8 (3.2)b 1.4 (2.4)b 0.0 (0.0)b 

t Transect 1 is fu1thest from the 1iver channel, Transect 2 is between Transect I and 3, and Transect 3 is closest to the river charu1el. 
t Numbers in parentheses represent the standard deviation. 
§ Different capitalized letters by parameter and sample within rows indicate statistical significance at the p s 0.05 level by using the 

Tukey-Kramer Honestly Significant Difference (HSD) test. 
~ Different lower case letters by parameter within colu1m1s indicate statistical significance at the p s 0.05 level by using die Student's t

test. 
# CEC - Cation Exchange Capacity. 
tt ORO - Diesel Range Organics. 

The CEC of the sediment and soil across locations and transects ranged from 21.2 to 32.4 

(cmolc kg"1) and 24.6 to 33.3 (cmolc kg-1), respectively (Tables 3, 4, and 5). At locations A 

and B, soil CEC was significantly greater (p:::0.05) than the sediment at all transects 

(Tables 3 and 4). Although all locations were the same vegetation type (predominantly turf 

grass) and the same soil series (Cashel), this study did not attempt to determine long-term 

management of the locations, which may contribute to the differences in CEC detennined 
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Table 4. Physical and chemical variables for sediment (SED) and soil (SOIL) (0-10cm) 
from location B along the Red River of the North near Fargo, North Dakota. No gasoline 
range organics were found. 

Transect 
Sample 2 3 

SEO 9.3 (2.4)A 10.3 (3.3)A 

Clay (g kg"1) SEO 385 (25.0)a\A 411 (12.l)a,A 399 (22.9)b,A 
SOIL 350 (5.6)b 392 (l 7.6)a 424 (8.0)a 

Silt (g kg"1) SEO 615 (25.l)b,A 589 (12.l)a,A 601 (22.9)a,A 
SOIL 650 (5.6)a 607 (15.9)a 576 (8.0)b 

EC(dS m"1) SEO 0.98 (0.11 )a,B 1.1 (O.IS)a,AB 1.2 (0.30)a,A 
SOIL 0.67 (0.06)b 0.62 (0.05)b 0.63 (0.08)b 

pH SED 7.3 (0.05)b,B 7.3 (0.05)a,A 7.4 (0.04)b,A 
SOIL 7.3 (0.04)a 7.3 (0.05)b 7.5 (0.03)a 

CEC# cmol(+J kg"1 SED 25.0 (2.3)b,A 22.3 (0.90)b,B 21.5 (0.98)b,B 
SOIL 29.6 (l.2)a 29.3 (l.5)a 25.5 (l.5)a 

Total C (g kg"1) SED 59.0 (5.6)a,A 46.1 (4.3)b,B 40.9 (2.S)b,C 
SOIL 57.0 (4.3)a 49.3 (2.0)a 47.3 (1.2)a 

Organic C (g kg"1) SEO 44.3 (6.2)a,A 32.7 (4.4)b,B 26.1 (2.S)b,C 
SOIL 48.5 (4.3)a 36.1 (l.6)a 33.0 (l.l)a 

Inorganic C (g kg"1) SED 12.6 (0.9l)a,C 13.4 (0.61)a,B 14.8 (0.2S)a,A 
SOIL 10.5 (0.76)b 13.2 (0.74)a 14.3 (0.43)b 

Total N (mg kg"1) SED 3320 (540)b,A 2580 (359)b,B 2280 (253)b,B 
SOIL 4540 (275)a 3410 (218)a 2950 (140)a 

Organic N (mg kg"1) SED 3270 (530)b,A 2560 (358)b,B 2260 (253)b,B 
SOIL 4520 (274)a 3390 (218)a 2930 (140)a 

NH/-N (mg kg"1) SED 53.9 (14.6)a,A 24.7 (3.4)a,B 25.1 (3.7)a,B 
SOIL 5.3 (1.4)b 4.0 (l.2)b 3.1 (0.48)b 

NOi"·N (mg kg"1) SED 0.85 (0.40)b,A 0.70 (0.65)b,A 1.1 (1.0)b,A 
SOIL 22.2 (6.0)a 14.9 (2.4)a 14.4 (2.I)a 

Olsen P (mg kg"1) SED 25.3 (3.5)a,A 17.8 (2.l)a,B 21.0 (3.5)a,B 
SOIL 10.3 (2.5)b 15.6 (3.0)b 17.l (3.4)b 

Water-soluble P (mg kg"1) SED 2.9 (l.4)a,A 0.74 (0.35)b,B 0.69 (0.22)b,B 
SOIL 1.8 (0.83)b 3.7 (0.93)a 3.0 (0.80)a 

soi· (mg kg"1) SED 3520 {1040)a,AB 3370 (776)a,B 4 700 (2260)a,A 
SOIL 409 (164)b 326 (74.0)b 462 (91.4)b 

OROtt (µg g"1) SED 49.0 (2.0)a,A 21.6 (18.9)a,A 37.0 (12. l)a,A 
SOIL 12.1 (2.2}b 3.2 {2.8}a 3.2 {2.8}b 

t Transic;ct 1 is furthest from the river channel, Transect 2 is between Transect 1 and 3, and Transect 3 is closest to the river channel. 
t Numbers in parentheses represent the standard deviation. 
§ Different capitalized letters by parameter and sample within rows indicate statistical significance at the p:::: 0.05 level by using the 

Tukey-Kramer Honestly Significant Difference (HSD) test. 
~ Different lower case lettei-s by parameter within columns indicate statistical significance at the p:::: 0.05 level by using fl1e Student's t-

test. 
# CEC - Cation Exchange Capacity. 
tt DRO - Diesel Range Organics. 

here (pennanent vs. pH dependent charges). A similarly associated soil series (Fargo soil 

series, Cass County, ND, S08ND017-002a, USDA-NRCS-NSSC, 2010) measured 47.0 

(cmol0 kg-1) in the top Oto 10 cm. The CEC values reported here for the sediment are 

within the typical range for soils of the RR (L. Swenson, personal communication, 2010). 

Inorganic C concentrations of the sediment and soil across all locations and 

transects ranged from 8.9 to 14.8 g kg·1 and 5.2 to 14.3 g kg·1 (Tables 3, 4, and 5). 
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Table 5. Physical and chemical variables for sediment (SED) and soil (SOIL) (0-lOcm) 
from location C along the Red River of the North near Moorhead, Minnesota. No gasoline 
range organics were found. 

Transect 
Sample 2 3 

SEO 4.8 (1.9)8 9.1 (1.6)A 

Clay (g kg"1) SED 495 (&.l)a,,A 505 (9.4)a,A 488 (25.9)a,A 
SOIL 403 (49.4)b 479 (11.0)b 495 (30.8)a 

Silt (g kg"1) SED 505 (6.S)b,A 495 (9.5)b,A 512 (25.9)a,A 
SOIL 597 (49.l)a 521 (11.0)a 505 (31.0)a 

EC (dS m"1) SED 1.6 (0.20)a,A 1.3 (0.12)a,B 0.88 (0.04)a,C 
SOIL 0.74 (0.13)b 0.72 (0.07)b 0.72 (0.08)b 

pH SEO 7.2 (0.06)b,C 7.2 (0.06)a,B 7.4 (0.04)b,A 
SOIL 7.3 (0.07)a 7.3 (0.06)a 7.5 (0.04)a 

CEC# (cmol<+l kg"1) SEO 32.4 (7.8)a,A 29.8 (2.5)a,A 24.1 (0.82)a,B 
SOIL 30.0 (2.5)b 24.7 (l.7)b 24.6 (0.67)a 

Total C (g kg"1) SEO 50.6 (4.2)a,A 44.6 (4.3)a,B 39.4 (2.0)a,C 
SOIL 44.8 (4.4)b 34.5 (2.6)b 34.5 (0.94)b 

Organic C (g kg"1) SED 40.9 (4.7)a,A 32.2 (4.0)a,B 25.1 (l.7)a,C 
SOIL 38.1 (4.3)a 23.6 (9.S)b 21.2 (1.0)b 

Inorganic C (g kg"1) SEO 9.7 (0.49)a,C 12.4 (0.56)a,B 14.4 (0.7l)a,A 
SOIL 6.7 (2.3)b 10.8 (0.38)b 13.4 (0.3l)b 

TotalN (mgkg"1) SED 3870 (238)a,A 3000 (318)a,B 2470 (147)a,C 
SOIL 3370 (333)b 2300 (255)b 1950 (114)b 

Organic N (mg kg"1) SED 3740 (232)a,A 2930 (313)a,B 2390 (146)a,C 
SOIL 3320 (327)b 2270 (252)b 1930 (l 14)b 

NH/-N (mg kg"1) SEO 125 (25.0)a,A 67.6 (l 1.5)a,B 69.7 (8.S)a,B 
SOIL 23.9 (5.0)b 13.9 (4.4)b 14.5 (3.4)b 

N03"-N (mg kg"1) SED 6.0 (7.5)b,A 1.7 (0.46)b,B 1.1 (0.26)b,B 
SOIL 25.0 (l l.7)a 12.2 (3.4)a 9.9 (l.7)a 

Olsen P (mg kg"1) SED 29.9 (3.S)a,A 22.5 (3.9)a,B 27.9 (2.S)a,A 
SOIL 15.4 (3.S)b 12.8 (5.7)b 25.5 (2.2)b 

Water-soluble P (mg kg"1) SED 4.6 (1.4)a,A 3.0 (0.63)a,B 2.0 (0.37)b,C 
SOIL 4.2 (l.2)a 2.2 (0.73)b 3.4 (0.98)a 

so/· (mg kg"1) SED 6040 (2460)a,A 3540 (939)a,B 1740 (247)a,C 
SOIL 383 (19l)b 426 (l 16)b 444 (74)b 

DRott (µg g"1) SED 22.3 (0.83)a,A 22.2 (5.l)a,A 17.0 (l.7)a,A 
SOIL 0.0 (0.0)b 2.7 (3.8)b 1.6 (2.8)b 

t Transect I is fu1thest from the river channel, Transect 2 is between Transect 1 and 3, and Transect 3 is closest to the river channel. 
t Numbers in parentheses represent the standard deviation. 
§ Different capitalized letters by parameter and sample within rows indicate statistical significance at the pi 0.05 level by using the 

Tukey-Kramer Honestly Significant Difference (HSD) test. 
, Different lower case letters by parameter within columns indicate statistical significance at the pi 0.05 level by using 1he Student's t

test. 
# CEC - Cation Exchange Capacity. 
tt DRO - Diesel Range Organics. 

Organic C concentrations of the sediment and soil across all locations and transects ranged 

from 25.1 to 46.0 g kg-1 and 21.2 to 49.1 g kg-1, respectively (Tables 3, 4, and 5). The 

highest total C reported here is greater than a similar soil in the RR (37 g kt1) (Fargo soil 

series, Cass County, ND, S08ND0l 7-002a, USDA-NRCS-NSSC, 2010). 

Sediment OC concentrations for Transect 1 at all locations were significantly 

greater (p:::0.05) than for Transect 2, which was significantly greater (p:::0.05) than for 

Transect 3 (Tables 3, 4, and 5). A reason for the difference in OC between transects might 
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be that QC is prevalent in the low flow areas of the flood (i.e., edges) and as the flood stage 

decreases, the OC (i.e., plant material and microbial matter) will collect primarily on the 

edges of the floodwaters. In tum, as floodwaters drop, there is less QC available to 

accumulate the closer the water levels recede to bankfull. Visual evidence during sampling 

suggested that the light fraction of OC was greater at higher elevations on the riverbank 

(Transects 1 and 2) compared to Transect 3. Velocities on the edges of the river are slower 

as a result of frictional forces compared to the higher velocities in the center of the stream, 

where there is less friction, which in this case, would allow OC to collect near the edges of 

flow (Chow, 1959). 

Organic C concentrations between sediment and soil varied, with no discemable 

pattern (Tables 3, 4, and 5). Variation in C between bulk soil and eroded sediments has 

been reported. For example, Clay et al. (2001) determined that potentially wind-eroded 

sediments had less OC than bulk soil (>1.7 mm) and Sterk et al. (1996) determined that 

dust had about 32 times greater C than top soil. However, Cihacek et al. (1993) did not 

find differences in soil OC between wind eroded sediments and surface soil in the RR V. 

Total N of the sediment and soil across all locations and transects ranged from 

1,760 to 4,930 mg kg"1 and 1,730 to 5,810 mg kg-1, respectively. Total N concentrations 

decreased with decreasing distance from the river channel for both sediment and soil 

(Tables 3, 4, and 5). Of the samples collected, less than 5% of the total N was inorganic 

(NH4-N + N03-N). Ammonium-N concentrations were significantly greater (p:50.05) in all 

sediment samples compared to the underlying soil, while all N03-N were significantly 

greater (p,:S0.05) in the soil compared to the sediment (Tables 3, 4, and 5). The high 

concentrations ofNH4-N in the sediment indicate that this N form has not yet been 
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oxidized to N03-N, which is the dominant inorganic N species in these soils. Given the 

length of time between sediment exposure to the atmosphere and when samples were 

collected (Table 1) the elevated concentrations ofNH4-N may have been due to 

mineralization and not sediment transport, but this was not investigated for this study. To 

provide context, the total N values here are greater than those reported for soils directly 

underlying cattle lagoons in Kansas (Desutter et al., 2005). Using the area of submergence 

at location A during this flooding event (about 3,300 m2) and the average total N and dry 

sediment deposition values across the transects, about 68 kg ofN was deposited on this 

residential property during this flooding event. Most of the N found in the sediment is 

organic and, thus, has the potential to be oxidized and become plant available, leached, or 

denitrified. Given the high concentrations of organic N in the soils reported here, much of 

it may be very stable. None of the locations investigated here had been fertilized in the 

past 10 yr. 

Olsen P of the sediment and soil across locations and transects ranged from 17 .8 to 

35.5 mg kg"1 and 10.3 to 26.3 mg kg-1, respectively (Tables 3, 4, and 5). A reason why Pis 

higher in the sediment is possibly due to P being bound to fine-grained sediment 

transported in runoff (Rekolainen, 1989). Water-soluble P (WSP) of the sediment and soil 

across locations and transects ranged from 0.69 to 4.6 mg kg-1 and 1.8 to 7.2 mg kg"1, 

respectively (Tables 3, 4, and 5). Although the WSP concentrations were lower than Olsen 

P for sediment and soil, this solubility allows for a simple transition from solid to solution 

phase, thereby increasing the ease of movement to surface waters. Phosphorus 

concentrations observed within a single watershed and within a single runoff event are a 
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result of several interacting factors, which include season (growing and non-growing), 

tillage practices, vegetation type, and application of fertilizers (Rekolainen, 1989). 

Sulfate-S was significantly greater (p<0.05) for all sediment samples than for 

respective soil samples (Tables 3, 4, and 5), up to 16 times greater (Table 5). Sources of S 

may include weathering rocks, agricultural runoff, precipitation, fuel combustion, and 

waste disposal (Allan, 1995). Another source of S04 may be the atmosphere, since S04 

wet deposition in the RR valley was estimated to be between 3 and 9 kg ha-1 yr-1 between 

1985 to 2005 (National Atmospheric Deposition Program, 2009). Runoff would 

concentrate this chemical near the river channel during flooding events. However, 

dissolution of gypsum (CaS04), which is widely distributed in soils of the RR, may also be 

contributing to these elevated concentrations. 

Deposition of plant nutrients from flooding waters is not unique. The "Gifts of the 

Nile" were both nutrients and silt, which sustained crop productivity for thousands of years 

in Egypt (Hillel, 1991). In fact, the RR was tenned "The Nile of the West" as government 

agencies were trying to convince people to fann this region. The plant nutrient deposition 

rates that occurred at study locations indicate that additional fertilizer would not be 

recommended and property owners are encouraged to have their soils tested prior to 

fertilizer application. 

Diesel range organics (DRO) within the sedit"1ent and soil across locations and 

transects ranged from 17.0 to 49.2 µg g-1 and Oto 12.1 µg g-1, respectively (Tables 3, 4, and 

5). Overall, DRO was present in 26 out of the 27 sediment samples analyzed, indicating 

their presence in flooding water sediments. Diesel range organics were measured as high 

as 2,100 µg g-1 in flooded sediment from Hurricane Katrina floodwaters (Reible et al., 



2006). The source ofDRO was not a focus of this study. There was no gasoline range 

organics (GRO) detected in the sediment or soil. 

In general, trace element concentrations were not statistically different between 

sediment and soil or across transects at all locations and were within levels for non

contaminated soils (Kabata-Pendias, 2011) (Tables 6, 7, and 8). Mercury in the sediment 

and soil, for example, had mean concentrations of 54.8 and 60.6 ng g-1, respectively, across 

all locations and transects, which indicates similarity between sources and sinks. These 

values are greater than concentrations determined in a North Dakota roadside ditch (up to 

49 ng g-1) (Desutter et al., 2010) and also greater than a statewide survey of surface soils in 

North Dakota that had an average concentration of 32 ng g-1 (Desutter et al., 2009). 

The trace element that was higher than would normally be found in surface soils 

was Mn. Manganese values across locations and transects ranged from 668 to 1070 mg kg-

1 across all sediment and soil, respectively (Tables 6, 7, and 8). Although some statistical 

differences did occur, the values reported here do not indicate that sediment Mn is 

generally different from underlying soil and the concentrations of Mn found in this study 

are not unexpected. Mean Mn concentrations in surface soils in Richland County, just 

south of Fargo (Cass County) (upstream) are about 540 mg kg-1 (USGS-National 

Geochemical Database, 2010a). 
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Table 6. Trace element variables for sediment (SED) and soil (SOIL) (0-lOcm) from 
location A along the Red River of the North near Fargo, North Dakota. 

Transect 

mgkg"1 
Sample Parameter 2 3 

As SEO 6.8 (0.18)1b§,A, 6.8 (0.33)a,A 6.8 (0.33)a,A 
SOIL 7.7 (0.22)a 6.5 (0.26)a 16.4 (23.8)a 

B SEO 16.6 (1.3)a,A 16.0 (l.2)b,AB 14.8 (0.84)a,B 
SOIL 17.2 (l.3)a 19.2 (1.8)a 14.6 (0.84)a 

Ba SEO 177 (7.0)a,AB 179 (4.7)a,A 171 (3.2)a,B 
SOIL 180 (6.7)a 146 (80.8)a 171 (5.8)a 

Bi SEO 0.22 (0.04)a,A 0.20 (O)a,A 0.20 (0.0)a,A 
SOIL 0.26 (0.05)a 0.24 (0.05)a 0.22 (0.04)a 

Cd SEO 0.62 (0.08)a,A 0.58 (0.08)a,AB 0.50 (0.07)a,B 
SOIL 0.68 (0.08)a 0.60 (0.07)a 1.4 (2.0)a 

Co SEO 26.8 (38.l)a,A 9.9 (0.26)b,A 10.0 (0.51)a,A 
SOIL 10.7 (0.3l)a 10.4 (0.24)a 9.9 (0.30)a 

Cr SEO 31.2 (5.3)a,A 29.2 (2.0)a,A 27.8 (2.7)a,A 
SOIL 30.2 (4.0)a 31.8 (7.0)a 25.0 (2.l)a 

Cu SEO 25.8 (0.69)a,A 23.8 (0.85)b,B 22.5 (1.6)a,B 
SOIL 27.2 (l.2)a 26.l (l.l)a 23.4 (0.79)a 

Ga SEO 4.8 (0.45)a,A 4.8 (0.45)a,A 4.0 (O.O)a,B 
SOIL 5.0 (O.O)a 4.8 (0.45)a 4.0 (O.O)a 

La SEO 19.2 (0.84)b,AB 19.4 (0.55)b,A 18.4 (0.55)a,B 
SOIL 20.6 (0.55)a 20.2 (0.45)a 18.6 (0.55)a 

Mn SEO 792 (38.2)b,A 824 (40.6)b,A 812 (63.7)a,A 
SOIL 948 (41.8)a 906 (48.6)a 782 (58.5)a 

Mo SEO 0.78 (0.36)a,A 0.68 (0.13)a,A 0.64 (0.18)a,A 
SOIL 0.58 (0.22)a 0.64 (0.39)a 0.62 (0.l6)a 

Ni SEO 27.0 (0.86)b,A 26.9 (0.58)a,A 26.5 (l.4)a,A 
SOIL 30.1 (l.2)a 28.l (l.S)a 27.0 (0.95)a 

Pb SEO 14.0 (0.20)b,A 12.8 (O.l6)b,B 12.1 (0.40)b,C 
SOIL 37.2 (19.0)a 17.3 (l.8)a 13.2 (0.74)a 

Sb SEO 0.30 (0.0)a,A 0.30 (O.O)a,A 0.30 (O.O)a,A 
SOIL 0.48 (0.30)a 0.30 (0.0)a 0.30 (0.0)a 

Sc SEO 3.3 (0.13)a,A 3.4 (0.1 l)a,A 3.4 (0.25)a,A 
SOIL 3.2 (0.09)a 3.3 (O.l5)a 3.4 (0.19)a 

Sr SEO 57.0 (2.0)a,A 56.6 (0.55)a,A 56.8 (1.8)a,A 
SOIL 41.0 (0.07)b 45.4 (2.2)b 51.2 (l.l)b 

Ti SEO 0.30 (0.0)a,A 0.30 (O.O)a,A 0.28 (O.O)a,A 
SOIL 0.30 (O.O)a 0.30 (0.0)a 0.28 (O.O)a 

U SEO 1.6 (0.05)a,A 1.6 (0.04)a,A 1.5 (0.07)a,B 
SOIL 1.3 (0.04)b 1.4 (O.O)b 1.4 (0.08)b 

V SEO 51.2 (1.l)b,A 50.2 (2.2)a,A 47.2 (1.3)a,B 
SOIL 53.8 (l.l)a 52.4 (2.3)a 44.8 (3.6)a 

Zn SEO 93.6 (3.0)a,A 86.2 (2.2)b,B 76.8 (2.8)b,C 
SOIL 96.4 (2.7)a 94.4 (6.9)a 84.0 (3.5)a 

Hg (ng g"1) SEO 48.0 (6.l)b,A 42.9 (5.5)b,B 45.7 (6.0)b,AB 
SOIL 58.6 (9.0)a 50.3 (5.4)a 49.1 (3.l)a 

t Transect I is futthest from the river chaimel, Transect 2 is between Transect I and 3, and Transect 3 is closest to the river chaimel. 
t Numbers in parentheses represent the standard deviation. 
§ Different lower case letters by parameter within columns indicate statistical significance at the p '.S 0.05 level by using i1e Student's t· 

test. 
~ Different capitalized letters by parameter and sample within rows indicate st~tistical significance at the p '.S 0.05 level by using the 

Tukey-Kramer Honestly Significant Difference (HSD) test. 
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Table 7. Trace element variables for sediment (SED) and soil (SOIL) (O·lOcm) from 
location B along the Red River of the North near Fargo, North Dakota. 

Transect 

mgkg·1 
Sample Parameter 2 3 

As SED 7.1 (0.34)ta§,A, 7.8 (0.98)a,A 18.3 (25.5)a,A 
SOIL 6.5 (0.25)b 6.4 (0.68)a 6.3 (0.26)a 

B SED 15.8 (l.3)a,A 14.0 (l.9)a,A 14.2 (l.6)a,A 
SOIL 16.8 (0.84)a 16.0 (l.O)a 14.8 (l.3)a 

Ba SEO 189 (4.l)a,B 198 (8.0)a,A 194 (4.9)a,AB 
SOIL 166 (91.6)a 214 (l 7.7)a 196 (11.0)a 

Bi SED 0.24 (0.05)a,A 0.26 (O.OS)a,A 0.24 (0.05)a,A 
SOIL 0.26 (0.05)a 0.26 (0.05)a 0.28 (0.04)a 

Cd SED 0.46 (0.05a,A 0.54 (0.09)a,A 0.50 (O.O)a,A 
SOIL 0.52 (0.04)a 0.52 (0.04)a 0.56 (0.09)a 

Co SEO 9.3 (0.30)a,A 10.2 (l.l)a,A 9.5 (0.34)a,A 
SOIL 9.1 (0.16)a 9.0 (0.29)b 9.2 (0.34)a 

Cr SED 29.2 (6.2)a,A 26.8 (2.8)a,A 35.4 (16.I)a,A 
SOIL 27.6 (8.2)a 24.8 (2.2)a 25.0 (2.6)a 

Cu SEO 22.0 (0.85)a,B 24.6 (2.8)a,A 23.2 (l.3)a,AB 
SOIL 22.8 (0.74)a 24.0 (l.7)a 24.3 (0.65)a 

Ga SED 3.4 (0.55)a,A 3.4 (0.55)a,A 4.0 (O.O)a,A 
SOIL 3.4 (0.55)a 3.8 (0.45)a 4.0 (O.O)a 

La SEO 16.4 (0.55)a,B 16.8 (0.44),B 18.0 (0.0)b,A 
SOIL 17 .2 (0.84)a I 7.4 (0.90)a 18.6 (0.55)a 

Mn SED 738 (17.9)b,A 668 (19.l)a,B 768 (7l.3)a,A 
SOIL 853 (13.7)a 683 (378)a 668 (369)a 

Mo SEO 1.0 (0.40)a,A 0.85 (0.52)a,A 1.3 (l.l)a,A 
SOIL 0.82 (0.47)a 0.58 (0.1 l)a 0.52 (0.19)a 

Ni SED 23.9 (0.72)a,B 25.7 (1.7)a,A 24.3 (1.2)a,AB 
SOIL 23.7 (0.80)a 23.7 (l.5)a 24.4 (0.54)a 

Pb SEO 31.3 (4.0)a,AB 34.8 (9.8)a,A 24.4 (3.6)a,B 
SOIL 28.3 (4.2)a 25.2 (4.l)a 22.3 (l.8)a 

Sb SED 0.40 (O.O)a,A 0.48 (0.08)a,A 0.40 (O.IO)a,A 
SOIL 0.36 (0.05)a 0.34 (O.OS)b 0.30 (O.O)a 

Sc SEO 2.8 (0.13)a 3.0 (0.25)a 3.1 (0.1 l)a 
SOIL 2.4 (0.16)b 2.8 (O.IS)a 3.0 (O.IS)a 

Sr SED 68.2 (2.6)a,A 69.2 (3.6)a,A 67.6 (l.3)a,A 
SOIL 58.2 (2.8)b 65.4 (7.3)a 63.8 (0.84)b 

Ti SEO 0.20 (O.O)b,B 0.22 (O.O)a,AB 0.26 (0.0)a,A 
SOIL 0.28 (0.0)a 0.28 (0.0)a 0.30 (0.0)a 

U SED 1.5 (0.0S)a,A 1.5 (0.07)a,A 1.5 (0.04)a,A 
SOIL 1.4 (0.04)a 1.5 (0.08)a 1.5 (0.05)a 

V SED 39.8 (l.8)a,A 41.4 (2.9)a,A 42.4 (l.3)a,A 
SOIL 39.8 (2.8)a 41.2 (2.7)a 44.2 (l.8)a 

Zn SEO 88.2 (6.l)a,A 95.4 (10.0)a,A 87.6 (5.S)a,A 
SOIL 85.6 (4.9)a 84.8 (8.5)a 86.4 (l.7)a 

Hg (ng g"1) SED 61.8 (8.7)b,A 67.4 (I0.7)b,A 60.9 (14.6)b,A 
SOIL 81.3 (8.2)a 77.5 (8.7)a 74.7 (11.l)a 

t Transect I is fu1thest from the river channel, Transect 2 is between Transect I and 3, and Transect 3 is closest to the river channel. 
t Numbers in parentheses represent the standard deviation. 
§ Different lower case letters by parameter within columns indicate statistical significance at the p::: 0.05 level by using ~1e Student's t-

test. 
,i Different capitalized letters by parameter and sample within rows indicate statistical significance at the p::: 0.05 level by using the 

Tukey-Kramer Honestly Significant Difference (HSD) test. 
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Table 8. Trace element variables for sediment (SED) and soil (SOIL) (0-lOcm) from 
location C along the Red River of the North near Moorhead, Minnesota. 

Transect 
Parameter 

mgkg·1 
Sample 2 3 

As SED 8.7 (0.65)la§,A1 7.3 (0.50)a,B 7.9 (0.33)a,B 
SOIL 7.0 (0.62)b 6.9 (0.27)a 8.2 (0.22)a 

B SED 23.8 (3.2)a,A 16.2 (1.8)a,B 14.2 (l.l)a,B 
SOIL 18.2 (l.6)b 14.0 (l.6)a 14.4 (l.l)a 

Ba SEO 157 (87.4)a,A 185 (6.3)a,A 181 (3.3)b,A 
SOIL 190 (2.2)a 172 (4.7)b 187 (2.6)a 

Bi SED 0.28 (0.04)a,A 0.24 (0.05)a,A 0.22 (0.04)a,A 
SOIL 0.20 (O.O)b 0.26 (0.05)a 0.26 (0.05)a 

Cd SED 0.62 (0.08)a,A 0.58 (0.08)a,A 0.56 (0.05)a,A 
SOIL 0.62 (0.04)a 0.50 (O.O)a 0.58 (0.04)a 

Co SED 10.4 (0.63)a,A 9.9 (0.31)a,A 9.9 (0.16)b,A 
SOIL 10.1 (0.18)a 9.7 (0.27)a 10.4 (0.44)a 

Cr SED 31.2 (0.84)a,A 35.2 (15.3)a,A 28.4 (4.6)a,A 
SOIL 30.0 (4.6)a 27.2 (5.l)a 28.0 (2.2)a 

Cu SED 26.6 (l.7)a,A 24.4 (l.O)a,B 21.6 (0.56)b,C 
SOIL 24.6 (l.2)a 22.2 (0.58)b 23.2 (0.74)a 

Ga SED 5.8 (0.45)a,A 4.8 (0.45)a,B 4.0 (O.O)b,C 
SOIL 4.8 (0.4S)b 4.0 (O.O)b 4.6 (0.55)a 

La SED 20.0 (0.71)a,A 18.8 (0.45)a,B 17.6 (0.55)b,C 
SOIL 20.2 (0.45)a 18.2 (0.4S)a 18.6 (0.55)a 

Mn SED 903 (59.7)a,B 964 (118)a,AB 1070 (62.8)a,A 
SOIL 966 (53.8)a 835 (43.6)a 956 (43.3)b 

Mo SED 0.66 (0.05)a,A I.I (1.0)a,A 0.70 (0.23)a,A 
SOIL 0.78 (0.36)a 0.58 (0.29)a 0.56 (0.05)a 

Ni SEO 28.0 (l.S)a,A 26.4 (0.77)a,B 25.1 (0.82)b,B 
SOIL 27.2 (I.I )a 25.7 (0.65)a 26.9 (0.84)a 

Pb SED 14.2 (0.15)a,A 13.4 (0.37)a,B 13.4 (0.61)a,B 
SOIL 14.8 (l.2)a 13.2 (0.38)b 14.2 (0.5l)a 

Sb SED 0.38 (0.04)a,A 0.30 (O.O)a,B 0.28 (0.04)a,B 
SOIL 0.30 (0.07)a 0.28 (0.04)a 0.28 (0.04)a 

Sc SED 4.2 (0.38)a,A 3.4 (0.1 l)a,B 3.4 (0.23)b,B 
SOIL 3.1 (0.38)b 3.4 (0.15)a 3.8 (0.17)a 

Sr SED 53.2 (26.0)a,A 63.0 (2.7)a,A 61.0 (l.2)a,A 
SOIL 46.2 (5.2)a 41.8 (20. 7)a 50.2 (l.9)a 

Ti SED 0.30 (0.0)a,A 0.30 (O.O)a,A 0.30 (0.0)a,A 
SOIL 0.30 (0.0)a 0.30 (O.O)a 0.30 (0.0)a 

U SED 1.7 (0.07)a,A 1.6 (0.05)a,B 1.4 (0.07)a,B 
SOIL 1.3 (0.05)b 1.3 (0.08)b 1.4 (O.O)a 

V SED 58.0 (4.l)a,A 48.0 (2.5)a,B 45.8 (2.2)a,B 
SOIL 48.2 (4.0)b 44.2 (2.7)a 48.6 (2.7)a 

Zn SEO I OS (5.2)a,A 95.6 (8.6)a,B 83.4 (3.2)a,C 
SOIL 90.2 (2.6)b 82.2 (2.2)b 85.4 (2.1 )a 

Hg (ng g"1) SEO 57.3 (l l.3)a,A 54.6 (7.9)a,A 54.7 (6.3)a,A 
SOIL 46.7 (6.0)b 51.9 (5.4)a 55.4 (4.0)a 

t Transect I is fu1thest from the 1iver channel, Transect 2 is between Transect 1 and 3, and Transect 3 is closest to the river channel. 
t Numbers in parentheses represent the standard deviation. 
§ Different lower case letters by parameter within columns indicate statistical significance at the p :0::: 0.05 level by using d1e Student's t-

test. 1 Different capitalized letters by parameter and sample within rows indicate stAtistical significance at the p :0::: 0.05 level by using the 
Tukcy-Kramer Honestly Significant Diffrrence (HSD) test. 

General Conclusions 

The objectives of this study were to (i) determine if flooding affects F-M area surface 

water and sediment quality and (ii) determine the quality of the sediment deposited in the 

F-M area after floodwaters recede. Even though the impacts from agricultural practices, 
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floodplain development, impervious surfaces, and precipitation were not directly studied 

during this study flood event, it is important to note that these factors combined may have 

been considerable. The physical and chemical parameters within the sediment and soil 

sampled in this study were within the tolerable concentration levels for the United States. 

There was a tendency for C and N to be higher further from the river channel than near the 

channel. However, the mass of sediment was greater closer to the channel than away from 

it. The study also determined that the constituents in floodwater were under United States 

Environmental Protection Agency standards. 

The results of this study indicate that major flooding of the RR through an urban 

center poses little environmental risk with respect to water and sediment quality and 

treating sandbags as hazardous material may not be necessary. This study also determined 

that F-M area did not influence water quality appreciably, but sediment loading did tend to 

occur, possibly due to the residential barriers, meandering river channel, or large oak trees 

that create low flow areas. Major flooding has economic, social, and environmental 

consequences. Although sediment remaining after floodwaters recede can be unsightly and 

cleanup efforts can be labor intensive, these sediments can also provide essential plant 

nutrients for urban riverine ecosystems, which may include turf grass, fruits and 

vegetables, and horticultural plants. 
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Table 9. Concentration data for all water variables at two locations during the spring 2009 Red River of the North flood at Fargo, 
North Dakota and Moorhead, Minnesota. 

El field E2 field 
concentr concentr Sediment EC ation (ng ation(ng ORO GRO(µg Location (DOY) (g} P04 so. c1- NOrN NRi-N (ds m-'! eH L-'! L-'} (µg L-') L-' 

(mgL-'! 
52nd AveS 83 0.01 0.04 54.8 8.3 0.35 0,07 0.19 7.5 0 1.5 92.7 0 52nd AveS 84 0.01 O.G3 51.2 7.0 0.24 0_02 0.18 7.5 0 0.30 87.5 0 52..i Aves 85 0.01 0.05 48.3 7.7 0.21 0.01 0.17 7.5 0 0 64.5 0 52..i Ave S 86 0.01 0.27 29.7 6.4 0.25 0.00 0.16 7.6 0 0.30 0 0 52..i Ave S 89 o.oi om 53.4 8.1 0.36 0.02 0.19 7.7 0 0 0 0 > 52'd Ave S 91 O.oJ 0.11 95.6 12.2 0.39 0.06 0.24 7.7 0 0 0 0 lood 52"" Ave S 93 O.oJ 0.12 119 10.7 0.41 0.04 0.27 7.7 0 0 0 0 lood 

~ °' 52nd AveS 98 0.01 0.13 145 12.5 0.48 0_08 0.38 7.9 0 0 0 0 z ...... 52nd AveS 105 0.01 0.08 106 10.0 0.28 0.03 0.34 7.8 0 0 0 0 t:, 52nd Aves 112 0.01 0.09 163 13.2 0.18 0.03 0.40 7.9 0 0 0 0 
~ 52nd AveS 119 0.01 0.01 186 13.1 0.10 0.01 0.48 8.1 0 0 0 0 52'd Ave S 126 0.01 0.06 210 18.0 0.18 0.03 0.61 8.2 0 0.40 0 0 > 401h AveN 83 0.01 0.15 63.3 10.3 0.44 0.05 0.22 7.5 0 0.80 91.2 0 401h AveN 84 0.01 0.10 52.3 8.1 0.36 0.03 0.19 7.5 0 1.2 91.2 0 401h AveN 85 0.01 O.o3 50.4 7.7 0.12 0.02 0.18 7.5 0 0.50 108 0 401h AveN 86 0.01 0.04 48.4 7.9 0.29 0.01 0.18 7.5 0 0 0 0 40'h AveN 89 O.oJ 0.08 49.0 8.0 0.34 0.01 0.19 7.6 0 0.10 40.4 0 401h AveN 91 0.01 0.10 77.8 9.3 0.37 0.04 0.22 7.7 0 0 0 0 401h AveN 93 0.01 0.11 105 11.3 0.40 0.08 0.25 7.7 0 0 0 0 40'h AveN 98 0.01 0.12 140 12.8 0.59 0.09 0.38 7.8 0 0 0 0 401h AveN 105 0.01 0.07 93.7 9.1 0.20 0.01 0.31 7.8 0 0 0 0 401h AveN 112 0.01 0.10 164 13.1 0.19 0.06 0.43 7.8 0 0.40 64.2 0 401h AveN 119 0.01 0.01 184 13.7 0.11 0.04 0.47 8.1 0 0 0 0 401h AveN 126 O.ot 0.07 218 18.6 0.19 0.04 0.61 8.2 0 0 0 0 
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Table 10. Data for all variables for sediment (SED) and soil (SOIL) (0-lOcm) from location A along the Red River of the North near 
Fargo, North Dakota. 

OrySed Clay Silt EC CEC Total C OrganicC Inorganic C TotalN OrganicN NR,-N NO,-N 
Location Type Set {g m·2) {g k!f') (g: kf') (dS m· 1) [!H (cmol,+i kf1) (g kg"') (gkt) (g k!l°') (mgkg·') (mg kg/) (ms kt!°') (ms kg"') 
A SEO I 2021 1.28 7.23 32.14 49.74 39.84 9.90 4215 4105.12 109.38 0.51 
A SEO I 2492 1.32 7.17 31.96 51.99 42.39 9.60 4077 3965.53 110.55 0.92 
A SED I 3740 468 532 1.04 7.16 32.86 56.09 47.29 8.80 4256 4120.52 133.55 1.94 
A SED I 1523 0.80 7.13 32.06 53.47 43.87 9.60 4091 3954.09 136.61 030 
A SEO 1 1780 0.62 7.15 31.91 54.43 45.23 9.20 4577 4473.34 103.34 0.32 
A SEO I 3787 505 495 0.70 7.1 32.47 55.56 47.36 8.20 4487 4356.23 129.43 1.34 
A SEO I 2965 1.28 7.11 29.78 53.77 44.47 9.30 4519 4379.14 138.21 1.65 
A SED 1 3416 528 472 1.01 7.14 30.87 57.81 49.41 8.40 4748 4579.70 165.60 2.70 
A SED I 3249 0.98 7.16 30.67 53.76 44.56 9.20 4481 4356.93 121.94 2.14 
A SEO 1 3202 0.93 7.14 29.83 54.7 45.90 8.80 4583 4438.97 142.39 1.64 
A SED I 3977 471 529 0.85 7.2 29.61 60.79 52.39 8.40 4927 4771.92 152.83 2.25 
A SEO 1 3755 515 485 0.97 7.21 29.27 58.21 49.21 9.00 4590 4448.50 140.57 0.93 
A SED I 1187 I.I I 7.17 29.89 54.78 46.08 8.70 4443 4311.92 128.79 2.29 > 
A SED I 3602 0.88 7.31 29.21 53.01 44.31 8.70 4502 4379.68 121.35 0.98 ~ 
A SEO 1 2540 0.92 7.3 28.78 51.8 42.20 9.60 4167 4041.43 125.06 0.50 ~ 

t"l" 

°' A SEO I 4102 1.07 7.16 30.46 59.47 51.37 8.10 4707 4590.44 114.53 2.03 '.Z N A SED I 985 0.84 7.23 29.92 54.62 46.17 8.45 4507 4397.15 107.70 2.15 ~ 
A SOIL I 0.82 7.13 34.91 57.8 53.40 4.40 5701 5657.88 10.71 32.41 

~ A SOIL I 0.60 7.14 34.54 61.14 56.54 4.60 5807 5786.25 10.85 9.91 
A SOIL I 0.81 7.11 33.68 57.65 52.75 4.90 5755 5701.05 12.84 41.12 ~ 
A SOIL I 0.80 7.2 32.21 57.09 51.69 5.40 5271 5231.80 9.57 29.63 
A SOIL I 0.76 7.27 32.62 53.14 46.94 6.20 5101 5054.40 13.76 32.84 
A SOIL I 0.77 7.19 32.03 53.75 47.45 6.30 5341 5307.82 7.51 25.67 
A SOIL 1 0.70 7.2 31.65 53.8 47.40 6.40 4944 4911.68 8.91 23.42 
A SOIL 1 0.57 7.3 31.78 56.54 50.34 6.20 5433 5392.92 17.73 22.35 
A SOIL 1 0.72 7.28 32.97 49.77 43.67 6.10 4781 4746.65 8.68 25.68 
A SOIL 1 0.70 7.21 33.94 58.23 52.83 5.40 5787 5738.65 11.09 37.26 
A SOIL I 370 630 0.71 7.24 32.92 52.77 47.27 5.50 4841 4823.13 8.85 9.02 
A SOIL I 392 608 0.75 7.26 32.87 53.46 47.96 5.50 5103 5064.73 8.30 29.97 
A SOIL 1 0.65 7.24 33.99 52.46 47.76 4.70 5148 5104.65 8.01 35.34 
A SOIL I 0.75 7.24 34.54 53.61 49.51 4.10 5267 5231.03 8.66 27.31 
A SOIL I 418 582 0.89 7.1 34.84 52.87 49.27 3.60 5029 4979.43 14.17 35.40 
A SOIL I 421 579 0.86 7.1 33.99 52.67 48.37 4.30 5350 5255.19 51.92 42.89 
A SOIL 1 431 569 0.79 7.29 32.29 46.51 41.91 4.60 4792 4751.73 13.99 26.28 



Table lO (continued) 
As B Ba Bi Cd Co Cr Cu Ga 

Water 
OlsenP Soluble P so.2- ORO 

Location TIJ:!e Set {mg kg/) {mgkt1! (mg k1f'l {!!:& 1f1~ mskg-• 
A SEO I 44.10 3.03 2546.17 22.2 
A SED I 50.77 2.60 341427 43.5 
A SEO l 39_09 4.83 2024-04 39 6.9 16.0 172 0.3 0.5 9.4 31.0 24.7 5.0 
A SED I 46.20 3.74 3186.41 
A SED I 49.61 4.24 3121.89 
A SED I 37.71 2_92 2022-69 6.6 19.0 183 0.2 0.6 9.8 27.0 26.0 4.0 
A SED I 40.27 3.44 2170.49 
A SED 1 38.72 4.42 2184.47 
A SED I 48.33 4.32 2018.19 7.0 16.0 186 0.2 0.7 9.8 31.0 26.0 5.0 
A SED I 41.26 4.35 3056.77 
A SED I 43.59 4.76 2196.62 6.7 16.0 170 0.2 0.6 9.8 27.0 25.9 5.0 
A SEO I 19.69 3.34 2056.15 6.6 16.0 175 0-2 0.7 95.0 40.0 26.6 5.0 
A SEO l 20.31 4.88 2243.26 
A SED I 29.19 4.48 1868.95 
A SED l 16.78 2.82 2247.77 

0\ A SED I 20.65 3.85 1998.95 w A SED I 16.78 3.44 3007.91 
A SOIL l 21.62 8.27 565.55 0 
A SOIL 1 25.48 7.43 718.94 0 
A SOIL l 26.95 ~.03 559.91 5.52 
A SOIL 1 25.74 6.68 442.67 
A SOIL l 20.03 6.32 672.38 
A SOIL 1 23.28 7.91 400.27 
A SOIL I 18.71 11.23 439.69 
A SOIL I 21.71 9.13 815.42 
A SOIL I 20.32 4.52 442.94 
A SOIL I 25.22 7.75 466.93 
A SOIL I 19.32 7.35 479.47 7.8 16.0 180 0.3 0.7 10.9 27.0 28.5 5.0 
A SOIL I 33.96 6.53 315.35 7.9 17.0 179 0.3 0.7 10.4 34.0 27.7 5.0 
A SOIL I 30.35 9.08 413.22 
A SOIL I 32.90 6.72 225.04 
A SOIL I 27.70 7.21 658.86 7.4 19.0 189 0.2 0.6 10.8 28.0 27.4 5.0 
A SOIL I 31.67 3.81 506.07 7.6 18.0 170 0-2 0.8 11.1 35.0 27.0 5.0 
A SOIL I 28.35 3.71 401.82 7.9 16.0 180 0.3 0.6 10.4 27.0 25.3 5.0 



--- ----

Table 10 ( continued) 
La Mn Mo Ni Pb Sb Sc Sr Ti u V Zn 

Location T:r:£1: Set 
Hg 
(ngt) mgkg-1 

A SED I 52.09 
A SED 1 50.89 
A SED 1 54.19 19.0 815 0.7 26.4 14.2 0.3 3.2 58.0 0.3 1.7 51.0 94.0 
A SED 1 47.06 
A SED 1 59.70 
A SED I 50.04 20.0 725 0.5 27.8 14.2 0.3 3.4 55.0 0.3 1.7 51.0 90.0 
A SED 1 46.30 
A SED I 57.18 
A SED 1 49.28 20.0 817 0.7 27.4 13.8 0.3 3.5 60.0 0.3 1.6 53.0 94.0 
A SED I 43.07 
A SED I 38.40 18.0 795 0.6 25.8 13.8 0.3 3.2 56.0 0.3 1.6 51.0 92.0 
A SED I 46.43 19.0 806 0.4 27.6 14.0 0.3 3.4 56.0 0.3 1.6 50.0 98.0 
A SED 1 52.59 
A SED 1 39.51 
A SED I 41.61 

0\ 
A SED I 41.23 

.J:,,. A SED 1 45.69 
A SOIL 1 65.88 
A SOIL I 58.60 
A SOIL 1 69.16 
A SOIL 1 67.88 
A SOIL I 65.69 
A SOIL I 65.34 
A SOIL I 55.15 
A SOIL 1 64.12 
A SOIL 1 66.37 
A SOIL I 63.87 
A SOIL l 61.11 20.0 995 0.4 31.7 53.1 1.0 3.2 41.0 0.3 1.3 52.0 97.0 
A SOIL 1 59.82 20.0 919 0.7 29.7 56.8 0.5 3.2 41.0 0.3 1.3 54.0 99.0 
A SOIL 1 47.32 
A SOIL 1 50.65 
A SOIL I 39.42 21.0 894 0.5 31.1 17.3 0.3 3.2 40.0 0.3 1.3 54.0 98.0 
A SOIL I 47.98 21.0 952 0.9 28.9 412 0.3 3.2 42.0 0.3 1.3 55.0 96.0 
A SOIL I 47.11 21.0 918 0.4 29.1 17.5 0.3 3.4 41.0 0.3 1.2 54.0 92.0 

~ 
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Table 10 ( continued) 
DrySed EC CEC TotalC OrganicC lnorganicC TotalN OrganicN NH.,-N N01-N Location T e m·> dSm·' H cmo. k ·• ( k .J k .J k -1 ID k ·I m k ·I m k -I m k-·1 A SEO 7991 1.04 725 24.76 47.99 34.69 13.30 3496 3396.49 98.91 0.60 A SEO 7520 0.99 7.27 25.88 51.56 38.56 13.00 4165 4045.03 119.33 0.65 A SEO 7119 0.88 7.35 24.34 45.62 3222 13.40 3333 3229.89 102.64 0.47 A SEO 6536 1.16 7.26 25.93 53.09 39.99 13.10 4399 4295.34 102.20 1.47 A SED 2 6057 1.10 126 25.13 47.28 34.08 13.20 4003 3891.29 111.16 0.55 A SEO 2 5735 1.05 721 24.22 4925 35.95 13.30 3643 3534.94 107.66 0.40 A SED 2 5418 1.02 7.35 25.53 49.87 36.27 13.60 3810 3694.95 113.05 2.00 A SEO 2 6860 1.02 7.26 25.50 51 37.30 13.70 3962 3863.56 96.62 1.82 A SEO 2 5835 0.98 7.27 27.83 57.8 44.40 13.40 4796 4683.49 108.91 3.60 A SEO 2 8300 0.86 7.26 27.37 52.89 38.99 13.90 4346 4223.45 121.00 1.56 A SED 2 7115 467 533 0.99 7.26 25.48 52.92 39.02 13.90 4329 4212.51 114.03 2.46 A SEO 2 4906 0.96 126 24.76 49.48 35.48 14.00 3825 3715.10 107.97 1.93 A SEO 2 6517 467 533 1.08 7.3 26.22 52.21 38.21 14.00 4072 3921.96 148.15 1.89 A SEO 2 6742 1.07 7.2 25.08 47.91 34.11 13.80 3661 3525.61 133.90 1.49 A SEO 2 4504 467 533 1.03 7.26 24.21 44.41 30.71 13.70 3849 3733.26 114.49 1.25 A SED 2 6669 477 523 0.99 7.19 24.25 46.23 32.53 13.70 3690 3578.92 109.78 1.29 °' A SEO 2 6664 467 523 1.03 7.14 19.54 47.95 34.50 13.45 3634 3514.72 117.89 1.39 Vl A SOIL 2 0.59 7.28 31.72 48.45 40.85 7.60 4306 4279.50 5.94 20.56 A SOIL 2 0.76 7.19 31.03 46.97 38.97 8.00 4470 4444.33 5.29 20.38 A SOIL 2 0.68 7.17 31.27 48.59 41.19 7.40 4445 4419.86 5.42 19.73 A SOIL 2 0.72 7.2 3l.l4 47.08 39.98 7.10 4273 4255.53 8.50 8.96 A SOIL 2 0.74 7.15 31.49 46.7 38.80 7.90 4062 4031.59 7.23 23.18 A SOIL 2 0.77 7.17 30.53 44 36.70 7.30 4062 4033.69 6.84 21.47 A SOIL 2 0.80 7.04 31.26 46.08 39.08 7.00 4029 4004.49 7.57 16.94 A SOIL 2 408 592 0.77 7.05 31.41 46.58 39.68 6.90 4380 4354.79 6.74 18.47 A SOIL 2 0.55 7.05 26.52 47.33 40.63 6.70 4518 4491.07 6.96 19.97 A SOIL 2 0.77 7.3 30.69 47.53 40.43 7.10 4537 4501.46 9.45 26.10 A SOIL 2 380 620 0.69 7.3 31.16 49.84 42.24 7.60 4582 4557.38 8.89 15.73 A SOIL 2 0.79 7.28 30.67 48.55 40.85 7.70 4598 4557.23 8.59 32.18 A SOIL 2 0.71 7.31 30.25 48.89 41.59 7.30 4507 4470.45 8.98 27.57 A SOIL 2 402 598 0.54 728 30.75 47.02 39.32 7.70 4305 4279.82 10.09 15.09 A SOIL 2 397 603 0.67 7.33 30.07 44.95 3825 6.70 4332 4304.04 7.41 20.55 A SOIL 2 0.62 7.35 30.19 46.99 39.89 7.10 4491 4475.05 8.02 7.94 A SOIL 2 367 633 0.76 7.3 30.23 48.45 40.95 7.50 4477 4442.95 9.24 24.81 



Table 10 (continued) 
As B Ba Bi Cd Co Cr Cu Ga 

Water 
Olsen P Soluble P sot ORO 

Location T)'.'.Ee Set (mg kg"1) (mgk!f 1} (mg kif'): (f:!g g"') mg kg·' 
A SEO 2 30.80 3.99 1503.86 40.3 
A SEO 2 29.43 3.49 1781.50 55 
A SEO 2 31.45 2.48 1712.74 52.4 
A SEO 2 30.66 3.57 1739.21 
A SEO 2 31.80 3.52 1521.55 
A SED 2 29.39 2.72 1551.96 
A SEO 2 30.36 3.75 1784.33 
A SEO 2 28.76 3.64 2147.26 
A SED 2 36.59 2.67 3156.23 
A SEO 2 38.83 3.97 2091.88 
A SEO 2 36.60 3.63 1949.47 7.3 16.0 181 0.2 0.7 9.9 31.0 24.4 5.0 
A SEO 2 34.81 2.80 2066.29 
A SEO 2 34.93 2.74 3338.34 6.7 15.0 175 0.2 0.5 9.5 27.0 24.5 5.0 
A SEO 2 32.25 2.25 2750.00 
A SED 2 31.14 3.16 2099.67 6.4 18.0 173 0.2 0.6 9.7 31.0 22.6 5.0 

0\ A SEO 2 35.82 2.84 2058.96 6.8 15.0 184 0.2 0.5 JO.I 27.0 24.3 5.0 
0\ A SEO 2 31.64 3.18 2819.61 6.7 16.0 182 0.2 0.6 JO.I 30.0 23.2 4.0 

A SOIL 2 30.27 4.24 476.59 4.08 
A SOIL 2 36.55 4.03 448.40 0 
A SOIL 2 31.28 :.63 425.45 0 
A SOIL 2 31.51 3.61 416.78 
A SOIL 2 25.46 4.73 373.82 
A SOIL 2 28.42 2.95 447.23 
A SOIL 2 19.59 5.09 439.94 
A SOIL 2 23.85 4.72 484.85 6.9 19.0 182 0.3 0.6 10.4 30.0 27.3 5.0 
A SOIL 2 25.73 5.33 360.40 
A SOIL 2 21.46 5.33 574.09 
A SOIL 2 22.95 4.27 489.55 6.6 19.0 185 0.3 0.7 10.8 44.0 27.0 5.0 
A SOIL 2 20.57 3.81 566.74 
A SOIL 2 23.05 3.62 344.03 
A SOIL 2 24.89 4.24 442.77 6.4 22.0 1.82 0.2 0.6 10.2 27.0 24.6 5.0 
A SOIL 2 17.30 4.51 361.06 6.2 17.0 181 0.2 0.6 10.2 31.0 25.8 4.0 
A SOIL 2 20.87 5.75 388.27 
A SOIL 2 19.49 3.71 460.40 6.5 19.0 182 0.2 0.5 10.4 27.0 25.9 5.0 

~ 
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Table 10 ( continued) 
La Mn Mo Ni Pb Sb Sc Sr Ti u V Zn 

Hg 
Location Trpe Set (ng 1tl mgkg-1 

A SED 2 54.85 
A SED 2 43.94 
A SED 2 51.74 
A SED 2 39.67 
A SEO 2 42.13 
A SED 2 35.52 
A SEO 2 49.51 
A SED 2 37.09 
A SED 2 46.27 
A SED 2 39.03 
A SEO 2 38.78 20.0 844 0.8 26.8 12.8 0.3 3.4 56.0 0.3 1.6 52.0 88.0 
A SED 2 42.15 
A SEO 2 39.95 19.0 765 0.6 26.8 12.6 0.3 3.4 56.0 0.3 1.5 51.0 88.0 
A SED 2 39.23 
A SED 2 40.12 19.0 806 0.7 26.4 12.7 0.3 3.3 57.0 0.3 1.6 49.0 83.0 

°' 
A SEO 2 39.99 20.0 833 0.5 27.9 13.0 0.3 3.6 57.0 0.3 l.6 52.0 85.0 

-....J A SED 2 49.18 19.0 872 0.8 26.6 12.9 0.3 3.5 57.0 0.3 1.6 47.0 87.0 
A SOIL 2 52.38 
A SOIL 2 52.14 
A SOIL 2 49.37 
A SOIL 2 53.40 
A SOIL 2 47.93 
A SOIL 2 48.45 
A SOJL 2 43.44 
A SOIL 2 63.83 20.0 936 0.4 30.2 20.4 0.3 3.5 46.0 0.3 1.4 53.0 104 
A SOIL 2 56.39 
A SOIL 2 46.94 
A SOIL 2 45.37 21.0 965 1.3 29.0 16.8 0.3 3.5 48.0 0.3 1.4 56.0 99.0 
A SOIL 2 57.91 
A SOIL 2 47.19 
A SOIL 2 46.93 20.0 875 0.4 27.3 16.5 0.3 3.2 45.0 0.3 l.4 52.0 90.0 
A SOIL 2 45.64 20.0 842 0.7 26.5 16.8 0.3 3.2 42.0 0.3 1.4 51.0 87.0 
A SOIL 2 44.99 
A SOIL 2 52.77 20.0 910 0.4 27.4 17.0 0.3 3.3 46.0 0.3 1.4 50.0 92.0 

"--
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Table 10 ( continued) 
Dry Sed Clay Silt EC CEC Total C Organic C Inorganic C TotalN OrganicN NH.-N NO,-N 

Location Type Set (g m·2} (g kg/) (g k!('2 (dSm·') eH (cmot,.1 kg"'} (g kg"'} (g kg"'} (g kg"'} (mg k1{1) (mg kg.1} (mg kg.1} (mgk1t) 
A SED 3 6972 1.13 7.16 22.71 45.51 34.71 10.80 3375 3319.27 52.63 3.10 
A SEO 3 8761 1.05 7.3 23.05 41.12 30.92 10.20 2654 2595.82 55.44 2.74 
A SEO 3 8332 1.17 7.35 23.63 40.7 30.20 10.50 2818 2757.67 58.86 1.48 
A SEO 3 9815 1.02 7.36 21.74 41.45 30.75 10.70 2899 2837.47 57.69 3.84 
A SED 3 7928 I.IO 7.4 21.42 39.12 28.32 10.80 2701 2634.23 65.51 1.27 
A SED 3 9581 1.18 7.43 22.75 40.8 29.80 11.00 2765 2701.20 61.55 2.25 
A SEO 3 9625 0.87 7.42 22.10 38.56 27.96 10.60 2508 2453.50 51.85 2.65 
A SED 3 9283 l.33 7.39 22.69 39.29 29.39 9.90 2648 2602.45 39.85 5.69 
A SEO 3 7327 1.46 7.43 22.78 38.09 29.19 8.90 2424 2366.75 55.74 1.51 
A SEO 3 5734 1.09 7.48 22.57 41.49 31.99 9.50 2926 2888.51 32.72 4.78 
A SEO 3 8521 1.14 7.46 22.16 37.74 27.84 9.90 2467 2420.52 44.75 1.73 
A SEO 3 9551 437 563 1.29 7.45 22.36 39.12 28.62 10.50 2397 2349.47 42.18 5.36 
A SED 3 7942 437 563 0.98 7.43 21.10 35.95 25.55 10.40 2691 2640.10 48.12 2.78 
A SED 3 7240 1.24 7.38 0.19 43.54 32.44 11.10 3429 3382.73 41.55 4.72 
A SEO 3 7852 447 553 1.15 7.4 22.43 38.62 27.42 11.20 2550 2494.17 52.79 3.04 
A SED 3 10682 447 553 0.78 7.46 23.72 40.67 29.47 11.20 2712 2644.47 64.38 3.15 

0\ A SED 3 7312 437 563 1.39 7.42 22.96 38.91 27.11 11.80 2591 2536.84 52.09 2.07 
00 A SOIL 3 0.50 7.57 22.92 40.15 27.75 12.40 2844 2823.64 6.55 13.81 

A SOIL 3 0.60 7.55 22.94 41.25 29.15 12.10 3224 3201.91 6.51 15.58 
A SOil 3 0.74 7.56 26.92 38.86 26.66 12.20 3177 3152.16 7.94 16.91 
A SOIL 3 0.62 7.56 28.20 42.15 29.65 12.50 3442 3420.95 6.48 14.56 
A SOil 3 0.64 7.58 26.69 40.34 28.14 12.20 3152 3131.03 6.04 14.93 
A SOIL 3 0.57 7.54 27.03 41.43 29.53 11.90 3304 3283.33 6.71 13.96 
A SOIL 3 410 590 0.61 7.54 27.32 41.87 29.77 12.10 3150 3127.78 6.24 15.98 
A SOIL 3 0.62 7.57 27.34 40.28 27.98 12.30 3074 3055.42 4.73 13.85 
A SOIL 3 0.46 7.5 27.21 42.63 30.03 12.60 3545 3522.54 5.54 16.92 
A SOIL 3 0.42 7.47 27.55 41.98 29.68 12.30 3267 3245.00 6.41 15.59 
A SOIL 3 413 587 0.42 7.47 27.13 43.12 30.52 12.60 3549 3527.51 5.79 15.70 
A SOIL 3 0.48 7.5 27.24 41.33 28.43 12.90 3354 3335.16 4.37 14.47 
A SOIL 3 0.59 7.57 24.80 41.14 28.44 12.70 3315 3293.13 5.12 16.75 
A SOIL 3 0.63 7.58 26.56 40.61 27.41 13.20 3016 2996.25 5.90 13.85 
A SOIL 3 423 577 0.65 7.57 26.47 41.85 28.65 13.20 3393 3368.82 5.97 18.21 
A SOIL 3 421 579 0.46 7.48 27.30 43.58 30.58 13.00 3167 3144.08 6.18 16.74 
A SOIL 3 423 577 0.77 7.47 25.53 41.72 28.32 13.40 3300 3271.24 7.35 21.42 

"-



Table 10 (continued) 
As B Ba Bi Cd Co Cr Cu Ga Water 

Olsen P Soluble P so/ DRO 
Location T:a!e Set {mgkf'! (mgkg·') (mgkg·') {!!g 1!"'! mgkf1 
A SED 3 16.41 1.82 5171.46 21.3 
A SED 3 20.73 1.93 4893.66 16.6 
A SED 3 17.66 2.47 3556.61 16.3 
A SED 3 20.35 1.97 3794.28 
A SED 3 14.43 2.28 3332.17 
A SED 3 13.40 1.84 4316.44 
A SED 3 37.67 2.19 3275.58 
A SED 3 35.08 2.20 4341.76 
A SED 3 32.28 1.91 4697.78 
A SED 3 33.25 2.40 4523.93 
A SED 3 35.35 2.10 3250.75 
A SED 3 31.25 2.60 3881.62 7.2 16.0 173 0.2 0.5 9.9 30.0 21.7 4.0 A SED 3 28.28 1.39 3507.37 6.4 15.0 168 0.2 0.5 9.3 24.0 21.8 4.0 A SED 3 32.93 1.74 534128 
A SED 3 27.16 1.40 4768.16 6.6 14.0 173 0.2 0.6 9.8 30.0 22.5 4.0 0\ A SED 3 28.87 l.82 3058.29 7.0 14.0 174 0.2 0.5 10.4 26.0 25.3 4.0 I.O A SED 3 33.75 2.43 4700.01 7.0 15.0 167 0.2 0.4 10.6 29.0 21.4 4.0 A SOIL 3 28.88 3.45 352.22 0 
A SOIL 3 29.53 3.47 359.92 0 
A SOIL 3 29.57 2.32 458.05 0 
A SOIL 3 30.52 2.54 324.80 
A SOIL 3 29.74 3.01 353.55 
A SOIL 3 24.99 2.92 314.98 
A SOIL 3 29.42 3.29 375.60 6.2 15.0 180 0.3 5.0 10.4 25.0 23.5 4.0 A SOIL 3 29.76 4.64 324.80 
A SOIL 3 23.12 4.74 456.35 
A SOIL 3 27.53 4.3[ 426.55 
A SOIL 3 25.37 5.48 285.38 5.5 14.0 165 0.2 0.6 9.8 26.0 22.7 4.0 A SOIL 3 22.50 5.39 339.56 
A SOIL 3 25.58 5.51 335.91 
A SOIL 3 24.10 4.19 365.72 
A SOIL 3 29.06 3.29 375.39 6.1 14.0 174 0.2 0.5 9.8 23.0 22.7 4.0 A SOIL 3 19.33 3.61 354.37 59.0 14.0 168 0.2 0.5 10.0 28.0 24.6 4.0 A SOIL 3 17.94 2.81 624.72 5.3 16.0 170 0.2 0.4 9.6 23.0 23.7 4.0 
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Table 10 ( continued) 
La Mn Mo Ni Pb Sb Sc Sr Ti u V Zn 

Hg 
Location T:t2e Set (ngt) mgkg·' 
A SED 3 42.24 
A SED 3 41.lO 
A SED 3 43.95 
A SED 3 42.64 
A SED 3 40.89 
A SED 3 39.60 
A SED 3 39.23 
A SED 3 42.86 
A SED 3 42.42 
A SED 3 51.57 
A SED 3 46.54 
A SED 3 49.78 19.0 850 0.7 25.8 12.5 0.3 3.6 58.0 0.3 1.6 48.0 72.0 
A SED 3 59.90 18.0 718 0.4 24.5 11.9 0.3 3.2 54.0 0.2 1.4 48.0 78.0 
A SED 3 56.43 
A SED 3 45.86 18.0 785 0.8 26.5 11.7 0.3 3.2 58.0 0.3 1.5 45.0 72.0 

--.J 
A SED 3 49.95 19.0 826 0.5 28.2 12.6 0.3 3.7 58.0 0.3 1.5 48.0 79.0 

0 A SED 3 41.72 18.0 883 0.8 27.4 11.9 0.3 3.2 56.0 0.3 1.5 47.0 77.0 
A SOIL 3 49.34 
A SOIL 3 47.73 
A SOIL 3 47.24 
A SOIL 3 47.35 
A SOIL 3 44.38 
A SOIL 3 51.34 
A SOIL 3 49.42 19.0 850 0.5 28.1 132 0.3 3.5 51.0 0.3 1.4 50.0 86.0 
A SOIL 3 48.73 
A SOIL 3 44.29 
A SOIL 3 47.35 
A SOIL 3 55.16 18.0 785 0.8 26.6 12.5 0.3 3.1 50.0 0.2 1.3 41.0 79.0 
A SOIL 3 53.63 
A SOIL 3 53.56 
A SOIL 3 45.60 
A SOJL 3 50.71 18.0 815 0.5 26.5 12.7 0.3 3.3 51.0 0.3 1.4 43.0 85.0 
A SOIL 3 49.28 19.0 767 0.8 28.0 13.2 0.3 3.3 53.0 0.3 1.3 43.0 88.0 
A SOIL 3 49.01 19.0 694 0.5 26.0 14.4 0.3 3.6 51.0 03 1.5 47.0 82.0 
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Table 11. Data for all variables for sediment (SED) and soil (SOIL) (0-lOcm) from location B along the Red River of the North near 
Fargo, North Dakota. 

Dry Sed Clay Silt EC CEC Total C Organic C Inorganic C TotalN OrganicN NH.,-N NO,-N 
Location Tyee Set (g m-2) (l! k1f') (g kf') (dS m·') EH (cmol!•! k1(l (gkg"') (g kg°') (g k1f'l (mgkt') {mg kg·') (mgkg·') (mgkt') 
B SED 1 1570 1.15 7.27 27.43 57.98 46.08 11.90 3274 3221.95 50.98 1.07 
B SED l 4572 0.90 7.28 27.69 59.08 48.48 10.60 3561 3489.77 70.68 0.55 
B SED 1 2571 0.87 7.21 28.51 61.08 49.28 11.80 3705 3625.27 78.96 0.78 
B SED 1 5147 0.82 7.28 26.00 57.95 46.05 l l.90 3604 3533.80 69.13 l.08 
B SED l 5153 l.03 7.19 24.49 53.46 40.66 12.80 3140 3089.91 48.05 2.04 
B SED 1 2918 0.95 7.22 26.72 60.84 48.74 12.10 3739 3674.14 63.99 0.87 
B SED 1 5063 0.91 7.26 26.90 68.11 56.01 12.10 4148 4068.71 78.59 0.69 
B SEO I 5157 1.12 7.22 26.90 64.02 51.82 12.20 3308 3246.93 60.34 0.73 
B SEO I 3399 0.78 7.35 26.99 62.5 51.00 11.50 4572 4514.92 56.00 1.07 
B SEO I 9079 1.00 7.26 24.82 57.08 44.58 12.50 3215 3163.64 50.76 0.59 
B SED I 7299 394 606 0.97 7.25 23.45 50.69 37.89 12.80 3023 2968.54 54.19 0.27 
B SEO I 4683 1.03 7.26 22.L3 53.43 40.43 13.00 3204 3159.84 43.47 0.69 
B SEO 1 6878 389 611 1.14 7.26 21.93 50.77 37.37 13.40 2617 2570.65 45.39 0.97 ~ 
B SEO 1 6320 355 645 1.11 7.27 21.98 47.41 33.71 13.70 2388 2354.72 32.92 0.36 --= i-c 
B SEO I 2428 0.93 7.35 22.81 49.36 35.36 14.00 2727 2689.70 36.46 0.84 t_'!'j 

-....J B SEO l 5487 368 632 1.04 7.31 22.09 58.54 44.84 13.70 3148 3110.21 36.58 1.21 z ..... 
B SEO I 6512 420 580 0.92 7.4 23.43 56.4 43.05 13.35 3079 3039.37 39.07 0.57 ei 
B SOIL l 0.64 7.39 32.86 60.92 52.22 8.70 4832 4808.83 3.33 19.85 """ 
B SOIL I 0.61 7.37 29.39 53.25 43.25 10.00 4183 4160.89 3.42 18.69 ~ 
B SOIL 1 0.69 7.33 29.89 55.08 44.88 10.20 4054 4017.82 6.76 29.42 ("'.} 
B SOIL I 0.62 7.34 29.60 54.02 43.92 JO.JO 4147 4123.33 3.94 19.73 
B SOIL 1 0.74 7.32 30.46 66.02 55.82 10.20 4542 4523.86 5.77 12.37 
B SOIL I 0.58 7.34 29.19 55.66 45.86 9.80 4314 4290.82 3.99 19.19 
B SOIL I 0.70 7.29 29.76 64.71 54.71 10.00 4783 4747.11 6.84 29.06 
B SOIL I 0.73 7.27 30.75 63.3 51.90 11.40 4977 4939.72 6.46 30.82 
B SOIL 1 0.71 7.25 31.35 57.97 48.57 9.40 4688 4656.41 6.77 24.83 
B SOIL I 0.68 7.26 29.77 58.61 47.71 10.90 4585 4556.94 4.80 23.26 
B SOIL 1 0.66 7.31 29.55 63.74 52.54 !l.20 4786 4758.98 7.22 19.80 
B SOIL I 346 654 0.64 7.31 29.68 59.55 48.95 10.60 4634 4611.26 4.63 18.11 
B SOIL 1 0.75 7.32 28.70 57.53 46.53 11.00 4381 4347.70 4.74 28.56 
B SOIL I 359 641 0.60 7.36 28.34 56.29 44.79 11.50 4524 4503.75 4.93 15.32 
B SOIL I 346 654 0.75 7.27 28.27 58.82 47.72 11.10 4542 4502.86 7.23 31.92 
B SOIL 1 353 647 0.59 7.32 28.07 52.3 41.70 10.60 4340 4322.10 4.00 13.90 
B SOIL I 348 652 0.65 7.28 28.27 64.81 53.66 11.15 4927 4899.02 5.59 22.39 

~ 
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Table 11 ( continued) 
As B Ba Bi Cd Co Cr Cu Ga Water 

Olsen P Soluble P SO/ ORO 
Location Tr11e Set (mgkg"1) {mg kg-'} (mg ki(! (~gg"'l mgkg"' 
B SEO I 28.26 2.98 5489.62 51.2 
B SEO I 27.23 4.24 2841.88 48.4 
B SEO I 29.55 5.21 3022.22 47.4 
B SEO I 27.95 5.14 3387.45 
B SEO I 25.96 1.72 4408.61 
B SED I 23.87 4.90 3830.50 
8 SEO I 31.63 3.36 2918.47 
B SED I 27.07 1.65 3581.98 
8 SEO I 27.35 4.40 1209.84 
8 SEO I 20.70 1.19 3199.46 
B SEO I 21.72 2.43 4626.33 7.4 15.0 186 0.2 0.5 9.3 28.0 21.8 4.0 B SED I 25.77 2.84 3829.04 
B SED 1 20.12 1.30 4330.17 1.5 15.0 186 0.3 0.4 9.1 24.0 23.2 3.0 B SEO I 19.63 I.I I 445735 6.7 16.0 186 0.3 0.5 9.1 31.0 20.9 3.0 B SEO 1 27.28 2.46 3627.85 

-..1 8 SED 1 23.59 1.82 1767.60 6.9 18.0 191 0.2 0.4 8.9 24.0 21.8 4.0 N B SEO 1 22.00 1.88 3339.38 7.2 15.0 195 0.2 0.5 9.3 39.0 22.4 3.0 8 SOIL 1 10.88 1.71 362.53 14.6 
8 SOIL l 6.95 0.76 243.33 11.2 
B SOIL l 8.06 iJ.66 309.48 10.4 
8 SOIL I 6.42 0.85 325.04 
8 SOIL I 9.85 2.43 842.54 
B SOIL I 6.92 1.29 262.45 
B SOIL I 11.31 2.34 404.17 
8 SOIL I 11.60 2.54 388.75 
B SOIL I 10.83 2.12 439.29 
B SOIL I 13.19 3.78 486.38 
B SOIL I 13.17 2.31 437.57 
B SOIL I 11.14 1.58 578.36 6.4 18.0 204 0.3 0.5 9.0 22.0 23.6 3.0 B SOIL I 13.77 2.31 658.96 
B SOIL I 10.33 1.19 259.08 6.3 16.0 203 0.2 0.6 9.1 40.0 22.3 3.0 B SOIL I 11.52 2.04 445.85 6.5 17.0 210 0.2 0.5 9.4 23.0 22.4 4.0 B SOIL I 6.54 0.80 208.19 6.9 17.0 2.03 0.3 0.5 9.1 32.0 22.1 4.0 8 SOIL I 12.70 2.25 302.77 6.3 16.0 210 0.3 0.5 9.0 21.0 23.6 3.0 
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Table 11 ( continued) 
La Mn Mo Ni Pb Sb Sc Sr Ti u V Zn Hg 

Location T;r~ Set {ng 1f'l mgkg"' 
B SEO l 59.09 
B SEO I 51.89 
B SEO I 55.24 
B SEO I 57.35 
B SEO I 57.18 
B SEO I 53.71 
B SEO I 53.84 
B SEO l 59.47 
B SEO l 62.86 
B SEO I 63.04 
B SEO I 66.08 17.0 765 0.9 24.5 28.0 0.4 2.9 67.0 0.2 1.5 40.0 87.0 B SEO I 59.58 
B SEO I 55.71 16.0 728 0.8 24.7 33.8 0.4 2.9 68.0 02 1.5 40.0 89.0 B SEO I 81.18 16.0 719 l.O 23.0 29.7 0.4 2.8 65.0 0.2 1.4 40.0 85.0 B SEO l 66.64 

--..) B SEO I 65.12 17.0 745 0.7 23.4 27.9 0.4 2.7 69.0 02 l.5 42.0 82.0 w B SEO l 82.15 16.0 732 1.7 23.7 37.l 0.4 2.6 72.0 02 l.4 37.0 98.0 B SOIL l 86.86 
B SOIL l 67.95 
B SOIL l 73.50 
B SOIL I 72.33 
B SOIL I 83.99 
B SOIL I 82.31 
B SOIL I 83.20 
B SOIL l 79.85 
B SOIL I 77.97 
B SOIL I 76.05 
B SOIL I 81.22 
B SOIL l 97.05 17.0 846 0.6 24.4 27.3 0.4 2.3 60.0 0.3 1.4 39.0 84.0 B SOIL l 74.19 
B SOIL I 90.93 17.0 836 1.6 23.! 25.7 0.4 2.3 57.0 0.3 1.4 38.0 81.0 B SOIL l 78.92 18.0 856 0.5 24.4 25.6 0.3 2.5 55.0 0.3 1.4 41.0 84.0 B SOIL l 78.94 18.0 873 0.9 23.9 212 0.3 2.6 57.0 0.3 1.4 44.0 85.0 B SOIL I 97.38 16.0 853 0.5 22.6 35.7 0.4 2.2 62.0 0.2 l.5 37.0 94.0 
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Table 11 ( continued) 
Dry Sed Clay Silt EC CEC TotalC Organic C Inorganic C TotalN Organic N Nl4-N NO,-N 

Location Type Set (g m·2} ill kg"') {g kg·'} (dS m·'} eH ( cmol1•1 kg" 1) (g kg·'i (g kg"') (g kg·'l (mg kg·') (mgkg·'l {mg kg"1) (mgkg·'l 
B SEO 2 6298 1.21 7.25 23.80 45.52 32.12 13.40 2565 2540.35 23.99 0.66 
B SEO 2 7232 1.55 7.25 22.18 47.47 34.27 13.20 2764 2741.26 22.04 0.71 
B SED 2 7204 1.21 7.29 22.63 47.77 34.67 13.10 3006 2982.81 22.88 0.31 
B SED 2 8463 1.21 7.36 22.60 47.06 33.86 13.20 2922 2897.47 24.14 0.40 
B SED 2 5662 1.25 7.36 20.41 40.16 26.26 13.90 2160 2142.08 17.61 0.31 
B SED 2 8929 1.20 7.37 22.74 45.82 32.32 13.50 2705 2678.57 26.03 0.39 
B SED 2 931 l 0.98 7.37 21.23 42.39 28.59 13.80 2458 2436.84 20.98 0.18 
B SED 2 10273 0.96 7.35 21.42 41.58 27.58 14.00 2283 2257.65 25.24 O.l I 
B SEO 2 7267 1.07 7.36 21.48 40.73 27.13 13.60 2207 2182.00 24.69 0.31 
B SED 2 12935 1.15 7.38 22.91 52.01 38.31 13.70 2963 2932.86 29.56 0.58 
B SED 2 12490 0.84 7.44 22.54 42.94 29.34 13.60 2233 2207.34 25.42 0.23 
B SED 2 8126 0.92 7.42 21.25 45.27 33.57 I I.70 2266 2244.53 21.21 0.26 
B SED 2 l 1985 428 572 1.03 7.37 22.57 42.35 28.85 13.50 2267 2244.28 22.42 0.31 
B SED 2 13820 408 592 0.91 7.37 23.27 55.05 41.35 13.70 2773 2743.85 27.22 1.93 
B SED 2 I 1369 400 600 0.98 7.36 22.76 48.09 35.99 12.10 2246 2213.77 30.23 2.00 
B SED 2 8198 400 600 0.88 7.36 22.69 46.4 32.60 13.80 2690 2661.33 27.00 l.68 

......:i B SED 2 9004 418 582 1.03 7.28 23.41 53.04 39.69 13.35 3401 3370.26 29.24 1.51 

..i::,. B SOIL 2 0.66 7.15 28.40 49.22 36.62 12.60 3265 3246.60 4.29 14.12 
B SOIL 2 0.66 7.21 29.97 45.56 33.16 12.40 3150 3134.51 3.46 12.03 
B SOIL 2 0.54 7.2 30.83 49.14 37.04 12.10 3570 3556.79 1.83 11.38 
B SOIL 2 0.54 7.27 30.84 44.36 32.26 12.10 3115 3100.86 3.55 10.58 
B SOIL 2 0.54 7.26 30.36 51.0 I 37.81 13.20 3506 3486.52 3.88 15.60 
B SOIL 2 0.61 7.26 30.22 49.62 36.72 12.90 3235 3214.25 3.58 17.17 
B SOIL 2 0.63 7.29 29.83 51.3 38.00 13.30 3478 3460.58 3.14 14.28 
B SOIL 2 0.61 7.27 29.15 49.61 35.71 13.90 3695 3676.98 3.51 14.51 
B SOIL 2 0.59 7.3 29.17 48.1 34.70 13.40 3293 3276.32 3.35 13.34 
B SOIL 2 0.58 7.32 30.08 48.61 35.21 13.40 3447 3428.94 3.33 14.73 
B SOIL 2 405 595 0.63 7.33 30.44 48.56 35.46 13.10 3146 3125.76 4.40 15.84 
B SOIL 2 0.62 7.28 31.01 48.13 35.63 12.50 3634 3616.85 3.72 13.43 
B SOIL 2 400 600 0.62 7.31 28.41 50.83 37.33 13.50 3437 3417.81 4.12 15.07 
B SOIL 2 398 602 0.62 7.34 27.64 51.8 37.90 13.90 3358 3336.76 5.03 16.21 
B SOIL 2 0.75 7.33 29.05 50.54 36.54 14.00 3324 3298.7! 5.59 19.70 
B SOIL 2 395 605 0.66 7.35 26.04 50.76 36.56 14.20 3385 3364.20 3.47 17.33 
B SOIL 2 361 635 0.66 7.32 26.36 51.22 36.57 14.65 3949 3923.63 7.46 17.90 
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Table 11 ( continued) 
As B Ba Bi 

Water 
Cd Co Cr Cu Ga 

Olsen P Soluble P so.z· ORO 
Location T:iE!,: Set (mg: kif'! (mgkg:-1} (mg;kg;"') (I!& 1f'2 mgkg·' 
B SEO 2 18.74 0.83 3028.80 29.8 
B SEO 2 22.68 0.93 402325 34.9 
B SEO 2 19.48 0.23 3206.91 0 
B SEO 2 17.78 0.50 396957 
B SED 2 18.70 0.30 5032.20 
B SEO 2 19.02 0.10 3942.26 
B SED 2 18.24 0.72 3296.03 
B SED 2 17.26 0.89 3198.58 
B SED 2 17.85 0.85 3637.88 
B SEO 2 18.53 0.93 4092.80 
B SED 2 20.03 0.78 2082.56 
B SED 2 16.40 0.92 2107.33 
B SED 2 16.79 0.65 3394.93 8.0 12.0 203 0.3 0.6 10.7 28.0 24.6 3.0 B SED 2 15.57 0.72 3178.99 8.8 15.0 206 0.3 0.6 11.3 25.0 27.7 3.0 B SEO 2 16.19 1.69 339850 8.6 15.0 201 0.3 0.6 10.7 32.0 26.9 4.0 -.l B SEO 2 13.80 0.72 2088.96 7.1 16.0 194 0.2 0.4 9.3 24.0 22.2 4.0 VI B SEO 2 15.50 0.89 3583.47 6.5 12.0 186 0.2 0.5 8.8 26.0 21.5 3.0 B SOIL 2 12.41 2.55 500.29 0 
B SOIL 2 10.76 2.65 356.67 4.34 
B SOIL 2 13.72 J.12 325.81 5.26 
B SOIL 2 11.51 2.51 292.80 
B SOIL 2 15.42 2.53 373.19 
B SOIL 2 14.17 3.20 219.79 
B SOIL 2 20.49 3.66 330.97 
B SOIL 2 16.67 4.39 311.82 
B SOIL 2 12.32 2.72 289.28 
B SOIL 2 18.41 4.70 290.73 
B SOIL 2 18.17 4.52 293.71 7.2 15.0 203 0.3 0.5 9.0 22.0 23.5 3.0 B SOIL 2 12.71 4.99 244.55 
B SOIL 2 20.09 5.06 292.74 6.8 16.0 204 0.2 0.5 9.2 27.0 23.0 4.0 B SOIL 2 17.29 4.27 295.51 6.2 17.0 206 0.2 0.5 92 24.0 23.5 4.0 B SOIL 2 16.96 3.45 357.91 
B SOIL 2 17.89 4.25 273.12 5.4 15.0 211 0.3 0.5 8.5 27.0 22.8 4.0 B SOIL 2 16.87 4.56 484.94 6.4 17.0 245 0.3 0.6 9.0 24.0 27.0 4.0 
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Table 11 ( continued) 
La Mn Mo Ni Pb Sb Sc Sr Ti u V Zn Hg 

Location Type Set (ns: s:·') ms:ks:·' 
B SEO 2 55.33 
B SED 2 65.39 
B SED 2 46.52 
B SEO 2 59.27 
B SEO 2 69.36 
B SEO 2 67.72 
B SEO 2 61.02 
B SED 2 73.83 
B SED 2 65.04 
B SEO 2 75.59 
B SED 2 70.25 
B SED 2 60.25 
B SED 2 77.91 17.0 688 1.5 26.0 40.8 0.5 3.1 73.0 0.2 1.4 40.0 99.0 B SED 2 88.87 17.0 676 0.8 27.4 43.9 0.6 3.2 71.0 0.2 1.6 43.0 107 B SEO 2 83.20 17.0 646 1.0 27.0 40.8 0.5 3.1 71.0 0.2 1.5 44.0 IOI 

-...J B SEO 2 70.98 17.0 649 0.06 24.5 25.8 0.4 3.2 67.0 0.3 1.5 43.0 87.0 

°' B SED 2 55.59 16.0 680 0.9 23.5 22.5 0.4 2.6 64.0 02 1.5 37.0 83.0 B SOIL 2 72.13 
B SOIL 2 69.97 
B SOIL 2 67.40 
B SOIL 2 67.27 
B SOIL 2 74.45 
B SOIL 2 73.11 
B SOIL 2 65.49 
B SOIL 2 84.12 
B SOIL 2 76.01 
B SOIL 2 96.20 
B SOIL 2 79.05 17.0 845 0.5 24.2 22.8 0.3 2.7 61.0 03 1.5 39.0 81.0 B SOIL 2 84.42 
B SOIL 2 72.88 17.0 869 0.7 24.l 239 0.4 2.7 63.0 0.3 1.6 39.0 81.0 B SOIL 2 79.66 17.0 854 0.5 23.9 23.0 0.3 3.0 65.0 0.3 1.5 43.0 80.0 B SOIL 2 89.03 
B SOIL 2 77.13 17.0 7.33 0.7 21.2 23.8 0.3 2.6 60.0 0.2 1.4 40.0 82.0 B SOIL 2 89.50 19.0 838 0.5 25.1 32.4 0.4 2.8 78.0 0.3 1.6 45.0 100 
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Table 11 ( continued) 
Dry Sed Clay Silt EC CEC TotalC OrganicC Inorganic C TotalN OrganicN NH.-N NO,-N 

Location Tlee Set (g rn·22 (gkg"J) (g kg"') (dS rn" 1) eH (crnol1+1 kg') (g kg"') (g kg"') (g kg"') (mg kg; 1) (mg kg" 1) (mgkg"1) (mgkg"1) 

B SED 3 6864 1.79 7.4 21.27 39.8 25.30 14.50 2375 2341.87 31.16 1.97 
B SED 3 8526 1.71 7.37 21.12 37.23 22.73 14.50 2025 1991.26 31.08 2.66 
B SED 3 11443 1.68 7.34 19.51 43.03 28.53 14.50 2604 2579.48 22.70 1.82 
B SED 3 9075 1.43 7.38 21.89 39.45 24.35 15.10 2289 2264.14 23.04 1.82 
B SED 3 7543 1.33 7.4 19.79 37.21 22.41 14.80 1925 1902.54 20.69 1.77 
B SED 3 11813 1.36 7.31 20.81 40.63 25.83 14.80 2289 2266.18 20.74 2.08 
B SED 3 11908 387 6l3 0.96 7.43 20.80 38.16 23.26 14.90 1760 1733.51 24.27 2.23 
B SED 3 1534 1.08 7.37 21.91 40.35 25.65 14.70 2094 2066.25 25.68 2.07 
B SED 3 12532 1.10 7.4 21.54 40.78 25.68 15.10 2127 2100.72 24.81 1.48 
B SED 3 10596 426 574 1.27 7.31 21.45 41.47 26.67 14.80 2484 2465.32 18.66 0.o2 
B SED 3 9638 1.26 7.33 21.01 40.8 26.10 14.70 2244 2219.95 23.81 0.25 
B SED 3 11351 1.21 7.34 21.54 41.42 26.62 14.80 2092 2069.04 22.84 0.12 
B SED 3 12245 1.02 7.39 22.23 46.69 32.09 14.60 2661 2634.43 26.33 0.24 
B SED 3 13584 395 605 1.08 7.36 22.79 43.99 28.89 15.10 2459 2431.56 27.28 0.16 
B SED 3 9312 0.83 7.43 22.67 39.77 24.37 15.40 2376 2352.21 23.81 -0.02 
B SED 3 16638 4i8 582 1.03 7.35 22.26 43.95 28.95 15.00 2624 2594.65 29.16 0.20 

-....J B SED 3 10888 370 630 0.79 7.42 23.08 41.25 26.35 14.90 2375 2344.63 30.52 -0.15 
-....J B SOIL 3 0.71 7.44 26.95 46.15 32.55 13.60 3158 3141.05 2.88 14.07 

B SOIL 3 0.63 7.51 25.75 4625 31.95 14.30 2674 2657.53 2.68 13.79 
B SOIL 3 0.69 7.47 22.69 46.56 32.46 14.10 2911 2895.22 2.46 13.32 
B SOIL 3 0.62 7.51 25.26 47.42 33.32 14.10 2925 2908.83 2.80 13.37 
B SOIL 3 420 580 0.68 7.47 24.85 47.37 32.97 14.40 2997 2976.67 2.46 17.87 
B SOIL 3 434 566 0.76 7.46 26.15 48.77 34.07 14.70 2966 2945.17 3.85 16.98 
B SOIL 3 426 574 0.67 7.49 25.43 49.3 34.70 14.60 3056 3035.32 3.52 17.16 
B SOIL 3 0.62 7.45 25.84 49.72 35.02 14.70 3133 3115.22 3.29 14.49 
B SOIL 3 0.69 7.43 26.52 46.67 31.57 15.10 2950 2930.11 3.17 16.72 
B SOIL 3 0.52 7.48 26.99 46.09 32.29 13.80 2675 2657.24 2.77 14.99 
B SOIL 3 0.63 7.44 26.19 46.98 32.68 14.30 2816 2797.08 2.57 16.35 
B SOIL 3 428 572 0.67 7.46 25.71 46.91 32.51 14.40 3003 2983.62 3.63 15.75 
B SOIL 3 0.50 7.47 27.54 46.69 33.09 13.60 3136 3121.61 2.53 11.86 
B SOIL 3 0.66 7.48 21.68 47.55 33.35 14.20 2970 2953.67 3.64 12.70 
B SOIL 3 0.55 7.44 25.55 47.31 32.31 15.00 2844 2829.74 3.18 I 1.08 
B SOIL 3 0.60 7.42 25.18 49.12 34.72 14.40 2925 2908.56 3.62 12.82 
B SOIL 3 413 587 0.50 7.49 25.01 45.54 31.04 14.50 2993 2977.97 3.46 11.57 
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Table 11 ( continued) 
As B Ba Bi Cd Co Cr Cu Ga 

Water 
OlsenP SolubleP sot ORO 

Location Tme Set {mg;kf'l {mg k,1t;"} {mg;kt) {~g; if'> mgkf1 
B SEO 3 17.02 0.80 9044.76 44.9 
B SEO 3 16.23 0.55 838138 42.9 
B SEO 3 13.18 0.38 8015.27 23.1 
B SED 3 15.61 0.42 5627.68 
B SEO 3 18.94 0.77 5139.51 
B SEO 3 14.18 0.58 6248.88 
B SEO 3 16.04 0.84 3379.03 7.1 16.0 196 0.3 0.5 9.8 6LO 23.8 4.0 B SED 3 13.61 0.58 3885.81 
B SEO 3 14.17 0.67 3835.68 
B SEO 3 16.49 0.60 4725.77 6.7 15.0 192 0.2 0.5 8.9 22.0 21.6 4.0 B SEO 3 15.76 0.72 530425 
B SEO 3 14.07 0.46 462038 
B SEO 3 22.56 1.06 206726 
B SEO 3 21.19 0.73 332028 6.8 15.0 189 0.2 o.s 9.6 41.0 23.0 4.0 B SED 3 25.93 1.23 1349.39 

--.J B SEO 3 17.67 0.59 3238.33 7.0 12.0 193 0.3 0.5 9.5 24.0 25.0 4.0 00 B SEO 3 17.73 0.67 1697.23 64.0 13.0 202 0.2 0.5 9.6 29.0 22.8 4.0 B SOIL 3 21.30 2.01 449.54 4.34 
B SOIL 3 18.45 2.49 475.93 5.12 
B SOIL 3 15.20 1.36 448.18 0 
B SOIL 3 16.90 2.28 359.07 
B SOIL 3 24.07 2.78 424.80 6.0 14.0 186 0.2 0.6 9.3 24.0 23.8 4.0 B SOIL 3 15.32 3.35 435.61 6.2 13.0 192 0.3 0.6 8.7 26.0 23.8 4.0 B SOIL 3 26.43 3.93 593.52 6.1 16.0 195 0.3 0.6 9.6 24.0 24.l 4.0 B SOIL 3 18.79 2.62 582.73 
B SOIL 3 22.55 2.80 S55.28 
B SOIL 3 23.07 3.63 360.63 
B SOIL 3 21.90 3.03 468.53 
B SOIL 3 23.45 2.96 530.60 6.5 15.0 194 0.3 0.4 9.4 29.0 24.7 4.0 B SOIL 3 25.59 4.51 569.51 
B SOIL 3 22.40 3.88 518.23 
B SOIL 3 17.77 3.05 278.55 
B SOIL 3 24.02 3.94 469.08 
B SOIL 3 19.94 2.56 334.06 6.6 16.0 215 0.3 0.6 9.1 22.0 25.3 4.0 
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Table 11 (continued) 
La Mn Mo Ni Pb Sb Sc Sr Ti u V Zn 

Hg 
Location Tz:2e Set (ng g·'} mgkg/ 
B SEO 3 58.17 
B SEO 3 55.64 
B SEO 3 81.04 
B SEO 3 58.10 
B SEO 3 71.58 
B SEO 3 54.92 
B SEO 3 51.93 18.0 688 3.1 25.0 29.7 0.5 3.1 67.0 0.3 1.5 43.0 92. 
B SEO 3 72.72 
B SEO 3 65.35 
B SEO 3 52.98 18.0 772 0.5 23.1 20.9 0.5 3.1 67.0 0.2 1.5 43.0 83.0 
B SEO 3 52.89 
B SEO 3 49.04 
B SEO 3 62.83 
B SEO 3 51.62 18.0 878 1.6 23.9 22.l 0.3 2.9 67.0 0.3 1.5 43.0 84.0 
B SEO 3 30.17 

---l 
B SEO 3 72.25 18.0 776 0.6 26.0 26.5 0.4 3.2 70.0 0.3 1.6 43.0 95.0 

\0 B SEO 3 94.73 18.0 726 0.9 23.4 23.0 0.3 3.1 67.0 0.2 1.5 40.0 84.0 
B SOIL 3 73.86 
B SOIL 3 84.65 
B SOIL 3 79.86 
B SOIL 3 69.75 
B SOIL 3 64.43 18.0 8.15 0.4 23.7 20.8 0.3 3.1 63.0 0.3 1.5 43.0 85.0 
B SOIL 3 78.46 18.0 813 0.6 24.0 24.0 0.3 2.8 64.0 0.3 1.4 42.0 85.0 
B SOIL 3 64.96 19.0 826 0.5 24.5 21.8 0.3 3.0 64.0 0.3 1.5 44.0 89.0 
B SOIL 3 93.21 
B SOIL 3 76.48 
B SOIL 3 68.19 
B SOIL 3 56.87 
B SOIL 3 64.63 19.0 827 0.8 25.1 20.5 0.3 3.1 63.0 0.3 1.5 46.0 87.0 
B SOIL 3 73.31 
B SOIL 3 I 01.70 
B SOIL 3 67.07 
B SOIL 3 73.91 
B SOIL 3 78.31 19.0 865 0.3 24.6 24.5 0.3 3.2 65.0 0.3 1.4 46.0 86.0 
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Table 12. Data for all variables for sediment (SEO) and soil (SOIL) (0-lOcm) from location C along the Red River of the North near 
Moorhead, Minnesota. 

DrySed Clay Silt EC CEC TotalC OrganicC Inorganic C TomlN OrganicN NH4-N NO,-N Location Type Set {g: m·'} {g kg/) ~kif'> (dsm-1) EH (cmoh1k1!°') (gkg"') (gk11°') (g kif') (mgkg·') {mgk!{1) (mgk1f'} {mgkg"1) C SED l 2149 497 503 1.40 7.19 31.33 5223 43.03 9.20 4239 4106.88 129.19 2.93 C SED 1 1769 484 517 1.35 7.06 30.01 62.21 53.71 8.50 3970 3861.12 106.17 2.71 C SED l 1097 1.62 7.1 33.88 51.78 42.06 9.72 3963 3844.25 116.14 2.62 C SED l 2269 497 503 1.71 7.11 33.77 47.61 38.01 9.60 3647 3481.20 161.70 4.10 C SED l 2229 499 501 1.85 7.08 33.53 45.91 36.31 9.60 3702 3529.07 155.47 17.46 C SED I 2397 1.79 7.11 31.30 48.76 39.11 9.65 4208 4045.49 139.63 22.88 C SED l 2149 1.93 7.11 33.19 48.11 38.31 9.80 4122 3925.12 172.38 24.49 C SED l 1011 1.68 7.26 32.99 48.97 39.37 9.60 3990 3826.87 157.46 5.67 C SED l 3427 1.52 124 32.52 50.79 41.29 9.50 3862 3733.30 126.08 2.63 C SED I 2932 1.58 7.17 32.39 51.25 41.45 9.80 3941 3800.69 137.07 3.25 C SED I 2263 l.79 7.14 34.30 46.1 36.30 9.80 3507 3378.93 125.33 2.75 C SED 1 2907 l.41 721 32.27 46.54 36.04 10.5 3599 3497.73 98.48 2.79 
> C SED l 1168 1.67 7.17 33.75 55.84 46.44 9.4 4148 4045.00 100.42 2.58 C SED l 2621 497 503 1.28 7.23 32.82 51.53 40.93 10.6 3759 3661.93 95.86 1.21 ~ 
>"Cj C SED I 2697 125 7.23 28.46 48.07 38.27 9.8 3636 3533.52 100.91 1.57 t'!j 00 C SED I 1413 1.35 7.23 31.83 56.8 47.1 9.7 3936 3846.28 88.6 I.I I z 0 C SED 1 2117 1.51 7.25 33.25 47.6 37.2 10.4 3522 3406.36 114.10 1.53 ~ C SOIL I 0.66 7.41 32.52 40.98 36.78 4.2 3221 3188.11 15.9 16.99 ~ C SOIL I 0.61 1.35 27.10 36.2 29.8 6.4 2607 2576.90 15.95 14.15 X C SOIL l 0.75 7.29 29.18 44.29 37.58 6.71 3138 3097.83 17.76 22.41 ~ C SOIL I 0.73 7.31 29.52 45.54 35.49 10.05 3374 3316.99 25.85 3l.l6 C SOIL I 0.58 721 29.75 49.08 38.58 10.5 3431 3362.13 29.83 39.04 C SOIL I 0.89 7.21 29.05 51.87 42.97 8.9 3474 3411.04 28.93 34.03 C SOIL l 1.04 1.11 29.07 52.21 43.21 9.0 3783 3702.49 25.63 54.88 C SOIL l 0.82 7.31 29.56 44.34 35.54 8.8 3268 3207.47 29.5 31.03 C SOIL l 420 580 0.55 7.27 31.83 44.51 38.41 6.! 3197 3156.67 20.18 20.16 C SOIL l 0.77 7.26 31.05 42.69 35.89 6.8 3252 3207.24 26.01 18.74 C SOIL 1 459 542 0.86 723 30.47 43.49 35.69 7.8 3269 3219.25 29.84 19.91 C SOIL I 0.86 7.2 31.68 43.38 39.58 3.8 3400 3374.86 17.06 8.08 C SOIL I 412 588 0.86 1.19 32.08 49.93 43.63 6.3 3799 3744.62 26.51 27.86 C SOIL I 0.71 7.27 32.13 41.92 38.02 3.9 3553 3516.45 24.24 12.31 C SOIL l 324 676 0.54 7.27 22.47 39.11 31.91 7.2 2945 2893.01 29.77 22.21 C SOIL l 0.69 7.18 33.90 50.05 46.65 3.4 4022 3972.26 20.53 29.21 C SOIL I 399 601 0.75 7.17 29.30 42.76 38.56 42 3568 3520.59 23.5 23.91 



Table 12 (continued) 
As B Ba Bi 

Water 
Cd Co Cr Cu Ga 

Olsen P Soluble P so/· ORO 
Location T:t:12e Set (mg kif') (mgkg" 1

) (mg kg-') (!!g g"') mg kg"' C SEO I 30.09 5.01 4623.15 21.6 7.8 19 179 0.2 0.7 9.8 32 24.9 5 C SEO I 31.72 6.91 4568.48 22.8 
C SEO I 29.82 4.09 6453.2 23.2 
C SEO I 29.09 3.87 7019.24 9.3 26 198 0.3 0.6 11.3 32 28.4 6 C SEO I 34.39 6.15 9380.45 9.3 22 1.95 0.3 0.7 10.3 31 25.5 6 C SEO I 29.87 5.36 9793.1 8.8 26 205 0.3 0.6 10.8 30 28.3 6 C SEO I 36.18 6.96 8484.37 
C SEO I 37.5 6.45 6376.22 
C SEO I 30.l 3.27 5614.84 
C SED I 30.0 4.12 570735 
C SED l 25.22 3.86 7863.23 
C SED I 25.43 3.37 2250.0 
C SED I 29.21 3.72 7222.74 
C SED I 27.41 3.38 4963.04 8.8 26 202 0.3 0.5 9.9 31 25.7 6 C SED I 28.85 3.7 3128.75 

00 C SED I 26.9 4.52 5165.17 
C SEO l 25.89 3.53 4059.45 
C SOIL 1 9.5 3.75 210.15 0 
C SOIL l 12.31 3.55 208.35 0 
C SOIL I 16.49 4.52 349.23 0 
C SOIL I 14.62 4.96 273.29 
C SOIL I 16.01 5.59 504.81 
C SOIL I 18.44 6.21 493.9 
C SOIL I 21.53 5.67 659.0 
C SOIL l 24.07 6.51 313.71 
C SOIL I l 3.45 3.04 244.67 8 21 190 0.2 0.6 10.3 28 25 5 C SOIL I 17.13 3.83 228.65 
C SOIL I 11.69 2.78 446.57 6.6 18 187 0.2 0.6 10.0 37 25 5 C SOIL I 15.96 3.3 944.38 
C SOIL I 13.52 3.91 309.71 7 17 193 0.2 0.6 IO.I 28 25.6 5 C SOIL I 14.17 3.78 5 I0.43 
C SOIL I 14.42 2.93 266.22 6.4 17 190 0.2 0.7 9.8 32 22.4 4 C SOIL I 16.04 4.91 265.87 
C SOIL I 12.79 2.88 283.68 7 18 191 0.2 0.6 IO.I 25 24.9 5 



Table 12 (continued) 
La Mn Mo Ni Pb Sb Sc Sr Ti u V Zn 

Location ffi k -I 

C 19 980 0.7 26.8 14.1 0.3 3.5 62 0.3 1.6 52 98 
C SED l 75.64 
C SED l 50.07 
C SED l 3 8.59 20 934 0.6 30.4 14.4 0.4 4.5 6.8 OJ 1.7 62 llO 
C SED l 35.0 20 821 0.7 27.3 14.2 0.4 4.3 66 0.3 1.7 56 103 
C SED l 58.7 21 878 0.6 28.6 14.1 0.4 4.3 65 OJ 1.7 61 110 
C SED l 67.28 
C SED l 59.14 
C SED l 65.33 
C SED 1 73.16 
C SED 1 55.18 
C SED I 53.53 
C SED I 53.46 
C SED l 61.05 
C SED I 55.45 

00 
C SED l 45.05 20 901 0.7 26.8 14.0 0.4 4.2 66 0.3 1.8 59 103 

N C SED I 55.85 
C SOIL I 46.21 
C SOIL l 38.96 
C SOIL I 50.5 
C SOIL 1 58.55 
C SOIL I 50.24 
C SOIL 1 55.39 
C SOIL l 50.23 
C SOIL 1 54.47 
C SOIL I 41.8 l 21 876 0.5 27.3 16.7 0.4 3.8 55 0.3 1.3 54 90 
C SOIL I 43.62 
C SOIL I 49.44 20 955 1.3 27.5 14.2 0.3 3.0 46 0.3 1.3 50 94 
C SOIL I 42.1 
C SOIL I 47.81 20 1002 0.5 28.4 14.2 0.3 2.9 43 0.3 1.2 47 91 
C SOIL I 41.58 
C SOIL I 38.68 20 999 1.0 25.5 13.6 0.2 3.0 42 0.3 1.2 44 87 
C SOIL l 40.89 
C SOIL I 43.5 20 997 0.6 27.2 15.2 0.3 2.9 45 0.3 1.3 46 89 

I 



Table 12 (continued) 
Dry Sed EC CEC OrganicN N03-N Location T e m' (dSm-' H cmol, k _, m k -I m k _,) C SEO 4423 1.3 l 7_09 27-81 2631.30 l.66 C SEO 5906 500 500 1.61 7_09 29.63 2786.71 l.89 C SEO 2163 1.56 7.18 29.84 12.40 2737.09 1.59 C SEO 4077 1.31 7.21 30.63 l l.90 2714.72 l.43 C SEO 4079 1.26 7.18 30.15 42.73 12.60 2802.28 1.78 C SEO 5895 509 491 l.25 7.24 30.49 44.7 13.20 2788 2729.08 1.63 C SEO 2761 1.27 7.31 30.37 40.79 12.50 2683 2623.47 l.25 C SEO 2 3195 1.2 l 7.28 32.01 41.4 l 12.40 2700 2642.08 55.35 1.73 C SEO 2 5074 493 507 l.28 7.26 31.91 57.69 43.69 14.00 3792 3715.68 74.63 l.69 C SEO 2 7419 1.29 7.23 29.49 48.82 36.42 12.40 3405 3326.97 76.71 l.31 C SEO 2 4769 l.28 7.25 32.87 43.26 31.16 12.10 3097 2999.00 96.74 l.26 C SEO 2 5254 518 482 1.32 7.25 32.91 43.06 31.16 11.90 2911 2831.38 78.92 0.70 C SEO 2 8825 503 497 l.3 7.19 30.0l 47.38 35.28 12.10 3296 3229.64 64.00 2.36 C SEO 2 3268 1.39 7.22 32.58 44.26 31.76 12.50 3001 2943.30 55.37 2.33 C SEO 2 3088 l.42 7.23 27.26 46.31 34.1 l 12.20 3093 3029.46 61.60 l.94 C SEO 2 8212 1.2 7.33 25.5 42.35 30.15 12.20 2794 2733.47 57.99 2.54 00 C SEO 2 3164 l.52 7.24 23.94 45.42 33.87 11.55 3474 3386.91 85.22 l.87 vJ C SOIL 2 0.65 7.17 25.47 33.08 22.58 10.50 2353 2332.71 11.13 9.17 C SOIL 2 0.63 7.16 25.84 30.09 19.69 10.40 1792 1773.68 10.70 7.62 C SOIL 2 0.68 7.17 24.14 31.71 20.11 l l.60 1946 1927.24 8.37 10.39 C SOIL 2 0.63 7.26 25.26 31.07 19.97 11.10 1767 1749.40 9.11 8.50 C SOIL 2 477 522 0.65 7.2 23.78 33.52 22.42 l l.10 2272 2248.18 11.8 l 12.01 C SOIL 2 0.77 7.24 26.29 32.78 22.38 10.40 2142 2113.26 17.09 l l.65 C SOIL 2 0.73 7.26 26.55 3 l.85 21.65 10.20 2330 2307.89 12.l l 10.50 C SOIL 2 0.78 7.21 25.69 38.35 28.05 10.30 2661 2634.89 11.16 14.95 C SOIL 2 492 508 0.67 7.26 25.2 35.15 24.15 l l.00 2298 2279.46 11.92 6.62 C SOIL 2 0.79 7.35 25.23 34.63 23.43 11.20 2257 2231.60 12.33 13.Q7 C SOIL 2 0.72 7.23 26.22 38.52 27.32 11.20 2577 2548.60 11.67 16.73 C SOIL 2 462 538 0.7 7.33 24.06 38.62 27.52 l l.10 2499 2472.98 16.28 9.74 C SOIL 2 0.67 7.3 23.19 36.4 25.40 11.00 2443 2418.03 11.75 13.22 C SOIL 2 483 517 0.83 7.3 20.07 35.82 24.92 10.90 2492 2459.52 15.60 16.89 C SOIL 2 0.76 7.32 22.15 34.66 24.06 10.60 2415 2380.16 21.17 13.67 C SOIL 2 482 518 0.85 7.31 25.18 34.37 23.57 10.80 2461 2424.68 21.95 14.37 C SOIL 2 0.79 7.3 26.3 l 35.62 24.82 10.80 2317 2276.35 22.18 18.47 



Table 12 ( continued) 
As 13 Ba Bi Cd Co Cr Cu Ga Water 

Olsen P Soluble P SO/ ORO 
Location T;t12e Set (mg kf1

) (mg kg·') (mgkg·') (~g g·') mg kg°' C SEO 2 28.35 2.83 3230.86 24.1 
C SEO 2 25.83 2.45 4660.37 26.1 7.7 16 187 0.2 0.7 9.5 33 24.3 5 C SED 2 27.26 2.84 4576.41 16.4 
C SED 2 30.37 3.31 3421.09 
C SED 2 21.29 2.54 5004.03 
C SEO 2 15.32 2.45 2959.02 6.5 16 191 0.2 0.5 9.7 25 25.0 5 C SEO 2 19.89 3.29 2999.47 
C SED 2 20.48 3.61 2621.45 
C SED 2 26.63 4.76 2397.49 7.7 19 186 0.2 0.6 10.3 29 24.8 5 C SED 2 20.05 2.89 2793.22 
C SED 2 23.29 2.60 2821.32 
C SED 2 22.44 2.65 3046.26 7.4 16 185 0.3 0.5 10.0 27 25.2 5 C SED 2 19.32 2.58 3464.90 7.1 14 174 0.3 0.6 10.0 62 22.7 4 C SED 2 19.69 3.23 3499.89 
C SEO 2 21.35 3.98 4460.43 

00 C SED 2 21.95 3.08 2741.60 +:>- C SED 2 19.37 2.40 5523.76 
C SOIL 2 5.93 1.76 337.52 5.36 
C SOIL 2 2.12 0.99 413.92 0 
C SOIL 2 6.69 1.85 284.58 
C SOIL 2 5.21 1.46 246.58 
C SOIL 2 13.70 3.06 261.10 6.6 12 166 0.2 0.5 9.5 23 21.4 4 C SOIL 2 10.12 2.09 440.15 
C SOIL 2 I 0.43 2.47 366.38 
C SOIL 2 13.84 2.58 617.58 
C SOIL 2 I 1 .82 3.29 438.51 7.2 13 172 0.2 0.5 10.1 36 22.0 4 C SOIL 2 14.22 3.16 321.37 
C SOIL 2 15.86 3.07 434.66 
C SOIL 2 23.17 2.90 622.20 6.8 16 179 0.3 0.5 9.6 25 22.4 4 C SOIL 2 19.26 2.63 481.1 I 
C SOIL 2 19.58 2.17 534.33 6.8 14 I 71 0.3 0.5 9.5 27 23.0 4 C SOIL 2 14.69 1.19 523.63 
C SOIL 2 16.20 1.73 388.78 7.2 15 173 0.3 0.5 9.9 25 22.3 4 C SOIL 2 14.60 1.56 527.47 



Table 12 (continued) 
La Mn Mo Ni Pb Sb Sc Sr Ti u V Zn Hg 

Location Tyee Set (ng g-') mgkg-1 

C SED 2 54.54 
C SED 2 63.82 19 959 1.0 25.4 13.4 0.3 3.4 63 0.3 1.5 49 90 C SEO 2 59.73 
C SED 2 76.19 
C SED 2 56.80 
C SED 2 55.16 19 805 0.5 27.0 13.6 0.3 3.2 62 0.3 1.6 47 94 C SED 2 53.17 
C SED 2 55.38 
C SEO 2 54.02 19 1116 0.7 27.1 13.3 0.3 3.4 66 0.3 1.6 50 109 C SED 2 40.41 
C SEO 2 52.67 
C SEO 2 57.27 19 1030 0.5 26.8 13.9 0.3 3.5 65 0.3 1.5 50 98 C SED 2 47.33 18 908 2.9 25.8 12.9 0.3 3.3 59 0.3 1.6 44 87 C SEO 2 53.92 
C SEO 2 46.38 

00 C SEO 2 56.89 
V, C SEO 2 45.62 

C SOIL 2 48.03 
C SOIL 2 43.36 
C SOIL 2 45.16 
C SOIL 2 48.55 
C SOIL 2 47.34 18 869 0.5 25.6 12.8 0.2 3.2 4.8 0.3 1.3 40 79 C SOIL 2 53.43 
C SOIL 2 52.85 
C SOIL 2 55.98 
C SOIL 2 43.44 18 885 1.1 26.7 13.6 0.3 3.4 50 0.3 1.2 44 83 C SOIL 2 59.71 
C SOIL 2 52.93 
C SOIL 2 60.17 18 800 0.4 25.6 13.6 0.3 3.4 52 0.3 1.4 46 85 C SOIL 2 51.23 
C SOIL 2 58.62 18 783 0.5 24.9 12.9 0.3 3.3 51 0.3 1.3 44 82 C SOIL 2 52.06 
C SOIL 2 57.20 19 840 0.4 25.9 13.3 0.3 3.6 51 0.3 1.4 47 82 C SOIL 2 51.71 



Table 12 ( continued) 
Dry Sed Clay Silt EC CEC Total C Organic C Inorganic C TotalN Organic N NH.,-N NOrN 

Location Tl'.Ee Set (gm·') (g kg·'2 (g kg"') (dsm· 12 eH (cmol1+1 kg·') (g kg"') (g kg·') (g kg"') (mgkg·'l (mg kg·') (mg k1:f') (mg kg"') 

C SED 3 8487 465 535 0.82 7.38 23 .21 44.34 29.54 14.80 2518 2443.37 73.37 1.26 

C SEO 3 13046 506 494 0.86 7.35 24.37 39.9 25.30 14.60 2459 2391.30 66.61 1.10 

C SEO 3 6739 0.89 7.36 22.60 37.95 23.45 14.50 2391 2333.01 57.27 0.72 

C SEO 3 8824 0.87 7.34 23.73 41.61 27.11 14.50 2757 2701.03 54.34 1.64 

C SEO 3 9783 0.92 7.36 23.85 36.09 21.59 14.50 2218 2155.98 61.15 0.87 

C SEO 3 11054 0.92 7.32 22.78 41.36 25.96 15.40 2327 2261.03 64.65 1.32 

C SEO 3 8743 0.87 7.36 24.81 38.83 25.33 13.50 2573 2498.26 73.40 1.34 

C SEO 3 7070 0.86 7.44 23.33 42.72 26.62 16.10 2590 2527.85 61.24 0.91 

C SEO 3 8106 475 525 0.80 7.37 24.15 38.95 24.15 14.80 2430 2361.85 67.06 1.09 

C SEO 3 8354 0.93 7.3 24.05 38.92 24.12 14.80 2313 2237.05 75.06 0.89 

C SEO 3 8130 0.88 7.33 24.10 38.76 24.36 14.40 2294 2219.38 73.46 !.16 

C SED 3 9770 0.88 7.38 24.86 37.56 23.46 14.10 2394 2320.57 72.37 1.06 

C SED 3 9831 0.87 7.34 24.53 39.53 25.83 13.70 2520 2436.31 82.64 1.05 

C SEO 3 8144 469 531 0.86 7.34 25.23 39.41 25.51 13.90 2557 2483.78 72.67 0.55 

C SEO 3 8205 0.89 7.36 24.46 38 24.30 13.70 2327 2257.48 68.63 0.89 

C SEO 3 11697 524 476 0.97 7.34 25.06 38.36 24.86 13.50 2679 2590.27 87.46 1.27 

00 C SEO 3 8111 0.85 7.38 25.36 38.09 24.59 13.50 2563 2488.71 73.45 0.85 

°' C SOIL 3 445 555 0.72 7.45 23.97 36.15 22.95 13.20 2088 2064.17 12.50 11.33 

C SOIL 3 0.55 7.48 24.23 34.9 21.50 13.40 2067 2044.61 11.61 10.78 

C SOIL 3 0.59 7.51 23.72 33.73 20.23 13.50 1851 1825.29 15.78 9.94 

C SOIL 3 489 512 0.69 7.49 23.57 34.04 20.34 13.70 1942 1918.44 14.74 8.83 

C SOIL 3 0.74 7.54 24.15 35.83 22.23 13.60 2110 2084.59 12.95 12.46 

C SOIL 3 0.69 7.58 24.51 33.02 19.42 13.60 1871 1847.84 11.79 I 1.37 

C SOIL 3 0.76 7.52 23.84 34.28 21.08 13.20 1814 1793.31 11.54 9.14 

C SOIL 3 515 484 0.83 7.55 24.45 34.11 20.71 13.40 1852 1825.48 13.57 12.95 

C SOIL 3 0.66 7.53 24.72 35.08 21.28 13.80 2033 2005.79 15.78 11.43 

C SOIL 3 0.72 7.58 24.63 33.39 20.19 13.20 1730 1710.14 12.05 7.81 

C SOIL 3 0.71 7.57 26.01 34.28 20.38 13.90 1926 1903.34 11.17 11.49 

C SOIL 3 0.66 7.57 24.91 35.02 22.22 12.80 2034 2013.10 12.40 8.50 

C SOIL 3 0.79 7.54 25.64 33.32 20.12 13.20 2108 2085.39 13.29 9.32 

C SOIL 3 0.73 7.6 24.40 34.71 21.31 13.40 1966 1941. 13 17.59 7.28 

C SOIL 3 504 496 0.77 7.6 24.98 3526 22.16 13.10 1855 1827.61 19.48 7.91 

C SOIL 3 523 477 0.84 7.55 25.17 35.85 22.85 13.00 1918 1883.58 24.69 9.73 

C SOIL 3 0.82 7.59 25.19 33.68 20.73 12.95 2033 2008.75 15.70 8.55 



Table 12 {continued) 
As B Ba Bi Cd Co Cr Cu Ga Water 

Olsen P Soluble P so,'- ORO 
Location T:):'.Ee Set (mg kf12 (mgkf1

) (mg kg') (l,!g g') mgkg' C SED 3 26.58 l.69 1878.63 18.2 7.6 13.0 18 t.O 0.2 0_6 9.7 28_0 21.0 4.0 C SEO 3 29.53 1-83 1742-57 15_1 7_6 13_0 176_0 0.2 0.5 9.8 24_0 21.3 4.0 C SED 3 28.72 2.55 1740.50 17.9 
C SED 3 32.49 1.71 1503.72 
C SED 3 29.89 2.13 1472.23 
C SED 3 24.40 1.81 2407.27 
C SED 3 31.97 2.22 1394.19 
C SEO 3 30.52 2.11 1728.89 
C SED 3 3 l.23 l.95 1671.48 8.3 15.0 183.0 0.2 0.5 10.0 28.0 22.0 4.0 C SEO 3 26.26 2.60 2007.54 
C SED 3 26.37 2.19 1647.44 
C SED 3 24.07 2.27 1935.23 
C SED 3 25.91 1.54 1635.56 
C SED 3 29.36 2.45 1607.88 8.0 15.0 181.0 0.2 0.6 9.8 26.0 21.5 4.0 C SEO 3 25.37 1.38 1645.18 

00 C SED 3 28.13 l.65 1976.05 8.2 15.0 185.0 0.3 0.6 JO.I 36.0 22.4 4.0 
--..i C SED 3 23.74 2.31 1523.33 

C SOIL 3 22.37 3.39 451.95 0 7.9 14.0 184.0 0.2 0.6 9.9 25.0 23.1 4.0 C SOIL 3 22.75 2.85 358.09 0 
C SOIL 3 23.75 1.90 506.64 4.79 
C SOIL 3 24.61 2.25 389.53 8.1 14.0 186.0 0.3 0.6 I 0.1 28_0 22.3 4.0 C SOIL 3 25.94 3.06 423.33 
C SOIL 3 23.34 2.82 433.67 
C SOIL 3 26.18 3.03 448.16 
C SOIL 3 24.08 4.09 433.55 8.5 15.0 187.0 0.3 0.6 10.9 29.0 24.3 5.0 C SOIL 3 25.48 3.97 401.44 
C SOIL 3 24.22 3.80 437.72 
C SOIL 3 27.49 4.72 412.18 
C SOIL 3 28.51 5.29 515.12 
C SOIL 3 23.72 5.19 410.50 
C SOIL 3 26.03 3.48 410.19 
C SOIL 3 28.91 2.86 449.43 8.1 16.0 186.0 0.3 0.5 10.2 31.0 22.8 5.0 C SOIL 3 29.97 3.37 686.37 8.2 13.0 191.0 0.2 0.6 10.8 27.0 23.3 5.0 C SOIL 3 26.58 2.26 376.90 



Table 12 ( continued) 
La Mn Mo Ni Pb Sb Sc Sr Ti u V Zn Hg 

Location Tz11e Set (ng !{') mgkg" 1 

C SED 3 50.75 17.0 993 0.7 24.2 13.6 0.3 3.1 60.0 0.3 1.5 43.0 79.0 C SED 3 50.79 17.0 1031 0.6 24.8 12.9 0.2 3.3 60.0 0.3 1.3 44.0 81.0 C SED 3 53.29 
C SED 3 53.76 
C SED 3 51.40 
C SED 3 51.45 
C SED 3 50.89 
C SED 3 77.41 
C SED 3 53.62 18.0 1115 0.6 24.9 13.2 0.3 3.5 61.0 0.3 1.4 47.0 85.0 C SED 3 54.04 
C SED 3 60.23 
C SED 3 52.15 
C SED 3 57.12 
C SED 3 55.01 18.0 1080 0.5 25.4 12.8 0.3 3.7 61.0 0.3 1.4 48.0 86.0 C SED 3 54.12 
C SED 3 52.26 18.0 I 149 I.I 26.4 14.3 0.3 3.5 63.0 0.3 1.4 47.0 86.0 

00 
C SED 3 51.90 00 
C SOIL 3 53.68 18.0 902 0.5 26.0 14.8 0.2 3.6 60.0 0.3 1.4 46.0 83.0 C SOIL 3 58.72 
C SOIL 3 49.92 
C SOIL 3 58.58 19.0 928 0.6 27.0 13.8 0.3 3.8 59.0 0.3 1.4 47.0 84.0 C SOIL 3 53.55 
C SOIL 3 56.87 
C SOIL 3 55.26 
C SOIL 3 59.47 19.0 998 0.6 28.2 14.1 0.3 4.0 6.2 0.3 1.4 52.0 88.0 C SOIL 3 55.93 
C SOIL 3 62.16 
C SOIL 3 50.80 
C SOIL 3 56.70 
C SOIL 3 58.05 18.0 953 0.6 26.4 13.6 0.3 4.0 64.0 0.3 1.4 51.0 85.0 C SOIL 3 49.39 19.0 1001 0.5 27.1 14.6 0.3 3.8 62.0 0.3 1.4 47.0 87.0 C SOIL 3 52.58 
C SOIL 3 49.11 
C SOIL 3 60.53 
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• Brief overview of the RR basin 
• Why flooding occurs 
• "positive" and "negative" aspects of 
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• My research 
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Factors of why RR flood 

• Above normal fall precipitation 
• Depth of moisture content in 

seasonably frozen soils 
• Above normal winter snowfall 
• Unfavorable melting conditions 
• Rate of spring thaw 
• Temporary ice dams 
e Gentle slope of main channel (UC,2000;Macek-Rowland, 

1997; Todhunter 2001) 
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/-'· Factors of 2009 RR flood 

• Received between 200 and 300 percent above 
normal precipitation from September 2008 -
February 2009 
- 23 days of snow in December 
- Water content in snowpack up to 300 percent above 

normal 
- 61.5 inches of winter total snowfall 1 ........ ..,,,., .. ,_,_, • ._,.,.. 

Forum) 

• Frozen soils 
• Unfavorable melting conditions (blizzards and 

rain) 
• Rate of spring thaw 
• Gentle slope of main channel 

Overview of flooding -
" negative" aspects 

• Average annual flood damage to the F-M area 
exceeds $190 million (US) (USAm,yCorpoofEnglneO<S,2010) 

• Average annual flood damage across the US 
exceeds $3 billion (US) (Plolk .... dDownlon,2000) 

• Trace elements (As, Cd, Hg, Pb, and Zn) can 
adversely affect the health of water bodies, 
degrade aquatic habitats, and affect the organisms 
living in these environments 18aknolll.,2DOl;Bayelll.,2003;HomgNnelal.,2t10) 

• Nutrients can degrade aquatic habitats, depreciate 
recreation and aesthetics, or cause algae to grow 
uncontrollably 

• Organics and hydrocarbons can adversely affect 
the health of the water bodies and the organisms 
living in these environments (BoxallwidMallby,1995) 
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Overview of flooding -
"positive" aspects 

·- - ..... ~ ........ ·~···-·· 
~ -- -- -·-"• -~., .-, 

Hall, C.M. 19C8 

·· Justification for this study 

• Stories of fuel oil in basements, pesticides 
from garages, and chemicals from farm 
yards entering floodwaters 

• Primarily an agricultural basin 
(Approximately 75 percent) ,s .. na•Rod-Aalny.,_C ..... ulon,1172) 

• Urban runoff enhanced by impervious 
surfaces 

• Flooded area is generally residential 
- 20 public and recreational lands along the 

banks of the RR (parks, community gardens, 
school campuses, and golf courses) 
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Research Question 1 

• What is the impact of a major flooding 
event on water quality within the Fargo
Moorhead area? 

Materials and Methods 

• Samples were collected at two locations 
(pre-, at-, and post-river crest on 7 dates) 
- 52nd Ave S (upstream) and 40th Ave N 

(downstream) bridges 

• Parameters measured 
- Total solids (suspended plus dissolved), N0

3
-

N, NH4-N, P04, pH, EC, S04, Cl, 1713-estradiol 
(E2), estrone {E1 ), diesel range organics 
(DRO), and gasoline range organics {GRO) 
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,. Water parameter concentrations 

• DRO: detected in 8 of 24 samples with an 
average concentration of 80.0 µg L·1 

• GRO: no detection was measured in any 
sample 

• 1713-estradiol: detected in 9 of 24 samples 
with an average concentration of 0.61 ng 
L-1 

• Estrtone: No detection was measured in 
any sample 

Research Question 2 

• What is the impact of a major flooding 
event on the quality of sediment 
remaining after floodwaters recede? 
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Materials and Methods 

• Collect deposited sediment (alluvium) and 
base soil (0 to 10 cm below surface) from three 
locations within F-M. Cashel series. 

• Samples were collected from three transects 
as floodwaters receded (n=17 samples per 
transect) 

• Dry sediment mass, texture, carbon (total, OC, 
IC), nitrogen (total, organic, ammonium, and 
nitrate), phosphate (Olsen and water soluble), 
sulfate, EC, pH, DRO, GRO, total Hg, and 23 
other trace metals 

Statistical Methods 

• ANOVA: test for differences in physical and 
chemical parameters of the SEO between 
transects (1, 2, and 3) 
- Tukey-Kramer HSD: test for significance In physical 

and chemical parameters of the SEO between 
transects (1, 2, and 3), then by soil type, and again by 
location (A, B, and C) 

• Student's t-test: test for differences between soil 
type, then by location, and then again by transect 

• Statistical results were considered significant at 
pS0.05 level 

• Made no attempt to compare between sites 
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Table 1. Number of days that each location and 
transect was inundated by floodwaters and the number 
of days between submergence and sediment and soil 
sampling 

B 
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1 

2 

3 
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3 
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2 
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• 15 
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10 

10 

5 

5 

1 

1 
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127 

138 

128 
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139 

127 

138 

138 
t A. B, 1nd C Indicate the upstream realdentlal lawn, the central city park, and the downstream residential lawn. 
re1p1ctlv1ly 
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Results 
• Dry sediment: 3>2>1; ranged from 2.0 to 10.3 

kg m·2 (pS0.05) 
• EC: SED, no pattern; SED>SOIL ranged from 

0. 7 to 1.1 dS m·1 (pS0.05) 
• Total C: SEO 1>2>3 (p:S0.05); no pattern 

between SEO and SOIL; ranged from 34.5 to 
59.0 g kg·1 

• Organic C: SED 1 >2>3 (p:S0.05); no pattern 
between SEO and SOIL; ranged from 21.2 to 
49.1 g kg·1 

• Olsen P: SEO 1>2>3; SED>SOIL; ranged from 
13 to 36 mg kg·1 (pS0.05) 

• WSP: SED 1 >2>3; SOIL>SED; ranged from 1 to 
7 mg kg·1 (pS0.05) 
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. 

Results 

• Total N: ranged from 1,750 to 4,980 mg kg·1; 

where concentrations decreased with 
decreasing distance from the river channel for 
SEO and SOIL 

• Organic N: ranged from 1,730 to 4,949 mg kg·1 

• NH4-N: SEO>SOIL (pS0.05); highly variable in 
SEO, however, if differences were present, 
Transect 1 generally had higher concentrations; 
ranged from 3.1 to 128 mg kg·1 

• N03-N: SOIL>SED (pS0.05); no pattern in SEO; 
ranged from 0.70 to 28.6 mg kg·1 

At 

B 

C 

Affects on NH4-N? 
Transect 

• 
. 

1 31 

2 37 

3 59 

1 41 

2 44 

3 54 

1 42 

2 57 

3 59 

Days · . , 
Between '... 
Submergenc 
eand 
·Sampling · 

15 
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10 
10 

5 

5 

1 

1 

Oay'ofYear. 

. ' . 
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127 

138 

128 

139 

139 

127 

138 

138 
t A, e, and C Indicate the upstream residential lawn, the central city park, and the downstream residential lawn. 
respectively 
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... · - Organics and Trace Metals 
• ORO: few detects; SEO>SOIL; ranged 

from O to 49 ng g-1 
• GRO: no detections 
• Total mercury (Hg): Locations A and B 

SOIL>SEO (p:S0.05); ranged from 43 to 81 
ng g-1 

• Highly variable in SEO, however, if 
differences were present, Transect 1 
generally had higher concentrations 

• Highly variable between SEO and SOIL, 
however, if differences were present, 
SEO>SOIL 

Summary 
• Concentration of analytes similar before and after F

M 

• All water quality parameters in the floodwater were 
under threshold concentrations for USEPA in surface 
waters 

• Deposition of P in sediment within F-M, but out flux 
of inorganic N 

• Sediment was generally enriched in carbon and 
nutrients 

• All trace elements in sediment and soil were within 
range of other studies of non-contaminated soils 

• Deposition of sediment is unsightly, but no 
parameter would be considered a contaminant (no 
concern of a problem) 
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