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ABSTRACT 

This study examined the influence of landscape features on stream nutrient concentrations within the 

Ichawaynochaway Creek watershed in southwestern Georgia. Baseflow concentrations of both dissolved 

(SRP, NO3, NH4) and total (TN, TP) nutrients were measured at 17 sampling sites monthly for a period of 

six months (July 2012 to January 2013). A long-term dataset (January 2008 to March 2012) was also 

analyzed for baseflow/stormflow comparisons of dissolved nutrient concentrations. Relationships 

among land-use, geology, soils, physiographic features and nutrients were analyzed at both the sub-

watershed and riparian corridor scales. SRP concentrations were lower and NO3 concentrations higher 

than reported in previous studies of the region. Due to dry conditions during the sampling period, 

nutrient input was likely limited to groundwater contributions and land-use effects were minimal. 

Trends among water quality variables varied between the upper and lower portions of the watershed, 

suggesting differences in nutrient transport pathways due to spatial variation. 

INDEX WORDS: Agricultural watershed, Baseflow stormflow comparison, GIS, Landscape water quality 
relations, Nitrogen, Phosphorus, Ichawaynochaway Creek 
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INTRODUCTION 

The way humans manage land strongly influences water quality and the ecological condition of 

surface water bodies. Agriculture has altered the chemistry of surface waters and groundwater through 

irrigation withdrawals, land-use and land cover changes, and fertilizer use. High nutrient loads from 

agricultural lands (Allan, 2004; Johnson et al., 1997; Nearing et al., 1993; Correll et al., 1992) can 

adversely affect human health, aquatic life, and the aesthetic and recreational value of affected 

waterbodies (Dodds and Welch, 2000). Symptoms of nutrient over-enrichment (eutrophication) include 

increased primary production, oxygen depletion, and potential for toxic algal blooms (Dodds et al., 

2008). Considerable effort has focused on reversing these impacts by promoting management practices 

that reduce nutrient loads in agricultural watersheds (Sharpley et al., 1994).  

1.1 Study Purpose and Scope  

The main purpose of this study was to examine the influence of land-use patterns and physical 

landscape features on stream nutrient concentrations within the Ichawaynochaway Creek watershed in 

southwestern Georgia (Figure 1.1). Spatial heterogeneity in nutrient concentrations within a watershed 

can be influenced by land-use patterns, geology, soils and physiographic features at different spatial 

scales (Allan and Johnson, 1997). Potential relationships among land-use, geology, soils, physiographic 

features and nutrients were explored by measuring both dissolved and total nutrient concentrations 

across the watershed monthly for a period of six months during baseflow conditions. In addition, a long-

term dataset provided by the Jones Ecological Research Center Aquatic Ecology Lab was used to 

compare baseflow versus stormflow concentrations of dissolved nutrients. Analyses were conducted at 

both the sub-watershed and riparian corridor scales in order to determine the scale at which these 

variables were most likely to impact nutrient levels.  
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Data collection, analysis, and interpretation thus accounted for the following temporal and 

spatial factors that likely affect nutrient loading.  

 
Figure 0.1 Location of Ichawaynochaway watershed. 

 

1.1.1  Seasonal variation 

Nutrient concentrations may vary seasonally due to a variety of physical, biological and 

anthropogenic factors. Physical factors include seasonal variation in precipitation. In southwestern 

Georgia, winter is considered the “wet season” and precipitation is more frequent during winter 

months. Summer is drier, and rainfall events tend to be less frequent but of higher intensity. High 

intensity storms often transport a greater sediment load than winter storms with higher antecedent soil 

moisture levels and lower rainfall intensity (Evans, 2004). Biological factors include seasonal variation in 

riparian zone plant nutrient uptake and soil microbial activity, both of which increase during warmer 

months. Anthropogenic factors include fertilizer use and irrigation. Fertilizer use is highest during the 

growing season, thus resulting in a higher probability for nutrient transport from excess fertilizer input. 
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1.1.2  Hydrologic variation 

Stream hydrologic conditions include periods of baseflow that are supported by groundwater 

and storm events that contribute surface runoff. During baseflow conditions, stream nitrate (NO3) 

concentrations should be high due to inputs of NO3-rich groundwater (Allums et al., 2009). Storm events 

produce runoff and transport sediments from upland areas. Therefore, stream phosphorus (P, Table 1.1) 

concentrations should increase during storms due to mobilization of upland and streambed sediments 

(Mcdowell et al., 2004).  Concentrations of soluble reactive phosphorus (SRP) may or may not increase 

during these events depending on the P-binding capacity of entrained sediments (Mcdowell et al., 

2004).  Dissolved inorganic nitrogen (DIN) concentrations may either increase or decrease depending on 

the concentrations of NO3 and ammonium (NH4) in surface runoff (Peterson et al., 2001).   

Table 1.1 List of abbreviations and shorthand notation for nutrient terms. 
Term Abbreviation 

Soluble reactive phosphorus SRP 
Nitrate NO3 
Ammonium NH4 
Nitrogen N 
Phosphorus P 
Total nitrogen TN 
Total phosphorus TP 
Dissolved inorganic nitrogen DIN 
Dissolved organic nitrogen DON 
Total suspended solids TSS 

 

1.1.3  Spatial variation 

The Ichawaynochaway watershed transitions through different geologies, soils and 

geomorphologies.  The upper watershed near the headwaters is composed of sand and sandstone 

bedrock lithology that forms part of the Southeastern Coastal Plain aquifer system. The lower watershed 

is composed of Ocala limestone that constitutes the northern extent of the Floridan aquifer. Soils 

transition from mainly well drained soils formed in sandy and loamy sediments in the uplands to deep, 

well drained, moderately permeable soils that form in loamy and clayey sediments in the middle and 
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lower reaches (Blood and Phillips, 2001). The upper watershed near the headwaters is characterized by 

narrow channels, gradual sloping banks and broad, forested wetland floodplains. The intermediate part 

of the watershed consists of streams with sandy substrate and significant volumes of wood in the 

channel. The channel is bordered by bottomland forests of varying extent. The lower watershed is 

characterized by incised channels with rocky substrate, narrow floodplains, and karst features such as 

springs and fractures that contribute groundwater.  

Soil type and texture can impact nutrient transport to streams by affecting infiltration and 

particle mobility. Geomorphic features can also affect nutrient spiraling by dictating the residence time 

of water moving through a stream reach (Campana, 1996). Therefore nutrient responses to seasonal 

and hydrologic changes may vary within the watershed based on spatial patterns in soils, geology, 

landforms and geomorphologies that affect storage and transport. For example, elements such as 

geomorphic complexity of channels, diversity of riparian vegetation, presence of woody debris, and 

heterogeneity in stream hydraulics have all been found to enhance nutrient retention (Lamberti et al., 

1989). 

1.2 Background 

1.2.1 Land-use water-quality interactions 

Many studies point to the relationship between land-use and water quality. In agricultural 

watersheds, land-use is directly related to non point-source (NPS) pollution. NPS pollutants include 

pesticides (Kao, 2002), heavy metals (Dopico et al., 2009), bacterial pathogens (Doran, 1979), and 

nutrients such as nitrogen (N) and P from fertilized croplands (Turner and Rabalais, 2003; Jordan et al., 

1997). Tong and Chen (2002) used a watershed model and determined that agricultural and urban lands 

produced much higher levels of N and P than other land cover types. Forested and wetland areas 

generally retain NPS pollutants and are linked to better water quality.  
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Land-use impacts water quality differently at different spatial scales. Many studies have pointed 

to the importance of forests and wetlands in riparian zones, which serve as sources and sinks for 

nutrients (Muenz et al., 2006; Basnyat et al., 1999; Vought et al., 1995; Pinay, 1993; Lowrance, 1984; 

Schlosser and Karr, 1981). Johnes and Heathwaite (1997) constructed two models considering land-use 

for two watersheds: one in which they accounted for distance from stream and another in which they 

considered land-use as equally significant throughout the watershed. The model which incorporated a 

distance-decay function for land-use was determined to be the more accurate of the two. Sparovek et 

al. (2002) used land-use scenarios representative of southeast Brazil to calculate the optimal width of 

riparian buffers and to compare this optimal width to the federal Brazilian recommendation. The 

optimal width was calculated at 52m, as opposed to the official legal recommendation of 30m. Others 

such as Basnyat et al. (1999) and Maillard and Santos (2008) generated variable-width buffers to 

determine the appropriate width of the contributing zone, or area nearest to the stream with the 

greatest impact of land-use on water quality.  

Legacy (historic) land-use can also affect contemporary water quality, although identifying these 

linkages can be challenging (Allan, 2004). For example, soil P can remain high for long periods of time on 

fallow agricultural lands and contribute to NPS pollution even if fertilizer is no longer applied on the land 

(Gordon et al., 2008).  

1.3.2 Nutrient forms and measurements 

Nitrogen and phosphorus are the major nutrients of interest in agricultural runoff because the 

concentration, form and stoichiometry of these elements often influence the productivity of aquatic 

ecosystems (Cooper, 1993). Both nutrients can be separated into dissolved (<0.45μm) and particulate 

(>0.45 μm) fractions, and both fractions include an organic and inorganic form. Total concentrations (TN 

and TP) measure the sum of dissolved and particulate species.  



15 

Nitrogen exists in particulate organic (PON), dissolved organic (DON), and dissolved inorganic 

(DIN) forms. DIN is most readily available and is composed largely of NO3 and NH4.  Dissolved organic N 

is composed of many different forms that vary greatly in their bioavailability (Rabalais, 2002). 

Phosphorus can be found as particulate inorganic P (PIP), particulate organic P (POP), dissolved 

inorganic P (DIP) or dissolved organic P (DOP). DIP or SRP, which measures orthophosphate 

( , is directly available to primary producers, but it is not the only form that is 

biologically available. Biologically available P (BAP) is complex and does not always link directly to the 

above-defined categories, each of which contains both reactive and unreactive forms. BAP includes 

directly available P as well as P that can be transformed into an available form by natural processes such 

as desorption, dissolution or enzymatic degradation (Boström et al., 1988).  

Aquatic primary productivity can be limited either by N or P. Marine and estuarine systems are 

generally N limited. Freshwater systems such as streams and lakes are generally N limited if they are 

point-source dominated and P limited if they are nonpoint-source dominated (Thomann, 1987). Nutrient 

limitation is not always simply predicted and can vary temporally (Francoeur, 1999). For example, dry 

conditions in the summer can lead to P limitation due to low levels of surface runoff, and conversely, 

increased rainfall in the winter can lead to N limitation. In the Southeastern US, streamflow, 

evapotranspiration, and temperature variations are strongly seasonal (Benke et al., 2000). Within the 

current study area, low flow generally occurs during the summer and autumn and higher flow and 

flooding occur during winter and spring (Atkinson et al., 2009). 

Biological feedbacks can also affect nutrient limitation. For example, a P limited lake that 

receives an increase in P loading could shift into a temporary state of N limitation (Wetzel, 1975). 

However, because cyanobacteria can fix atmospheric N2, long-term shifts in species assemblage could 

return the system to P limitation. As a result, most eutrophication control efforts in freshwater have 

focused on controlling P (Sharpley, et al., 1994).  
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1.3.3 Nutrient transport and cycling 

All waterbodies receive nutrients from both natural and anthropogenic sources. Both N and P 

can enter naturally through the atmosphere and from leaf fall and other riparian inputs (McClain et al., 

1994; Meyer, 1979), and P can enter additionally through weathering of soil parent materials (Holtan et 

al., 1988) and river bank erosion (Walling et al., 2008). Anthropogenic sources are typically classified as 

either point sources, which discharge high concentrations from discrete locations (e.g., sewage outfalls), 

or non-point sources, which discharge nutrients as runoff during storm events or through groundwater 

input. A large percentage of total N inputs to fluvial ecosystems comes from groundwater enriched with 

N from agricultural sources (Schlesinger, 2008). Phosphorus loads from the landscape are generally 

controlled by the volume of runoff; therefore, rainfall is the primary driving force behind P transfer. Low 

intensity and high frequency rainfall results in P moving through subsurface flow or overland flow in 

saturated area, whereas high intensity and low frequency rainfall results in overland flow from saturated 

P-rich topsoil (Mcdowell, 2004). Despite the different flow patterns, P lost from low intensity rainfall 

events can be as important as that from high intensity events (Quinton et al., 2001). 

Once nutrients enter the stream, they are transported downstream and transformed through 

processes of uptake, transformation, and release that have collectively been termed nutrient spiraling 

(Webster et al., 1975; Newbold et al., 1981; Ensign and Doyle, 2006.) Nutrient transport is controlled by 

chemical, physical, and biological processes. Retention depends on the form of the nutrient that enters 

the stream, its reactivity and water residence time. Chemical processes include adsorption and 

desorption of dissolved nutrients to channel sediments. For N, NH4 sorption can be a significant 

retention process (Gücker and Boëchat, 2004.) Soluble reactive P adsorbs to alumino-silicates and metal 

oxides and hydroxides, principally of iron and aluminum (Withers and Jarvie, 2008). Nutrients can also 

diffuse out of the solid phase through desorption. Adsorption and desorption are influenced by 

conditions such as pH, redox, and particulate-organic matter complexes as well as the relative 
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concentrations of dissolved nutrients in solution versus particulate concentrations. Physical processes 

that affect transport in streams include advection and diffusion processes, which vary according to 

channel morphology and on seasonal and event time scales (Reddy et al., 1999). Advection can lead to 

mobilization of particulate nutrients and turbulence can increase the potential for sorption interactions. 

Biological controls of nutrient cycling include uptake by periphyton and phytoplankton, microorganisms, 

and macrophytes (Withers and Jarvie, 2008). Microbes contribute to P cycling through decomposition of 

dissolved, fine particulate and coarse particulate organic matter, both assimilating and releasing P as 

part of the process (Pusch et al., 1998).  

1.3 Hypotheses 

This study explored the following hypotheses with regards to total and dissolved N and P 

concentrations. Due to prevalent dry conditions during the study period, most analysis was confined to 

hypotheses related to baseflow conditions. N concentrations were analyzed to a greater extent than P 

concentrations due to lack of surface runoff and near detection level SRP concentrations. 

1.3.1 Total and dissolved nitrogen:  

1.3.1.1 Land-use vs. geology:  

Geology and soil type are better predictors than land-use of N patterns due to the importance of 

groundwater as a NO3 source to streams in the study area.  

1.3.1.2 Dissolved vs. total:  

Dissolved N, and NO3 in particular, is more closely correlated to geology and soil type than TN, 

due to the ability of NO3 to leach into soils and groundwater. TN includes particulate N and is therefore 

more closely associated with upland watershed characteristics such as land-use. 
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1.3.1.3 Temporal analysis:  

Nitrogen is more closely correlated to geology and soil type in base flow samples, especially 

during dry periods such as summer, when runoff levels are minimal. Higher rainfall in winter months is 

associated with higher levels of surface runoff and greater upland influence. 

1.3.2 Total and dissolved phosphorus: 

1.3.2.1 Land-use vs. geology:  

Land-use is a better predictor of P patterns since SRP is less mobile in soil and is typically 

transported in runoff. Agricultural land-use is positively correlated with P whereas forested and wetland 

land-use is not, either because they are not sources or because they act as sinks for nutrient transport. 

1.3.2.2 Dissolved vs. total:  

TP is more closely correlated to land-use than SRP, since most P that enters streams through 

runoff enters in particulate form (Shigaki et al., 2007). 

1.3.2.3 Scale:  

Land-use in the riparian corridor (defined here as 100m on either side of the stream) is more 

important in explaining P concentrations than land-use in the entire catchment area upslope from the 

stream. 

1.3.2.4 Presence of local drainage features:  

Land-use models which combine fine-scale features (such as the presence of ditches or other 

drainage features) with general, coarser land-use measurements result in stronger predictions of P 

concentrations. Features such as natural depressions and ephemeral streams, erosion gullies created by 

historic land-use, livestock access points, and actively maintained farm ditches can greatly reduce the 

buffering capacity of forested and wetland riparian corridors (Wenger, 1999).  
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1.4 Study region 

 The lower Flint River basin of southwest Georgia is a largely agricultural area which experienced 

agricultural intensification following the introduction of center-pivot irrigation in the 1970s. Between 

1976 and 1977 alone, irrigated acres increased from 130,000 to 261,000 (Pollard et al., 1978), and by 

1980, irrigated farmland increased to more than 452,000 acres in the Dougherty Plain (Pierce et al., 

1984). The major crops grown in this region are peanuts, corn and cotton. Of these, corn requires the 

greatest fertilizer input. Crops are planted as early as February and the growing season extends as late 

as October.  Farmers in the region regularly practice crop rotation among growing seasons in 

consecutive years. There are also several livestock operations which may affect stream water quality 

when cattle are left to graze up to the stream and increase erosion and sediment loading (Baker County 

Georgia NRCS Extension Office, personal communication, March 2, 2012.) 

Although this extensive agriculture presumably contributes high concentrations of nonpoint-

source pollutants, forested and wetland areas around the Ichawaynochaway Creek and its tributaries 

may act as vegetated buffers that attenuate surface runoff. The influence of these riparian buffers may 

be compromised in some locations, however, by the presence of intermittent drainage channels that 

route non-point source pollution from agricultural fields directly into the streams.  

Previous water-quality research in the region has found extremely low stream SRP levels and 

attributed this condition to the presence of extensive riparian buffers (Golladay and Battle, 2002). 

Nitrate and SRP pathways from agricultural fields to the streams differ: NO3 is contributed through 

constant groundwater inputs primarily in the lower part of the watershed while SRP likely transported 

by surface runoff during flood pulses. In the upper part of the watershed where groundwater pathways 

are limited, NO3 may enter predominantly through subsurface and surface flows. Due to the Karst 

topography present in the lower part of the Ichawaynochaway watershed and greater groundwater 
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contributions through natural springs, stream P concentrations are reduced through dilution with 

groundwater (Opsahl et al., 2003) while NO3 concentrations remain high (Golladay and Battle, 2002).  

The Ichawaynochaway watershed originates in the Fall Line Hills physiographic district but 

primarily drains a portion of the Dougherty Plain (Figure 1.2a). The major streams in this watershed are 

Ichawaynochaway Creek and its tributaries Chickasawhatchee Creek, Pachitla Creek, Little 

Ichawaynochaway Creek, and Big Cypress Creek (Figure 1.2b).  

Streams originate in forested and shrub wetlands and flow in an approximately southerly 

direction, traversing multiple soils, geologies, and aquifers (Figure 1.2c-d).  The upper part of the 

watershed overlies part of the Southeastern Coastal Plain aquifer system, and consists of sandstone and 

sand geologies. The lower part of the watershed overlies the Floridan aquifer and consists of limestone 

geology.  These transitions produce changes in stream geomorphology and groundwater connectivity. 

All streams flow into the Dougherty Plain, which is characterized by the mantled karst topography of the 

Ocala Limestone, a highly fractured and porous rock layer with high hydraulic conductivity (Golladay et 

al., 2002).  
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Figure 3.25 Boxplot comparison of NO3 concentrations during baseflow and stormflow conditions. 
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Figure 3.26 Boxplot comparison of NH4 concentrations during baseflow and stormflow conditions.
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Figure 3.27 Boxplots of SRP baseflow vs. stormflow comparison by site. Sites on the left side are in the upper watershed. 
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Figure 3.28 Boxplots of NO3 baseflow vs. stormflow comparison by site. Sites on the left side are in the upper watershed. 
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Figure 3.29 Boxplots of NH4 baseflow vs. stormflow comparison by site. Sites on the left side are in the upper watershed. 
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 3.6.2 Correlations among nutrients 

During both hydrological conditions, SRP and NO3 were strongly negatively correlated (Table 

3.10). During stormflow, NO3 and NH4 were positively correlated.  

 
Table 3.10 Baseflow vs. stormflow comparison of Spearman correlation coefficients among water quality 
variables. 

 Baseflow Stormflow 

  NO3 NH4 NO3 NH4 

Nutrients     

SRP -0.47 --- -0.43  --- 

NO3  ---  0.25 

 

3.6.3 Correlations among nutrients and watershed characteristics 

Soluble reactive P correlations during both baseflow and stormflow conditions were relatively 

weak, possibly due to the low concentrations present under both conditions (Table 3.11). Excluding data 

from site CC1, concentrations did not exceed 0.010 mg/L even under stormflow conditions (Figure 3.27).  

Nitrate was positively correlated with agricultural land-use and stream-field connectivity at the 

sub-watershed scale during both hydrological conditions, although correlations were stronger during 

baseflow when NO3 concentrations were also higher.  

Ammonium was correlated with all geology types, several soil types and almost all riparian scale 

land-use classes during baseflow conditions. After visually inspecting the scatterplots, these correlations 

appeared too weak to draw meaningful conclusions. During stormflow conditions, very few correlations 

remained statistically significant. 
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Table 3.11 Spearman correlation coefficients during baseflow and stormflow conditions. 
  Baseflow Stormflow 

  SRP NO3 NH4 SRP NO3 NH4 

Su
b

-w
a

te
rs

h
ed

 s
ca

le
 

Land-use       

    % agricultural --- 0.45 --- --- 0.33  --- 

    % barren -0.18 --- --- -0.3 ---  --- 

    % forested --- --- --- --- ---  --- 

    % urban --- 0.25 --- --- 0.25  --- 

    % vegetated -0.21 0.26 --- --- ---  --- 

    % wetland --- 0.29 0.2 --- 0.28 0.24 

Bedrock geology       

    % sand  0.21 --- 0.25 --- --- ---  

    % limestone --- --- -0.29 --- --- -0.22 

    % sandstone --- --- 0.22 --- ---  --- 

Physiography       

     Size 0.20 -0.34 --- --- -0.35  --- 

     Stream-field connectivity --- 0.35 -0.19 --- 0.21  --- 

Soil structure       

     % excessively drained soils --- --- 0.22 --- --- ---  

    % somewhat excessively drained soils --- --- 0.22 --- --- --- 

    % well drained soils --- 0.18 --- --- --- ---  

    % moderately well drained soils --- --- --- --- -0.22  --- 

    % poorly drained soils --- --- 0.22 --- ---  --- 

R
ip

a
ri

a
n

 c
o

rr
id

o
r 

sc
a

le
 

Land-use       

    % agricultural 0.20 -0.38 -0.23 --- -0.4  --- 

    % barren --- --- 0.19 --- --- ---  

    % forested --- 0.25 -0.2 --- ---  --- 

    % urban --- --- 0.17 --- ---  --- 

    % vegetated -0.26 0.36 0.24 --- 0.3  --- 

    % wetland --- --- --- --- --- 0.25 

Bedrock geology       

    % sand  0.26 --- 0.17 0.24 --- ---  

    % limestone --- --- -0.23 --- --- --- 

    % sandstone --- --- 0.24 --- ---  --- 

Physiography       

     Size 0.21 -0.41  ---  --- -0.46  --- 

     Stream-field connectivity 0.25 -0.23  ---  ---  ---  --- 

Soil structure       

     % excessively drained soils --- --- --- --- --- ---  

    % somewhat excessively drained soils --- --- 0.22 --- --- --- 

    % well drained soils --- --- -0.26 --- --- ---  

    % moderately well drained soils -0.18 --- --- -0.29 --- --- 

    % poorly drained soils  --- ---  0.23  --- ---  --- 
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3.6.4 Stepwise multiple linear regressions 

Soluble reactive P and NO3 did not pass lack of fit tests at any scale for the baseflow models. 

Ammonium passed the lack of fit test for the baseflow model, but only at the sub-watershed scale. The 

final model included forested land-use and well drained soils. For stormflow models, NH4 passed at the 

sub-watershed sale and SRP at the riparian corridor scale. The adjusted r-square value for the final NH4 

stormflow model was extremely low (Table 3.12). The final SRP stormflow model included limestone and 

well drained soils but no land-use percentages.  

Table 3.12 Top MLR models for long-term baseflow and stormflow data generated through stepwise 
model selection using BIC. All models and explanatory variables are significant (p<0.05). Ag=agricultural, 
For=forested, LS=limestone, WD=well drained, MWD=moderately well drained, SIZE=size of sub-
watershed or riparian corridor, CON=connectivity. 

 
 

AG FOR LS WD MWD SIZE CON 
Adjusted 

R-squared 

 Baseflow models 

 Sub-watershed scale 

NH4  --- -1.1E-04   --- -4.4E-05   --- --- --- 0.13 

 Stormflow models 

 Sub-watershed scale 

NH4  --- -3.7E-04   1.2E-04   --- -8.0E-04 --- -5.1E-04   0.05 
 Riparian corridor scale 

SRP  --- --- -2.0E-05 2.3E-05 --- --- --- 0.19 
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4. DISCUSSION 

4.1 Hydrological and seasonal impacts on nutrient concentrations during study period 

Hydrology affects stream N and P concentrations differently due to distinct surface water and 

groundwater transport pathways for these two nutrients. Phosphorus transport is generally more 

localized and limited to significant runoff events; therefore, rainfall is the primary driving force behind P 

transfer and much of annual P loading can occur during a few storm events (Shigaki et al., 2007). 

Phosphorus loss can also result from subsurface flow or overland flow in saturated areas during low 

intensity, high frequency rainfall (Mcdowell, 2004). Alternatively, DIN concentrations are higher during 

baseflow, which originates from bedrock water storage as well as drainage of near-surface valley soils 

and riparian zones (Brutsaert, 2005; Smakhtin, 2001). A large percentage of N inputs to fluvial 

ecosystems in agricultural watersheds comes from groundwater enriched by agricultural N (Schlesinger, 

2008). This diffuse transport pathway can mask potential relationships between small-scale landscape 

features and stream N concentrations.   

Samples were collected during extreme drought conditions when groundwater was the primary 

source of stream flow. These conditions are reflected in the range of nutrient concentrations found 

during the study period. Concentrations of SRP were slightly lower than historic values, NO3 

concentrations were slightly higher, and NH4 concentrations were within the range of historic median 

values (Golladay and Battle, 2002). Low P concentrations within the Ichawaynochaway watershed have 

been attributed to low stream drainage density, low topographic relief, sandy soils, and effective 

streamside forest buffers that attenuate surface runoff between upland agricultural operations and 

stream corridors (Golladay and Battle, 2002). Tesoriero et al. (2009) conducted a study exploring 

dominant pathways of nutrient inputs to streams, and suggested that NO3 concentrations are highest in 

streams with a high ratio of baseflow to overland flow due to the contribution of groundwater as a 
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source of N.  Groundwater NO3 concentrations have been documented to be high in the region 

(Entrekin, 1997); therefore, it is possible that the elevated NO3 concentrations found during the study 

period are due to a higher baseflow to overland flow ratio. 

During the study period, SRP and NO3 concentrations showed no significant variation among 

sampling months, whereas NH4, TN, TP, and TSS differed. Ammonium concentrations dropped during 

the months of October and November and rose again in January; TN and TP concentrations gradually 

rose with time, possibly indicating greater particulate concentrations of both N and P with increasing 

rainfall and stream flow; and TSS concentrations were highest in October for sites in the upper 

watershed whereas TSS concentrations in the lower watershed appeared to steadily increase during the 

sampling period. Previous studies have attributed monthly variation in NH4 and TN concentrations to 

seasonal changes related to the growing season. Lack of leaching during the growing season normally 

dominates N dynamics since biological processes such as vegetation uptake and denitrification in soil, 

streams and near-stream zones are more active during the growing season (Arheimer and Lidén, 2000). 

Seasonal variation in TP has been linked to season and land management. Heathwaite and Dils (2000) 

found that high mean TP concentrations were recorded in autumn storms following dry summer months 

and that the dissolved fraction dominated P loss during these months. The authors also suggest that the 

decline in TP loss observed during the winter months may reflect an exhaustion of readily mobilized P 

sources, since the particulate P fraction was more important during that period.  

4.2 Relationships among water quality variables 

The negative correlation between SRP and NO3 may reflect the contrasting sources of these two 

ions. Stormwater runoff from agricultural fields is a primary source of SRP to agricultural streams 

(Gburek et al., 2000; Mcdowell, 2004; Shigaki et al., 2007) whereas groundwater is often a dominant 

source of NO3 (Hubbard and Sheridan, 1989; Jordan et al., 1997; Tesoriero, et al., 2009).   Increased 

runoff during wet periods contributes SRP to the streams while diluting groundwater, resulting in lower 
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concentrations of NO3.  This relationship was observed in my study as well when long-term data were 

used to compare baseflow and stormflow conditions. 

The positive correlation between SRP and TP is expected since TP encompasses both soluble 

reactive and particulate P. The positive correlation between TN and NO3 could be due to a high 

proportion of DIN (NO3 and NH4) compared to DON or particulate N entering the waterways during the 

study period. Dissolved inorganic N accounted for about 73% of TN, whereas organic N accounted for 

only 27%. Buck et al. (2004) found this relationship to be highly seasonal in the agricultural catchments 

they studied. During the summer, only one third of TN was NO3 or NH4 compared to 80% and almost 

50% during May and October. The authors suggest that the majority of N entering waterways during the 

summer was either dissolved organic or particulate N. The concentrations of N found in this study 

display the opposite pattern: the proportion of inorganic N tended to be higher during the summer 

months (83%) and lowest during the month of January (44%), presumably due to a lower baseflow to 

overland flow ratio during that month and consequently higher inputs of particulate N from runoff. The 

positive correlations between TSS and TN and TSS and TP indicate sediment-driven processes and 

suggest that both soluble and particulate fractions of N and P are present in the Ichawaynochaway 

watershed during baseflow conditions. The correlation between TSS and TP also indicates the 

importance of sediment-bound transport of P. These results are consistent with other studies in which 

TSS and TP are positively correlated within agricultural catchments (Ekholm et al., 2000; Uusitalo et al., 

2000). A review of several studies in pasture catchments in New Zealand reported that the majority (62-

91%) of P exported into waterways was in particulate form (Gillingham and Thorrold, 2000).  

Different patterns among water quality variables emerged when the dataset was analyzed 

separately for the Fall Hill Lines (upper watershed) versus the Dougherty Plains (lower watershed). The 

difference in TP-TN relationships was particularly evident: TN and TP were negatively correlated in the 

upper watershed and positively correlated in the lower watershed. However, the overall range of TP 
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concentrations is small, ranging from 0 to 0.025 mg/L. While these differences in correlations may be 

caused by differences in nutrient pathways between the two watershed regions, there are also other 

spatial variations within each region that may be responsible for observed trends. 

4.3 Interrelationships among watershed characteristics 

Correlation results reveal a number of general relationships among watershed characteristics as 

well as a few that are particular to the study area. Since agricultural land-use is a form of human 

disturbance and the expansion of agricultural land has historically resulted in deforestation, the finding 

that they are negatively correlated can be expected. Vegetated land-use may be correlated with 

forested land-use due to deforestation. A closer look at the land-use maps of the watershed reveals 

patches of vegetated land within forested patches as well as on the edges between forests and 

agricultural fields. These may be areas where old growth forest has been removed and is either being 

slowly replaced or left unmanaged. The positive correlation found between sandy soils and forested 

land-use is likely particular to the study area and may confound land-use effects on nutrients since 

sandier soils facilitate nutrient leaching and underground water movement. This correlation may be 

related in part to topography, since agricultural fields are on higher ground which generally contains a 

higher percentage of clay. The correlation between excessively drained soils and poorly drained soils can 

be explained by looking at the spatial trends in soil drainage types, which show that both highly coarse 

and highly fine soils can be found in the Fall Line Hills region and not the Dougherty Plains region of the 

watershed. 

In contrast to previous studies in other regions, land-use and geology are not correlated. 

Geology can often be important in defining land-use patterns (Dow et al., 2006). For example, row crops 

will often be found on land most conducive to growing crops, which is in part a function of geology. The 

lack of correlation between geology and land-use in the Ichawaynochaway watershed is due to the 

ubiquitous nature of agricultural land-use resulting from economic forces leading to agricultural 
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4.7 Total and dissolved nitrogen 

As hypothesized, baseflow concentrations of both NO3 and TN show stronger correlations with 

soils than with agricultural land-use. The long-term dataset indicates conflicting correlations: soils were 

not significantly correlated with NO3 at either scale and agriculture was positively correlated with NO3 at 

the sub-watershed scale and negatively correlated at the riparian scale for both baseflow and stormflow 

conditions.  

Nitrate and TN were both positively correlated with coarser, sandier soils (excessively and 

somewhat excessively drained soils) at the both the sub-watershed and riparian scale. This relationship 

may be due to the high mobility of NO3 in soils and groundwater. Since NO3 is the major N form in my 

study, TN behaves similarly to NO3 and is therefore similarly mobile. Arheimer and Lidén (2000) found 

both NO3 and NH4 concentrations to be correlated with sandy soils in the study watershed. Other 

studies have also found similar correlations between soil texture and N concentrations in arable lands of 

Sweden (Andersson 1986, Johnsson and Hoffman 1998).  

Both NO3 and TN were positively correlated with forested and vegetated land-use in the upper 

watershed. Analysis of the lower watershed indicated a positive correlation with agricultural land-use 

for both N fractions at the sub-watershed scale. Forested and vegetated areas generally act as sinks 

through processes of uptake, transformation and dilution (Jones et al., 2001; Peterjohn and Correll, 

1984; Weller et al., 1998). The correlations in the upper watershed could be explained by the 

interrelationship between land-use and soils. Forested and vegetated areas were highly correlated with 

sandy soils in the upper watershed. NRCS soils data were largely lacking in the lower portion of the 

watershed, which may explain why soils were not significantly correlated with NO3 in the Dougherty 

Plains.  

Nitrate and TN were not correlated with geology when the data for the entire watershed were 

analyzed. However, the differences in correlations for both stream N fractions in the upper vs. lower 
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4.8 Limitations 

The main limitations for this study were the small number of sampling events, the lack of 

stormflow data for TN, TP and TSS, and the relatively short sampling window. The small number of 

sampling events makes the dataset less robust and more susceptible to statistical error. Since drought 

conditions prevailed during the sampling period (July 2012 to January 2013), stormflow data were not 

collected, and baseflow vs. stormflow comparisons could only be made using a long-term Jones Center 

dataset for SRP, NH4 and NO3. The long-term data were collected using distinct methods and could not 

be combined with data from the current study.  

Despite these general limitations, the current study was able to identify correlations between 

nutrient concentrations and watershed characteristics, make conclusions about scale effects, develop 

statistically significant watershed models for baseflow concentrations, and make general predictions of 

nutrient responses to stormflow conditions based on MLR models. 

Although the current study took scale into account by analyzing the effect of watershed 

characteristics at the sub-watershed and riparian scales, it did not consider the influence of stream size 

or stream order. Researchers have found stream size to affect land-use - water quality relationships. 

Gburek and Folmar (1999) and Buck et al. (2004) found local land-use to be more important in small 

streams and catchment land-use to be more important in larger streams. Future studies could further 

investigate the effect of stream size on land-use effects in the Ichawaynochaway watershed. 

The relatively short (six month) sampling period also made it difficult to analyze any seasonal 

patterns in nutrient concentrations that may be linked to general climatic conditions, growing season, 

plant uptake, or fertilizer application. For example, Allan and Johnson (1997) found that N 

concentrations were more closely associated with agricultural land-use during the summer and with 

geology during the fall. It was not possible to explore such seasonal dynamics with the data available for 

this study. 
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The current study also did not account for seasonality in variables such as soil moisture, air 

temperature, precipitation, and antecedent runoff that can magnify or dampen the effect of land-use on 

nutrient concentrations, especially under stormflow conditions. Arheimer and Lidén (2000) showed 

inorganic N in the stream to be positively correlated with soil moisture and negatively correlated with 

air temperature in the watershed. They showed SRP to be positively correlated with recent runoff 

(within the last few days) and negatively correlated with antecedent runoff (runoff preceding the most 

rainfall), since a large proportion of P is removed from topsoil after a major storm event. Future studies 

could consider the effects of these variables on nutrient concentrations as well as their effect on land-

use – nutrient relationships. 

The current study only used basic remote sensing techniques such as reclassification of land-use 

land cover (LULC) data, although other methods are available to more precisely analyze landscape 

patterns. Studies within the field of landscape ecology have gone beyond the relatively simple analysis 

of land-use patterns and developed landscape ecology metrics such as forest fragmentation indices, 

wetland loss, patch shape, isolation, interspersion, juxtaposition for use in water quality studies 

(Hunsaker and Levine, 1995; O'Neill et al., 1997). Others have also promoted remote sensing 

applications such as seasonal NDVI (normalized difference vegetation index) to explore more complex 

relationships among land-use and water quality variables. For example, some researchers prefer NDVI to 

LULC (land-use land cover) because NDVI can capture temporal changes such as crop condition and 

potential yield whereas LULC is static (Griffith et al., 2000; Griffith et al., 2002). Although these methods 

are available, reclassified LULC data can still provide useful information on general land-use impacts 

whereas complex metrics and indices may be difficult to interpret or apply to management solutions, 

even if they improve statistical significance within water quality models. 

The current study did not consider fertilizer usage due to the availability of such data. Fertilizer 

usage may be a stronger predictor of stream nutrient concentrations than agricultural land-use. 
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Mattikali and Richards (1996) found that in the analysis of the separate effects of land-use and fertilizer 

usage, nitrogen loading increased primarily because of the increase in fertilizer usage, but the detailed 

variation from year to year reflected the change in land-use to arable land. Availability of these data may 

allow for additional conclusions to be made relating agricultural practices to nutrient concentrations in 

the streams of the Ichawaynochaway watershed. 

4.9 Recommendations 

Future studies should collect measurements of both dissolved and total nutrient concentrations 

during a longer sampling period and under a variety of hydrologic conditions. Ideally, water samples 

would be collected at a variety of sites across the watershed using automatic samplers in order to 

capture nutrient dynamics during a given storm event. These would collect samples during the rising and 

falling limbs as well as during peak flow. This would allow comparisons to be made among sites for 

samples collected at the same point on the storm hydrograph. Future researchers could also collect 

storm event water samples from drainage features that run through agricultural fields. Knowledge of 

nutrient concentrations in drainage features would lend to a clearer understanding of the relative 

importance of nutrient input from agricultural surface runoff. 

Further research could also shed light on the landscape and in-stream factors accounting for the 

low stream P concentrations in this heavily agricultural watershed.  
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5. CONCLUSIONS 

The study had hypothesized the following for total and dissolved nitrogen: 

a) Geology and soil type are better predictors than land-use.  

Geology type was not correlated with either dissolved or total N, however differences in trends 

were noted when the watershed was delineated into the upper and lower portion based on geology 

(sand and sandstone in the Fall Line Hills, limestone in the Dougherty Plain). Soil type was correlated 

with NO3 in the upper watershed, whereas agricultural land-use was correlated with NO3 in the lower 

watershed. Sub-watershed scale soil type and connectivity were the most important predictors of TN 

baseflow concentrations. 

b) Dissolved N, and NO3 in particular, is more closely correlated to geology and soil type than TN. 

This study found the opposite to be true. Nitrate was not correlated with geology at any scale. Nitrate 

was correlated with several soil types at both the sub-watershed and riparian scale. In the upper portion 

of the watershed, these trends were even more pronounced and NO3 was strongly correlated with 

coarse sand soils. These results suggest differences in nutrient pathways for dissolved N in the upper vs. 

lower portion of the watershed. In the lower watershed where karst features are prominent in the 

limestone bedrock, fractures may play a greater role in providing underground pathways for NO3 input 

to streams. In the upper watershed, sandy soils play a larger role in draining NO3 from the land via 

shallow sub-surface pathways.   

 c) N is more closely correlated to geology and soil type in base flow samples. The baseflow vs. 

stormflow comparison of long-term data indicated that NO3 concentrations were not significantly 

correlated with geology or soil type under either hydrologic condition. Ammonium concentrations were 

correlated with geology and soil type at both the sub-watershed and riparian scale under baseflow 

conditions and not under stormflow conditions. Soil type was also a significant predictor of baseflow TN 
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concentrations. Since TN concentrations were not measured in stormflow samples, it is unclear whether 

soil type would remain a significant predictor under stormflow conditions. 

The study had hypothesized the following for total and dissolved phosphorus:  

a) Land-use is a better predictor of P than geology.  

SRP concentrations were extremely low during the study period, regardless of landscape features.  

Any potential differences among sample sites could not be discerned due to method detection limits. 

Both MLR models for TP included forested land-use and sub-watershed/riparian corridor size, but not 

geology, as predictors in the model. MLR analysis of long-term data showed that riparian scale geology 

and soil type were significant predictors of SRP concentrations under stormflow conditions. Long-term 

data only included dissolved nutrients; therefore nothing can be concluded regarding stormflow level TP 

concentrations and the relative impact of land-use and geology. 

b) TP is more closely correlated to land-use than SRP. The results indicate that neither TP nor SRP 

concentrations are closely related to land-use. However, the study was limited due to dry conditions and 

therefore the lack of land-use influence could be due to baseflow conditions that allow minimal 

interaction between uplands and the stream. 

c) Land-use in the riparian corridor is more important than land-use in the sub-watershed. There 

appeared to be no difference in scale for TP baseflow models. The long-term analysis resulted in a 

significant SRP stormflow model only at the riparian scale. 

d) Models including a measure of stream-field connectivity result in stronger predictions of P 

concentrations. The study does not support this hypothesis since stream-field connectivity was not 

correlated with SRP or TP and was not included in MLR models of baseflow and stormflow level P 

concentrations. Presence of local drainage features may be more influential than overall connectivity. 

There may also be a need for a better metric to measure connectivity between streams and fields. The 

lack of significance may be due to limited data on stormflow level P concentrations. 
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Monthly sampling of both dissolved and total nutrient concentrations in the Ichawaynochaway 

watershed can provide important information about water quality as it varies across the landscape. 

Future studies would benefit from more intensive and detailed sampling that covers a longer time 

period and includes stormflow data collection of both stream samples and runoff samples from 

ephemeral streams and ditches. The data from this study helps set a baseline for future water quality 

monitoring. Research on nutrient status and land-use impacts is essential for the formulation of water 

quality conservation and management policies. 
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APPENDICES 

Appendix A Data Collection Sheets 

Appendix A.1 Field data collection sheet 

Date:     Time:    Person recording data: 

Comments:  

 
Database # 

 
Site 

 
Time of 

sampling 

 
Flow (Y/yes, 
N/no, D/dry, 

UK/unknown) 

 
Rain (N/no, 

L/light, 
M/moderate, 

H/heavy) 

 
Comments 
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Appendix A.2 Filtered ion data collection forms 

Date:     Time:    Person recording data: 

Comments:  

IC STANDARDS 

 

Phosphate  Nitrate  Ammonium  

calculated measured calculated measured calculated measured 

C1 V1 C2 V2 C1 V1 C2 V2 C1 V1 C2 V2 C1 V1 C2 V2 C1 V1 C2 V2 C1 V1 C2 V2 

Stock 
 

    
                    

Level 
1 

    
                    

Level 
2 

    
                    

Level 
3 

    
                    

Level 
4 

    
                    

Level 
5 

    
                    

Level 
6 
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SPECTROPHOTOMETER STANDARDS 

 

Phosphate  

calculated measured 

C1 V1 C2 V2 C1 V1 C2 V2 

Stock 
 

    
    

 
Level 1 

    
    

 
Level 2 

    
    

 
Level 3 

    
    

 
Level 4 

    
    

 
Level 5 

    
    

 
Level 6 

    
    

 

ION DATA (IC AND SPECTROPHOTOMETER) 

 IC Spectrophotometer 

 
Data
base 

# Site 

Phosphate  Nitrate  Ammonium  Phosphate  

1 2 Avg 1 2 Avg 1 2 Avg 1 2 Avg 
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Appendix A.3 TN data collection sheet 

Date:     Time:    Person recording data: 

Comments:  

STANDARDS 

 

Nitrate  

calculated measured 

C1 V1 C2 V2 C1 V1 C2 V2 

Stock 
    

    

 
Level 1 

    
    

 
Level 2 

    
    

 
Level 3 

    
    

 
Level 4 

    
    

 
Level 5 

    
    

 
Level 6 
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Database 

# Site 

TN 

1 2 Avg 
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Appendix A.4 TP data collection sheet 

Date:     Time:    Person recording data: 

Comments:  

STANDARDS 

 

Phosphate  

calculated measured 

C1 V1 C2 V2 C1 V1 C2 V2 

Stock 
    

    

 
Level 1 

    
    

 
Level 2 

    
    

 
Level 3 

    
    

 
Level 4 

    
    

 
Level 5 

    
    

 
Level 6 

    
    

 



115 

 

 

 
Database 

# Site 

TP 

1 2 Avg 

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 



116 

 

Appendix A.5 TSS data collection sheet 

Date:     Time:    Person recording data: 

Comments:  

 
Data
base

# 

 
Site 

 
Age of 
sample 

 
Sample volume 

(ml) (C) 

 
Weight of 

filter+dried 
residue (A) 

 
Weight of filter 

(B) 

 
TSS (mg/L) 

 

 
Comments 

  
Take 1 

 
Take 2 

 
Take 1 

 
Take 2 

 
Take 1 

 
Take 2 

 
Take 1 

 
Take 2 

 
Average 
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Appendix B Standard Methods 

Appendix B.1 Standard methods 4500-P E. Ascorbic Acid Method. 

Apparatus:  
 

 Colorimetric equipment (spectrophotometer with infrared phototube providing a light path of 
2.5cm or longer 

 Acid-washed glassware 
 Reagents: 

o Sulfuric acid (5N): dilute 70ml conc H2SO4 to 500ml with distilled water in volumetric 
flask 

o Antimony potassium tartrate solution: dissolve 1.3715g dried chemical in 400ml distilled 
water in a 500ml volumetric flask and dilute to volume. Store in a glass-stoppered bottle 

o Ammonium molybdate solution: dissolve 20g dried chemical in 500ml distilled water. 
Store in a glass-stoppered bottle. 

o Ascorbic acid: dissolve 1.76g (or 3.52g) ascorbic acid in 100ml (or 200ml) distilled water. 
The solution is stable for about 1 week at 4C. 

o Combined reagent (100ml): let reagents reach room temperature. Add the reagents in 
the following order while mixing continuously. The reagent is stable for 4h. 

 50ml sulfuric acid 
 5ml APT 
 15ml AM 
 30ml ascorbic acid 

Procedure: 
 

1) Prepare test tube rack with blanks, standards and samples. Add 20ml to each tube. 
2) Add 3.2ml of combined reagent to both blanks then to each test tube waiting 45 seconds 

between each one. 
3) After 10 mins, read at 880nm wavelength on the spec using large cuvettes. 
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Appendix B.2 Methods for TP microwave digestion. 

 

 Make the Persulfate 
o Gather: 

 Sodium Hydroxide 
 Potassium Peroxyldisulfate 
 Heating mixing plate 
  500 mL volumetric flask halfway with UP water 
 Large funnel 
 Mixing rod 
 2 scoopers 
 2 weighing boats 
 Bottle of UP water 

o Fill the volumetric flask halfway with UP water. 
o Under the hood: 

 Using one of the boats, scoopers, measure 4.76 g of Sodium Hydroxide and put 
in flask. 

 Add the mixing rod to the flask and place the flask on the heating mixing plate. 
 Turn the heat to low and mixer to 3-4 to let the Sodium Hydroxide dissolve. 
 Using one of the boats, scoopers, measure 25 g of the Potassium 

Peroxyldisulfate and add to the flask. 
 Fill the flask to the volume with UP water and let dissolve. 
 Once the chemicals have dissolved, remove the mixing rod, and fill to volume. 
 Keep the Persulfate on the hot plate, if it cools it will crystallize. 

 Sample Preparation 
o Get a carousel, 12 digestion vials, 12 tops, 12 bottoms, and 12 valve tops. 
o Check the valve tops to make sure they each have a rupture membrane.   

 If the valve top does not have a rupture membrane, insert on. 
o Pour 30 mL of standard or sample into the digestion vials. 
o Record the standard or sample and the digestion vial number. 
o Pour and amount of Persulfate you will need for the carousel into a beaker. 
o Pipette 15 mL of Persulfate into each of the digestion vials. 
o Start assembling the digestion vials w/ valve top, top, and bottom. 

 Note:  

 The first digestion vial has a different valve top, where the pressure line 
is attached. 

 Make sure all vial tops are in order from 1-12. 

 Microwave Digestion 
o Turn on the microwave. 
o Open the microwave door and take the carousel holder out. 
o Attach the carousel holder to the bottom of the carousel, make sure that it clicks all the 

way on. 
o Attach the transparent valve with the orange screw to the end of the pressure sensing 

line. 
o Open the orange screw. 
o Turn the black valve on the side of the microwave to the open horizontal position. 
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o Squeeze the syringe and let the water squirt out od the transparent valve. 
o Turn the black valve on the side of the microwave to the closed vertical position. 
o Attach the transparent valve to the side of the valve top for vial #1. 

 Note:  vial #1 is the only digestion vial with a side valve. 
o Anchor the pressure sensing line to the center with the center clasp and arrange the line 

in the middle of the carousel as best as possible. 
o Check to make sure the orange screw is open. 
o Close the microwave door. 
o Step through the screens on the microwave 

 Disable temperature 
 F3 Recall Method 
 F1 Recall Stored 
 ENTER NPDIGEST 
 F1 Load Program 
 F4 Start 
 F1 Yes 
 Disable temperature 
 Start 

 After the Digestion  
o Once the carousel has started running, start loading the second carousel. 
o Label bottles for digested samples. 
o Make an ice bath for the digestion vials. 
o When the microwave is finished, it will beep. 

 If you don’t hear it beep, you can look and the time will be 5:00 on the left side 
and 0:00 minutes on the right side. 

o Press F1 to make the carousel stop spinning. 
o Open the microwave door. 
o Close the orange screw in the transparent valve. This is to prevent spraying of steam. 
o Unclasp the pressure sensing line from the middle clasp. 
o Unscrew the end of the pressure line from the transparent valve so that when you take 

the carousel out the transparent valve comes out also. 
o Set the carousel down and transfer the vials [without the sleeves] to the ice bath. 
o Once the samples have cooled [~10 minutes], transfer them to prelabeled bottles. 
o Run standard curve, samples, blanks, check standards and duplicates on 

spectrophotometer. 
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Appendix B.3 Standard methods 2540D. TSS dried at 103-105C. 

Principle: a well-mixed sample is filtered through a weighed standard glass-fiber filter and the residue 
retained on the filter is dried to a constant weight at 103 to 105C. The increase in weight of the filter 
represents the total suspended solids. 
 
Apparatus: 
 

 aluminum weighing dishes 
 desiccator with indicator 
 drying oven for operation at 103-105C 
 analytical balance, capable of weighing to 0.1mg 
 magnetic stirrer with TFE stirring bar 
 wide-bore pipets 
 graduated cylinder 
 low-form beaker 
 glass-fiber filter disks without organic binder 
 filtration apparatus 
 suction flask of sufficient capacity for sample size selected 

 
Procedure: 
 

1) Preparation of glass-fiber filter disk (only if pre-prepared glass fiber filter disks are not used) - 
wash disk 3 times with reagent-grade water, dry, cool, desiccate, weigh. 

2) Selection of filter and sample sizes: sample volume should yield between 2.5 to 200mg dried 
residue. 

3) Sample analysis: Stir sample with a magnetic stirrer. While stirring, pipet a measured volume 
onto the seated glass-fiber filter. Wash filter with three successive 10ml volumes of reagent-
grade water. Carefully remove filter from filtration apparatus and transfer to aluminum 
weighing dish. Dry for at least 1h at 103-105C in an oven, cool in a desiccator to balance 
temperature, and weigh. Repeat cycle of drying, cooling, desiccating, and weighing until a 
constant weight is obtained. Analyze at least 10% of all samples in duplicate. Duplicate 
determinations should agree within 5% of their average weight.   

 
Calculation: 
 

 mg total suspended solids/L=[(A-B)x1000]/sample volume, ml where A=weight of filter+dried 
residue, mg, and B=weight of filter, mg 
 

 

 


