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PREFACE 

The 34th Annual Mississippi Water Resources Conference was held April 20-21, 
2004 at the Eagle Ridge Conference Center in Raymond, Mississippi. 

CONFERENCE SPONSORS: 

Mississippi Water Resources Research - GeoResources Institute 
U.S. Geological Survey, Mississippi District Office 
Mississippi Department of Environmental Quality's Offices of Land and 

Water Resources and Pollution Control 
Mississippi Water Resources Association 

CONFERENCE MODERATORS: 

Mickey Plunkett, District Chief, U.S. Geological Survey 
Randy Reed, Mississippi Department of Environmental Quality 
Dean Pennington, YMD Joint Water Management District 
Chuck Hill, GeoResources Institute, Mississippi State University 
Ken Griffin, Pearl River Water Supply District 
Jonathan Pote, Mississippi State un·iversity office of Research 
Fred Howell, Biological Sciences, University of Southern Mississippi 
Mark Stiles, YMD Joint Water Management District 
Jeff Ballweber, GeoResources Institute, Mississippi State University 

CONFERENCE SpEAKERSi 

P. Patrick Leahy, Associate Director for Geology, USGS 
Kenneth Reinecke, USGS Biology Programs 
lu.lia Giller, USGS Gulf Coast Liaison 
Mickey Plunkett, USGS Mississippi District Chief 
Senator Tommy Moffatt, Mississippi District 52 
Bo Robinsort, l\,lortl:,ern District Public Service Commissioner 
Dr. Bryant R. Boswell, Lewis and Clark Expedition 
Representative Jamie Franks, Mississippi District 19 
Representative Diane Peranich, Mississippi District 121 

A S PECIAL THANKS 
to Mrs. Patricia Wilson, Conference Coordinator, and her group of workers from 
the GRI and USGS for their hard work in making the 2004 Mississippi Water 
Resources Conference a great success, 
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THE 34th ANNUAL MISSISSIPPI WATER RESOURCES CONFERENCE 
Eagle Ridge Conference Center - Raymond, Mississippi 

TUESDAY, APRIL 20, 2004 

7:30AM Regisiration and Continental Breakfast (The Callery Area) 

OPENING PLENARY SESSION (Auditorium} 
Moderator: Mickey Plunkett, uses 

8:30AM Opening Remarks 

8:45AM 125 Years ofUSGS: P. Patrick Leahy, Associate Director for Geology, uses 

9:30AM uses Biology Programs: Kenneth Reinecke, USGS Biology Programs 

10:00AM uses Mapping Programs: Julia Giller, uses Gulf coast Liaison 

10:30AM USGS Water Programs, MckeyPlll'lkett, USGS Mississippi District Chief 

11 :15AM POSTER SESSION (The Gallery Area) 

Spatial Modeling ofSoll Hydraulic Properties: Peter Ampim, Plant and Soil Sciences, Mississippi State University 

Can Wetland Plants be Useful in Mitigating NW-ient Rt.noff from Agricultural Fletds?: J. Beadle, Biology, 
University of Mississippi 

Constructed Wetlands: An Edge-ot-fletd Management Pracdce for Reducdon of Collfonms: Charles M. Cooper. 
USDA-ARS, Natiooal Sedimentation laboratory 

Use of Mississippi River Alluvial Aquifer Decline Rates for Allocation or EQIP Ft.nds: F. Elizabeth LaMastus
Stanford, YMD Joint Water Management District 

Assessment of Blo-Contamlnanis In the Poner Creek Basin of the Homochltto Nadonal Forest: Stanley 
Mason, Agronomy, .AJcam State University 

Improved Estimation of Nutrient and Pesticide Rt.naff Losses from Coif Courses and Residential Lawns in 
the South Atlantic-Gulf Region: Joe Massey, Plant and Soil Sciences, Mississippi State University 

Water Quality Analysis of an lntenslvety Used AgricUltural Reservoir: Matthew T. Moore, USDA-ARS, National 
Sedimentation laborata,y 

Planform Changes in the Pascagoula River and Tnbutaries, Mississippi: Joann Mossa, Geography Department, 
University of Florida, and Chris Bowen, Pat Harrison Water District 

Coastal Development and Water Quality: Assessing the Health or Mississippi's Estuarine Waters: Ch ristine 
Trigg and Harriet P&<ry, Gulf Coast Research laborata,y, University ofSouthern Mississippi 

Water Saving Irrigation: A Vital step in Improving the sustainability of Rice (O,yza salivli) Production in the 
Mississippi Delta: M. Cade Smith, Mississippi state University 

Understanding the Link Between an Aquatic Shoreline and an Urban Developtnent: A l'llsslon or Planning 
and Management: Jonathan Sobley, landscape Architecture, Mississippi State University 

Ceospalial Applications for Water Management Agencies In the Upper Pear1 River Basin: M.l. Tagert, 
GeoResourees Institute, Mississippi State University 

The UnderLying Link Between Resldendal Stonn Water Management Design and Development by a Managed 
BodyofWater: Ryan Verseman, landscape AtcMecture, Mississippi State University 

MWRC Proceedings 
Page4 



12:00PM LUNCHEON: state Senator Tommy Moffatt, District 52, Jackson County and Chairman of 
the Senate's Environmental Protection, Conservation & Water Resou-ces committee, and 
Bo Robinson, Northern District commissioner, Mississippi Publlc service commission; 
Governor's Task Force on Sate Drinking Water and Waste Water; National Association of 
Regulatory UtilityCommissioners Water Committee 

CONCURRENT SESSION A: Groundwater (Auditorium) 
Moderator: Randy Reed, Mssjssippi Department ofEnvironmertal Quality 

1:00PM Shallow Grooodwater Dynamics in the Root Zone of a Cypress Wetland: Gregg Davidson, 
Geology and Geoloijcal Engineering, Univer.ity ofMississippi 

1:25PM Characterizing Soil Hydral.i lc Properties in an Agro.forestry Ecosystem: Alton 8 . Johnson, 
Aleem State University 

1:50PM Presence of Atrazine in Waler In a Recharge Area of Guarany Aql.ifer in Brazil : Antonio Luiz 
Cerdeira, Embrapa, Research Division of the Brazilian Ministry ofAgriculture, Brazil 

2:20PM BREAK 

CONCURRENT SESSION B: Water Policy (Talon) 
Moderator: Dean Pennington, YMD Joint Water Management District 

1:00PM Water Infrastructure: Commissioner Bo Robinson, Public Service Commission 

1:30PM Mercll"Y Issues In Msslsslppl Waters: Phil Bass, Mississippi Department of Environmental 
Quality, Office ofPollution Control 

2:00PM The Alabama sturgeon: Public Policy Repercussions: Rob Fowler ofBalch and Bingham, LLC 

2:20PM BREAK 

CONCURRENT SESSION C: Water Contaminants (Auditorium) 
Moderator: Chuck HIii, GeoResources Institute, Msslsslppl state University 

2:40PM Status of Microbial Source Tracking In the North America: R.D. Ellender, Biological Sciences, 
University ofSouthem Mississippi 

3:00PM Flux and Yields of Herbicides In the Yazoo River Basin, Mississippi, 1996-97: Angela Pell, 
USGS 

3:20PM Pesticide Concentrations In Surface Waters of Mssissippi Lakes and Reservoirs: Charles M. 
Cooper, USDA-ARS, National Sedimentation l aboratory 

CONCURRENT SESSION o: Surface Water (Talon) 
Moderators: Ken Griffin, Peart River Valley Water SupplyDistrict andJonathan Pote, Mssissippl stai:e 

University Office of Research 

2:40PM AGNPS Runoff Model: Geospatlal Appllcallons and Pred ctlons In the Upper Peart River 
Basin: M.L. Tagert, GeoResources Institute, Mississippi State University 

3:00PM The Demonstration Erosion Control Project: Aspects of Water Quality In Abiaca Creek, 
Msslsslppl: Richard E. Lizotte, Jr., USDA-ARS, National Sedimentation Laboratory 

MWRC Proceedings 
Page 5 



3:20PM Mssissippl Embayment National Waier-Quality Assessmeni. Cycle II: The Second Decade: 
Richard Coupe, USGS 

3:40PM Chemical Mxti..-es (Phase I) : Consequences of WNV Eradication on the Amp hi pod HyaJel/a 
azteca: Jim Weston, Department ofPharmacognosy, University ofMississippi 

4 :00PM Runoff Quality In Bermudagrass Plots n-eated with Poullly Litter. Alton B. Johnson, Alcorn 
State University 

4:20PM Effects of Mississippi Delta Sediment Contaminants on CYP1B-Gene Expression In Channel 
CatrlSh: Kristie Wllett, Pharmacology and Environmental Toxicology, University ofMississippi 

4:40PM Optical Fiber Chemical Sensor for Water Quality Monitoring: Shiquan Tao, Diagnostic 
Instrumentation and Analysis laboratory, Mississippi state University 

CONCURRENT SESSION E: Aquatic Ecology (Auditorium) 
Moderator: Fred Howell, Biological Sciences, University of Southern Mssissippl 

3:40PM Habitat Assessment or Selected Streams in the Mississippi River Alluvial Plain in 
Northwestern l'llsslsslppl and Eastern Ar11ansas: Winter and Summer 2002: Richard A 
Rebich, USGS 

4:00PM Invasive Aquatic Plants: A Threat to Mssissippl Water Resources: John D. Madsen, 
GeoResourees lnstijute, Mississippi State Universfy 

4:20PM Analysis of Freshwater sand-Dwelling Chlronomld Larvae In Disturbed and Relatively 
Undistl.l"bed Blackwater Streams: Robert C. Frtch, Biological Sciences, University of Southern 
Mississippi 

4:40PM A Si..-vey ofLotic Tardigrades from the Pascagoula Drainage: Alan Niven, Biological Sciences, 
University of Southern Mississippi 

5:00PM SOCIAL ON lliE PATIO 

WEDNESDAY. APRIL 21. 2004 

7:30AM Continental Breakfast (The Gallery Area) 

CONCURRENT SESSION F: Surface Water Management (Auditorium) 
Moderator: Marl< Stiles, YPID JointWaterManagement District 

8:00AM Port Sedimentation Solutions: WIiiiam H. McAnally, Civil Eni;neering, Mississippi state 
Universfy 

CLOSING PLENARY SESSION (Auditorium) 
Moderator: Jeff Ballweber, GeoResolJ'Ces Institute, Mississippi State University 

8:20AM Lewis and Clark Presentation: Dr. Bryant R. Boswell 

9:30AM BREAK 
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9:45AM- PANEL 
12:15PM 

Keith Allen-MS Department ofHealth, Division of\Nater Supply 
Claiborne Barnwell - Environmental Division, MOOT 
Phil Bass-Office ofPollution Control, MDEQ 
Chris Bowen - Pat Harrison Waterway District 
Jamie Crawford -Office of Land and Water Resources, MDEO 
Fred Deegan - MS Department ofMarine Resources 
Ken Griffin - Pearl Riller Valley V\iater SUpply District 
Jeff Ballweber- Tombigbee River Valley Water Supply District 
Mark Stiles - Yazoo Mississippi Joint Water Management District 
Mike T agert - MS Department ofAgriculture and Corrmerce 
Ralph Turnbo -MS Department ofHealth, Division ofWastewater 
Don Underwood - Mississippi San and V\later Conservation Corrmission 
Andrew Whitehurst - MS Department of11\!lclife, Fisheries and Parks 

12:15PM LUNCHEON: Representative Jamie R. Franks, Jr. , (Invited) Msslsslppl House of 
Representatives. Chairman of the Conservation and Water Resources Committee and State 
Representative Diane Peranlch, District 121, Harrison County, and member of the 
Conservation and Water Resources Committee 
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SPATIAL MODELING OF SOIL HYDRAULIC PROPERTIES 

Pete!' Amplrn*, Alton R. Johnson**, .Toscpth H. Massey*, and Tefcrl Tscgaye*** 
*Department of Plant and SoilSciences, Mississippi Stale University 

**Mississi11pi River Research Center, Alcorn State Univenity 
***Center for Hy drology, Soil Climalology and Remote Sensing. Alabama A&M 

University 

INTRODUCTION 
Interest in ground water research has provided researchers the opportunity to develop 
models thal describe waler and solule transport in vaiiably saturated soils. Generally, 
unsaturated soil hydrologic models are based on numerical solutions of the Richard 's 
equation. The key parameters needed for solving the equation are water retention values, 
8(h), and hydraulic conductivity functions, K(h). Further, hydrological processes vary in 
space. Knowledge of spatial heterogeneity of soil hydraulic properties is essential in 
quantifying solule and water lrdrisport processes from a plol-scale to a regional-scale. 
Direct measurements of e(h) and K(h) am time-consuming and expensive (Arya and 
Paiis, 198 1; Saxton et al., 1986; Schuh and Bauder, 1986; \Vosten and van C';enuchten, 
1988; Kern, 1995; Scott, 2000 and Cornelis ct al. 2001 ). Their measurements may be cost 
prohibitive in the short-term for large areas (Arya and Paris, 1981), and are not practical 
for remole serisirig ir1vestigations (Saxton el al., 1986). The Jack of knowledge of lhese 
parameters largely affects Oil! ability to address hydrologic problems when modeling 
water and solute lrd.nsport in large and complex watersheds. A progressively more 
popular alternative to direct measurement of soil hydraulic properties involves the use of 
pedotransfer functions (PTFs) (Wosten and van Genuchten, 1988, Cornelis et al. 2001 , 
Zhu and Mohanty, 2002). ln this research, we used PTFs to predict soil hydraulic 
properties for Memphis silt loam (fine silty, mixed, thermic, Typic Haplu<lalt) . \Ve 
further attempted lo quanti.ty spatial variability of lhese parameters and detemrined U1ei.r 
fonctional relationships. 

MATERIALS AND METHODS 
The site investigated was a 4-ha conventionally tilled Memphis silt loam field that bas 
undergone com and cotton rotation for IO years. The field was located nortl1 of Port 
Gibson in Claihome County, Mississippi (32° 00' N; longitude 90° 52' W). Soil samples 
were collected from the O lo 15 cm deplh al 272 nodes on a 15 m x 15 m grid. Bulk 
densily (Pb) data for each node was delermined by U1e core method. Sand, silt and clay 
were quantified using the hydrometer method (Thicn and Graved, 1997). Unsaturated 
hydraulic conductivity (~) and s.1turated hydraulic conductivity (KJ were predicted 
using the computer code RETC, developed by van Genuchtcn et al. (1990). The van 
Cenuchten-Mualern equation 

0 - 0 
[IJ0(h)=0,+( ' )"

I + lahl" 
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(2) 

(Mualem, 1976; van Genuchten, 1980) was used to describe soil hydraulic properties, 
where eis the volumetric water content (cm cni"\ h is the pressure head ( cm), e, and e, 
are U1e residual and saturated water contents (c:,m cm 3), respectively, S is the water 
saturation ratio (0-0r)/(0,-0,), m=1-( 1/n), and (J. and n are empirically fitted par.1.meters. 
Values obtained for each soil property were point kriged and mapped using the 
geostatistical program as+ version 5 (Gamma Design, Plainwell, Ml). Linear regression 
was used to quantify the relationships between measured and model predicted soil 
properties. 

RESULTS AND DISCUSSION 
Gcostatistica.l models and model parameters describing the soil properties studied are 
listed i.n Table I . The semiva.riogra.ms for Ko and c,, were described by the Gaussian 
model while all other parameters were described by different model. All parameters 
measured showed some degree of spatial dependence. The range of inlluence for all 
parameters ranged from 47.0 to 610.9 m. Only Ks had the shortest range (47.0 m) 
followed by silt (222.3 m). There was m1gget effect for a.II other parameters, except for c,, 

and Pb· Sma.ller nuggets indicate lhal the sampling in terval is proper to reflect the 
variance (Nielsen, 1998). The sill on the other hancl, reflects the scale of random variation 
and is Ute plateau reached when the semivariance does not change significantly with 
increasing lag distance (Nielsen, 1998). 

Varlabllltv of Soll Propcrtt.cs 
Spatial maps for both measured and predictccl soil properties a.re shown in Figures I and 
2. Sand content wa.s highest in the central to northeastern portion ofthe field. Areas in the 
.field with higher sand contenlhadlower sill contenl (Figs. la and lb). Relatively bighsill 
content was observed in the western portion of the field and relatively lower sand content 
was observed in ~i.rnilar location. 13ulk de~ity (Fig. le) followed a similar trend as the 
sand content. Clay on the other hand did not follow similar pattern as sand or silt. 
However, higher clay content was observed in the northeastern portion of the field 
(Fig.Id). Satmated hydraulic conductivity did not show any pattern relative to sand, silt 
and Pb; however, the map of Ko was somewhat similar to the silt content (Fig. 2a). The 
highest Ko values observed were scattered along the western edge of the field (Fig. 2b). 
Dislli bution ol' n (Fig. 2<.\) was similar lo U1e distribution ol' sand. Lower n values were 
observed on the western edge of the field while higher values were observed mainly 
across the eastern half of Uie field. We suggesl that U1e variability observed for Lhe soil 
parameters investigated may be both intrinsic and extri11Sic in nature. Intrinsic variability 
occurs as a result of soil forn1ing processes and extrinsic variability is cai15ed by soil 
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management practices (Scott and Wood, 1989). The ~l)atial patterns exhibited by the soil 
parameters investigated may be due to a combined effect ofintrinsic and eA'trinsic factors. 
Spatial maps of sand, sill and Pb (Fig. 1) followed similar patterns as Ko, n and Ks in 
Figure 2. This implies that these soil parameters are correlated. The maps for sand and 
sill showed ihaL in location where there is higher sand conlenl, the ~ill content was 
relatively lower. 

Regression parameters associated with the soil properties measured and estimated are 
presented in Table 2. Sill was negatively con-elated with Pl>, Ks, n and sand. Negative 
correlations were obse1ved between sand and Ko and a. There was no significant 
correlation between clay and any of the other soil pararneteis. This is an indication that 
clay is not a good preclictor ofhydraulic conductivity for the soil investigated. Southhard 
and Buol (1988) studied subsoil hydrnulic conductivity of an Ultisols in relation to soil 
properties. They observed that sand, silt and clay were not good predictors of K. because 
these parameters by themselves did not define Ute geometry of pores. From a physical 
perspective, a, in the van Genuchten equation relates to the mean pore size magnitude, 
whereas n relates to the degree of pore size spreading (Zhu and Mohanty, 2002). Scott 
(2000) suggested that pore size characteristics (size-distribution, shape, roughness and 
interconnectedness) could vary spatially as texture becau5e soil porosity is influenced by 
texture. This observation has important implications for hydrologic studies in general. 

CONCJ,USTON 
In this study it was found that the magnitude of saturated and u11Saturated hydraulic 
conductivities as well as a, and n were influenced mainly by sand and silt. All the soil 
properties investigated exhibited spatial dependence and were isotropic. However, Ute 
magnitude ofspatial dependence varied among the vruious properties. The shortest range 
was observed for saturated hychaulic conductivity, indicating its extensive spatial 
variation within an agricultural soil. The linear functions developed in this study are 
u5eful because they can provide a ba;;is for developing more complex models for 
analyzing and understanding hydrologic problems sprumi.ng large areas. It must also be 
noted that the various relationships developed between the soil properti.es investigated in 
Uris study may not hold ior soils wiUt greaUy dillerenl properties, particularly Utose with 
much greater clay contents. Investigations on similar and/or different soils are needed to 
develop a robust data base both for Ute purpose of comparison and development of more 
complex models for hydrologic studies in the State of Mississippi. 
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Table 1. Grostatistlcal model parameters describing soil properties studied. t 

Soil Properties Model Co Co I C Ao r" 
Sand Spherical 9.4 54.5 374.9 0.99 
Silt Linear 8.4 49.5 222.3 0.99 
Clay Exponential 0.7 1.4 524.8 063 
Bull< dem,ity Linear lo ~ill 0.0 0.01 526.2 0.98 
K, Exponential 29.4 102.0 47.9 0.94 
Ko Gaussian 0.3 2.8 286.0 0.98 
(J. Gaussian 0.0 0.0 6 10.9 0.98 
n Linear to sill 0.00 1 0.002 520.4 0.47 

tCo - nugget, Co +C ~ sill, Ao - range 

Table 2. Correlation coefficients and slopes of regression lines when correlating 
sand and silt wilh olher soil ar.tmelers uanlified. 

Correlation C.oefficient Slope 
Sand Silt Sand Silt 

Pb 0.93 0.97 0.008 -8.77 
K, 0.85 0 76 1.46 -1.29 
Ko 0.88 0.93 -0 .14 0.15 
n 0.98 0.99 O.OOtl -0.004 
(J. 0.94 0.97 -0.0002 0.0002 
Sand 0.99 -0.97 
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J<'ig. 1. Kriged maps of measured soil properties for Memphis silt loam under 10-
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Flow arc nattvc wetland plant~ useful In mltl_gattng nutrient runoff from agrlcultuml 
fields'/ 

3. Beadle (jvJ.1ea<lle@.gL.:mi§S.edu. DepurlIDenL orBiology and University or tvlissis!iippi 
Field Station, University ofMississippi, 
University, MS) 

R. Kroger (krooerfll!olenuss.odtL Departtnent of Biology, University of Mississippi, 
University, :MS) 

M. M. Holland (mholland(Ql.olemiss.cdu, Department of Biology, University of 
Missis$ippi, University, MS) 

M. T. Moore (mtrnoore@msa-ox.fordars.usda,gov, USOA-ARS, National Sedirnentation 
Laboratory. Oxford_ MS) 

C. M. Cooper (ccooper@npa.a.rs.usda.gov. USDA-ARS, National Sed.imcnta1ion 
Lnbomtory, Oxford, MS) 

lutroductiou 

H.uman activities have altered the global biogcochcoiical cycle by doublrng the 

rat,; ofnitrogen input into terrestrial ecosystems (Smith et al., !999). Likt:wis.:. Jand ust 

has a similar d:'focl on pho~phorus. The loading orniltogen and phospho~ into lhe 

world's rivers, lak~s., and ocean.<1 is m ongly inf111enoed hy human population densities, 

p0pnln:tion densities of livestock, and land u~e (Pril)gle, 2003). 

Nutrient•; are the ~rd largest agii cultnral poUutanr in Mississippi, following 

sedinicnt and pathogens (Moore and Cooper, 2003). Wetlands serve as 11atural buffer~ for 

rivc)'s, l\\kcs, and strean1$ (Hollruul, 1Y.9o). By n1aintai11ing tl1c$C wetlruids ac9rn1d 

~cultur.tl landscape~. signiJfoanl lmprovemenls in waler qlllili!y rnay be acl:rieved 

(Moore and Coop.:r, 2003). 

Drdinage <lilches surround rnany11griculltir.il fields for the p1irmuy pl.lTpolie of 

removing water ailer rai.u.lall and acl as ttrdjor t.,'Omlaits ofnulri,mt::; from agricultunil 

!and.~ t() receiving waters (Nguyen and Stikias 2002). The~ ditches possess many of the 

key characteristic~ that define wetlru1ds: hydr0period~, hydr()!;oi ls, and hydrophytes 
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(Moore el al. 200 l ). Many of lhese ditches maintainsome level of water throughout lhe 

year, although water levels are dependent on the spatial and temporal variations in 

precipit,1tion event~. 

So how usefal is native wetland vegetation in mitigating .nutrient runoff; 

specifically, non-point source agricultural m.noff, potentially high in botl1 nitrogen and 

phosphoms concentration5? We report here ontwo experiments. The first experiment was 

designed to find plants suitable for planting i.n agricultural ditches that would serve as 

eilicient butlers for nutrient runolr. The plants chosen for Uri.s experiment are Juncus 

effi.1sus, sofl rush, andPaspa/um 11rvil/ei, vasey grass. These plants were chosen based on 

an earlier vegetation survey of dominant. native plant species at the University of 

Mississippi Field Station (Davis and Holland 1998). Paspa/um urvillei was not on the 

1998 list, hut has now replaced some of the other species collected earlier at the Field 

Station. Specimens ofeach species were planted and grown i.n a greenhouse, with stable 

climatic conditions and controlled precipitation events. 

The second experiment moves away from a greenhouse-based experiment to a 

field experiment. This ex'Periment examinesP aspa/um urvi/lei and anoUier common 

drainage ditch species Leersia oryzoides and assesses the levels of total nitrogen 

assimilation under stimulated nutrient nmotTlevels in the field. The goal of the second 

experiment. is to determine, under si mutated field conditions, whether or not pl ants are 

assimilating nutrients, and ifso where? 
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Methods 

&,perime/11 I 

Twelve 55-gallon drums were 011t in half and positioned within the University of 

Mississippi Field :i.'tation (U MFS) greenhouse. Soil was collected from the LI MFS and 

placed in the drums. The plants were also collected from the UMFS and planted in the 

soil in the greenhouse. Ten of the drum-halves were planted with J. effi,ws and ten 

planted withP. urvil!ei. Four drums were left unvegetated. A five gallon aquruium doser 

was purchased for each or the 24 drums. A hole was drilled into the llide ofeach of the 

drum-halves 12 cm above Ute soil surface lo serve as a water outlet. Each drum was filled 

with water to the outlet point, and all drums contained standing water thought the 

experiment. 

The plants were watered from non-chlorinated well water, by filling each oft.he 

dosers ru1d allowing them to drip water into the clnu11s at a rate of3 Uday. A treatment of 

five mg/L nitrate, ru1cl 0.15 rng/L phosphate was added to half of the doscrs: five drums 

containing each species and two drums without plants. The other seven dnans received 

untreated well water. 

The experiment ran for a period of 18 weeks from July 14, 2003 to November 14, 

2003. Pl.ant height was measured thought the experiment by measuring the height oftl1e 

tallest pl ant. Plant coverwas measured by estimating the percent of the drum covered hy 

aboveground ti ssue. 

Experiment 2 

Plru1ts for the second experiment were collected in the full of2003 from four 

rnesocosms at The University ofMississippi Field Station. The four mesocosms were 
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ponds 210, 212, 216 and 218. Ponds 216 and 218 were regularly subjected lo simulated 

nutrient runoffconditions (2 :5 acre field runoff over a year). Nutrients associated with the 

nmoffwere nitrate, ammonia and orthopho;;phoru~. Nutrient levels were below :5mg/L to 

distinguish betweenbackgrotmd nutrient concentrations. Ponds 212 and 210 were similar 

sized mesocosms which were untreated. Nutiient mnoff into these ponds, ifany, was a 

factor ofnatural conditions.Pa.l'palum urvillei andL.oryzoides were sampled as a bulk 

sample from each pond. 

A comparison ofnutrient levels between plant species in these two treatments will 

suggest wheUter plants wider nutrient enriched conditions have higher levels ofnutrients 

within their above and belowground ti ssues. Thus, these dat.-i will detennine whether or 

not vegetation is a~similating nutrients associated with nnlrient enriched runoff. 

The water samples were analyzed 11~ing a Dionex DX-600 Ion Chromatograph. The 

plant tissue samples and soil samples were analyzed for phosphorus using a Perkin-Elmer 

4300 DV Inductively Coupled Plasma-Optical Emission Spectrometer. The nitrogen in 

Ute plant tissue and soil samples was analyzed using a Coslech Elemental Analyzer. 

Results 

F.:1.71erim e11t I 

There was no difference in the height ofeither.!. effususor P. urvillei between the 

control and treatment groups. There was no difference in cover between the P. 1.1rvillei 

control and treatment groups, but there was a signi ticant difference i 11 cover between the 

control and treatment groups of.1. ejfusus, with the trea1)nent group growing to cover 

more area than the control (Figure I). Weeks 7-12 (August 24-October 5, 2003) show 
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that lhe cover ofU1e treatment groups ofJ. ejfi1ses was signiJican1ly gi·eater U1en Ute cover 

of the control groups, but weeks 1-6 and 13-18 show no difference in cover. 

Experiment2 

There were significant differences between the total nitrogen tissue concentrations 

between ponds exposed to elevated levels ofnutrient nmoff th.an the control treatment 

(Figure 2). This suggests that plants under elevated nutrient conditions are indeed 

assimilating high concentrations ofnutrients, in above and belowgrmmd tissues. 

Interestingly lhere was a slight significant dill:erence (p < 0.01) between U1e tissue 

nitrogenconcentrations ofP.w•villei and L.oryzoides. Thus. L.01yzoides was more 

effective at assimilating nitrogen than P.urvil/11i. This might be as a result ofits 

extensive, shallow root network and prolific above ground biomass production, and that it 

was situated in the middle of the ditches, whi le P.urvillei was often encountered on the 

edge ofthe ditch/water level. The results also suggest that there \Vas no significant 

difference between the total nitrogen concentrations ofabove and below ground tissue. 
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Figure I. Avemge percent cover of.hmcus effi.1.ru.r for E>.J)eriment I. There is 11 

significant difference from August 24,0ctober .5, 2003. Error bars nre standard deviation. 
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Conclusion 

Experiment 1 

When exposed to elevated concentrations of nutrients the aboveground parts of.I. 

~f/ustJ3 responds by growing to cover more area. 1fused in ditches to control rw10ff, this 

could provide a double benefit of provicw.-.g more plant mass to assimilate nutrients, and a 

greater surface area to slow down the water and trap sediment 

Expcrinumt 2 

Planls subjected to elevated nutrient nmofflevels, for example in non-point 

source agriculrural runoff, have capabi li ty ofassimilating a large proportion or 

concentration ofnutrients. Both,Leersio oryzoides and Pospnl.um w·villei are plants that 

occur in drainage clitches and are good candidates in mitigating nutrient runoff. 

Next ~teps'! F'uture. rese.arch'! 

There are many further steps that could be done in order to gain a better 

understanding of this issue: OU1er weUand plant species could be looked al, bolh 

individually and in combinations. Research into lhe microbial and chemical activities 

sruTounding the rhizosphere of different wetland plants could yield a better understancling 

ofprocesses such that influence plnnt uptake ofnutrients as well as microbial-basic 

chemical reactions. On a larger scale it would be useful to evaluate and describe the 

seasonal nutrient dynamics within drainage ditches in a field experiment This would be 

necessary to assess feasibility ofutili zing drainage ditches to effectively mitigate nutrient 

runoff 

MWRC Proceedings 
Page 23 

https://Pospnl.um


References 

Cooper, C.M. and M.T. Moore. 2003. Wetland~ and agriculnire. Pp. 22 1-235 in 
Achieving Sustainable Frcs/n11atcr Systems, edited l>y Holland, M.M., E.R. Blood, 
and L.R. Shaffer, Washington, D.C.: Island Press. 

Davis, S.A. 1998. Vegetation and Substrate Types for Wastewater Treatment Wetlands. 
MS in Biology, The University ofMississippi. 

Davis, S. A., and M. M. Holland. 1998. Vascular plant species native to NorU1em 
Mississippi for use in constructed wetlands for wastewater treatment in 8 . J . 
Daniel, ed. Mississippi Water R.esources Conference. 

Holland, M.M. 1996. Ensuring su~tainability ofnaniral resomces: focu5 on instih1tional 
arrangements. Canadian JolllJlal of Fisheries and Aquatic Sciences. 53 (Suppl. J): 
432-439. 

Holland, M.M., E.R. Blood, and L.R. Shafter, Washington, D.C.: Island Press. 
Smith V.H., G.D. Tilman, and J.C. Nekola. 1999 Eutrophication: impacts of 
excess nulJient inpuls on freshwater, marine, and terrestrial ecosystems. 
Rnviromne11tal Pollution 100: 179-196. 

Moore M.T., E.R. Bem1ett, C.M. Cooper, S. Smith Jr., F.D. Shields Jr., C.D. Milam, and 
J.L. Farris. 200 I . Transpo1t and fate of at:razine and la.mbda-cyhalothrin in a 
agricultural drainage ditch in the Mississippi Delta, USA.Agriculture, Eco:,ystem 
and Enviro11me11t 87 (3):309-314. 

Moore, M. T., J. J. H. Rodgers, J. S. Smith, and C. M. Cooper. 200 I. Mitigation of 
metolachlor-associaled agricultural runoff using constructed wetlands in 
Mississippi, USA. Agriculture, Ecosystems and Environment 84: I69 - I76. 

Nguyen, L., and J. Sukias. 2002. Phosphorns fractions and retention in drainage ditch 
secliments receiving 511rface mnoff and subsurface drainage from agriculhm1l 
catchmenls in U1e NorU1 Island, New Zealand. Agricultun, Ecosystems and 
Envirom11ent 92: 49 - 69. 

Pringle C.M . 2003. The ecological effects ofaltered hydrology and contaminant 
lransporl. Pp 85-107 inAchieving Sustainable Freshwater Systems, edited by 

MWRC Proceedings 
Page 24 



Constructed Wetlands: 
An Edge-of-field Management Practice for Reduction of Coliform s 

C.M. Cooper, S.S. Knight and S. Testa, Ill 
USDA-ARS-National Sedimentation Laboratory, Oxford, MS 

INTRODUCTION 

Coliform bacteria represent the majority of 
pathogen.s comprising the most oommonly listed 
cause for stream impairment in the United 
States. V\mile human sources of coliform 
contamination to streams have decreased from 
improved wastewater treatment plant efficiency 
and replacement of failed septic treatment 
systems, agricultural sources In North America 
have increased with more concentrated animal 
farming practices (Molnar et al. 1997, Beaulieu 
et al. 2001), Even diffuse grazing of pastures 
and rangeland without direct contact to surface 
waters can contribute significant pollutant loads 
to aquatic systems (Line et al. 2000), As public 
concern and resulting legislative controls 
regulating water pollution increase, the use of 
constructed wetlands as a cost-effective, low 
maintenance technology to treat contaminated 
waters has flourished. Constructed wetlands 
have been shown to provide excellent treatment 
to reduce coliform bacteria in waters before 
entering receiving streams. Even so, as of 
1995, few studies of the usefulness of 
constructed wetlands for treatment of 
agricultural non-point source pollution had been 
reported (IM::llC 1998). 

A three year study evaluated a constructed 
wetland system located southeast of Hernando, 
Mississippi, built for treatment of dairy farm 
wastes that flowed indirectly into the Coldwater 
River upstream of Arkabulla Reservoir. These 
dairy wastes contained excessive 
concentrations of fecal coliform bacteria that 
potentially could harm humans using the river 
and reservoir for recreation and fishing. In 
Mississippi, as nationally, coliforms are a 
predominant reason for waterbody impairment, 
and Mississippi's 2002 Clean water Act section 
303(d) list included 15 impaired segments within 
the Coldwater River watershed due to pathogen 
contamination. Our study exemplifies the great 
potential for small size oonstructed wetlands to 
mitigate col iform bacteria pollution from cattle 
production areas. 

METHODS 

The constructed wetland was built by the USDA 
Natural Resources Conservation Service 
(formally Soil Conservation Service) and the 
Agricultural Research Service in central DeSoto 
County, MS. Three parallel wetland cells, 
planted with softstem bulrush (Scirpus validus), 
were monttored for 36 months while receiving 
wastewater inputs from a medium sized (<100· 
head) dairy operation. Measures of physical and 
chemlcal water quality, biological oxygen 
demand, chemical oxygen demand, and fecal 
ooliform bacteria were recorded, and average 
pollutant-trapping efficiencies for the oonstructed 
wetland cells were calculated. 

A maximum of 100 cattle were confined twice 
daily in a concentrated milking operation. Total 
runoff area for the milking parlor and concrete 
loafing area where animals were confined during 
milking was 351.5 m'. Wastes drained through 
15.24 cm (6 inch) diameter PVC pipe to a 42 x 
52 x 3 m deep settling lagoon. The lagoon 
received input from milking equipment and tank 
cleanings, milking barn washings, loafing area 
runoff, and rainfall. Total waste production in 
this area was estimated at 10,336 Ud. 

Exports from the lagoon, representing highly 
ooncentrated cattle waste, had previously 
drained overland into an agricultural ditch that 
drained into the Coldwater River by Short Fork 
Creek about 24.1 km above Arkabulla Lake. 
Wastes were diverted to three parallel 
constructed wetland cells, each 6 m wide and 24 
m long (Figure 1) that allowed results to be 
examined In triplicate. For computing loading 
rates of pollutants, hydraulic load on individual 
cells was 1440 L/d (1 cm over 144 m2 per day). 

Coliform bacteria were quantified monthly using 
the fecal coliform membrane fitter procedure 
(APHA 1992), with modifications of sample 
volumes for sewage water sources. Ultraviolet 
sterilization techniques were used for apparatus, 
and pre-sterilized membrane filters and 
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absorbent pads certified by the manufacturer 
were used for filtering and Incubation. 
Incubation occurred in a water bath with a 
gabled top at a temperature of 44.5 :t 2• C for 24 
:t 2h. Measurements were conducted according 
to general laboratory procedures and are, 
therefore, not suitable for regulatory purpose. 
Mention of a regulatory limit is intended for 
general comparison only and does not imply the 
bearing of data obtained during this study on 
attainment or non-attainment of regulatory levels 
for any waterbody. 

RESULTS 

The constructed wetland totally eliminated 
discharge at 43% of observations (78 of 181 
observation dates). Inflow rates to the cells for 
most of the study period were targeted at 1.0 
L/min. Actual inflows fell between 0. 75 and 1.25 
L/min at 84% of our sampling Visits. Outflow 
was observed during 103 of 181 sampling Visits 
(57% frequency). Of these 103 discharge 
observations, 57 (55%) were at a rate of less 
than 0.75 Umin, and 83 (81%) at less than 1.25 
L/min. Discharges in excess of 1.0 Umin were 
always associated With rainfall events. 

During discharge, the constructed wetland 
reduced the coliform bacterial counts by an 
average of 89%. Average fecal colifonm count in 
water from the dairy fanm entering the 
constructed wettand system was 14,525 
colonies/100ml, more than 70 times the 
minimum numeric criteria adopted by the State 
of Mississippi for acceptable levels in surface 
waters (200 colonies/1 0Cml). The average 
coliform count lealling the constructed wetland 
system was 1,585 colonies/100ml water, still 
above the minimum acceptable level for surface 
waters, but dramatically reduced from initial 
concentrations. Constructed wetland effluent 
flowed overland through a 50 m grassed buffer 
and an agricultural ditch (several hundred 
meters long) further reducing fecal colifonm 
bacterial levels prior to entering natural surface 
waters (Short Fork Creek and Coldwater River). 

A moderate difference in fecal coliform trapping 
by the constructed wetland was observed 
between wanm (May through October) and cool 
(November through April) seasons. Av erage 
concentrations of colifonms leaving the 
constructed wetland during wanm weather (1797 
colonies/100ml) were somewhat higher than 
cold weather exports (1251 colonies/100ml), and 

cold weather trapping efficiency was much 
higher than during the wanm season (Table 1). 
This was true although wanm season inflow 
concentrations were less than half the mean 
number of colifonms observed for cool 
temperature months. 

DISCUSSION 

Constructed wetlands can play a significant role 
in USDA and other farm-oriented programs to 
promote American agriculture's progress in 
enhancing water quality (Swader et al. 1994). 
Pollutant load from non-point sources such as 
agricultural and urban lands may exceed 65% of 
our total fresh water pollutant loads (USEPA 
1989; Clark et al. 1985). Removal of natural 
wetlands from their location between terrestrial 
and aquatic systems has also removed their 
physical, chemical and biological mechanisms 
that were naturally efficient means for preventing 
contamination of our rivers and streams. 
Construction of wettands to replace those that 
have been lost is now a world-wide 
phenomenon, and these replacements range in 
size from residential lot runoff ponds to systems 
encompassing more than 16,000 ha (Guardo et 
al. 1995). 

Through total elimination of greater than 43% of 
discharge and a reduction of more than 89% of 
fecal coliforms entering the system, an average 
of only slightly more than 6% of fecal colifonms 
from the dairy operation exited the constructed 
weUand ponds. Our estimates are conservative 
since we did not include infonmation from tests 
when counts were zero to correct for potential 
extinction effects due to sub-sampling. Other 
studies have reported coliform removal 
efficiencies well above those reported here 
(Coombs and Collett 1995, Rivera et al. 1995, 
Tanner et al. 1995). Design of this system 
included discharge through a grass filter strip 
and a vegetated agricultural ditch before effluent 
entered Short Fork Creek. V\hiile we could not 
measure coliforms where water entered the 
creek, it is likely that only a diminutive fraction of 
fecal coliforms survived to enter the natural 
surface water body. We did find that discharge 
could be totally eliminated at more than 61% of 
observations (nearly 20% further reduction of 
discharge) by doubling the length of the 
constructed wetland cell from 24 to 48 m. 

Development of design criteria and plant culture 
for constructed wetlands at edge-of-field 
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locations is still in its infancy and optimal 
configurations for specific regions of the United 
States and types of pollution Will require 
extensive study. Elimination of coliform bacteria 
In constructed wetlands is dependent on several 
factors including solar radiation, diurnal 
variations in pH and dissolved oxygen, and 
water retention times (Tanner et al. 1995). 
Conditions that remove suspended solids have 
also been shown to greatly reduce coliform 
bacteria concentrations (Palmateer et al. 1993). 

Solar radiation has been proven to effectively 
disinfect water contaminated with coliform 
bacteria and other pathogens. Tests conducted 
to examine the efficacy of solar disinfection for 
drinking water In undeveloped regions have 
shown that better than 98% inactivation of fecal 
coliform bacteria can be obtained by exposure to 
sunlight for only one to two days (Wegelin et al. 
1994, McGuigan et al . 1999). Both the heat and 
violet-ultralliolet radiation prollided by sunlight 
inactivate coliforms, but a temperature threshold 
of - 50 °c was observed for heightened 
bacterial inactivation. The relatively weaker 
effect of tern perature on coliform reductions was 
also observed by Zdragas et al. (2002) when 
they examined enVironmental conditions related 
to disinfection of wastewaters. Solar treatment 
is so effective that the World Health 
Organization (VIA-lO) has endorsed it as a "Point
of-Use" method for drinking water treatment, 
using only sunlight and clear plastic (PET) 
bottles (McGuigan et al. 1999). 

In this study, the much larger numbers of fecal 
coliforms leaving the dairy farm during cool 
months could be related to several factors, 
including tendency of cattle to remain longer In 
the milking and loafing area during cooler 
temperatures and decreased intensity of sunlight 
exposure on lagoon wastewater. Better trapping 
efficiency during cool months, despite 
heightened Inputs, is most likely associated with 
increased sunlight penetration into the water 
column in the constructed wetland treatment 
ponds during months when aquatic vegetation is 
dormant. Zdragas et al. (2002) found that the 
ability of solar radiation to reduce coliforms is 
much greater at lower temperatures 
encountered during winter months. 

The role of aquatic plants in water quality 
improvement has been thoroughly documented 
with respect to remoVing many offending water 
contaminants (Tanner 1996). Plants may play a 

role in coliform bacteria reduction also, but no 
precise action is known. Tanner (2001) 
summarized pathogen removal rates between 
paired vegetated and non-vegetated subsurface-
flow constructed wetland studies and reported 
that slightly better removal of bacteria and 
Viruses occurred in vegetated wetlands. 
Differences were attributed to setUing, 
adsorption, protozoan grazing, and possible 
release of anti-microbial compounds by plants. 
The generally more oxygenated state of 
vegetated wetlands can favor bacterial-feeding 
ciliate protozoan communities (Decamp et al. 
1999). Rivera et al. (1995) found that even 
though coliform removal in un-vegetated 
constructed wetlands is greater In gravel-beds 
than soil-beds, differences due to substrate were 
not significant In the presence of aquatic 
vegetation. 

The placement of the constructed weuand in this 
study took advantage of local landscape 
features and used overland fl ow through a grass 
buffer strip and a vegetated agricultural ditch. 
Although parUy fortuitous, these processing 
features should be considered as aspects of a 
holistic design strategy for edge-of-field 
weUands. Initial scoping of wetland designs 
should seek to creatively leverage all local 
landscape features to enhance coliform 
processing. Low cost drainage net modifications 
that reduce concentrated flow, allow opportunity 
for vegetative contact , lengthen water residence 
time by increased travel length or ponding, or 
provide for greater solar radiation should always 
be considered. 

Both scientists and regulators need more 
efficient molecular methods for pathogen and 
indicator organism detection (methods currently 
require extensive sample processing and 
purification before application). Future tracking 
techniques will prollide more specificity in 
determining sources and such identification will 
allow more specific and appropriate remediation 
efforts. Innovative and promising new ideas 
include: fiber optic biosensors, hand-held 
advanced nucleic acid analyzers, biochips, DNA 
micro-array, and real-time PCR. These 
techniques could also assist us in tracing 
coliform bacteria observed from unexpected 
locations (Rivera et al. 1988). However, until 
these techniques are more economical and 
available, we will continue to rely on culture-
based assays to alert us to waterbody 
contamination. In either case we can make use 
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of existing generalized and affordable 
preventative measures placed at strategic 
locations to protect our waters, including use of 
edge-of-field constructed wetlands. 

CONCLUSION 

Major improvements have been made in 
controlling point sources of coliform bacteria 
entering our surface waters since the passage of 
the Clean Water Act in 1972. It is increasingly 
evident that non-point sources, including 
agricultural animal production lands, are 
responsible for continued widespread presence 
of pollutants, Including coliform bacteria, in our 
surface waters (USEPA 1995, Payne 
Engineering and CH2M Hill 1997). Until 
advances in microbial source tracking allow us 
to differentiate between watershed sources of 
coliform bacteria, we will continue to conjecture 
at determinations of waterbody impairment and 
appropriate response. In the Mure, source 
tracking Will make it possible to quantitatively 
determine sources of coliform bacteria and allow 
us to better target domestic sites with installation 
of edge-of-field constructed wetlands or other 
suitable mitigation techniques. Despite early 
recommendations for research into the use of 
artificial wetlands to control nonpoint source 
pollution (van der Valk and Jolly 1992), little 
specific research has been developed and 
implemented wtthin the landscape for that 
purpose. 

Placement of constructed wetlands at strategic 
locations on cattle grazing lands and other 
locations where elevated fecal coliform bacteria 
concentrations occur in runoff would be 
extremely beneficial in lowering their 
concentrations In surface waters throughout the 
state, reducing hazards to humans. A 94% 
reduction in total fecal coliform counts in effluent 
water from a dairy farm , with an effective 
constructed wetland size ofonly 6 m x 24 m and 
Inputs representing worst-case conditions, 
points toward a very affordable, feasible option 
for landowners. In addition to mitigation of 
coliforms and other non-point source 
contaminants that threaten our surface waters, 
use of constructed wetlands for edge-of-field 
protection or water quality also provides us with 
opportunities to provide additional Wildlife habitat 
and restore ecological function that has been 
lost. 
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Table 1. Fecal co(iform counts (mean number of 
colonies/100ml water) entering and leaving the 
constructed wetland ponds and percent 
reduction bver the 36month study period. 

ALL MONTHS WARMMONT"' COOLMONT!iS 
ll'IFLOW 14-. ... ij7t16 ~,uiatJ 
OOTFLOW 161!5 1797 1251 
;i. REDUCTIOI' ae oe!ii 79!>0'1; !l31mi, 

Figure 1, Photograph of the three parallel 
constructed wetland cells studied for efficiency 
of removal of coliforms from dairy farm waste. 
Each wetland cell 1s 6 m wide by 24 m long. 
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USE OF MISSISSIPPI RIVER ALLUVIAL AQUIFER DECLINE RATES FOR 
ALLOCATION OF EQlP FUNDS 

F. ELIZABETH LAMASTUS-STANFORD AND DEAN A. PENNINGTON 
MTSSISSTPPIDELTA JOINT WATER MANAGEMENT DISTRICT 

The Farm Security and Rural lnvestmcntActof2002 rein:,iated the Environmental 

Quality Incentiveti Program (EQIP) to provide a COntiervation programs thai promote 

agriculn1rnl production and environmental quality as harmonious goals. EQIP provides 

financial and technicaJ a.~si stance to producers who implement structural and 

management conservation practices on agricultural land. The Mississippi Nanrral 

Resow·ces Conservation Service (NRCS) identifies resource concerns and assessments 

that determine the focus ofEQIP funds allocated to the state. In 2003 $1 1million was 

allocated to Mississippi for conservation practices and an additional $1.1 million was 

allocated for the specific concern ofgroundwater conservation. The water quantity 

resource concern is concentrated primarily in the north and central portion of the 

Mississippi Delta. To allocate the $1.1 specifically for water quantity conservation, 

certain areas were targeted ba.sed on the decline rate of the Mississippi River Valley 

Alluvial Aquifor (MR YA), which ranged from 0.13 ft to 0.88 ft loss per year. Based on 

Ute decline rate ofUte MRVA, ilie region was divided into quartile and assigned a 

severity index (weighting factor) ranging from I, for the lea.'\tsever decline to 4, for the 

most severe decline. To determine the allocation per iicre, the total mu11ber ofacres in 

each region was multiplied by ilie severity index, Ute products totaled, and divided by 1.1 

million. This resultedin $0.62, $0.42, $0.3J, and $0.16 per acre fo.r region 4, 3, 2, and I, 

respectively. Because no defiJtitive bow1dacies for ground water plruming wuts exist, to 

plan for effective distribution ofUte allocated funds, Ute regions were merged wiili live 

major surface watershed planning units, including the Upper Sunflower, I .ower 

Sunilower, Bogue Phalia, Steele Bayou, Yazoo River, and Quiver River. Based on ilie 

number ofacres in each region Utal foll wiUrin the watershed plarming unit a tolal 

allocation amount was determined for each planning unit. However, because EQTP funds 

ru·e distributed and allocated tlu·ough cow1ty offices, the watershed plru111ing units were 

subdivided by C-Ounty, with a specific amount being allocated lo each county for a 

speci fie watershed. 
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ABSTRACT 
Total coliform and/or Escherichia coli (E. coli) contamination ofsurface water is often attributed 
to loading of fecal material from agricultural, urban and residential areas or warm-blooded 
wildlife. The Homochitto Ranger District of the US forest Se1v ice in southwest ivlississippi is 
developing a IO00-acre lake (Okhissa Lake) in the Porter Creek sub-basin. The lake is being 
created by damming Porter Creek, which flows norlli lo Ute Homochitlo River. This lake will be 
used mainly for recreation and is projected to receive 235,000 visitors annually. Clean, high 
quality water is necessary to support Uris use. Private residences are located along roads in the 
headwaters ofthe sub-bas.in. Public sewage treatment is not available and many ofthe 
res.idences have no or ineffective septic systems. To evaluate the potential effects of the current 
residential development with respect to State and the US Environmental Protection Agency 
water quality standards for coli form bacteria and F.. coli, we embarked on a monitoring program 
prior to damming ofPorter Creek. Ten monitoring stations were established within the Porter 
Creek sub-basin where grab water samples were collected weekly in pre-steril ized bottles. 
Samples were then analy-.:ed for total coliform and E. coli using coWert® substrates. Samples 
were emm1eratcd by the absence or presence in Quanti-Trayn• cells aJKI the data expressed as 
most probable number (MPN) per I00 ml .. To determine saturated, K,.1, and unsaturated 
hydraulic, K(h), conductivities, double ring and tension inflllrometers were used, respectively. 
Results indicated spatial and temporal distribution ofeither tot.al coli form or F. coli in the sub
basin. Total coliform and E. coli were consislenlly higher (p<0. 05) in Lhe northern tributaries 
than those in the south. Hydrologic characterization ofsoils in the sub-basin showed significantly 
higher K.a1 and K(h) in the souU1 of the sub-basin Ulan Lhe north (p<0.05). Preliminary results 
indicated that the presence ofconsistently higher number oftotal coli fom1 and E. coli in the 
norlhernport.ion of Ute sub-basin was due in part lo subsw'ii1ce transport U1rough the coarse 
texture soiJs in the south since the direction of flow is north. Further studies are underway to 
measure E. coli b:avel lime and lo characterize subsurface hydrology using non-invasive 
techniques. 
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Im11rovcd F.sttmation ofN utricnt and Pesticide Runoff Losses from GolfCourses 
and Re~idential Lawns in the South Atlantic-Gulf Region 

Joe Masse/, Barry Stewart*, KevinAnnbrust*, Alton Johnson**, and Cade Smith* 

' Missis,ippi State University; Missis,ippi State, MS 39762 
""Alcorn State University, Alcorn State, MS 39096 

Turfgrnss is the most intensively managed biological system in metropolitan 
areas. Currently, over 40 million acres of turf are e;;timate<l to he growing in the U.S. 
Following the national trenc~ turf acreage .in Mississippi is expanding at a steady pace. 
Mississippi currenUy has an estimated 800,000 residential lawns comprising 300,000 
acres and over 2,500 athletic fields. These figUJes do not include turf maintained at city 
parks, schools, churches, cemeteries, ail])orts and indu5trial/commercial sites. An 
estimated 170 golf coarses (ca. 15,000 A) are also in operation in MS. In addition, about 
2 million A of highway roadsides are maintained in Mississippi, a significant portion of 
which are treated wi.U1 one or more herbicides each year. In terrns of residential lawns, 
homeowners tend to apply more chemical than is necessary for effective pest control. As 
a result, the 115e of pesticides by homeowners may be as high as 5 to l O lbs. per acre, 
almost ten times more chemical per acre than is used by farmers. The intensity of 
pesticide and nutrient use, coupled with the anticipated continued growth in turf acreage, 
suggests Ural concerns over the in1pacls of turf chemicals on surface water quality will 
likely increase over time. Unfortunately, current models used to estimate nmoff from 
managed turf are nol accurate, making it difficult to allocate between agricultural and 
urban sources of contamination and to assess overall turf impacts on water quality. This 
project is <lesigned to improve the estimation of turf chemical mnoff from wam1-season 
turf managed according to conditions folllld on golf course fairways and residential 
lawns. Runoff plots planted in Bermudagrass and Zoysiagrass are heing established at 
MSU's Blackbell Experiment Station and will be used lo study U1e etlects of grass 
species and management regime on turf chemical nmoff tL'iing simulated rainfall. 
Laboratory studies are being conducted to assess the role of thatch on pesticide runoff. 
This research is part of a larger study that includes Maryland, Oklal1oma, and Minnesota 
that is designed to detem,ine regional differences in tmf chemical runoff. Each study site 
will use the same EPA-approved field protocol that involves the application of 2,4-D 
herbicicle, flutolanil fungicide, and chlorpyrifos insecticide 
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ABSTRACT 
The llSe of farm reservoirs for irrigation 1s gaining popularity In the Mississippi River Alluvial 
Plain (MRAP). Due to depletions of several aquifers, many counties within the MRAP have 
been labeled as critical-use groundwater areas. To alleviate the stress on these aquifers, many 
farmers are implementing storage reservolrs for economic reasons. Their benefits, however, 
extend into the surrounding erwlronment. When used with a tailwater recovery system, 
rese,voirs have the potential to accumulate nutrients, which decreases the need fur fertilizer 
application with irrigation water. Also, potentially harmfUI contaminants (e.g. pesticides) are 
trapped and transformed within the rese,voir, rather than being released through drainage into 
rece.iving systems such as ,lakes, rlvers, and streams. Roberts Reservoir is an intensively used, 
49 ha storage rese,voir, located in Poinsett County, Arkansas. Water quality analyses and 
toxicity assessments of the rese,volr and surrounding ditches indicated a stable water quality 
e1wiro11ment, with no obse,ved toxic effects The results ot th is stvdy suggest that·water 
released into a local receiving stream poses. no contaminant rlsk and rould be maintained for 
irrigation purposes, thereby reducing the need for groundwater deplet1on. 
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ABSTRACT 

This paper examines planfonn changes in tlie Pascagoula River and tributaries insoutheastern 
Mississippi, and its re lationship t.o natural factors and human modificat.io ns in the basin . Planfl)nn 
changes were examined o n the Pascagonla River and for pottions of the Leaf River, 
Chickasawhay River, Bowie River, Thompson Creek and other tributaries that are wide enough to 
have two ba11klines visible on multiple series of maps and ae1ial photography. The planform 
changes are evaluated fora minimum ofthree periods inclucling Jw;toric maps from 194 7-51 
(partial coverage), aerial photographs from 1955-1960, maps from 1982-86, and cligilal 
orthoquadmngles from 1992-96. In Uris large basin, floodplain land \!Se/land cover is diverse, 
including national forests, commercial forestry, mining, urbanization, and agriculture. Spatial 
pattenu; and temporal relalionsltips of fiooclplain changes am! channel im,tability will be used to 
evaluate which locru.i.ons arc most 1mstablc, whet.her modified portions are expcricnciJlg more 
i11stabilit.y t.han less modified po1tions, a nd evaluate car1se and effect. interact.ions. To better 
quantify change, we have developed and applied various meU1ods to determine llrigrati.on and 
changes in chamte! morphology using Geogn1pltic Information Systems. 

OUr preliminary assessmem suggests that, especially in lhe upper portions oflhe Leaf and 
Chickasawhay Rivers, there is more charmel rrrlgration and cutoff fomialion inareas ofhigl1 
sim1osity aJ1Cl abundant sru1d bar area t.han in st.might reaches wit.h Ii mited sru1d bar area Such 
wrilltions ill sinuosity and sand bar format.ion, in uu,1, are likely in.tl1Jenced by geologic fl!ct.ors, 
including lilhology and structure. Reaches with sand and gravel milling, either ill the adjacent 
fioodplair4 channel or a m~jor tributaiy, show more charmel change thart other land uses. Notable 
examples include the Bowie River, altered from clirect mining of the channel bed and margins, 
the Leaf River, which shows changes just up5trcam ofHattiesburg and lhe confluence witJ1 the 
mined Bowie River, and Thompson Creek, where Jloodplain mining has facilitated charmel 
change by pit divension,. Reseaidt on spatial patterru; artd tempo1al relationships ofJloodplain 
and chruu1el changes is im11on.an.t it bccansc chrumel irwabtJ ity has numem1ts rrunificaiions to the 
environment and private and public properties . .Elucidating and quantifying these relationships is 
important ill defining and refilling state regulations regarding floodplain activities. 
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COASTAL DEVELOPMENT AND WATER QUALITY: ASSESSING THE HEALTH OF 
MISSISS!Pf>I'S ESTUARiNE WATERS 
Christine Trigg and Harriet Peny. Center for Fisheries Research and Development, Gulf Coast 
Research Laboratory, University or Soulhem wlississippi, Ocean Springs, Mississippi 39566. 

During 1968/69 a large-scale study was conducted to provide baseline data on th.e hydrological 
and biological characteristics ofcoastal waters ofthe Mississippi Sorn1d (GulfofMexico Estuarine 
Tnventory and Study, Missis.5ippi). Tn 2000/01 forty-two of the original 1968/69 stations were re
visiled and waler and fawra were sampled using protocols developed duririg lhe earlier study. Dala 
from the two studies were used to assess changes in water quality and to evaluate the environmental 
heallh of coastal waters. Monlhly samples were laken (May Urrough April) ir1 the Pascagoula, 
Biloxi, Bay St Louis, and Pearl River estuaries at five salinity zones. Hydrnlog-ical parameters 
measllfed at each site were temperature, salinity, and dis.~olved oxygen. Ammonia, nitrite, nitrate, 
orU,ophosphate, arid total phosphate concentrations in surface and bottom waler samples were 
analyzed at the GalfCoast Research Laboratory. Waterquality parameters were evaluated by study, 
estuary, and salinity zone. Salinities were significantly higher at most stations in J968/69 than in 
2000/0 I and in both studies salinities were generally lowest in the western Sound Nitrate and nitri te 
concenlrations were significantly higher while tolal phosphate and orlhophosplratelevels werelower 
in 2000/01 when compared to the earlier study. In 2000/01, salinity, pH, and dissolved Oll.')rgen 
levels increased and nitrate and nitrite levels decreased from inshore to offshore stations. Tncreased 
nitrogen loadirig is apparent and related lo industrialization and rapid population growlh in soulh 
Mississippi. Observed decreases .iJ1 levels of phosphate may be attributed to the ban of these 
compounds in detergents. Data from these and 0th.er studies wi ll be used to develop numeric water 
quality crile1ia lhal can be incorporated into Stale waler quality st-andards. 
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'\,Vatel' Saving Irrigation: A Vital Step In Im11rovlng the Su~talnablllty of Rice (Oryzasatii•a) 
Production in the Mis~issi1>pi Delta , 

M. Cade Smilh*, Joe Massey*, Jim Thomas*, Martin Locke ' , Justin Nonis41 
, DeanPenniriglonn, 

and Alton Johnson/HI 

"'Mississippi Stat.c University, Mississippi Stat.c, MS 39762; "'tJSDA-ARS, Oxford, MS 38655; HIJSDA
NRCS, Clarksdale, MS 3$614; "Yazoo-Mississippi Delta Joint Water Management District, Stoneville, 

MS 38776; HnAlcom State Univensity. Ale.om Stale. MS 39096. 

The 2002 Yazoo-Mississippi Joint Water Management Oistrict (YMO) water u~e survey data 
1suggest lhal Mississippi rice producers use on average 9,600 m3 waler 1ta· yr·1 (38 A-in yr"1

). 

Rice accow1ts for only 1'1% of the irrigate crop area in Mississippi but consumes approximately 
40% of U1e waler dedicated lo crop inigation. Slow aquifer recharge rates combined witli intense 
agricultmal withdrawals have resulted in a 27 cm yr·1 ( 10.5 in yr·') average decline in the alluvial 
aquifer in parts of the Mississippi Delta. 

Tn 'conventional ' rice cul tivation, water is di stributed through levee gates. This requires that each 
preceding paddy be overfilled to deliver water to each subsequent down-slope paddy. An artifact 
of levee-gate water distribution is that 1ice fields remain filled beyond holding capacity for a 
large portion of Lhe growing season, resulting in negligible rain-holding capacity. Therefore, 
conventional rice water management may result in excessive water consumption, tailvvater 
nmoff; and non-point source pollution. 

This project aim~ to reduce water use and non-point source pollution in rice production by 
coupling multiple-inlel irrigation wilh iot·ermittent Oooding. Multiple-inlet irrigation uses 
gated polypropylene pipe to dis tribute water to each paddy individually. With intermittent 
.flooding, Ute paddy water is allowed to natw·ally decline through evapotranspir.ition until 
approximately ½ ofthe soil surface ofeach paddy is exposed. Extension and research personnel 
have introduced the comhined inigation practices to Arkansas and Mississippi producers and are 
adapting Lhe practices lo Lhe grower's requirements so as lo better understand soil and climatic 
effect,s on season-long water use, pumpi.ng costs, pest levels, and rough rice yields. 

l n 2002, adjacent production fields in Coahoma County were managed using either multiple
inlet Irrigation with continuous flooding or multiple-inlet Irrigation with intermittent 
flooding . Mid-season leaf tissue analyses from each flooding system suggest that intermittent 
flooding did not affect rice fertility requirements. Flood management also did not affect weed, 
insect, an<l disease pests. Mulliple-inlet irrigation with conl'inuous Oooding consumed 7,100 

3 1 1 1m water ha· yr· (28 A-in yr· ). This represents a 27% reduction in water consumption 
compared to the Mississippi averafc. Multiple-inlet irrigation with intermittent tlooding 

3consumed 4,600 m water ha I yr ( 18 A-in yr"1
) and represents a 50% reduction in water 

corisurnptiun compared lo Ute slate average. Continuous!y llooded rice production yielded 
10,300 kg ha·1 ( 183 bu A"1

) . Intermittently flooded lice yielded 10,600 kg ha-I ( 189 bu A" 1) . 
These preliminary results suggest Uta! multiple-inlel irrigation wilh intermittent Iloo<ling could 
reduce the amo1mt ofwater consumed in rice production, reduce production costs, increase rain
holding capacity and, Lherefore, de<:-Tease non-point source runoil~ while maintaining acceptable 
rice yields. 
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lfnderrtanding the Llnl< between an Aqua11c Shoreline a nd an Urban Development: A 
Mis~ion of Planning and Management. 

Over the pas( 15 ye:m;, 1he issue ufwa(c,r qualily an<l wastewater managerue1ll. 
sWTounding an urha:n environment hm; lead to change.~ ·in the way urhon areas are (lealing wi th it~ 
,;urface water and control over ur.tinage pallems. Cities an<l <levelopmenls I.hat tiil along aquatic 
shorelines are beginning to see the need for management-and p.l:a.nning ofU1eir water, but have to 
deal with issues that have a clirec1·correlation to design elements ~~tl,in the city itself. However, 
a new t1rban development along anilqllati.c shoreline c.iu, be desi_gm:d with water rnanagemMt 
ancl planning stmtegies in place to help protect water qual ity . 

.Ln July of2003, .a pre[iiuinary ma$ter plan was presented to·state and local leader$ of 
Smith. Rankin, Jas)J<ll', Jones Cowity for lhe developrnenl ofa recreatiunal facilily lnoluding a 
lake. The 900 acre Jake and surrounding i.Jl.frastructurc will be a mixtllre ofbl~in,ess, residential, 
-and tmrlitional J111.rk atrno.~pheres wrthin the Rienville Na1ional Forest, and will he planned with 
the ideati ofsu.slai.ruii>k ma.rrngi::mi::nl arn.lplanrnng prautioes lo <1nsute a high waler qualilywillun 
the lake and the surrqunding creeks; and tributaries. This projeci- will be ikvnted to I.he 
development of a marina and cornmen.ial arc::a and will mimic the i<lc::as ofNew Urbanism while 
pay1.11g 1!ttention to tlic issues ofwater1pana_gcment ru1d plrumi.J1g along tlte aquatic shoreline. A 
full y designed Tl11lster Md water management plan wil l he cteveloped for the lake. 

R'eyworrk W-ater Quali ty, M-anngement 1111d Planning, Susminability, Wastewater, & 
Cons~rvation 
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Geospatial Applications for Water Management Agencies in the Upper Pearl 
River Basin. M.L. Tagert, J.A. Ballweber, and D.R. Shaw. GeoResources 
Institute, Mississippi State University, Mississippi State, MS 39762. 

Mississippi State University's GeoResources Institute (GRI) has been 
cooperating with state and regional agencies to apply geospatial technologies to 
address diverse water quality and public health concerns in Mississippi. The GRI 
is working primarily with the Pearl River Valley Water Supply District (PRV'NSD), 
but also with other state agencies including county governments, rural water 
associations, private landowners, and others on a growing effort in the Upper 
Pearl River Basin to demonstrate the potential of geospatial technologies for 
improving the efficiency and effectiveness of land and water resources 
management. Much of the information necessary for watershed planning and 
management has a spatial context and is ideal for inclusion in a geographical 
information system (GIS). Also, much of the same data are important for 
decision-making regarding both water quality and public health protection. Many 
national GIS data sets are available from the Environmental Protection Agency 
and other agencies. Although these large-scale data sets are often helpful, the 
GRI has focused on data layers that are very site-specific. Examples of such 
data layers are water and waste\/Vater infrastructure features, locations of 
National Pollution Discharge Elimination System (NPDES) permits, impaired 
\/Vaters on the 303(d) list, and high-resolution, orthorectified imagery, to name a 
few. This project is allowing the GRI to work cooperatively with the PRVWSD 
and other Upper Pearl River Basin stakeholders to obtain and organize remotely 
sensed imagery and other relevant data into themes that can be layered in a 
GIS. Furthermore, as data layers are obtained and developed, they can be 
shared with other local stakeholders, such as county GIS personnel. The GRI 
has learned that, as other agencies voluntarily share geospatial data, it is an 
ideal opportunity to build or expand locally led watershed advisory groups. In the 
Upper Pearl River Basin, geospatial technologies are already leading to 
increased efficiency, better planning, and more accurate decisions regarding 
\Nater quality, water quantity, and public health concerns. 

Keywords: Management and Planning, Water Quality, Water Supply 

Poster 

Presenter: Mary Love Tagert, Extension Associate, GeoResources Institute at 
Mississippi State University 

Address: Box 9652 
Mississippi State, MS 39762 

Graduate Student: Plant and Soil Sciences 

MWRC Proceedings 
Page 39 



The Under Lying Link Rctw(.'('n Re~deut1al Storm,vater l\fanagement 
Design and Developnumt By A M:uaaged Body Of Water. 

Sinpe 11,e beginning of time, basiu human needs have not t!J:uiged. There is still ·.t 
need for woter, fond, energy, anrl oir. &I, then why i;; the pho.<;e of "slL~m.illllbil ity-
1.iecmuing such a presence in m.ir sod.t:ly? Two contributiI1g factors ure ",miucreasein the 
world's population and consumption praotices that ate exceeding the caa-ying capacity of 
the worlcl's ecosystems. The;;e problem;; are damagi ng tl1e naturol ;;y;;lems that nnce 
supported the world. Research needs to be cond11cted to review current devclopmont 
metl1ooologies and identify a.teas that coulrl be improved, especially with regard to 
impacts on water qualify. 

This sludy will fo~U'l on a pol,mlfal development i.n Smith County, Mississippi. 
The site is located i.n the llicnvillc National Forest, wlierc a preliminary master plan for a 
900 acre recren1ional lake hns been designerl The lake will offer featnres that include a 
high antl low i.mpa,cl ui:vclopm,ml typc:s. The acllvilfos associalt!d wi1h lhe hlgh impact 
include a confe.rence center, tmrlitionnl and RV Qllmping, pionicldng, small cahins and 
lodging. anda m<lrina. The low impacl aclivitles inclu.cld fishing, boating, bv1rirrunlng. 
biking, hiking,liorscbacJ< ridii~ and primitive camping, 

The <lesignwill examine infu.stmctnre prnctfoes as they apply tc, ~ustainahl~ 
residcntiol design. 'f lus report will be 1)0ft ofan tutdergraduatc oaµ,tone project .in the 
Department ofl .ancl,C11pe /\rchileollm? :n Mississippi Strite Univer,;ity whfoh will focus 
on lhti research and irnpl,:rmmlalfon ofslonn wc1ldr and waslti wali:r practices as !hey 
opply tr> residential oornm1mity <lesign. Thi.s presentation will pr(\\lide specifi c,~ on how 
new dc:sign prn,;tieos c<IJl be: incorporc1led into fulure ma.i,ler planning awroachtls that will 
be sostaina blc and ftu1ctio11al 

Keywords; Water Quality, ~ydmlogy, Sustainability, Wastewetcr, and Sw:J;'-tee W.1ter 
PrcS<'ntatlon: Poster and Presen1ntion 
rre~nter; RyID V«rso:m:m 
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Shallow groundwater dynamics In the root 1.one of a cypress wetland 

Brian Laine, Gregg Davidson and Stephanie Rice 
University oflvlississippi, Department of Geology and Geological Engineering, Carrier 118, 
University, MS 38677 

The hydrology ofthe root zone in a forested wetland is being studied as part ofa larger 
investigation of the hydrologic controls on wetland tree growth. Previou~ studies have shown 
that bald cypress trees (l'axodium. di$1ichum.) undergo accelerated growtl1 during years ofhigh 
precipitation, including trees growing in saturated sediment~ where water should not be a 
growtl1-limiting fuctor. The primary cause ofgrowtl1 may be a precipitation induced infltLX of 
nutrients into lhe wetland or alteralion ofroot-zone chemistry that enhances nutrient uptake. 

The work is being conducted in Sky Lake in the Delta north of Belzoni, Mississippi. Sky Lake is 
an oxbow lake surroWlded by a cypress dominated wetland. Oulilow is ephemeral, and 
occasional backflow from the Yazoo River results in tluctuations in lake level in excess of4 m 
creating Ute polenlial for seasonal reversals in shallow groundwater llow. A series ofnested 
piezometers are employed to measure spatial and temporal trends in bulk chemistry, oxygen 
isotopic composition, and hydraulic gradient in the upper 3 m ofsediment The potential for 
differentiating lake and regional groundwater sources in the root zone is enhanced by seasonal 
changes in the chemistry and isotopic composition ofthe lake water. During the summer the 
lake level falls below lhe outlel resulting in evaporative concenlralion ofdissolved solids and 
isotopic enrichment of 180 . During lhe previous winter, Ute 6180 oflake waler was similar to 
mean precipitation (near -5%oVSMOW), but rose above 3%o in tlie stu11111er. 

Prel.i.111i.na1y results indicate that the shallow flow system is complex. During tl1e previous year, 
the lake level remained higher than the hydmnlic head in all the deeper piezometers, but the 
vertical gradient wiUti.n Ute top 3 m or sedintent parlially reversed on multiple occasions. Several 
partial reversals in the horizontal gradient have also been obse1vcd. The partial reversals suggest 
Utal pockets ofhigher permeability exist wiUti.n Ute sediment witit variable connection witit Ute 
surface. Observed changes have correlated more witl1 lake level than with precipitatio1t 
Significant changes in the chemistry and isotopic composition ofpiezometer samples have been 
observed, but thus far wi.tl1out a clear indication ofthe source or transit time ofthe water present. 
Slug tests and tritium analyses are planned to help determine sources and travel times. 
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Characterizing Soil Hydi-aulic Properties in an Agro-F'ore~1ry Eco~-y~tem 

Key Words: Hydrology, Models, Soil quality 
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Teferi Tsegaye, Alabama A&M University 
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ABSTRACT 
Land use impacts on soil quality may be characterized by changes in soil hydraulic 
properties. These properties directi y influence infiltration as well as runoffand erosiort 
Soils in the major land resource area, the Southern Mississippi Valley Silty Uplands 
(MLRA 134), have high erosion potential and land use practices atlecl soil loss. We 
measured hydraulic properties of the dominant soil (Memphis silt loom) in MLRA 134 on 
aqjacent mixed forest and pasture sites at six locations each in the Rodney Lake sub-basin 
ofthe Coles Creek watershed. The forest and pastme have been in existence for 100 and 
30 years, respectively. Unconfined infiltration measurements were carried out in a rang of 
descending tensions, 15, 10, 6, 3 cm ofwaler, using 20 cm disc lensioninliltromelers. 
The Wooding's model for steady state flow was used to estimate soil hydraulic 
conductivity, K(h). Soil cores were also extracted from the 0-15 and 15-30 depllis lo 
determine bulk density (Pb)-The \VP4 PotentiaMeter® was used to measure soil water 
retention values, 0(h), at the two soil depths and the van Genuchten-Maulem model was 
fitted to the experimental data using the optimization computer code, RETC. Results 
from this study showed significantly higher K(h) in tl1c forest than tlie pasture for botl1 
experimental and fitted d'l.ta (P<0.05). Water content from Oto -33 kPa was significantly 
higher in 1hc forest than the pasture, however, water retention in the forest was 
significantly higher at all water potentials at the 30-cm depth (P<0.05). The van 
Genuchten-Maulem model showed a good fit to lhe experimental water retention data for 
both land use with root-mean-squares errors (rmse) of0.0201 and0.0249 in the forest at 
lhe 0-15 cm and 15-30 cm soil depths, respectively. Respective rrnse for lhe pasture for 
tl1c 0-15 cm and 15-30 cm soil depths were 0.0464 and 0.0357. 
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PRESENCE OF ATRAZINE IN WATER IN A RECHARGE AREA OF 
GUARANY AQUIFER IN BRAZIL 

A. L. Cerdeira1, N. A. 0. Santol , M. C. P. Y. Pessoa1, S. Smith Jr3, V. L. 
Lanchote2. 

1Embrnpa, Research Division ofthe Bn1z ilian Mi nisby ofAgricuHnre, Jagrnui1ma, 
SP, Brazil. (ccrdeira@cnpma.emhrapa.br) 

2P!tarrnacy School ofSao Paulo University, USP, Ribcirao Preto, SP, 14100, 
Br&:il. 

'USD/\-ARS- National Sedimentntion Laboratory, Oxford MS, USA. 

ABSTRACT. The region of Ribeirao Preto City located in Sao Paulo State, 
southeastern l:lnv;il , is an impmt11nt !lligarcanc, soybean and com procluci11g area. 
This region is also an important recharge area for groundwater of the Guarany 
aquifer, a water supply source of the city and region. The cultivation ofgrain and 
mgar cane in thi s area demands the frequent 11.~c of the herbicide atra1:inc (2-
chloro-4- (ethylrunino)-6-Qsopropylamino)-S-triazine). This research wa~ 
condu cted lo characterize the potential contamination of groundwater wit.IL 
alntzine. Surface water samples were collecle<l in the Esprniado stream in a 
selected watershed on the area, dwing Ute years of 1995-1998. Groltndwater wa;; 
also collected in wells located at the edge of the watershed during the years of 
1999 to 2002. The water samples were analyzed by IIPLC (High Performance 
Liquid Chromatography) procedure followed by GC-MS for confinnation. To 
predict the atrw.inc leRching in the ru:ea, the Ci\111~5-94 (Chemical Movement 
Layered Soil) simulation model was a.lso u.~ed. Ort.ly forn· atrwfoe detcctjons in 
sw-face water were found, however, none or U1em were confumed wilh GC-MS. 
No atrnzine was detected in ground.water samples. The results obtained by lhe 
CMLS-911simulations predicted that atr&ine, afier four years from the appli~-alion 
date, would not have reached the depth ofthe confined aquifer ( 40m). 

I NTRO() lJCATION 

Ribcirao Preto City, Sao Paulo State, 13raz.i1, is an important sugarcane, soybean 
and com µrOdltcing area (Fig. 1). Titi.s region is also an important recharge area 
for groundwater of the Guarany aquifer, a waler supply source of Ute city and 
region. It has an intercontinental extension that reaches areas of eight Brazilian 
states, as well as significant portion of other South American countries like 
Argentina, Uruguay, and Paraguay, with a totnl area of approximately 1,200,000 
Kni2. 
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PACIFIC OCEAN 
o de J nnelro 

Figure l. Map of South America showii1g the city ofRibeirao Preto, Brazil , 
where the watershed is located. 

Due to the high penneability of some soils present in this region, the high 
mobility of I.he herbicides and fertilizers applied, and being a recharge area. it is 
important. to irwcsligate t.h.c potential transport ofapplied herbicides r.o underlyi ng 
aquifer. Since the crops in this area demand the freqnenL use L)f the herbicide 
atraz.ine (2-chloro-'1- ( ethyl amino)-6-(isopropylam.ino )-S-lriazine). th.is research 
was conducted lo characterize the potential of Lhe herbicide leaching to 
groundwater. 

MATERIAT, AND 1\IIF.THOOS 

Nine surface water sample points were selected in the F.spraiado st.ream in Uic 
wate1shed. Samples were collected, during the years of 1995-1998, in the months 
of October, November, December, January, March, May, and July of each year. 
FOlLr replications were collected at each s ite for a total of 252 s ,rrface water 
samples per year. Groundwater was also collected during the same months from 
county groundwater wells located at the edge of the watershed during the years of 
1999 and 2002. The followiJ1g seven wells were studied: Palmares, Sao Jose, Sao 
Scbasr.iao Vclho, JP, Higienopolis, Schimidt.. Jardim Recreio, and OAF.RP 
Central. The water samples were analyied 1L5i ng an HPLC (High Pcrfornrn.ncc 
Liquid Chromalograpl1y) procedure followed by GC-MS for confinna.Lion. 

The water samples (I-liter) were s tored in amber flasks and kept at ,i•c until 
analysis using I.lie following IIPLC (High Perfonnance Liquid ChromaLOgrdphy) 
procedure: A standard solution of atr&.ine ( 100%, Supelco) was prepared in 
HPLC-grade methanol (Merck) at a concentration of 1.0 mg/ml. Working 
solutions at concentrations of 0.08, 0.20, 0.32, and 0.40 µg/ml, were prepared by 
appropriate dilution. A caffeine solution (used as the internal standard) for 
continnation or herbicide re~[dues by GC-MS was prepared in mct.lrni1ol at a 
concentrntion of5.0 µg/mJ. 
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HPLC analysis were perfomted with a Shimadzu liquid chromatograph (Kyoto, 
Japan) con,-isting ofan LC• I 0AD pump, a UV cleleclor (SPD-10AV) operating at 
220 nm, an automatic i.ajector (SIL IOA) with a 100 µ1 loop and a Chromatopac 
C-R6A integrator. The presence ofatrazine in water samples was confinned using 
a Shimadzu GC-MS system model QP5000 (Kyoto, Japan) that consists of a gas 

chromat.ogntph equipped with a split/ splitless i11jcctor (tv =240°C, splitlcss, 0.75 

min sampling time) mid coupled to a mass selective detector operati ng in the SIM 
mode. T he cRlibration curves were obta.i11cd by spiking 100 ml. aliquots ofwntcr 

purified in a MILLI Qe·plus system (Millipore) with 25.0 µL of each stmdard 
solution, resulting in concentrations of 0.02 to 0.1 µg/L water. In the GC-MS 
analysis lhe waler samples were also i.'])iked wilh 25.0 µL or internal standard 
s,1l11tion, cRffcine 5 )tg/ml. (1 .m1chotc ct al., 2000). 

To predict, the atrnzine lcRcl1L11g in the area, the CM l, S-94, Chemical Movement 
Layered Soi l, (Nofriger and Homsby, 1994) simulation model wa..~ usccl. Data 
obtlm1ed by lhe ,-imulatiorw were then evaluated with U1ose of depths or the 
groundwater depths. The input data used were: a) crop culturnl coeJ'li<.~enl (Kc); 
b) soil type by levels: peroent of organic carbon, density (Mg m'3) , volwne1ric 
content of water (%), field capacity, wilting point, and saturation; c) weather: 
daily maximum and minimum temperatures, rainfall and evaporation, for a period 
of four years; d) atrnzine properties: Koc and half life (t'/2). Different sirnulntion 
sce.nruios were 111 acle to evaluate the Rtrn:>:i ne movement in the vertical profile of 
Clayey Eutroforric Red Latosol (1.Vefh), Psmnitic Distrofic Red l.atosol (LVdfq), 
31"1 Quarlzarenic Neosol (RQ), (EMBRAPA, 1999). 

RESULTS AND DISCUSSION 

Only four atrazine detections in surface water were fom1d in the year 19%, with 
l'esidues vruying from 0.02 to 0.09 ppb. However, n.011e of them were coofinncd 
witl1 GC-MS. No atrnl'.ine was detected in groundwater sam,ples. 

The results obtained by the CMLS-9~ simulations predicted Uial atrazine, a!ler 
four years from the application date, would not have reached tl1e depU1 of lhe 
confined aquifer ( 40m). However, as a non-confined more S1Jperficial watertable 
exists in the study area (with depths varying between zero and 20 m) itwas shown 
that there is a risk ofthe herbicide rca.ching th.e aquifer (J'able 1). 

Since the half-life (t,12) of atrnzi11e is highly influenced by tl1e soil pH a.nd by 
org,mic matter content (\Valkei· and Blacklow, 1994), also Quarlzarenic Neosol 
(RQ) has pH values varying from 7.3 al 0-50 m1 to 7.0 al 50-60 cm (Cerdeira el 
al. 2000), U1ose characteristics would favor U1e mobilization of the alrazine 
molecules and result in leaching to greater depths ('.Table 1). In Clayey Eutroferric 
Red Latosol (LVefb) and Psamitic Distrofic Red Latosol (LVdq), the respective 
values of pll remained acidic and fuvored a little movement of atrazine in those 
soils ('.Table I). In that situntion, tlte final amowit projected by simulation 
scenarios was mainly influenced by t½ values of atrazine in the respective soil 
type. Atrnzine has shown no potential to reach groundwater when evaluated by 
the CMLS-94. This rcS11lt agrees with the information obtained by means of 
monitoring wells located in the stncly area, w here a.trazine wa..~ not detected in tl1e 
waler. 
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Table 1. Partition Coetlicienl (Koc), luill~lifo (l½) ofatrazine, depth values (DPT, 
m) and amount (AMT, kg/ha) reached at Ute eml ofsimulations for each 
tvlle of soil. 

SOIL TYPE ATRAZI NE 
character istics movement 

Koc(J_.lkg) t½(davs) DPT AMT 
LV<kj (Psm1ilic D i~ofic Red 
Latosol) 

224.3 5~ 1.67 9.2 X 10'' 

Lvetb (ClayeyF.utroterric Red 
Laloool) 

187.1 262 1.43 l.4X 10·• 

RO (Ouartzarenic Neosol) 305.7 181 2.88 13.4 X 10·
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Abstract 2004 MS Water Resources Conference: April 20-24. 

Status of Microbial Source Tracking in the North America 

R.D. Ellender and Shiao Wang 
University of Southern Mississippi, Hattiesburg, MS 

In the United States and Canada, microbial source tracking is being 
investigated and used to identify source(s) of fecal pollution of water. Several 
events of the last year highlighted the advantages and present limitations of this 
field of research. Of importance to our state are the results and observations 
obtained during the first national investigation of present-day MST methods and 
target organisms. This study, conducted by the Southern California Coastal 
Water Research Project Authority, cataloged and compared the list of methods 
under consideration, compared similarities and differences between phenotypic 
and genotypic procedures, discussed the value of library vs. non-library ba.sed 
methods, evaluated different microbial targets (fecal coliforms, Escherichia coli, 
Enterococcus sp., Bacteroides, human, animal and bacterial v iruses), and 
conducted a blind sample investigation in research laboratories in the United 
States. A United States Geological Survey investigation of the reliability of 
library-based source tracking results with Escherichia coli as the reference 
organism, was conducted by a team of researchers led by Don Stoeckel of the 
USGS, Ohio District. Investigators created a library of isolates from 9 different 
animals and compared blind and replicate sample isolates to this library. Data 
was examined for reproducibility, accuracy and robustness. Data was also 
examined to assist in the identify of methods that could be used in a specific 
location, to examine the method in a defined setting, or to understand how the 
method(s) would address a local issue(s). In the summer of 2003, a series of 
MST presentations at the biannual meeting of the US EPA Gulf of Mexico 
Program summarized the state of the art of MST research in the southeastern 
states. These presentations focused on new methods and approaches to MST 
and included discussions on the use of fluorescent whiting agents as targets of 
source tracking, the reliability of microbial source assignment using rep-PCR 
methods, targeted sampling using enterococci, commercial applications of MST, 
the implication of E. coli diversity for MST success and future prospects for MST 
research. This presentation will summarize these recent collaborations and 
di.scuss/suggest new or modified approaches in the search for reliable and valid 
methods of microbial source tracking. 
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The Flux of Herbicides in the Yazoo River Basin, Mississippi, 1996-97 

By H.L. Welch, A. B. Pell, and R.H. Coupe 
U.S. Geological Survey, Jackson, Mississippi 

Introduction 

The Yazoo River Basin (fig. I), the largest river basin in Mississippi, covers an area of 
approximately 34,700 km2 in northwestern Mississippi. The basin is clivided almost 
equally belween U1e alluvial plain, a rich agricult'ural area lhal is relatively ilal and is 
characterized by poorly drained soils on the west side of the Yazoo River, and the bluff 
hills east ofU1e river, an area where U1e principal land use is small faans, paslure, and 
forest. The basin is sparsely populated, with no major 111etropolitai1 areas (Coupe, 1998). 

Herbicides are used heavily in the Yazoo River Basin to protect crops, especially cotton, 
corn, ri ce, and soybean, from weed infestation. Although the majority of the herbicides 
used dissipale quickly, there is concern for oftsile movemenl ofa small amow1l of 
applied herbicide and subsequent contamination of the enviromnent. ln the 1990's, 
several researchers investigaled U1e occurrence of herbicides in ilie a1n1osphere (Coupe 
and others, 2000; Majewski and others, I998) and in surface waters (Coupe and others, 
1998; Coupe, 1999; Pennington, 1996; and Pereira and Hosteller, 1993) of the Yazoo 
River 13asin. All ofU1ese researchers detected small arnow1ls ofU1e heavily used 
herbicides. With the exception of Pereira and Hosteller (1993), there was no attempt to 
quantify ilie armual Jlux ofherbicides in ilie slrearns and rivers or ilie Yazoo River Basin. 
Pereira and Hosteller (1993) estimated the flux ofherbicides from the Yazoo River 
Basin; however, their eslirnales were made using limited discharge data and wiili only a 
small number of samples. 

In order Lo quanti1y ilie Jlux ofherbicides in the Yazoo River Basin, surface-waler 
samples were collected from five sites in the basin (fig. I) : ( 1) Bogue Phalia near Leland, 
which represents 3.6 percent ofU1e ba~in; (2) Big Swillower River near Anguilla, 19.3 
percent; (3) Sktuia River at Bruce, 1.9 percent; (4) Steele Bayou near Rolling Fork, 3.1 
percent; and (.5) Yaz__oo Ri ver below Steele Bayon, which drain~ the entire basin. The 
draimtge area ofthese sites is 1,250, 6,680, 660, 1,080, and 34,590 kni2, respectively. 

The Bogue Phalia, Big Sunflower River, and Steele Bayou are locared in ilie alluvial 
plain, and the Skuna River is in the blnffhills The Bogue Phalia drainage bn..~in is 
wholly conlained within ilie Big Sunllower Basirt The Yazoo River below Steele Bayou 
site is located near the month of the Yazoo River and integrates land IL-re across the entire 
basin (Coupe, 1998). 

The confluence of Ute Tallahatchie and Yalobusha Rivers fom1s U1e Yazoo River. The 
Yazoo River flows southward from Greenwood along the eastern edge ofthe alluvial 
plain until it reaches the Mississippi River at Vicksburg. Discharge from more than 
11 ,400 krn2 ofdrainage area within the basin is controlled by four flood.-control 
reservoirs (Arkabutla, Sardis, Enid, and Grenada Lakes) located in the uplands. Runoff 
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and Jlooding in Ute Delia are conb:olled by two sb:uclures, one localed al Steele Bayou 
and the other at the Little Sunflower River. ln 1996 and 1997, the gates of both 
s1ructures were closed continuously for more than one month during March - June, and 
for sh01ter periods throughoul U1e spririg and summer (PILmkell and 0U1ers, 1997; 
Plunkett. and others, 1998). 

Purpose and Scope 

The purpose of this study was to characterize the occurrence and to document the flux of 
selected herbicides in five rivers ofthe Yazoo River Basin during 1996 ancl 1997. From 
Januaiy 1996 through December 1997 a total of 232 water sainples were collected from 
live rivers in the Yazoo River Basin: the Bogue Phalia, the Big Sunflower River, U1e 
Sl'UJ18 River, ~'teclc Bayou, and the Ya.zoo River. The number ofsamples collected from 
the rivers ranged from 21 for the Slmna River to 62 for the Bogue Phatia. 

Methods 

For the Bogue Phal.ia and the Skru1a River, mean daily discharge was calculated and 
reported by the U.S. Geological Survey (USGS) a.ccording to standard procedures (Rantz 
and others, 1982). Because ofbackwater effects from the Mississippi River, measurement 
of flow is more difficult in the Yazoo River; the procedures IL~dare documented by 
Runner and others (2002). The Steele Bayou and Big SunJlower gaging stations are 
operated by the U.S. Army Corps ofEngineers (USACOE) as stage-only st.at.ions (U.S. 
Anny Corps ofEngineers, 1996; U.S. Army Corps or Engineers, 1997). A rating curve 
was developed for the Steele Bayou based on clischarge measurements made by the 
USACOE and applied to the reported gage heights to calculate a daily discharge. For the 
Big Sunflower River, a rating curve was developed from discharge measurements made 
by the USACOE and the USGS. This rating curve could not he applied to every time 
period however, because ofbackv;ater eflecls caused by tile closure of the conlJOl 
stmctu.res during periods ofhigh flow on the Mississippi River. The rating curve was 
used only when U1ere was greater UlllII a I . 2m drop in U1e water level between U1e gagirig 
station at the Big Srnillower near Angtlilla and the Little Stuillower control stmcturc. 
Otherwise, the discharge from !he Bogue Phal ia and an upstream site on the Big 
Sunflower at Sunflower, was combined, and discharge for the .AJigtlilla. site was 
calculated using a drainage basin ratio (Telis, 1992). The stage data reported by the 
USACOE was ar1 8:00 a..rn. reading, and lherefore is an approximation of U1e mean daily 
stage. 

Sampling Frequency 

The sampling frequency varied annually, seasonally, and he1Ween sites, depending upon 
the sampling objectives al each sile, lhe expected sb:eamJlow variability of U1e site, and 
the resources available to conduct the sampling. The Yazoo River, given its large basin 
size and slow response to hydrologio events, was sampled every o1her week throughout 
the sampling period. The Bogue Phalia, the Big Sunflower River, and Steele Bayou were 
srunpled twice monthly with extra samples collected occasionally during high-flow 
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events. In March 1997, the sampling frequency was im,·reased to weekly Urrough 
September 1997 and decreased to twice monthly for the remainder of1997. Because the 
land use in the Skuna River Basin is small f.arm.~, pasture, and forest, pesticides were not 
eiqiected to be detected frequenll y nor in high concentrations from the Skuna River. 
Therefore, samples were collected only monthly from this river. 

Sam pie Collection 

Water samples from the Bogue Phalia, the Skuna River, and Yazoo River were flow
weighted and depth- and width-integrated according to the procedures described in 
Shelton (199'1) to ensure that samples were representative ofthe stream. Samples were 
analyzed for constituents that are known to be w1evenly distributed in the waler colurmi, 
such as total nitrogen, total phosphorous, and sediment. In some cases, because ofthe 
low gradient in the al lmrial plain, flow-weighted samples were not possible. For the Big 
Sl'.lllJlower River and the Steele Bayou, water samples were analyzed only for dissolved 
pesticides, which were assumed to he evenly mixed throughout the stream; hence, 
samples were collecled in anopen botlle al the center of ilow. All equipment Uial came 
into contact with the sample water was made ofTeflon, glass, or stainless steel and was 
cleaned with a 0.2-percent non-phosphate detergent, rinsed with deioni 7.ed water, rin5ed 
with pesticide-grade methanol, air dried, wrapped in aluminum foil, and stored in a dust
free environment prior to sample collection. 

Sample Processing and Analytical Procedures 

Water samples were filtered onsite using an aluminum filter plate with a baked 0.7-
micrometer J>ore size glass fiber filter into 1-L baked amber bottles. The samples were 
shipped on ice to the USGS Organic Geochemistry Laborat01y (OGRL) in Lawrence, 
Kansas, for analysis. The analytical method is documented in a repo1t hy Lee and others 
(2002). Samples were extracted using a preconditioned graphitized carbon colw:1111 and 
then eluted from the column using a solution of methylene chloride, methanol, and 
ammoniw:n hydroxide. The sample components were separated, identified, and measured 
by injecting the sample into a high-performance liquid chromatograph equipped with a 
cliode array detector and a mass spectrometer detector operated in selected-ion 
monitoring mode. Comporn1ds were identified by comparing the retention times of the 
mass spectral signals to the retention times ofstandards. Further identi fi cation was made 
using selected fragment ions for U1ose compowids that produce fragment ions. The 
concentration was calculated by determining the ratio of the compound's response to the 
response produced by an internal standard. This value was compared to the ratio of the 
responses to the primary standard analyzed using the same method. AU samples were 
analyzed for 14 herbicides and 9 degradates witit a reporting level of0.05 micrograms 
per li ter (table 1). 

Quality Assu ranee/Quality Control 

The field quality-assmancc/quality-control program consisted ofthe collection and 
analysis ofperiodic equipment and field blanks and sample replicates. There were no 

MWRC Proceedings 
Page 50 



detections orany pesticides in any blank samples, and U1e sample replicates (data not 
shown) indicated good precision. The OGRL also analyzed laboratory blaiiks as part of 
this study, and there were no detections of pesticides in any sample. Every I 0th sample 
was analyzed in replicate, and results (not shown) indicated good analytical precision. 

Flux Calculations 

Linear intelpolation was used to estimate the herbicide flux in five rivers and streams in 
the Yazoo River Basin. Herbicide concentrations on nonsampled days were estimated by 
intelpolating between concentrations measured on sampled days. Measured or 
interpolated daily concentrations were multiplied by the mean daily discharge to estimate 
a daily Jlux. Daily Jluxes were summed Lo estimate a Lota! flux over a speci.li.ed period of 
ti.me. 

For herbicide concentrations ofless than reporting limits (censored data), U1e 
concentrations were set to zero for flu.x calculations. This is a con.seivative estimate of 
the herbicide concentration and possibly could bias the flux estimates low. Zero was 
considered by the authors to be an ~ppropriate value (rather than 1/ 10 or ½ ofthe method 
report level as u5ed by other authors), becau5e annual fluxes are being calculated and it is 
likely that during at least part of the year the concentrations would be zero. Flux was 
calculated for 10 herbicides and 7 degradates (table I). These included atrnzine and 
iluomeluron and two degradates ofeach; norilura;i:on and cyanazine and one degrndate of 
each; as well as, alachlor, metolachlor, metribuzin, molinate, prometryn, simnzine and a 
degradale ofpropanil. 

Herbicide Occurrence and Concentrations 

Ofthe 14 herbicides, all were detected in at least one sample, but 4 were detected 
infrequently (in 15 percent or less ofsamples at any site); acetocblor, propanil, propa.zine, 
and lriJluralin (table l). Fluxes were not calculated for lliese herbi1.,-ides. Other herbicides, 
such as atrazine, cyanazine, 0uometuron, metolachlor, and metribuzin, were detected 
frequently (generally greater lillln 2 0 percent orllie samples) at all sites. Some herbi1.,"ides 
such as acetochlor, molinate, norflurazon, promctryn, and sirnazi.nc were detected 
frequently in some ofthe alluvial plain rivers and the Yazoo River, but not in the bluff 
hills site on the Skuna River. This probably is a reflection of the differing land use Oess 
agricul1llre, more forest) in the Slama River Ba.sin (t-ible 2). 

Ofthe nine degradates analyzed, seven were frequently (greater than 20 percent. of1he 
samples) detected in water samples from llie alluvial plain rivers and U1e Yazoo River 
(table I). Demethyl fluometuron was the only degradate detected in more than 15 percent 
orU1e samples from U1e Skuna River. Two <legradates, 3-(lliiluororneU1yl)phenylw·eaa11d 
deisopropyl prometryn, were detected only in a few samples from one or two rivers. For 
the degradaLes ofatrnzine, cyanazine, and lluorneturon, U1e frequency ofoccU1Tence and 
U1e median and maximum concentrations were less than those of the parent compounds. 
The reverse is true for norflurazon and propanil however; the median and maximum 
degradate concentration and frequency ofoccurrence is greater than those ofthe parent 
compound 
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The total herbicide concentration (sum ofall herbicides and degradates) in the Jive rivers 
varied seasonally (fig. 2). Herbicide concentrations were greatest from April through 
August at all of the sites and showed a bimodal distribution with higher concentrations in 
the early spring arid in !ale summer. Thurman and others (1991) referred lo the peak 
concentration in streams ofthe Midwest in the spring as the "spring flush," where pre
emergent herbicides are applied lo fields and are moved oilsite in rainfall runoff. Unlike 
the Midwest, streams i.n the Yazoo River Basin had a second peak concentration i.n late 
summer, probably as a reSlllt ofa longer growing season (with different herbicide 
application times for different crops) and the use of post-emergent herbicides. 

The total herbicide concentrations were highest from the three streams located in the 
alluvial plain; the Big Sunllower River, the Steele Bayou, and the Bogue Phal.ia. The 
lowest total herbicide concentrations were found at the site located in the bluff hills: the 
Slnma River. The total herbicide concentrations in the Yazoo River were intennediate 
between the alluvial plain sites and the bluff hills site. The largest component of the total 
herbicide concentration for samples from the alluvial plain sites was atrazine and/or 
metolachlor i.n lhe spring and rnoli.nale in U1e smnmer. 

Herbicides and degradales detected in more U1ar1 50 percent of U1e samples in 1996-97 
were atrnzine, cyanazine, demcthyl fluometuron, dernethyl norflurazon, 3,4-
di.chloroaniline, tluometuron, metolachlor, and moUnate. These compounds also had the 
highesl concentrations. 

Herbicide Flux 

The majority (greater UlllII 90 percent) ofU1e herbicide Jlux occurred <luring lhe months 
from April through July in both 1996 and 1997 (Jig. 3). The highest monthly flux for 
1996 occurred in April; the highest monthly flux in I997occurred in June. For most 
herbicides U1e total Jlux for 1996 was less than U,e tolal flux for 1997 due lo increased 
rainfall in 1997 (table 3). The exception was the herbicide alachlor, which genera.Uy had 
lower lluxes in J997 compared Lo 1996, probably because alachlor use was being 
discontinued. 

With the exception ofrnoli.natc, the Yazoo River Basin herbicide flux as a percentage of 
u5e (FAPU) was very similar between 1996 and 1997 (fig. 4). The molinate FAPU was 
2.1 in 1996 and 9.9 in 1997. The r,APU ofalrazine and metolach.lor was nearly 10 
percent annually. Tn other studies from the Midwest, these values generally fall into the I 
to 5 percent range (Clark and olhers, 1999; Larson and oU,ers, 1995). Capel and Larson 
(200 I) showed that the FAPU for atrazine was relatively invariant ofwatershed size, but 
U1al weaU,er, especially substantial rainfall in lhe spring and early smmner, and U1e 
percent.age ofsoils in the watershed with fine textnre could inc.rease the FAPU. High 
rainfall amounts and line lexl:ured soils are characteristic of the Yazoo River Basin. 

Adding the flux ofthe atmzine degrndat.es to the atrazine flux from the Yazoo River 
increased the total atrazi.ne flux by about 13 percent in 1996 and about 16 percent i.n 
1997. The tluometnron degradates increased the t.otal flux by about 7 percent in 1996 and 
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13 percenlin 1997. Thel:luxofnorilw:azonfrom lhe Yazoo River increased by82 
percent in 1996 when the flux ofthe demethyl degradate was added to the flux ofthe 
pa.rent compound, and in 1997 the flux increased by a.bout 171 percent The cya.nazine 
degrndale increased the cyanazine Jlux by approximately 12 and 25 percenl for 1996 and 
1997, respective! y. 
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Table 1.-- List of herbicides and dogradatos 
[(). number of samples; H, herbkide; D, degradate; ND, not detected; conr.en1ra1ions in mir.rograms per liter (µg/L)J 

River 
Compound Type Big Sunflower River Bogue Phalia Skuna River Steele Bayou Yazoo River 

(52) (62) (21) (50) (43) 
Statistics 

Th& valuAs bAft1,N represent thA PArt.ant of san,plBS with r.r,or.er,trnflons ahOVA; lh,:1 rAportrlg IAvAI, 
lhe maximum concentration, and lhe median com:enlrali:>n. 

Acetochlor H 15, 1.68, 0.05 10, 1.91, 0.05 ND ND 6. 0.13, 0.05 

Alachlor H 13, 0.98, 0.05 5, 0.4, 0.05 14, 0.76, 0.05 4, 0.11, 0.05 16, 0.25, 0.05 

Atrazinc H 71, 8.49, 0.07 41, 16.6, 0.05 62, 0.92, 0.06 82, 9.21, 0.13 86, 3.74, 0 .25 
Deethyl a1razine D 35, 0.42, 0.05 33, 0.37, 0.05 14, 0.1, 0.05 48, 0.61, 0.05 58, 0.34, 0.07 
Doisopropyl atrazine D 42, 0.59, 0.05 28, 0.29, 0.05 10, 0.1, 0.05 50, 0.87, 0.05 42, 0.27, 0.05 

Cyanazine H 85, 5.77, 0.205 52, 2.31, 0.05 10, 0.12, 0.05 90, 6.05, 0.33 51 , 1.04, 0.07 

Cyanazine amide D 60, 0.84, 0.08 31, 0.36, 0.05 5, 0.05, 0.05 72, 1.01, 0.12 28, 0.25, 0.05 

Fluomoturon H 90, 6.33, 0.26 64, 6.42, 0.08 43, 0.99, 0.05 94, 5.78, 0.435 81, 2.95, 0.21 

Demethyl fluometuron D 49, 0.8-1, 0.05 69, 1.82, 0.05 33, 0.28, 0.05 60, 1.11, 0.13 74, 0.38, 0.05 

3-(Trifluoromethyl)aniline D 25, 0.45, 0.05 17, 0.14, 0.05 10, 0.21, 0.05 28, 0.2, 0.05 14, 0.3, 0.05 

3 -(Trifluoromothyl)phenylurca D ND ND ND 2, 0.14, 0.05 ND 

Metolachlor H 98, 9.32, 0.21 76, 8.79, 0.1 71, 4.24, 0.12 88, 8.19. 0.19 81, 3.48, 0.2 

Melribuzin H 42, 2.23, 0.05 29, 2.77, 0.05 19, 0.17, 0.05 34, 1.07, 0.05 26, 0.67, 0.05 

Molinate H 63, 53.3, 0.07 72, 63.1, 0.225 ND 60, 27.4, 0.07 30, 4.32, 0.05 

Norflurazon H 94, 1.54, 0.185 71, 2.24, 0.075 ND 92, 0.93. 0.185 77, 0.91, 0.07 

Demethyt norflurazon D 96, 1.71, 0.24 78, 1.41, 0.13 ND 90, 1.27, 0.21 77, 0,74, 0.11 

Prometryn H 42, 0.73, 0.05 24, 3. 73, 0.05 5, 0.07, 0.05 46, 2.29, 0.05 35, 0.36, 0.05 

Deisopropyl prometryn D ND 1, 0.1 , 0.05 ND 4, 0.11, 0.05 ND 

Propanil H 4, 1.66, 0.05 3, 2.73, 0.05 ND 4, 0.11, 0.05 ND 

3,4-Dichloroanllino D 79, 2.6, 0.175 79, 26.3, 0.14 ND 72, 5.05, 0.125 21, 0.3, 0.05 

Propazine H 12, 0.11, 0.05 9, 0.11, 0.05 ND 4. 0.09, 0.05 2, 0.05, 0.05 

Simazine H 46, 0.35, 0.05 29, 0.37, 0.05 ND 64, 1.16, 0.08 35, 0.29, 0.05 

Trifluralln H 2 0.06, 0.05 10, 0.12, 0.05 ND 10 0.2. 0.05 2. 0.7 0.05 
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Table 2.-- Draina_qe basin characteristics for rivers in tho Yazoo River Basin 

[kmi, square kilometers; fl"ls cubic feei per second] 

River Drainage /\rca Percent of Percent of 1996 1997 
(km2

) Yazoo Basin basin in Discharge Discharge 

row crop (113/s) (ft3/s) 
Skuna 660 1.9 18.9 381 670 
Steele Bayou 1,080 3.1 53.6 51-1 1,325 
Bogue Phali a 1,250 36 71.2 443 929 
Big Sunflower 6,680 19.3 65.4 1,908 5,100 
Yazoo 34,590 100 36.8 14,240 24,590 

11.\blO a- th1)C (II t,oloiod 1Xl(l)1C1dOt, lfOIY'l f1vo tnl(J{{l 1n um Y;l~(l() 1<(1vfd ijrtt,H\ 1996 (IM t!:191 
[Tf MA. 3--(trifluo:10mothyt)anilin1); valu&& in l<ilogram,s per year 

D••thyl Dalsoptopyl Cyanaz.n& O•moih\'4 
River Vear A!acHor /llra?lne Airezlne Atraz1ne ~nz:ine Amide Auomefuron Auomefuron 

DCIMOthyl 9,4• Oieh!0te> 
TFMA Meto!achlot Metnbuz1n Mol111ate Nctffurazon Norffurazon l"rome.!:::z:n aniline Simadne 

Skuna 1995 3A 53.8 5.7 3 OA OA 10.1 2.2 0.6 81 2.5 0 0 0 0 .5 0 0 

$t(l(1!0 1$tly<,u 
199/ 
1996 
1997 

131 
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Oogua Pha!ia 19S6 0 193 15.6 19.1 555 11.3 63.5 2j.o 0.5 527 33,3 1,250 57.6 57.6 26.2 102 41.9 
1997 5.6 1039 38.1 29.2 126 20.1 574 154 18.3 9 19 305 2,490 102 195 36.1 419 60.7 

Big Sunflo-.ver 19g3 253 2,.462 126 164 899 279 1.750 4 26 '"·9 3,620 305 3,8"8 835 835 IA3 451 210 
1997 u 3.&17 377 312 1,480 281 3.000 390 130 7.340 1.839 ·12.2g3 ,.120 1,760 156 1,9'1"1 495 

Yezoo 1995 
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Figure 1. Location of study area. norO,wostom Mi~sissjppl and samplilg 5itos. 
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Figure 2. steam discharge and total helblclde coneentratton In flve rivers ofthe 
Yazoo River Basin, MS, 1996-97; Yazoo River. Skuna River. Big sunflowerRiver. 
Bogue Phelia. and SIBBIB Bayou . 
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Figure 2. Steam discharge and total herbld de concentratioo In five rivers of the 
Yazoo River Basin, MS, 1996-97-Continued; Ya.zoo River, Skuna River, 
Big Sunflower River, Bogue Phalia, and st,ee!e Bayou 
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Pesticide Concentrations in Surface Waters of Mississippi Lakes and Reservoirs 

Charles M. Cooper', Sammie Smith, Jr. 1 and Henry Folmar 
1 United States Department of A17iculture, Agricultural Research Service, 

National Secimentalion Laboratory, Oxford, MS 
'Mississippi Department of Envirormental Quality, Office of Pollution Control, 

Biological Services Section, Pearl, MS 

ABSTRACT 

Surface water samples from lakes and 
reservoirs throughout Mississippi were collected 
and analyzed on a seasonal basis during 2002-
2003 as part of a water quality survey. The 
purpose of the pesticide study was to produce a 
significant addition of baseline information to 1) 
ascertain current conditions and 2) provide 
concentrations of selected mainstream current
use and legacy pesticides for future 
comparisons. Over 100 sites were sampled 
during the year-long period, resulting in over 
8000 individual analyses from 473 collections 
throughout the stale. Temporal analysis 
reflected application timing, general runoff 
patterns and pesticide dissipation. Although the 
frequency of pesticide detection increased 
greatly from winter to spring (mean occurrence 
of analytes increased from 17% to 46%), 
concentrations above 0.1 µg/L were uncommon. 
Summer detections were also significantly fewer 
(20% mean occurrence) than spring for almost 
all compounds. Low concentrations (mean = 
0.0474 µg/L) of LDDT were ubiquitous (95.8% 
occurrence). Detections of bifenthrin and A
cyhalothrin , pyrethroid insecticides; methyl 
parathion, an organophosphate insecticide; 
atrazine, a triazine herbicide used primarily for 
corn; fipronil, a new residential, industrial and 
agricultural insecticide; and chlorfenapyr, a 
termiticide-insecticide, were widespread in the 
state, especially in spring samples. Overall, 
frequency of pesticide occurrence (97% of 
samples) was high, but concentrations were 
quite low (0.0301 µg/L) . Of the pesticides that 
have United States Environmenlal Protection 
Agency (U.S. EPA) or state of Mississippi water 
quality criteria, only ten collections were 
excessive. Survey collections are not intended 
as substitutes for the robust sampling protocol 
needed for regulatory purposes, but they serve 
as an adequate screening tool for specific sites 
or pesticides, Understanding trends in pesticide 
presence could result in more effective methods 
to prevent environmental contamination, 

INTRODUCTION 

Use of pesticides plays a key role in preventing 
disease and producing food and fiber for our 
world, and is deemed a necessity in our modern 
culture. Pesticides are also used extensively in 
homes and businesses for pest control. Use of 
pesticides In agriculture has remained 
historically high for economic reasons. 
Consumer costs of agricultural commodities 
would double or triple without pesticide use 
(Caro, 1976). The combined domestic 
application of pesticide products in the United 
States totals about 2 billion lbs. of active 
ingredients annually (Lyon, 1996). 

The first pesticides were actually metals such as 
arsenic and mercury, and crop dusting on cotton 
began in the Mississippi Delta in 1922. DDT 
was discovered in 1939, and, soon after, the 
organophosphate parathion was synthesized 
during World War II by German scientists 
experimenting with nerve gas. Early compounds 
were highly residual, and many of them are still 
measurable in one or more ecosystem 
components. Public awareness and concern 
over potential environmental hazards has risen 
greatly In recent decades. Residual 
organochlorines have been replaced with less 
persistent compounds, but some of these also 
find their way from their area of application into 
the environment. Federal and state activities 
associated with contaminant Total Maximum 
Daily Loads (TMDLs) created by the Clean 
Water Act have shown pesticide contamination 
to be a major factor in preventing attainment of 
functional ecosystems. 

An opportunity to sample Mississippi's lakes was 
presented in 2002 when the Mississippi 
Department of Environmental Quality (MDEQ) 
began its lake and reservoir nutrient sampling 
program, USDA National Sedimentation 
Laboratory (NSL) personnel have conducted 
over 30 years of pesticide research and, thus, 
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have acquired advanced analytical ,capacity as 
well as historical data at many aquatic sites in 
Mississippi , By combining efforts, the two 
agencies shared costs and a-oqulred surface 
water pesticide c-onoentrations that depict 
cood~ions 1n Mississfppi lakes grealer than 200 
,acres in size. The ,purpo,se of thi-s pesticide 
study was lo produce a significant addition of 
baseline information about large lakes of 
Mississ1pp1 to 1) describe current conditior:is of 
•lake water pesticide.presenl.e and concentration 
,and 2) provide measures of selected 
ni-ainstream current-use and legacy ,pesllcides 
for future comparisons. 

Study Area 

The state of Miss'isslppi lies In temperate and 
subtropieal zones of North America. The 
summer season has average temperatures In 
the low 805 (°F) with daytime highs commonly 
reach 9D-100°F, Mild winters have mean 
temperatures that range from 40F 1n the north to 
50F on the Gulf of Mexico coast. Annual rainfall 
,averages about 50 inches in the northwest to 65 
1nct>es 1n the southeast. This climate of mlld 
temperatures and a lo(lg growing sec1son 1s 
conducive to .both agriculture and fore$1ry in the 
state, 

Population centers 1nclude the Gulf coast. the 
capitol of Jack.son and the northemmost region 
of ,the state that borders Memp'h1s., Tennessee. 
The estimated year 2000 population of the state 
was 2,844,658 (US Census Burea\l, 2002), 
State residents were housed in 1.161,953 
housing unas across the state. Census figures 
•recorded a 10.5 percent popu.lation increase 
over 1990, 

The 2002 Census of Agriculture (U.S. 
Oej>artment of Agriculture, 2002) showed there 
were 42,167 fa.rms @perating 111 Mississii:ipi 
during 2002, virtually the same as Hl97. Lancl In 
farms, al 11 .1 million acres, was down 3 percent 
from rn97, and lhe average farm ,;;ize, at 264 
acres, -was down 7 aeres. Ninely-.two percent of 
Mlssisslpp1 agricultural operations arestill run by 
1ndividuals or families ahd most are still small 
farms. Seventy-four percent of oper'ations had 
less than $10,000 In sales of agricultural 
products in 2002. Part-time farming continues to 
be a major part of Mississippi agriculture, as 29 
peroent or the principal ~rm operators worned 
200 days or more off the farm , a 9 percent 
dedlne from 1997, 

Global and National Pesticide Use 

World pesticide usage amount exceeded 5 .6 
b111ion pounds 1n 1998 and 1999 (U.S_EPA 
2001), Herbicides c1ccounted for the largest 
proportion of total usage. followed by o.ther 
pesticide usage, insecticide usage, and 
fungicide usage. Total world pesticide amount 
used was up slightly in 1999, due mainly lo an 
rincrec1se 'in the use of non-conventional 
pesticides. Pesticide use. In the United States in 
1999 exceeded 2 billion paur:ids (Table 1) , ind 
accounted for niore iha11 20% of total world 
pesticidause. 

Tabla 1. Amount of U.S. pesticide usage. 
Estlmales adapted from U.S. ·EPA, 2001, 

fleslicid'! Graul! Tt,~I (Mf! lbs) 
¥ear 1998 ~999 

Conventional Pesticldes 912 912 
Othef Pesticides >194 332 

Specialty Bloddes 309 343 
Chlorlne/Hypoohlorltes 2,532 2,609 
Wood Preservatives 820 801 

Tcfal 4,887 4997 

Table 2 lists lhe most commonly used 
conventional pesticide ·active i!lgredients in the 
a,gricultural sector, home and garden market. 
<1nd Industry/commercial/govemment sector 
during 1999. 2,4-D was the most used active 
Ingredient in non-agricultural markets, wtth 
between se.ven and nine million pounds used fn 
the home and garden sector ancl between 17 
and 20 milliorJ pounds usedc In the 
lnduslry/commercial/goVemmeot sector. Soc of 
the top ten pesticides in the home and garden 
·sector are herbicides and four are ,insecticides. 
Six of the top ten in the 
industry/commercial/government sector are 
herbicldes, two are fungicides, and two are 
lnsecticides. 

Residential Use 

Household pestlclde use is pervasive across 
North America. The U.S. Environmental 
Proteotlon Agency (U.S. EPA. 2001 ) estimates 
that approximately 80 million pounds of pesticide 
active Ingredients (9 percent of total 
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conventional pesticide use in the United States) 
were u-sed in homes and gardens in 1999. A 
1992 survey conducted by the EPA fol.Ind that 
85 percent of households nationwide had at 
least one .pesti~de product stored i/1 the home. 
The average number of pesticide. prod~Jcts 
st()fed 1n homes is between three and four. and 
jnseclicides aTe the most wmmon type of 
pesticide used in homes (U.S. EPA, 1997a). 
Many households s611 store banned, highly 
persistent and dangerous .pesticides. An 
estimated one m1ilion households have products 
cootaining C!llordane; 150,000 sllll l1ave DDT: 
70.000 have heptachlor. and approx1malely 
85,000 st1II l1ave Silvexllt which co11tains dioxin 
(U.S. EPA, 1997b). 

Most storage practices take few or no 
precautions to protect children from exposure. 
An estimated 47 percent of households with 
children under the age of five stored at least one 
pesticide with1n reach of small ohildren (\J.S, 
EPA, 1991c). Only 25 percent of all homes 
stored all pesticides securely {U.S. 'EPA. 1997cl), 
A survey of pest1olde use fn 51 households in 
,Sarasota County, Florida, found that the most 
common use of pesticides was direct appl1cation 
to carpets for control of fleas (Moses, 1995). 
This i,s particularly hazardou.s for children. who 
spend considerable timeat ground level ancl can 
Inhale pesticides in air and absorb ,pesticides 
from the carpet directly through their skin. 

In .-an infamous case of misuse, stale and federal 
offlc1als evacuated 1.100 people from homes in 
Mlssisslpp1, Alabama, Louis1ana. and Arkansas 
aller residences and public facilities were 
treated with methyl parathion, a ,restricted use 
-agricultural pesticide. 'In addition lo homes, 
twelve 'businesses were closed, 1nclucling eight 
daycare centers. a restaurant, and-a hotel. Two 
unlicensed exterminators had sprayed the 
chem1cal in busj'ness.es and reS1derices although 
,t is only registered for 119rlcultural use (U.S. 
EPA 1996} 

Even normal exposure to. pesticides results in 
fll easurable concentrations in humans. In a 
National Institute of Environmental Health 
Sciences study quoted by TVedten '(2001) , 
researchers reported that In a large random 
sample of 'the general population, DDT was 
found in 100% of the-blood samples tested al an•average level of 3.3 micrograms per liter (µg/L). 
Chlordane (a pesticide sprayed undemeath 
homes for termite control and found to seep Into 

the filling airspace) was found in the blood of 
appr.oxlmalelY 95% of the popula~on. Other 
pesticides and chemiQa.Js found In over 90% of 
the population induded dle!drin and lindane. 

Ta.ble 2. National rank in prevalence of 
pesticides by we1gt,t of aciive ingredient applied 
duririg 1999 by t)lpe (H = herb1eide. l = 
insecticide) anci ma~et (Agric. = agr.lcu)tural , 
H&G = home and gaTden. 1/C/G = 
lndustriaV~ornm ercial/govemmenl). Data were 
taken from public and proprietary U.S. EPA 
databases. 

Actil/ll l~dil!llltl Tvpe I Agrir., I H~l 1/CIG 
Atrazlne H 1 

Glyphosate H 2 2 2 
Acetochlor H 4 

2.4·0 H 6 1 1 
Malathion I 7 9 9 

Metolaohlor H 8 
Trifluralin H 9 

Pendlmetha.lin H 10 4 
Metolaohlor•s H 12 
Chlorpvrifos I 16 6 5 

MCPP H 3 
Dl camba H 4 
Diazinon I '5 
Carbanil I 7 
Benefin H 8 
DCPA H 10 
MSMA H 6 
Diuron H 8 

Triclopvr H 10 

Note: Table 2 does not Include the roltowlng 
fungjcldes and 11.!mlgants In the top 10 most 
common pesticides used In ai,-icultural and 
Tnoostrial/commerciallgovemment markets (and 
rank); Metarn Sodium (agric. ~). Methy! Bromide 
(a!J'lc. '#6), Copper Su'Jrate. (1/C/G #3), and 
Chlorothalonll (1/C/G #7). No tungloldes or 
fumigant info1matio11 occurred for the home and 
garden mar11eL 

Pestlclde residues in so1!-drink samples were 
measured recently in lndla (CSE 2003). 
Ljnctane and chlorpyrifos were present In 100 
,percent Of the samples analyzed, Llndane 
exceeded regulation limits in 33% of the 
samples, and ,chlorpyrifos exceeded the limit in 
75% of the samples. DDT and its metabolites 
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were present In 58% of soft-drtnk samples. 
Unknown compoun.ds provide another challenge 
ln the ar~as of both safety and contamination. 
Produots may enter the U.s. 1rom other 
coontlies with little or no labeli11g, EPA 
1nvesligated an 1nseclicide call 'Miraculous 
Ch1nese Chalk" wn1ch was sold in stores 
featuring oriental products. No wam1ng could be 
placed on .the package. because the maker 
changed active ingredient from batch to batch. 

Table 3. Share of aglicultural and non
agricultural market .sector pounds of acflve 
Ingredient during 1998and 1999. 

Yll!llttr IJ'$. 
1111r1cu1tt1n1 

Mar1!•l 
Non-,,grtalJIIOl'II 

Mtrkll 
Mlllbg o 

a.I. 
'I 'll,ofMIi Jbg "..... U.S • 

MIi ib& orl % o.l 
a.I, U.S. 

1998 912 
1999 912 

724 79!)'. 
706 TT% 

188 21o/o 
206 23% 

Aqticultural Use 

AgrictJltqre ~ccounted for 79% of the peslicides 
used in the U$, during 1E)99 (Table 3), Since 
1980, agriculbJral pest;icide use has declined 
slightly lrom 1053 million pounds of active 
Ingredient to 965 rnillion pOltnds per ye11r. h1 
Mlssissippi in 2002, 1. 410,000 acres planted in 
soybeans proquced 1 :37 million bushels while 
1.87 million 'bales of cotton were harvested from 
1.15 milli1J11 acres. Rice (253,000 ac.,), sorghum 
(83,000 ac.), and corn (53,000 ac.) were also 
major commodities. Ca11ish (23.9 million 
,pounds) were sold from 390 operat.ioos (110,000 
acres) in 2002. In livestock operations scattered 
across the state, Mississippi raised 63.88 mlliion 
chickens in 2002. Two hundred and elghty-nine 
dairy farms produced milk. Red meat production 
was 25.2 million pounds in Novem'ber -alone. 
Fifteen hundred hog operations produced 0.46 
percent of the natlon·s hogs. This diversity of 
crops 1n a warm, moist environment provides 
condllions for use of a $\Jlte of Insecticides and 
herblcldes. 

METHODS 

Study Sites and Field Methods 

Sampling was conducted by three MDEQ teams. 
one team based at the Oxford office, one based 

at the Biloxi office, and one based at the central 
laboratory rn Pearl, MS. Data collections began 
during Novem'ber 2002 and continued through 
September 2003. Six total sample.s per site were 
anticipated, one eacl1 during the sampling vjslts 
tn November 2002, and April , June, July. August 
and S~ptember 2003, b11t not all samples were 
analyzed from all sites due to factors precluding 
sample acquisition or loss of Safl)ples after 
collection. Sampling periods targeted the bulk of 
collections during peak agricultural activities_ 
Samples were la.ken by boat as surface grabs 
Into specially cleaned and solvent rinsed glass 
jars according to U.S. EPA recommendations 
and transported on iee to t11e NSL within 48 
hours. 

Table 4 . Targeted pestic1des and levels (11.Qil) 
ofdetection (L-0D) and quantitation limits {L-00), 

f'esiic'ide I LOO I l.OQ 
-6,lachlor 0.5 5 
Atrazine 1 10 
Bifenthrfn 0.1 1 

Chlorfenapyr 0.5 5 
Chlorpyrifos 0.1 1 
Cyanazine 0.5 5 

Dieldrin 0. 1 1 
Fipronil 0.1 1 

Ffpronll sulfo11e 0.1 1 
1-Cytialolhrih 0.1 1 

Methyl parath ion 1 10 
Metolaohlor 1 10 

Pendlmethalln o:o 5 
Trifluralin 0.1 1 
p,p'·DDD 0.1 10 
p,p'-DDE 0.1 1 
p,p1, DDT 1 10 

Pesticide Analyses 

The pesticides Initially targeted for analysis. 
along W(th their levels of detection and 
quantitation, are shown in Table 4. Heptachlor, 
aldrln, el')dOSulfan , dieldrln, endri1'1 , methoxychlor 
and p,p'-OOT (metabolltes p,p'·OOE and p,p'-
0D0) are retalfvely persistent, chlorinated 
hydrocarbon insecticides With some history of 
past use throughout muoh of the Mississippi 
Oe)ta. The other compounds are generally less 
persistent herbicides and insecticides that have 
been or are in current use. Analysis of water 
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samples was similar to the method of Smfth et 
al. (1994), with modifications by Bennett et al. 
(2000). Water samples were allowed to come to 
room temperature (abou( 25"C) and the 110lume 
measured and recorded. The entire sample was 
extracted by sooification (1 mln/pulse mode/80% 
duly cycle) with 1g reagent-grade KCI and 100 
ml pesticide-grade EtOAc, partitioning in a 
separatory funnel wtth the waler phase 
discarded. The EtOAc phase was dried over 
anhydrous Nai SO, and coocentrated by rotary 
evaporatfon to near dryness. The extra.ct was 
taken up In about 5ml pesticide-grade hexane, 
subjected to cleanup by silica gel column 
chromatography. and concentrated to 1mL for 
GC analysis. Mean extraction efficiencies. 
based on rortlfied samples, were ·>87% for all 
pestfcldes. 

A multi-level calibration procedure was used 
with standards and samples Injected In lrlplicate. 
Callbratloo curves Were updated every tenth 
sample. Two Hewlett Packard model 6890.,,. 
gas chromatographs equipped wfth dual HP 
7683 ALS autolnjectors, dual splitssplitless 
lnlet.s, dual capllla,y columns, a HP Kayak XA 
chemstation"'. and a HP LaserJet 4000 printer"' 
were used to analyze wa.ter for pesticides. One 
HP 6890 was fitted with two HP !JECDs and the 
other 6890 with one HP µECO, ooe HP 
niirogen/phosphorus detector. and a HP 5973 
mass selective detector (MSD), 

RESULTS AND DISCUSSION 

Occurrence 

Over 100 sites representing 50 Mississippi lake.s 
and reservoirs (Flg. 1) yielded 473 collections 
and 8,041 lndi'v!dual analyses from samples 
obtained during November, 2002 and In April. 
June, July. August, and September. 2003. 
Pesticides were present In 96.62 % of the 
samples analyzed, but ooocentrations were 
generally quite low (m ean=0.0301 µg/L). Of the 
16 samplings that did not have any pesticide 
detections, 13 were in August, 2003, the period 
of least runoff, While both herbicides and 
Insecticides were present in sub-µg/l 
concentrations during all sampling periods, 
highest mean coocentratioos were present for 
both pesticide groups in spring sampling (0.1101 
µg/L for herbicides; 0.0188 µg/L for 
lnsec!icides). 

Mississippl does nol have an uncommonly high 
rate of detection statewide. The Natlonal Water 
Quality Assessment (NAWOA) Program of the 
U.S. Geological Survey (USGS) found one or 
more pesticides in almost every stream sample 
collected across theUnited States. More than 95 
percent of the samples collected from streams 
and almost 50 percent of samples collected from 
wells during that study cootalned al least one 
p.esticide. Seventy-four of the 83 pesticide 
compounds analyzed in that study were 
detected at least ooce in streams or 
groundwater. Major rivers, as well as agricultural 
and urban streams, had relatively sin, ilar high 
frequencies ofdetection (Gilliom et al. 1999), 

Figure 1. locatioos of lake and reser110irs 
greater than 200 acres in stze sampled for 
pesticide occurrence and concentration during 
2002-2003. 

As for occurrence of specific compounds In tl)is 
study, low concentrations (mean= 0,0474 µg/L) 
of rDDT were present in almost all samples 
(95.8% occurrence), Use of DDT was banned 1n 
1972; use actually peaked in 1968, but its 
application was so widespread from 1945 to 
1972 that it is found In f!llery watershed In the 
state of Misslssippl. Cooper el al, /2002) 
observed that coocentrations in lake water and 
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sediment are gradually declining, but 
documented sources and sinks are common. 

Bifenthrin, a pyrethroid insecticide, was found In 
39.1 % of samples. Bifenthrin is sometimes 
applied to cotton and is labeled for use as an 
acaricide. It is, however, a common fire ant bait 
and home use insecticide. 

Atrazine, a widely-used pre-emerge herbicide 
occurred in 37.8 % of the samples. Atrazine, a 
selective triazine herbicide, is the most 
commonly applied herbicide in the United 
States. It is used as a broadleaf and grass 
herbicide in both row-crop agriculture and 
silviculture and also as a non-selective herbicide 
on non-crop land. Between 74 and 80 million 
pounds were applied In the U.S. In 1999, nearly 
90% of which was used on com. It is also 
registered for lawn and turf use. It does not 
dissipate quickly and is the most common 
pesticide found in ground and surface water. 

Chlorfenapyr was detected in 30.0 % of 
collections. It is a member of the chemical 
family "pyrroles" and was the first pyrrole 
submitted for U.S. registration. Chlorfenapyr has 
a unique mode of action. It is a pro-insecticide 
that is converted (or metabolized) to the active 
form by mixed function oxidases in the target 
pest. The active form acts on the mitochondria 
and uncouples oxidative phosphorylation which 
stops the production of ATP, the primary source 
of cellular energy, This action causes cell death, 
and ultimately, death of the target organism, the 
insect. However, the process interrupted is a 
process common to all living organisms, and so 
Is of concern for non-target organisms. 
Chlorfenapyr, known in agriculture by its trade 
name Pirate:ID, was allowed a special use 
exemption in Mississippi in 1995-1999 for the 
treatment of beet armyworrns and tobacco 
budWorms in cotton. EPA cancelled requests 
from its manufacturer in 2000 because of 
evidence that showed detrimental effects on 
birds. Chlorfenapyr Is currently registered and 
commonly used as a termiticide for residences 
and businesses and has been used on 
vegetables. 

lambda cyhalothrin (24.5 % occurrence) is a 
synthetic pyrethroid insecticide and acaricide 
registered to control a wide range of pests in a 
variety of applications. Controlled pests include 
aphids, Colorado beetles and buttertly larvae on 
cotton, cereals, hops, ornamentals, potatoes, 

vegetables or others (Kidd and James, 1991 ). It 
may also be used for structural pest 
management or In public health applications to 
control Insects such as cockroaches, 
mosquitoes, ticks and flies which may act as 
disease vectors. 

Methyl parathion. an orthophosphate and the 
most commonly used insecticide in cotton, was 
sixth in occurrence (21 %) across the state. It is 
restricted to agriculture only. An estimated 4.5 
million pounds of methyl parathion are used 
annually In the U.S. Approximately 95 percent of 
this is used on cotton, soybeans, field corn, 
peaches. wheal, barley and rice. 

Fipronll occurred in 20.5 % of the 473 samples. 
It is a member of the phenyl pyrazole class of 
pesticides, which are principally chemicals with 
a herbicidal effect. Fipronil , however, acts as an 
insecticide with contact and stomach action. 
Fipronil disrupts the insect's central nervous 
system by blocking the passage of chloride ions 
through the GABA receptor, an inhibitor of the 
central nervous system which causes hyper
excitation of contaminated insects' nerves and 
muscles. While many classes of insecticides 
affect the central nervous system, no other class 
has this specific effect. At this time, there is no 
known target resistance to fipronil . It is 
registered for insect control in corn , indoor pests 
and turf grass, and is gaining popularity for 
termite control (Termidor'). It is also the active 
ingredient in tick and flea collars (Frontline 
Plus®). 

Occurrence and Land Use 

To no one's surprise, U.S. Geological Survey 
(U.S.G.S.) analysis of patterns in pesticide use 
across the nation as part of the National Water 
Quality Assessment (NAWQA) program (Gilliom 
et al. 1999) revealed that concentrations of 
herbicides and insecticides in agricultural 
streams of the nation followed use patterns. 
Herbicide concentrations were greatest in 
central U.S. streams, where use is most 
extensive. Urban streams had the highest 
insecticide concentrations; 7 of 11 urban 
streams had total insecticide concentrations in 
the upper 25% of all streams sampled, although 
some agricultural streams in irrigated agricultural 
areas of thewestern United States also had high 
levels. Total pesticide concentrations in streams 
draining urban areas are generally lower than 
concentrations in agricultural areas, but 

MWRC Proceedings 
Page 67 



seasonal pulses may last longer and the 
concentrations are more dominated by 
Insecticides. Preliminary analysis of Mississippi 
data during this study indicated low predictability 
ofcontamination by land use. 

Frequency of detection of pesticides increased 
predictably from winter to spring and then 
declined as vegetative ground cover increased 
and rainfall amoL1nt declined. Oddly, occurrence 
increased in September. Information on 
pesticide occurrences, concentrations of specific 
pesticides, farming practices and rainfall 
patterns in July, August, and September 
highlighted late August and September field 
conditions somewhat similar to oonditions found 
In spring. Early spring generally produces 
minimum ground cover, maximum runoff, and 
both the greatest occurrence and highest 
concentrations of pesticides (Cooper 1990). In 
most agricultural areas, the highest 
concentrations of pesticides occur as seasonal 
pulses-usually during spring and Slimmer
lasting from weeks to months during and 
following high-use periods. 

Nationwide, a relatively small number of heavily 
used compounds aocounted for most detections. 
The combined Lise of three most commonly 
applied herbicides, atrazine, melolachlor, and 
alachlor, in 1993 was 175-190 million pounds. 
This represented about 27% to 29% of all the 
herbicides used in the U.S. The combined use of 
the three most commonly used insecticides 
chlorpyrifos. diazinon, and malathion, in 1993, 
was approximately 23-33 million pounds or 9 to 
13% of the total amount of insecticides used In 
the U.S. (Aspelin 1994). 

In the U.S.G.S. NAWOA program the most 
frequently detected pesticide compounds In 
agricultural areas were the herbicides atrazine, 
metolachlor, cyanazine, and alachlor, ranked 
first, second, fourth, and fifth in national 
herbicide use for agriculture. The most heavily 
used herbicides also accounted for most of the 
detections in rivers and major aquifers and many 
of the detections in urban streams and shallow 
groundwater (Gilliom et al. 1999). In our 
Mississippi study, atrazine was the only 
herbicide found in more than 20 % of the 
collections. Several pesticides that are used 
extensively in agriculture were infrequently 
detected. These include the herbicides 
metolachlor, cyanazine, triffuralin, alachlor and 
the insecticide chlorpyrifos. 

Concentrations - The Worst and the Best 

Eighty-five percent of pesticide detections were 
<0.01µg/L. These low concentrations were 
similar for herbicides (89 %) and insecticides (82 
%). Ninety-three percent of all detections were 
<0.05 µg/L. Only two percent of detections were 
~0.1 µg/L and less than 1.0 µg/L. Detections 
>1.0 µg/L comprised only 0.20 % (16 
observations) of the 8,041 analyses. V\hien 
pesticides with the highest concentrations were 
oompared to occurrence, atrazine (mean "' 
0.1639 µg/L) replaced rooT (mean "' 0.0474 
µg/L) as the compound with the highest 
detection reading. Of the currently used 
oompounds examined, metolachlor, a grass and 
broadleaf herbicide was third, moving the 
pyrelhroid bifenthrln to fourth. Fipronil sulfone, a 
degradation product of fipronil, replaced the 
parent oompound. Lambda cyhalothrin 
remained in the top group in fifth and 
pendimethalin (Prow~. an annual grass and 
broadleaf herbicide used in both agriculture and 
urban settings was sixth. Most pesticides had 
frequent occurrence but low ooncentrations. 
Mean values were elevated by a few high 
ooncentrations. Fipronil and fipronil sulfone 
were exceptions. In both agricultural and urban 
watersheds, a large proportion of observed 
ooncentrations of these two oompounds w ere 
distributed medially, unlike patterns seen for 
other analytes. 

Mean concentrations of each pesticide analyte 
were calculated separately for each lake. Lakes 
having the top 10 highest mean concentrations 
of each analyte were tabulated, and frequency 
of occurrence for each lake was calculated. 
Overall, two lakes had highest occurrence of 
high mean concentrations of pesticides; 
Aberdeen Lake and Horseshoe Lake. Aberdeen 
Lake data was in the highest 10 mean 
concentrations of each analyte for 12 of the 17 
pesticides studied. Horseshoe Lake data was 
among the highest 10 concentrations of analytes 
for 10 pesticides. Other lakes with frequent 
occurrence of high concentrations of pesticides 
(frequency in parentheses) included 
Montgomery Pool of the Tennessee-Tombigbee 
(Tenn-Tom) Waterway (6 analytes). Turkey Fork 
Reservoir (6 analytes), Lake Bolivar (5 
analytes), Tchula Lake (5 analytes), and Wasp 
Lake (5 analytes). 
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Aberdeen Lake has a very large watershed area 
of over 1.26 million acres that is predominantly 
in pasture (46%) and forest (37%), with smaller 
portions in agriculture (10%) and urban (1.5%) 
uses. The 1600 acre watershed of Horseshoe 
Lake is predominantly wetlands and water 
(77%), with an almost even mix of agriculture 
(13%) and pasture ( 10%) making up the 
remainder. Montgomery Pool of the Tenn-Tom 
Waterway includes nearly 40,000 acres of 
mostly forest (53%) and pasture (43%), with 
very small relative influences of agriculture 
(0.95%) and urban (0.12%) land uses. Turkey 
Fork Reservoir is very similar to Montgomery 
pool, with 56% of land use in forest and 42% in 
pasture. The 6,600 acre watershed has little or 
no agriculllJral and urban use. Agriculture is the 
predominant use in both Lake BoliVar (73% of 
14,200 acres) and VI/asp Lake (70% of 83,000 
acres). Lake Bolivar has a small percent of land 
in pasture (6"/4) and the rest is either water or 
wetlands. No data were available for land use in 
Tchula Lake watershed. 

Sources 

Geeper (1990) found agricultural soils to be a 
continuing source of DDT in Mississippi. Coupe 
et al. (2000) studied pesticide occurrence in air 
and rain from an urban site and an agricultural 
site in Mississippi. Every sample collected from 
either site had detections of multiple pesticides 
although total concentration was five to 10 limes 
higher at the agricultural site. Methyl parathion 
had the highest concentration in rain at both 
sites. II also had the highest concentration in air 
at the agricultural site. However. the urban 
site's highest concentration was from diazinon 
followed by chlorpyrifos. The DDT metabolite 
p,p'-DDE was present in all air samples 
collected from the agricultural site and in more 
than halfon the air samples from the urban site. 

There were six pesticides in current use that 
were found in more than 20 % of the samples 
taken. Of those six, all but one were 
insecticides. The herbicide was atrazine. the 
most-used herbicide in the United States. The 
University of canfornia Berkeley (2002) provided 
quotes that expressed "there seems to be no 
atrazine-free environment .• The European 
Union recently withdrew regulatory approval for 
atrazine due to groundwater contamination. 
Conversely, U.S. EPA re-approved the 
registration ofatrazine in January, 2003. 

Of the five most common insecticides, in order 
of occurrence, the pyrethroid bifenthrin is used 
in agriculture on cotton. It is one of the most 
common household insecticides and is a 
common turf, nursery, and fire ant insecticide. 
Chlorfenapyr is used in residential/industrial 
applications, especially as a household 
termiticide and insect pesticide (Raid Roach and 
Ant Killer®). It is not registered for row crop 
agriculture. Lambda-cyhalothrin , another 
pyrethroid, is a broadly used agricultural 
compound used to control a wide range of pest 
in a variety of applications. Methyl parathion is 
totally restricted to agriculture and is used on 63 
percent of the cotton and 70 percent of the rice 
in Mississippi (Crop Life America, 2003). The 
last of the group, fipronil is the latest termiticide 
and fire ant bait to be marketed and is also 
gaining market share in agriculture. To 
summarize, only one of the top five insecticides 
is restricted to agriculture. One compound is 
gaining popularity in both agriculture and urban 
settings. Two insecticides have common 
residential/industrial applications, and one is 
almost entirely residentialflndustrial. 

Environmental Significance 

Pestieieles a,e a eoneeff'I f-er human health if 
they affect a drinking water source or occur 
where there is recreational use. They also are a 
potential concern for aquatic life in streams and 
lakes. Primary issues include toxicity , drinking 
water quality, and cancer or other illnesses. For 
protection of drinking water and aquatic life, 
water quality criteria have been established for 
some pesticides. Of the pesticides that have 
EPA or state of Mississippi water quality criteria, 
only ten collections from this study were 
excessive. Criteria only provide starting points 
for evaluating the potential effects of exposure, 
and most pesticides still do not have criteria. 

Concerns over pesticide persistence and effects 
on wildlife are also environmental focal points. 
The story of DDT and its consequences when 
accumulated is still cause for concern. 
Chlorfenapyr was not registered but was 
cancelled for possible agricultural use in 2002 
because of its detrimental effects on avian 
metabolism. 

Misuse provides both regulatory and 
environm enlal challenges. The example of 
methyl parathion which has been used illegally 
in the Mississippi to rid homes and businesses 
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of insect infestations highlights the need for 
greater awareness. In previous years, two 
similar events occurred. In 1994, homes and 
businesses were sprayed w ith methyl parathion 
In Lorain County, Ohio. EPA ·decontaminated" 
232 homes to "habitable conditions" at a cost of 
more than US$20 million. In April, 1995, another 
incident was discovered in Detroit, Michigan. 
Four residences, including a homeless mission, 
required "decontamination and restoration." 
costing approximately US$1 million. EPA staff 
compiled records of 22 accidental deaths since 
the micl-1960s caused by Illegal home use of 
methyl parathion or ethyl parathion. 
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AGNPS Runoff Model: Geospatial Applications and Predictions in the Upper Pearl 
River Basin. M.L. Tagert1, D.R. Shaw, J.H. Massey2, R.L. Bingner3, and M.C. Smith2

. 
1GeoResources Institute, Mississippi State University, Mississippi State, MS 39762; 
2Department of Plant and Soil Sciences, Mississippi State University, Mississippi State, 
MS 39762; 3USDA-ARS National Sedimentation Laboratory, Oxford, MS 38655. 

The Upper Pearl River Basin (UPRB) drains into the Ross Barnett Reservoir, which is 
the largest of Mississippi's three surface drinking water sources and supplies 
approximately 90% of the City of Jackson's drinking water. Thus, the UPRB is an area 
of particular interest w ith respect to water quality and the establishment of Total 
Maximum Daily Loads (TMDLs) The USDA Agricultural Nonpoint Source (AGNPS) 
runoff pollution model, in combination with geographical information systems and 
remote sensing, is being used to predict water, sediment, and pesticide non point source 
runoff in the UPRB, GIS software was used to process a digital soils layer, digital 
elevation models (DEM), digital land cover from Landsat satellite imagery, and other 
inputs to the AGNPS model. The digital soils information was obtained from the USDA
NRCS State Soil Geographic Database (STATSGO) at a scale of 1:250,000, and the 
DEMs are from the USGS National Elevation Dataset (NED). The TopAGNPS module 
of AGNPS, using the DEM as the main inpu~ performed a topographic evaluation of the 
watershed as well as drainage area identification, synthetic channel networks, 
watershed segmentation, and subcatchment parameters. AGNPS model predictions for 
sediment and pesticide runoff in a Mississippi watershed are being compared to water 
and sediment samples taken at seven USGS-gauged locations within the watershed. 
Samples were collected weekly from May-August 2002 and monthly thereafter through 
May 2003. The samples were analyzed for fifteen different pesticides using a multi
residue method. Fluometuron and diuron were analyzed by high performance liquid 
chromatography - ultraviolet (HPLC-UV), while tebuthiuron, simazine, atrazine, 
cyanazine, metribuzin, alachlor, metolachlor, pendimethalin, p,p'-DDE, norflurazon, and 
hexazinone were analyzed by gas chromatography- mass spectrometry (GCMS). 
Triclopyr and 2,4-0 were derivatized and then analyzed by GCMS. Metolachlor was 
detected in 47 out of 77 samples, followed by tebuthiuron with 45 detections and 
atrazine with 35 detections. Hexazinone was also frequently detected. The highest 
concentrations detected were 1.05 ppb for 2,4-D, followed by 0.67 ppb for triclopyr and 
0.62 ppb for diuron. The detected concentrations were all below current lifetime health 
advisory levels (HAL) established by the EPA for each compound. The pesticide 
concentration and water flow measurements are being used to estimate pesticide loads 
as a function of land use in the UPRB. In turn, these results are being compared with 
pesticide loads predicted by AGNPS based on remotely sensed land use patterns. 
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THE DEMONSTRATION EROSION CONTROL PROJECT: 
ASPECTS OF WATER QUALITY IN ABIACA CREEK, MISSISSIPPI 

C. M. Coopef', R. E. Lizotte, Jr., S. S. Knight, and M. T. Moore 
United States Department of Ag"iculture, Agricultural Research Service 

National Sedimentation Laboratory, Oxford, Mississippi 

ABSTRACT 

landscape-scale stream channel erosion and 
ensuing incision in north Mississippi hill lands 
have been responsible for loss of arable land 
and degradation of aquatic habitats and water 
quallty. Because of this, in 1983, Congress 
mandated a federal interagency demonstration 
project focusing on channel erosion in the upper 
Yazoo River drainage basin. As part of the 
Demonstration Erosion Control project (DEC), 
water quality in Abiaca Creek and six additional 
watersheds are routinely monitored to observe 
potential improvements after channel 
stabilization I flood control I rehabilitation 
technologies were Implemented. Abiaca Creek 
watershed, located in portion.s of Caroll , Holmes, 
and Leflore Counties, Mississippi, is part of the 
upper Yazoo River drainage basin in north 
Mississippi and flows through Matthews Brake 
National W ldlife Refuge (MBNWR). From 1993-
1996 setback levees were constructed along the 
lower reach of Abiaca Creek to mitigate 
sedimentation within MBNWR. The purpose of 
this study was to examine selected water quality 
parameters both spatially and temporally in 
Abiaca Creek using univariate and multivariate 
analyses to elucidate trends. The watershed 
was monitored monthly at eight sites from 1992· 
2002 for 14 water quality parameters. Results of 
spatial univariate analysis showed significant 
differences among sites for 13 of 14 water 
quallty variables, whereas temporal analysis 
revealed differences among years for 12 of 14 
variables. Exploratory multivariate analysis 
revealed spatial trends in water quality with 
upstream sites having overall better water 
quallty than downstream ones. Observed 
spatial trends in water quality are influenced by 
localized geographic characteristics (e.g. 
localized land use practices, gravel mining, flood 
control structures, etc.). Temporal results 
showed a greater oomplexity in annual water 
quallty with trends less evident and most likely 
associated with fluctuations in annual climatic 
conditions. Changes in water quality were 
cumulative due to major watershed inputs with 

instream reservoirs resetting dissolved oxygen 
and ammonia levels. 

INTRODUCTION 

Stream channel instability and erosion due to 
cultivation and land-development practices in 
the north Mississippi hilf-land region have 
presented water quality and habitat degradation 
problems at a landscape scale (Cooper, Knight 
and Shields 1997). As a result, in-stream 
suspended sediments and bedload materials 
are, by volume, one of the largest pollutants in 
the United States (Fowler and Heady 1981). 
Agricultural lands are a significant source of 
sediments and cause concern for several 
reasons. They indicate the loss of productive 
agricultural soil, carry nutrients and pesticides 
that can adversely affect water quality and 
aquatic organisms, and degrade habitats via 
deposition and accumulation in streams and 
reservoirs (Coaper and Knight 1991 ). 

Because of this, in 1983, Congress mandated a 
federal interagency demonstration project 
focusing on channel erosion in the north 
Mississippi hill land region that compose the 
upper Yazoo River drainage basin. In 1984, the 
U.S. Army Corps of Engineers, Vicksburg 
District and the USDA Natural Resources 
Conservation Service were directed to establish 
demonstration watersheds addressing critical 
erosion problems within the north Mississippi hill 
lands and develop mea.sures to control flooding, 
reduce erosion, and stabilize stream channels 
(Cooper and Knight 1991 ; Lizotte et al. 2003a). 
As part of the Demonstration Erosion Control 
project (DEC), the USDA-ARS National 
Sedimentation Laboratory was requested by the 
U.S. Army Corps of Engineers, Vicksburg 
District to characterize and routinely monitor 
water quality in seven watersheds to assess 
potential improvements alter flood control, 
rehabilitation, and channel stabilization, 
technologies were Implemented. 

Abiaca Creek, while not originally part of the 
DEC project (being authorized by the Energy 
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and water Development Appropriation Act of 
1990), has similar goals as those for other DEC 
watersheds and has become integrated Within 
the DEC project. Historically, the watershed has 
had problems of stream channel instability, 
erosion, habitat degradation, and loss of 
valuable agricultural topsoil. From 1993 to 
1996, setback levees were constructed along 
the lower reach of Abiaca Creek to mitigate 
sediment deposition within Matthews Brake 
National \Midlife Refuge (MBNWR) caused by 
upstream gravel mining operations (Cooper and 
Davis 2000). 

The purpose of this study was to examine and 
describe selected water quality parameters both 
spatially and temporally In Abiaca Creek to 
elucidate trends. 

MATERIALS ANO METHODS 

Study Site 

Abiaca Creek watershed (Fig. 1), a tributary of 
the Yazoo River, has a drainage area of 
approXimately 246 km2 (Cooper and Davis 
2000). The watershed, located in portions of 
Caroll , Holm es, and Leflore Counties, 
Mississippi, is part of the upper Yazoo River 
drainage basin in the north Mississippi hill-land 
region and flows through MBNWR. 

Sample Collection and Analysis 

Surface water samples (1 L) from Abiaca Creek 
were collected and preserved (via ice) monthly. 
In-situ water chemistry measurements of 
temperature, conductivity, dissolved oxygen, 
and pH were conducted at each site using 
calibrated electronic instruments. 

Aqueous samples were transported to the 
USDA-ARS National Sedimentation Laboratory, 
Oxford, Mississippi for further physical , chemical 
and biological analyses. Selected water 
parameters measured were total solids, 
dissolved solids (dried at 1800 C), suspended 
solids (dried at 103-105° C), total ammonium-N 
(phenate method), total nitrate-N (cadmium 
reduction method), soluble (filterable) 
phosphorus (ascorbic add), total phosphorus 
(persulfate digestion + ascortlic acid), 
chlorophyll a (pigment extraction and 
spectrophotometric determination), fecal 
coliforms (membrane filter technique), and 
enterococci (membrane filter technique). All 

water quality parameters were analyzed using 
standard methods (APHA, 1998). 

Data Analysis 

Descriptive statistics were used to provide 
means and standard deviations for all water 
quality parameters measured. Univariate 
analysis was conducted using a one-way 
analysis of variance (ANOVA) with Tukey's 
mulUple range tests to ascertain significant 
differences among sites (spatial) and years 
(temporal) within Abiaca Creek for all water 
quality parameters (Steel, Torrie, and Dickey 
1997). IMleh assumptions for parametric tests 
(normality and equal variance) could not be met, 
a nonparametric Kruskal-Wallis ANOVA on 
ranks with Dunn's multiple range tests was 
performed to test for significance (Steel, Torrie, 
and Dickey 1997). Parameters were tested for 
significance at the 5% level. All univariate 
statistical analyses were completed using 
SigmaStat statistical software (SPSS 1997). 

Multivariate exploratory analysis was performed 
using a principal components analysis on spatial 
and temporal data. Matrices of Pearson's 
product-moment correlation coefficients were 
computed and distance coefficients were 
derived for standardized water quality variables. 
A matrix of correlations among water quality 
variables was computed and the first two 
principal components extracted (Berenson, 
Levine, and Goldstein 1983). All multivariate 
statistical analyses were completed using the 
Numerical Taxonomy System of programs 
(NTSYS-pc; Rohl f 1990). 

RESULTS ANO DISCUSSION 

Spatial Analysis 

Complete description of all water quality 
parameters measured at each site in Abiaca 
Creek watershed appears in Table 1. Univariate 
analysis revealed significant differences for 13 of 
14 water quality variables. Only temperature did 
not significantly vary among the eight sites 
examined. Temperatures were comparable to 
other north Mississippi hill land streams 
previously reported (Cooper and Knight 1991; 
Cooper, Knight , and Shields 1997; Lizotte et al. 
2002a). Values followed seasonal fl uctuations 
typical of temperate-zone streams and were 
within the range to support aquatic life (Cole 
1988; Allen 1995). 
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Conductillity measurements and related total 
dissolved solids (the total concentration of 
soluble ions) varied by site and showed similar 
patterns of variation. Upstream sites in both 
Ablaca and Coila Creeks had lower mean values 
than successive downstream sites (Table 1). 
Although differences in these iwo param eiers 
were ellident among sites within the watershed, 
values were within the range of those previously 
reported for other north Mississippi hill land 
watersheds (Cooper and Knight 1991 ; Cooper, 
Knight and Shields 1997; Lizotte el al. 2002a) 
and were well within the limits to support aquatic 
life (Allen 1995). 

Dissolved oxygen is a fundamental 
emiironmental requirement for most aquatic life 
and its availability determines the behavior and 
distribution of most aquatic organisms (Abel 
2000). Oxygen levels within Abiaca watershed 
rarely dropped below 4 mg/L, a long-term critical 
concentration considered necessary to support 
aquatic life (USEPA 1987). Levels followed 
seasonal fluctuations typical of temperate-zone 
streams (Fig. 2). Variation in mean dissolved 
oxygen levels were greatest at downstream sites 
(1, 2, and 6) and lowest at sites 4 and 8 (Table 
1) revealing influences of flood retarding 
structures and ensuing outflow from reservoirs 
Y34-8 and Y34-6 (Fig. 1). 

Values for pH also varied along stream length 
with downstream sites typically halling greater 
mean pH than upstream ones (Table 1 ). Most 
pH values ranged from 5.5 to 8.0 (Fig. 2). 
Watersheds within the north Mississippi hill land 
region typically have acidic stream water 
(Cooper and Knight 1991; Cooper, Knight and 
Shields 1997; Lizotte et al. 2002a) due, in part, 
to runoff of acidic top soils (Switzer and Pettry 
1992; Eick, Brady and Lynch 1999) during storm 
events. However, sites 1 and 2, encompassing 
that portion of Abiaca Creek flowing through 
MBNVI.R, had mean pH values above 7 and 
ranging from about 6 to 8 (Table 1). Two factors 
led to more basic pH at sites 1 and 2. The 
stream flowed through alluvial plain soil that has 
a higher pH. Also, as water flow slowed from a 
drastic reduction in slope, it received much 
additional sunlight. The resulting increase in 
phytoplankton (increasing chlorophyll 
concentrations) removed H+ ions and, as is 
typical in unbuffered waters, shifted pH toward 
basic. 

Particulate materials entering streams and riVers 
as total solids and its constituent, total 
suspended solids (TSS) are considered a major 
contaminant ofwater bodies In the U.S. (Cooper 
1993). Suspended sediments in rivers and 
streams affect water quality (Angina and O'Brien 
1968), and, as a result, aquatic life. Water 
quality impacts from sediment loading can 
include obstruction of light penetration and 
ensuing reduction in photosynthetic acti'vity , 
increased loading of pesticides and nutrients 
adsorbed to sediment surfaces, and increases in 
bacterial contamination (Cooper and Knight 
1989; Knight and Cooper 1996). Abiaca Creek 
watershed is located In a physiographic region 
with highly erodable soils and accelerated 
erosion due to agricultural practices, stream 
channel modification or replacement, and land
use development (Shields, Knight, and Cooper 
1998). In the present study, significant 
differences in TSS were observed across sites. 
In general, upstream sites in both Abiaca and 
Coila Creeks had lower mean values than 
successive downstream sites (Table 1). Mean 
values ranged from 34 to 107 mg/L with most 
values between 10-100 mg/L (Fig. 2) and 
maximum values between 362-1833 mg/L 
(Table 1). Maximal TSS concentrations 
considered optimal for warm water fish 
production is estimated at 80-100 mg/L (Cooper 
and Knight 1991). Although maximum values 
observed in Abiaca Creek watershed exceeded 
this limit, concentrations typically occurred 
during high flows associated with storm events 
and were not sustained over long periods of 
time. Comparisons of TSS values with other 
watersheds in the same physiographic region 
were similar (Cooper and Knight 1991 ; Cooper, 
Knight and Shields 1997; Lizotte et al. 2002a). 

In-stream nutrient concentrations are an integral 
part of stream ecosystem producti'vity. 
Excessive inputs from anthropogenic sources 
can alter trophic state and lead to significant 
eutrophication (Dodds 2002). Phosphorus, 
frequenijy a limiting factor of primary productivity 
in nutrient poor freshwater systems (Cole 1988; 
Allen 1995), can affect periphytic autotrophs that 
are especially sensitive to fluctuations in soluble 
reactive phosphorus concentrations and 
excessive levels can lead to nuisance algal 
blooms, associated depleted dissolved oxygen 
concentrations, degradation of habitat, and 
reduction in fish diversity (Allen 1995; Abel 
2000). IMthin Abiaca Creek, both soluble 
phosphorus (SP) and total phosphorus (TP) 
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mean concentrations varied significanUy along 
stream length With downstream sites typically 
halling greater phosphorus than upstream sites 
(Table 1; Fig. 3). Similar spatial patterns in TSS 
concentrations show the close association of 
phosphorus and sediment load. Mean SP 
concentrations ranged from 11 ,,g/L to 27 ,,g/L 
with the highest observed concentration of 329 
µg/L occurring al site 6, just upstream of the 
Coila Creek - Abiaca Creek confluence (fig. 1). 
Mean TP concentrations ranged from 63 ,,g/L to 
175 µ.g/L with the highest observed 
concentration of 2,463 µg/L occurring at site 8, 
just downstream of flood control reservoir Y34-6 
along Coila Creek (Fig. 1). However, 
phosphorus concentrations did not attain levels 
sufficient to cause oxygen depleting algal 
blooms. Abiaca Creek phosphorus levels were 
comparable with other north Mississippi hill land 
streams such as Otoucalofa Creek (Cooper and 
Knight 1991; Cooper, Knight and Shields 1997), 
Long Creek (Cooper and Knight 1991), and 
Toby Tubby Creek (Lizotte et al. 2002a). 

Nitrogen, measured as dissolved inorganic 
nitrogen species ammonium-ion and nitrate, 
can, to a lesser extent than phosphorus, also be 
a limiting nutrient in lotic systems. Like 
phosphorus, neither nitrogen species reached 
sustained levels that would lead to 
eutrophication. Ammonium-ion concentrations 
in Abiaca Creek ranged from 70 µg/L to 149 
~1g/L and significantly varied by site. Levels 
were lowest at downstream sites (1, 2, and 6) 
and highest at sites 4 and 8 (Table 1; Fig. 4). 
Concentrations revealed influences of flood 
retarding structures and ensuing outflow from 
reservoirs Y34-8 and Y34-6 (Fig. 1) and were 
inverse lo dissolved oxygen levels. Mean nitrate 
concentrations ranged from 150 µg/L (at site 5) 
to 226 ,,g/L (a.I site 7) with the highest observed 
concentration of 2,934 µg/L occurring at site 6, 
just upstream of the Coila Creek -Abiaca Creek 
confluence (Fig. 1). Although mean nitrate 
concentrations varied by site, no clear spatial 
trends were ellident. Comparable ammonium
ion and nitrate concentrations occurred in other 
streams within lhe same physiographic region 
(Cooper and Knight 1991; Cooper, Knight and 
Shields 1997; Llzotte el al. 2002a). 

Sestonic (suspended) chlorophyll a, an Indirect 
measure of stream algal biomass (Jones, Smart 
and Burroughs 1984; Gregor and Marsalek 
2004), can be used in conjunction with nutrient 

data to assess the trophic state of a lotio system 
(Dodds, Jones and Welch 1998; Dodds 2002). 
Excessive stream algal biomass (algal blooms) 
due to increases In nutrients (eutrophication) 
can have negative impacts on the lotio 
ecosystem such as alteration of habitat, 
depressed dissolved oxygen levels, 
discoloration of the water, and production of 
toxins harmful to other aquatic biota (Abel 2000). 
Abiaca Creek mean chlorophyll a concentrations 
varied significanily along stream length with 
downstream sites typically having greater 
chlorophyll a levels than upstream sites (Table 
1; Fig. 3), in close association with mean total 
phosphorus (and to a lesser extent soluble 
phosphorus) suggesting phosphorus is the 
limiting nutrient In this system. Comparable 
chlorophyll a values occur within similar 
watersheds throughout the region (Lizotte et al. 
2002b; L.izotte et al. 2003a; Lizotte et al. 2003b). 

Stream watershed contamination by bacteria 
has been a continuing concem throughout the 
United States for several decades (Bohn and 
Buckhouse 1985; Cooper and Lipe 1992). 
Sources of bacteriological contamination are 
difficult to pinpoint due to the various routes 
through which they can enter a system, 
including discharge from a wastewater treatment 
facility, direct runoff from storm events, 
groundwater fl ow, resuspension of bottom 
sediments within the watershed channel by 
stream flow or animal disturbance, and direct 
contamination from animal defecation (Bohn and 
Buckhouse 1985; Cooper and McDowell 1989; 
George, Anzil and Servais 2004; Muirhead et al. 
2004). In general , downstream sites had greater 
densities than upstream ones (Table 1; Fig.4) 
with the exception of fecal coliforms al site 3 
(4000 colonies/100 ml) and enterococci at site 5 
(655 colonies/100 ml). Bacteriological 
contamination observed in Abiaca Creek was 
similar to other north Mississippi hill land 
streams such as Otoucalofa Creek (Cooper and 
Knight 1991; Cooper, Knight and Shields 1997), 
Long Creek (Knight and Cooper 1989; Cooper 
and Knight 1991), Toby Tubby Creek, and 
Burney Branch Creek (Lizotte et al. 2002a). 

Exploratory Principal Component Analysis 
(PCA), used lo elucidate spatial water quality 
trends in Abiaca Creek, showed component I 
incorporating 64% of the total water quality 
variation. The first component had high loadings 
for 11 of 13 variables examined and revealed 
spatial trends in conductivity, pH, solids, 
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phosphorus, and biologicals with upstream sttes 
having overall progressively better water quality 
than downstream ones (Fig 5). The second 
component accounted for 16.5% of the total 
variation. Component II had a high positive 
loading for dissolved oxygen and a high 
negative loading for ammonium-N. This 
confirmed our observations on the influences of 
flood retarding structures and ensuing outflow 
from reservoirs Y34-8 (site 4) and Y34-6 (site 8) 
where dissolved oxygen levels were lowest and 
ammonium-ion levels greatesi (Fig. 5). Other 
studies observed PCA to be very useful In 
elucidating spatial water quality trends when 
examining multiple parameters simultaneously 
(Pardo 1994; Cao, Williams and Williams 1999). 
Pardo (1994) noted that the use of PCA allowed 
a better explanation of factors influencing the 
dynamics ofwater quality within a watershed. 

Temporal Analysis 

Complete description of all water quality 
parameters measured for each year in Abiaca 
Creek watershed appears in Table 2. Univariate 
analysis revealed significant differen·ces for 12 of 
14 water quality variables. Only temperature 
and conductivity did not significantly vary among 
the eleven years examined (1992-2002). 

Dissolved oxygen concentrations varied by year 
with 1994 having significantly greater mean 
dissolved oxygen levels than all other years. 
Dissolved oxygen levels below the critical limit of 
4 mg/L occurred in only 3 of 11 years ( 1994, 
1996, 1998; Table 2) although only 1996 had 
mean monthly levels below the critical lim tt for all 
sites (Fig. 2). As a result, sustained values 
below 4 mgll were not evident throughout the 
watershed. Cooper and Knight (1991) described 
2•year seasonal dissolved oxygen trends in 
Otoucalofa and Long Creeks that were similar to 
this study. Long-term (11>year +) trends in 
Otoucalofa Creek dissolved oxygen 
concentrations produced similar yearly effects 
observed in Abiaca Creek (Cooper, Knight and 
Shields 1997). 

Variation in Abiaca. Creek mean pH values 
across years showed a four to five-year cycle in 
this parameter. Lowest mean pH occurred in 
1992 and progressively increased each year 
until 1995. Values declined again in 1997 and, 
again, progressively increased until 1998 before 
progressively declining until 2002 (Table 2). 
Yearly fluctuations in otoucalofa Creek (another 

north Mississippi hill land stream) were evident, 
however a similar pattem in annual pH 
variations was not (Cooper, Knight and Shields 
1997). Aquatic organisms can be sensitive to 
even small changes in pH and levels between 5 
and 9 generally support a diversity of biota 
(Allen 1995; Abel 2000). The lowest and highest 
pH values recorded in Abiaca Creek, 5.3 (2000 
and 2002) and 8.37 (1995), are within the critical 
pH range with fluctuations in mean monthly pH 
consistently between 6 and 8 (Fig 2). 

Total solids and its constituent, total suspended 
solids (TSS) had significant but limited annual 
variation with 1993 and 2002 having the lowest 
mean annual TSS and 1996 the highest (Table 
2). Highest TSS concentrations considered 
optimal for warm water fish diversity Is estimated 
at 80 to 100 mg/L (Cooper and Khight 1991). 
Mean monthly maximum values observed in 
Abiaca Creek watershed occasionally exceeded 
this limit (Fig. 2). These increased 
concentrations typically occurred during high 
flows associated with storm events or during 
gravel mining operations and were not sustained 
over long periods of time with the exception of 
site 1 during 1996 when significant levee 
construction occurred along MBNWR (Cooper 
and Davis 2000). Long-term TSS 
concentrations produced no discemable 
increasing or decreasing trends. Values for the 
11-year period appeared relatively stable and 
were similar to long-term trends observed in 
Otoucalofa Creek (Lizotte et al. 2003a). 

All nutrient species examined in Abiaca Creek 
watershed showed significant annual variation. 
Although levels of the two measured 
phosphorus species fluctuated yearly, no clear 
trend was evident. Mean SP concentrations in 
1994 were greater than all other years whereas 
mean TP levels in 1999 were lowest for the 11 
year period (Table 2). Fluctuations in long-term 
trends of mean monthly total phosphorus levels 
in Abiaca Creek (Fig. 3) were similar to another 
north Mississippi hill land stream, otoucalofa 
Creek (Lizotte et al. 2003a). However, higher 
TP levels were sustained al stte 1 during 1996 
(Fig. 3) when significant levee construction 
occurred along MBNWR (Cooper and Davis 
2000). As with phosphorus, the two nitrogen 
SPecies studied, ammonium-N and nitrate-N 
fluctuated annually, but, again, no clear trend 
was evident. Levels of ammonium-N in Abiaca 
Creek during 1999 and 2002 were less than all 
other years with mean concentrations of 59 and 
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38 Jt9'L, respectively (Table 2). Nitrate levels 
within the watershed significantly increased in 
1998, peaked in 1999. and returned to previous 
levels by 2000 (Table 2; Fig. 4). Seasonal 
trends in aqueous nftrogen species levels within 
watersheds in regions of intensive agriculture 
typically show increases in the fall and winter 
followed by decreases in spring and summer 
(Shirmohammadl , Yoon and Magette 1997; 
Bouraoul. Turpin and Boooen 1999). Although 
significant portions of the Yazoo basin are 
Intensively farmed. seasonal trends in 
ammonium-N and nilrale-N concentrations in 
Ablaca Creek watershed (Fig. 4) are nol 
Indicative of impacts from intensive agricultural 
practices. 

Annual variations In mean chlorophyll a 
concenlratlons within Abiaca Creek watershed 
were e-.;denl Mean concentrations were !owe.st 
during 1992 (3.87 µg/l) and highest in 1998 
(14.84 µg/l) with an weraD trend of increasing 
chlorophyll a levels from 1992 to 2002 (Table 2) 
but nol In association with any annual nutrient 
values. Mean monthly values Indicate general 
seasonal trends wfth increases during spring 
and summer followed by decreases during fall 
and Winter (Fig 3). Similar temporal trends in 
chlorophyll a concentrations was observed by 
Lizotte et al. (2003b) for Otoucalofa Creek in the 
Yazoo basin. Possible explanations. aside from 
nutrients, for the overa.11 increase in chlorophyll a 
levels annually include possible reservoir aging 
and reduction in canopy cover. the influence of 
flood control structures (i.e. setback levees 
along MBNVIIR) altering flows and allowing for 
more stable habitat, and improved control and 
mitigation of urban and rural pesticide runoff, 
specifically herbicides, allowing an increase in 
primary productivity. 

Yearly changes in bacterial contamination were 
evident wilhln Abiaca Creek watershed. 
Variation in fecal coliform densities across years 
showed 1992 had the lowest mean density and 
1994 the highest (Table 2), Mean monthly fecal 
coliform densities failed to produce any seasonal 
trends (Fig. 4) and suggest the source of 
contamination could be primarily wildlife. Annual 
variation In enlerococci densities showed 1995 
had the lowest mean densay and 2001 the 
hlghesl Mean densities were generally lower 
from 1992 to 1996 and increased from 1997 to 
2002. While both runoff and increasing 
discharge levels with associated suspended 
solids flush regions In and around the watershed 

where wildlife and livestock may defecate, 
neither bacterial contaminant measured 
coincided with suspended solids levels and is 
similar to results observed in similar watersheds 
by Cooper and Knight (1991). 

Exploratory PCA was conducted to elucidate 
temporal water quality trends in Abiaca Creek 
watershed. Analysis showed the first three 
components Incorporating just 66.3% of the total 
water quality variation. The first principal 
component accounted for 29.9% of the total 
water quality variation. It had high positive 
loadings for 5 of 12 parameters and revealed 
temporal trends In TS, TSS, TP, ammonium-N, 
and fecal coliform levels with ftuduations every 
1 to 2 years (Fig. 5). Principal component II 
accounted for 18.5% of the total variation and 
had high loadings for TS, TSS, and SP with 
fluctuations cycling every 5 to 6 years (Fig . 5). 
The third principal component accounted for 
17.9% of the total variation in water quality and 
loaded high for dissolved oxygen and fluctuated 
every 2 years (Fig. 5). 

SUMMARY 

Spatial water quality trends In Abiaca Creek 
water,st,ed chllnged longftudinally from upstre11111 
to downstre<1m with upstream sites ha-.;ng 
overall better water quality than downstream 
ones, Dissolved oxygen and ammonium-N 
levels were influenced by localized flood control 
structures. Overall water quality was also 
influenced by local geographic characteristics 
such as land-use practices, gravel mining 
operations and flood control structures. 
Temporal water quality trends were increasingly 
complex and had 118rying cyclic fluctuations 
varying from 1 to 5 years for various water 
quality parameters. Temporal trends were 
Influenced by climatic conditions and 118rying 
localized events such as changes in land-use 
practices, gravel mining operations, and 
construction ofsetback levees along MBNWR. 
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Table 1. Descriptive statistics, mean,i-SD (range), ofselected water quality parameters from 8 sites within Abiaca Creek watershed (1992-2002). 

Water quality 
parameter 

Abiaca Creek Site 

1 2 3 4 5 6 7 8 

Temperature (C) 18.7±7.4 
(4.3-31.3) 

18.5±7.1 
(4.5-30.7) 

18.3±6.1 
(5.1-27.9) 

18.7±6.1 
(5.9-28.9) 

18.3±5.9 
(6.1-27.5) 

19.3±6.3 
(6,0-29.4) 

18.0±3.5 
(9.2-27.3) 

19.5±6.7 
(6.1-29.9) 

Conductivity 
<,.,mhos/cm) 

92.4.J:30.0 
(20.2-170.0) 

90.9±27.8 
(18.6-164.0) 

78.6±26.3 
(16.0-138.0) 

74.9J:33.6 
(15.9-164.5) 

58.2:!.12.9 
(5.0-91 .0) 

76.8±22.3 
(14.0-124.0) 

50.3±8.2 
(9.0-85.0) 

66.7± 19.8 
(163-114.0) 

Dissolved oxygen 
(mg/L) 

9.20:!.1.87 
(3.45-14.47) 

9.171.1.75 
(3.79-14.38) 

8.91±1.53 
(3 06-13.35) 

8.07.!:1.93 
(3.82-12.45} 

8.88±1.36 
(5.66-12.65) 

9 18:!.1.53 
(4.80-12.91) 

8.951 1.27 
(4.35-1 1.82) 

8.74±1.69 
(3.30-13.06) 

pH 7.34±0.57 
(5.96-8.37) 

7.22±0.51 
(5.92-8.23) 

6.93±0.53 
(5.90-8.32) 

6.64±0.49 
(5.60-7.99) 

6.95±0.54 
(5.80-8.20) 

6.93±0.48 
(6.00-8.02) 

6.50±0.59 
(5.30-8.00) 

6.77±0.52 
(5.70-8.10) 

Total solids (mg/L) 176±1 17 
(73-698) 

177±141 
(74-1344) 

135±88 
(66-599) 

123±77 
(43-620) 

109±161 
(37-1379) 

176±232 
(58-1929) 

88±62 
(37-421) 

117±72 
(53-564) 

Dissolved solids 
(mg/L) 

77±22 
(1 1-150) 

78±21 
(0-148) 

70±20 
(0-150) 

65±19 
(0-1 10) 

57±17 
(0-96) 

69±18 
(12-119) 

55±21 
(5-219) 

63±17 
(23-134) 

Su5Pended solids 
(mg/L) 

98±122 
(0-631) 

99±146 
(0-1252) 

64±97 
(0-558) 

58±82 
(0-531) 

53±164 
(0-1321) 

107±233 
(0-1833) 

34± 55 
(0-362) 

53±77 
(0-503) 

Soluble 
phosphorus ijtg/L) 

27±2 1 
(0-99) 

22±25 
(0-239) 

17i 26 
(0-212) 

11.l:16 
(0-149) 

11±13 
(0-73) 

18±33 
(0-329) 

13:!. 19 
(0-146) 

15:!.21 
(0-170) 

Total phosphorus 
(Jtg/L) 

175±146 
(0-876) 

166±144 
(0-883) 

142±120 
(6-661) 

123±117 
(0-731) 

94±120 
(0-71 4) 

179±248 
(0-1475) 

63±84 
(0-475) 

132i225 
(7-2463) 

Ammonium-N 
(Jtg/L) 

84±97 
(0-579) 

88±95 
(0-548) 

97±115 
(0-728) 

149±124 
(0-851) 

90±106 
(0-907) 

80±81 
(0-525) 

70±107 
(0-1007) 

102±114 
(0-939) 

Nitrate-N (Jtg/L) 
178±180 
(0-1590) 

164±147 
(0-1430) 

191±149 
(0-1254) 

203:t-212 
(0-1656) 

150±123 
(0-611) 

200±276 
(0-2934) 

226±286 
(0-2158) 

167±173 
(0-1465) 

Chlorophyll a 
(Jlg/L) 

12.85±16.91 
(0-91.89) 

12.63±21.22 
(0-122.39) 

10.13±12.00 
(0-77.77) 

11.4 7±13.52 
(0-73.97) 

6.01±8.68 
(0-43.50) 

12.48±23.21 
(0-216.90) 

5.75±9.69 
(0-77.09) 

9.78±11 .34 
(0-68.26) 

Fecal coliform 
(# colonies/100 ml) 

2946±5373 
(0-37600) 

2610±5319 
(0-31600) 

4001±19506 
(0-210000) 

2518±6242 
(0-55600) 

1951±6121 
(0-59000) 

2344±6470 
(0-64000) 

1381±3893 
(0-30800) 

1130±1729 
(0-11600) 

Enterococd 
(# colonies/100 ml) 

847.!2078 
(0-20800) 

795±2299 
(0-20000) 

690±1953 
(0-20000) 

599'.J:2038 
(0-20000) 

655±1256 
(0-9000) 

606±1970 
(0-20000) 

432±1 161 
(0-8560) 

384±691 
(0-4000) 
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Table 2. Descriptive statistics, mean,i-SD (range), ofselected water quality parameters for 11 years (1992-2002) within Abiaca Creek watershed. 

Wal er quality 
parameter 

Year 

1992 1993 1994 1995 1996 

Temperature (C) 19.4±6.7 
(4.3-30.7) 

18.0±6.2 
(6 5-289) 

18.8±6.2 
(6 6-30.1) 

19.1i6.6 
(6.6-20.3) 

18.5±6.5 
(7.2-30.4) 

ConduclMty 
(µ.mhos/cm) 

76.5±28.5 
(38.0-168.0) 

77.4±31 .0 
(9.0-170.0) 

67.9±22.3 
(34.0-120.0) 

76.5±26.0 
(5.0-132.0) 

70.9±27.9 
(26.0-132.0) 

Dissolved oxygen 
(mg/L) 

869±1.68 
(6.10-13.00) 

8.74±1.22 
(5.04-10.90) 

9.48±1.57 
(3.97-13.44) 

9.25±1.47 
(6.52-12.75) 

8.41±2.18 
(3.06-11.80) 

pH 
6,38±0.43 
(5.58-7.90) 

6.77±0.60 
(556-816) 

7.11!0.45 
(5.85-8.03) 

7.33±0.54 
(6.05-8.37) 

7.3310.43 
(6.46-8.32) 

Total solids (mg/L) 
120±56 

(67-419) 
130±87 

(52-599) 
135±99 

(54-626) 
112±108 

(43-1037) 
21 1±254 

(48-1929) 

Dissolved solids 
(mg/L) 

71±18 
(22-120) 

84±24 
(43-219) 

65±15 
(29-107) 

67±20 
(0-150) 

60±23 
(10-101) 

Suspended solids 
(mg/L) 

48:J:57 
(0-351) 

47±80 
(0-524) 

73.l:103 
(0-554) 

49±113 
(0-983) 

151±256 
(0-1833) 

Soluble phosphorus 
(µg/L) 

14±12 
(0-42) 

20±20 
(0-92) 

35±18 
(5-86) 

10±8 
(0-41) 

12±10 
(0-66) 

Total phosphorus 
(µg/L) 

143±169 
(14-1475) 

160±192 
(18-1325) 

163±155 
(5-883) 

104±95 
(2-661) 

175±206 
(16-1475) 

Ammonium-N (),.g/L) 86±51 
(1-305) 

111±72 
(5-441) 

151±135 
(24-1007) 

101±59 
(9-251) 

112±116 
(1-851) 

Nitrate-N (µg/L) 119±46 
(3-225) 

204±187 
(25-1430) 

154±106 
(9-921) 

144±60 
(5-343) 

165±85 
(25-616) 

Chlorophyll a (µg/L) 
3.87±3.87 

(0.00-21 .25) 
5.97±7.17 

(0.55-43.89) 
6.76±6.33 

(0.00-32. 71 ) 
10.89±15.02 
(0.1 5-69.22) 

4.78±4.21 
(0.00-17.44) 

Fecal coliform 
(# colonies/100 ml) 

687±1253 
(0-6720) 

2471±4194 
(0-20160) 

5633±22782 
(120-210000) 

2020±2232 
(20-11800) 

321 9±3084 
(0-16000) 

Enterococci 
(# colonies/100 ml) 

4671:1007 
0-8560) 

768±1302 
(0-5760) 

282:1.418 
(0-2000) 

11 1:!.150 
(0-660) 

268±337 
(0-1400) 
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Table 2. Continued. 

water quality 
parameter 

Year 

1997 1998 1999 2000 2001 2002 

Temperature (C) 
18.3±5.6 

(5.0-26.5) 
19.7±6.1 

(8.3-28.9) 
18.5±6.3 

(4.7-29.6) 
19.3±5.6 

(6.3-29.9) 
18.2±6.1 
(5.3-29.3) 

17.8±6.9 
(4.5-28.0) 

Conductiliity 
(/imhos/cm) 

69.1±22.4 
(35.0-125.0) 

73.0±27.2 
(30.0-146.1) 

73.8t 28.4 
(20.9-132.0) 

79.7±31 .7 
(19.9-164.5) 

71 .6:1:30.0 
(1 5.9-136.1) 

74.Q±26.2 
(34.0-137.1) 

Dissolved oxygen 
(mg/L) 

8.65±1.3 1 
(5 30-12.40) 

8.47± 1.61 
(3.82-11.20) 

9.22±1.71 
(5. 19-12.30) 

9.10±1.71 
(5.52-14.47) 

9.00±1.75 
(4.44- 12.80) 

8.76-±1.55 
(4 63- 12.71) 

pH 6.64±0.40 
(5.60-7.60) 

7.04±0.54 
(6.00-8.20) 

7.18±0.34 
(6.50-8.00) 

6.87±0.66 
(5.30-8.30) 

6.79±.61 
(5.50-8.30) 

6.59±0.53 
(5.30-7.60) 

Total solids (mg/L) 133t112 
(42-996) 

126:i:62 
(49-410) 

126±74 
(47-500) 

185±238 
(41-1379) 

135±98 
(37-724) 

105±43 
(48-337) 

Dissolved solids 
(mg/L) 

60.L19 
(11-104) 

64±21 
(0-110) 

64±22 
(12-148) 

74±18 
(28-115) 

551 18 
(8-96) 

72±16 
(34-1 12) 

Suspended solids 
(mg/L) 

73±1 12 
(0-958) 

57±60 
(0-322) 

61±75 
(0-434) 

111±238 
(0-1321) 

72±97 
(0-646) 

34±40 
(0-256) 

Soluble phosphorus 
(/,.g/L) 

15±19 
(0-97) 

21t25 
(0-155) 

12±11 
(0-48) 

8±10 
(0-56) 

23±53 
(0-329) 

15±18 
(0-99) 

Total phosphorus 
__(/tg/L) 

Ammonium-N (µg/L) 

134..1: 126 
(0-706) 

148±260 
(23-2463) 

44±37 
(2-209) 

130±148 
(5-714) 

143:1: 141 
(6-702) . 

119..1:116 
(0-595) 

77±62 
(0-269) 

112±134 
(0-907) 

59±149 
(0-939) 

115±109 
(0-571) 

88±92 
(0-548) 

38±92 
(0-728) 

Nitrate-N (µ.g/L) 
227±367 
(0-2934) 

267±269 
(1 2-1656) 

355±364 
(0-1961) 

143±78 
(17-408) 

150±104 
(1-795) 

150±72 
(12-437) 

Chlorophyll a (jtg/L) 
13.65±14.74 
(0.00-94.12) 

14 .84±21.34 
(0.00-122.39) 

11 18±18.07 
(0.00-1 11 .47) 

14.75..1:27.65 
0.00-216.90) 

12.96i 15.03 
(0.00-1 19.40) 

9.35±9.75 
(0.00-53.48) 

Fecal coliform 
(# colonies/100 ml) 

972±1245 
(0-7659) 

2278±4020 
(0-26500) 

1120±3859 
(0-29500) 

2097±4949 
(0-28000) 

4351±13335 
(0-64000) 

1598±4952 
(0-37600) 

Enterococci 
(# colonies/100 m I) 

506±584 
(0-4000) 

913±1714 
(0-7200) 

866±2650 
(0-20800) 

629±1130 
(0-7600) 

1437±4356 
(0-20000) 

734±883 
(0-5100) 
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Figure 2. Monthly dissolved oxygen, pH, and suspended solids measurements for sites 1, 5, and all sites 
(mean) for Abiaca Creek watershed, Mississippi , from 1992-2002. 

15 - --------------------------~ 

3 

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 

8.5 

.,.,_ 
:, 

e 
I 
a. 

8 

7.5 

7 
I 

6.5 "--• 
• 

6 I 

5.5 +--~--~-~----,--~----,---~--,---~--,-----' 
1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 

1400 

:; 

"' 1120-
,5. .,, 

840"' 0 
"' "O., 
"O 560 
Si 
Q..,, 
::, 

(J) 
280 

1~ 2 ,~ 1~ 1•1~ tm 10~ t~~o 2001 ~2 

Date 

--Site 1 --Site 5 - ---- MEAN 

MWRC Proceedings 
Page 85 



,-

Figure 3. Monthly soluble phosphorus, total phosphorus, and chlorophyll a measurements for sites 1, 5, 
and all sites (mean) for Abiaca Creek watershed, Mississippi , from 1992-2002 
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Figure 4, Monthly ammonium-N, nitrate-N, and fecal coliform measurements for sites 1, 5, and all sites 
(mean) for Abiaca Creek watershed, Mississippi, from 1992-2002. 
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• • 

Figure 5. Plot of A) spatial variation of the first two principal components ofwater quality variation among 
eight sites and B) temporal variation of the first three principal components of water quality variation 
among 11 years within Ablaca Creek watershed, Mississippi. 
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Mississippi Embaymenl National Water-Quality Assessment -Cycle ll: lhe Second 
Decade 

by J.L. Smoot and R.H. Coupe 

In 2001, the second decade ofthe U.S. Geological Survey's National Water-Quality 

Assessment (NAWQA) Program began. The program has been redesigned, and lhe 

second decade is referred to as Cycle TT. The number ofstudy units has been reduced 

from 60 to 42, and each s1udy unit will be revisited in three groups of 14 on a rotational 

schedule. In 2004, the Mississippi Embayment NAWQA will begin its second decade of 

the NAWQA Progrnm. Similar Lo Cycle I, each group will be intensively sludied for three 

years, followed by six years of low-intensity assessment. The primary empha.5is of Cycle 

II (200 I - 2011) is to assess long-term trends in water quality and to improve our 

understanding of the factors and processes that govern water quali ty. An additional 

emphasis is to fill critical gaps remaining in the status assessment, the maiJ1 focus of 

Cycle I (199 I - 2001). Trus balance ofpriorities follows U1e recommendation of Ute 

NAWQA Planning Team which conc.l uded: 

" The primary goals of NAWQA during its fiJsl decade continue to be appropriate as 

the program begins Cycle TI. These goals are: 

• Provide a nationally consistent description ofcurrent water-quality conditions 

for a large part oflhe nation's waler resources. [status] 

• Define long-tenn trends ( or lack or trends) in water quality. (trends] 

• Identity, describe, and explarn, as possible, the major factors thal ailecl 

observed water-quality conditions and trends. [1111det:1ta11ding] 

To be successfi.tl NAWQA must continue to focus on al1 of these goals. However, 

U1ere should be a shit1 in the relative emphasis and resources given lo lhe lhree goals 

as the program moves into ils second decade. Relative to Ute first Cycle, tl1e first 

goal, occurrence and distribution, should receive less emphasis in Cycle II. The third 

goal, explanation, should receive greater emphasis. The relative emphasis given to 

trends should increase in Cycle TI because low-intensity phase sampling, a key 

component for trends analysis, was not folly implemented during Cycle l." 
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Chemical Mh111res (Phase I): Consequences ofWNV Eradlcafion on the 
Am1>llipod Hyalella au.eca. 

James Weston1
•
2 and Marc Slatlery1

•
3
•
4 

The UniversityofMis.~issippi; 1Environment.al Toxicology Research Program, 
2Depl. ofBiology, 3Depl. of Pharmacognosy and '1The National Center for Nat:wal 

Products Research; University, MS 38677. 

Outbreaks of West Nile Vin.is 0,VNV) throughout the United States, and 
particularly in the Mississippi Valley States, have spurred plans to control the mosquito 
vector Culcx spp. Chemical agents conuuonly used to control mosquito vectors are non
species specific pesticides lhal may potentially interact with non-target aquatic 
organisms. These compounds enter the aquatic environment via direct or indirect routes 
eventually becoming part of water and sediment matrices. Individually or as mixtures 
with 0U1er co-occurring persistent or lrdflSient anfuropogenic compounds, such as 
agricultural pesticides, these mosquitocides can potentially degrade the water quality and 
aquatic habitat ofnon-targel aquatic organisms. 

Our group will present preliminary findings (Phase l) which are pai1 of a multi
year study evaluating the co-occurrence and ecotoxicity of vector eradi.cation compound5 
individually and in mixtures with agricultmal pesticides. Cuncntly, our work has 
focused on met.hoprene, the active ingredient of /\ltosid ™, a commonly used mosquito 
larvicide and its ecotoxicological effocls on Flya/ella azteca, a common freshwater 
amphipod and an important trophic link in aquati.c ecosystems. This preliminary work, 
and information from U1e literature, was necessary to establish NOEC values for mixture 
studies which are tmdcr development. 
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Rw1ott· Quality in Bermudagrass Plots Treated with Poultry Litte1· 

Key Words: Hydrology, Nulrienls, Nitrate Contamination, Water Quality 
Presentation Type: Oral 
Presenter's Name: Alton B. Johnson, Alcorn Stale University 
Presenter's Address: I000 ASU Drive #852, Alcorn State, MS 39096 
Phone: (60 1) 877-6529; Fax: (60 1) 877-3743; E-mail: bjohnson@lornian.alcom.edu 
Co-Authors: Mariantonette 0. Jordan, University ofWisconsin, Maclison 

Dennis Rowe, USDA-A RS 
Teferi Tscgayc, Alabama A&M University 

ABSTRACT 
The overall objective oflhis study was to quantify rwt0ffvolumes, concentrations 

ofNO,-N, PQ4-P, K, Cu, Fe and Zn, and near-surface hydrology ofbermudagrnss 
plots treated wiU1 poultry litter under simulated rainfall. Poultry litter wilh application 
rates of 0, 4.118, 8.96, 17.92 and 35.84 Mg 1111·1 was applied to micro-plots (I .75 x 2 
m) on a 5% slope. The soi l IL5ed in this sn1dy was a Joessial Memphis sil t loam (fine
silty, mixed, thcrmic Typic Hapludalf). Rainfall simulator was used to produce two 
r1111 off events immediately and 1.55 h afterpoulny litter application. Soil profile 
water conlent increased wilh nun.fall application. Cumulative rw1off volumes for U1e 
0, 4.48, 8.96, 17.92 and 35.84 Mg ha·1 plot5 for the first rainfall event were 11 4.6, 
84.3, 102.3, 155.4 and 88.9 L, respectively. Owing lhe second rainfall event, 
cumulative nmoffvolumes were 11 6.8, 106.9, 12 1.1, 167.3, and 130.7 L, 
respectively. Flow-weighted mean concentrations of NO3-N, PQ4-P and K increased 
with litter application rate, however, PO4-1' concentration in the 8.96 Mg ha·1 

treatment was significantly smaller (I 9.68 mg L 1
) than lhe 4.48 Mg ha·' treatment 

(24.12 mg L.1
) in lhe first rainfall evenl(p =0 .05). Nitrate-ni trogen concentrations in 

the 17.92 and 35.84 Mg ha·1 treatments were 55 and I J2 times higher than the 4.48 
Mgha·1 trealinenL Approximately 13, 8.2, 6.6 and 2.6% ofsoluble P was measured 
from nmoffofthe treated plots. Potassium concentration increased hyperbolically 
with increased poul!:iy litter rates. In all treated plot~, copper, iron and zi nc 
concentrations were far below 0 .001 mg 1·1 for the two rainfall events. 
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Title: Effects ofMississippi Delt.a Sediment Contaminants on CYPI B-Gene Expression 
in Channel Catfish 

Key Words: Toxic Substances, Sediments, Waler Quality 

0ml Presentation Preferred 

Presenters Contact lnformation: Kristie Willett, University ofMississippi, Pharmacology 
and Environmental Toxicology, Dox I 848, University MS 38677, 662-915-669 I, foax 
662-915-5148 

Co-authors: H Butala 1, M Pa.tel 1
, S Quiniou 2 and G Waldhieser 2 

1 Pharmacology am! Environmental Toxicology, Univer~ily ofMississippi Un.iverbily 
MS; 2 USDA Catfish Genetics Research Unit Stoneville MS 

Sediments in some Mfasissippi rivers and Jakes contain significant concentrations of 
environmental conlaminanls including pesticides and industrial by-produclS. Chemical 
analysis ofsecfu11cnts collected from three Mississippi Delta waterways (Lake Roebuck, 
Bee Lake and Sunflower Rive1), suggested that polycyclic aromatic hydrocarbon (PAH) 
and organocltlori.J1c pesticides were highest at Lake Roebuck. Our research has been 
investigating the potential for sediment associated contaminants tocau5e physiological 
efl:ects in channel catfish, specifically on CYPIB gene expression. CYPIB is a 1'450 
gene that in mammals is involved in the metabolism ofP i\Hs and estradi.ol to potentially 
toxic inle1mediales. Quantitating induction ofCYP I B mRNA or eslJogen metabolism i.J1 
catfish could potentially be a useful biomarker ofexposure. The objectives ofour study 
were lo characterize in vivo CYP l B mRNA expression and estrogen metabolism in 
laboratory raised and wild-caught channel catfish (lctalurus punctatus) from Lake 
Roebuck, Bee Lake and Sunflower River. lnitial experiments involved cloning the 
channel catfish CYP I B gene. Prelirni.J1ary cloning results suggest that Lhe channel calfish 
sequence contains 5 10 amino acids and has a 55 and 50% identity ~~th the human and 
scup CYPlB genes, re;,-pectively. Laboratory lish were exposed i.p. lo com oil or 20 
mg/kg bcnzo(a)pyrene (BaP) for 4 days. Using quantitative real time R.T-PCR, BaP 
ex-posw-e induced CYPlB mRNAin blood, liver and gonad tissues. CYPIB mRNA 
levels from Delta catfish were not statistically increased relative to control fish, and 
CYPI B levels from the livers of these animals were significantly lower than laboratory 
controls. The relative tissue levels ofCYPlB mRNA from Lake Roebuck J:ish were gill 
>> blood > liver - gonad Liver microsomes metabolized estradiol to predominately 2-
hydroxyestiadiol and estrone, however a statistically higher ,1 :2-hyclroxyestradiol ratio 
wa.~ fo1md in RaP exposed animals (0.1 7) compared to controls (0.04), suggesting that 
BaJ> caused i.J1duced formation of the genotoxic 4-hydro;,._yestradiol metabolite. Liver 
microsomes from the Delta fish produced statisti.cally more 4-hydroxyestradiol compared 
lo control animals but less than Lhe BaP exposed fish. These results will ultimately help 
characterize the utility ofCYP18 as a marker ofenvironmental contami.Jiation and the 
physiological ;,-ignificance of CYPI 13 in fish. 
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Optical fiber cben:rlcal sensor for water quality n101:rlto1ing 

S. Tao", J.C. J<'auguy, S-Ji'. Gong, L. Xu and K. Soni 
Diagnootic Instrumentation and Analysis l~1boratory, Mississippi State University 
205 Research Blvd., Stark\rille, MS 39759 (*E-mail: tac@dial.msstate.edu) 

1. Principle of' optical libt1r chemical sensor 
An optical fiber chemical sensor (OFCS) can detect and measure the 

concentration ofa oompoundby sen,ing the interaction of lhe compourul wilh the light 
propigating in an optical fiber.1 Depending on the locati.on at which the interaction 
occurs, optical fiber chemical sernors can be divided into two classes: active core fiber 
optic sensor (ACFOS) and evanescent wave fiber optic sensor (EWFOS). ln anACFOS, 
lhe interaction ofan analyte compound wiU1 light occw-s i.n.>icle an optical fiber core, 
while in an EWFOS, the interaction oran analyte compound with light occurs in lhe 
cladding layer ofan optical firer. A light beam traveling down an optical fiber can be 
scattered or absorbed by a compound existing inside 1he fiber core or the cladding as an 
impurity or as a dopant. The light propagating in an optical fiber <'.an also excite a 
compollll<l in the fiber to a higher ene1gy level an<l causes Uie emission offluorescence. 
All these interactions can be used b1 designing anOFCS. Therefore, analytical 
spectroscopic techniques, such as ultra violet/visible (UV/Vis) absoiption spectrometry, 
infiared (IR) absorptionspeclrometry, Raman scatteririg spectromeby, Jluorescence (FL) 
spectrometry, etc., have been used in OFCS design. 2 The chamcteristics, including 
sensitivity, response time, selectivity, etc. ofan UFCS are decided by the properties of 
the compmmd to be detected, 1hc analyte/light b1teraction used for the detection, tltc 
locationofanalyte/1.ighl interaction, and llie micro sb11Cture of the optical fiber and the 
cladding. 

1.1 Pri11ci1>le of' ACFOS and EWOFS 
When a light lxam is ir\jccted into anoptical fiber, the light travels down the firer 

lhrougha series of total internal reJlection al lhe interlace of optical fiber core an<l 
cladding layer. Ifan analyle exists in Uie fiber core, lhe analyle molecules can interact 
with lightpropagating insi.de 1he fiber core. In this case, the optical fiber core acts as an 
optical spectroscopic cell for detectu~ analyte/light b1teraction. 111oories established in 
conventional analytical spectroscopy can be used to describe the interaction of an analyte 
with light btsidc the fiber oore. For example, 1he absorption of lightofa specific 
wavclcngth by ru1 analyte inside tl1e fiber core can be described by using the Lambert
Beer';; law: 

A- Log (1/ I) - i;CL (1) 

ln this equation, A is absoroonce, Tis !he tr011smittance, r, is the absoiption coefficient, C 
is tl~ concentrationofthe analyte inside the fiber, L is tlic length of ti~ b1teraction, 
which is decided by tl1c following equatiOJI 

(2) 
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where, I is the lengthofthe optical fiber transducer and 0 is the incident angle oflight 
ooam to the optical fiber. Similarly, opticallyexcited fluorescence ofan analyte and 
optical scattering by ananalyle inside an optical fiber ca:e can be de&,-ribed lf>ing 
theories established in conventional analytical spectroscopy. 3 

On the other hand, as a light beam travels down an optical fiber, a standing wave, 
also known as evanescent wave (EW), fonns al each point oflotal inlemal rellection 
along the optical fiber. This EW ctistributes a small part of 1he power of the light guided 
inside the optical fiber into the cladding layer. The quantity ofEW poweris related to 
the total power of the light guided inside an optical fiber. An approximate equation 
dlscribing the optical power flowing in the dadding ofa multi.mode optical fiber has 
ooengiven by D. Glogc4 

(3) 

where, Nis lhe number of free space modes lrilJlSIIliltedin the optic-.:tl fiber and can be 
approximately expressed as: 

N - 2(na)2(1""-/ - n.1nddin/Y~} (4) 

In this equation, a is Ire diameter of the multirnode optical fiber ca:e, !\,ore and llcJaddmg are 
lhe refractive index offiber core and cladding. re;,-pectively, and A. is lhe wavele11g1h of 
light guided in the fioor. h1 a more rigorous description, the lig!Jt power flowing inside 
the cladding also depends on the confom1ation ofoptical fiber.) For designing an EW
based optical fiber sensor it is important to increase tl~ EW power in order to achieve 
highest sensitivity. This can be accomplished through choooing optical fibers of different 
material, chai~ing the cladding material, or changing the conformation ofthe firer, for 
example, by bendir~ the fiber. 6 

TI1e clislnoution ofthe optical power in lhe cladding ofan optical fiber is not 
uniform. The povver intensity decreases exponenriany with the increase of ~ncticular 
distance from the int.errace of fiber core/cladding. The change of1x:iwer intensity with 
disl'llnce away nom the fiber core/dadding interface can be expressed as follaw:7 

I= lo ex-p(-2/clp) (5) 

In thi.s equation, Tis the power inten~ly at distnnce z Ji-om the interface offiber 
core/cladding, 10 is the power intensity at the interface and c1p is defined as the penetrate 
depth, which is exvressed as follow: 

(6) 

where, 0 is the incident angle oflhe light entering the optical fiber. Equations (5) and (6) 
indicate llial for art EWOFS, an arnlyte molecule can lJe sensed only if it exists at a 
distance from the fiber core/cladding interfa_ce comparable with the wavelength oflight 
u$ed for sensing the compound Therefcre, in constructing an EWOFS, the thickness of 
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the reagent-containing polymer cladding should be comparable to the wavelength oflight 
used in sensing. 

Almost allof the analytical &pectroseopic techniques used in oonventional 
analytical chemistiy can be nsed for detecting the int.emotion ofan analyte with the EW 
in the cladding layer. Taking optical absorption as an example, the E\V absoroonce by a 
compo1md in the cladding layercan be expressed as follow: 

In this equation, y is fue ratio ofq,tical power tlc,..ving in the cladding CNer total light 
power guided through the fiber. e is the absorption cocflicicnt ofthe analyte, and 
dplnc1add.,e-<;in0/a(n,0,.2-n:1add"'&2sin20)11

l is the absorption path length, which is equal to the 
penetration depth (dp) times the number of total internal reflections, which is c;ilculated 
as ln.:!iddm~tEVa(nco:ez•Tlc!iddmg2&rr0)112

, as light travelsin anoptical fiber oflength I. 
Similarly, EW excited fluorescenoe,8•9 EW Raman spectroscopy, 10 EW scattering, 11 etc, 
can be u~ed in designing EWOFS to detect the interaction ofan analyte in the EW field 
withthe light ~ 1etrated into the E W field. 

1.2 Comparison of AC.l<DS and }.WO.liS 
C01n1~ing equation (1) withequation (7), it is cl.ear that the sensitivity ofan 

ACFOS is much higher than thal of an EWOFS. Two factors, the light intensily (Idadd,ng 

=yltohh y value is usually smaller than 0.05) and the interaclionpalh length 
,l I.. ' '" ( 2 2 ' 21'\\lfl ~ • 1 ' 1 1) l' . "- " ' f( = ,'!> u '°lttdd,ngSlJ1o,a 1':ore · T\::lttdding SITI 01 , c,Hs Ol1 y In µm eve , ntnt me sen.<at!Vlty 0 

an E\VOFS. For e.xample, G. L. Klunder, et al. 12calculated the absorption path length of 
an EW based optical sensor \vith a 12 m optical fiber to be only 3 mm 

However, most of the reported OFCS are based on fiber optic EW spectrometry. 
AnEW based OFCS can use conventional ~ilica optical fiber made for the 
communication inchJShy for sensor design. This fiber is inexpensive and easy to handle, 
and is comµalible with all kinds oftools and inslrumenls usedin the cormnunicalion 
industiy. C.ornmereiallyavailable silica fiber is a solid material. It is almost impossible 
to iulroduce an analyte molecule into the fiber core for deLecti:ng the interaction of the 
molecule with light guided in such an optical fiber. Therefore, in order to make an 
ACFOS, a special optical fiber core has to be developed This fiber core should be able 
to guire light and allow intrcduction ofanalyle material into the firer core. Several 
specially designed optical fiber., have been developed and can be u5ed for designing 
ACFOS. These include hollow waveguide (HW), 13 liquid core waveguide (LCW),14

• 1s 
porous optical fiber made from polyrners. 16• 18 

2. The structure of optical fiber chemical sensor 
The structure ofan OFCS is similar to that of a spectroscopic in~trument used in 

conventiornl analytical spectroscopy, except that an optical fiberis used as an optical 
sample cell for detecting the interaction ofananalyte with light. Anexample ofOFCS 
lbr detectiJig optical abso1ption is shown in Fig. 1. In this sensor, the absorption cell is 
eilher anoptical fiber core or Uie cladding layer ofan optical fiber. 
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Optical fiber i:ouvler 

rzszszsr 
A. Atllv-e Eber rnre alJso[JJdon D. E'vanescenl wave absorpuon 

I-lg. 1 A.n OFCS 1.1:li.ng optical absorption spectrometry" ln 311 ACF'OS (,A), the light 
alJ:iOJbmg material e:tisls :i11:iide ~ hoer conl. whlla in :m EWOflS ffi), (be lighL 
ah>orbing rruterisl exi51$ in lhe cladding. 

The dwl rolt:;; ofan uplical fiber as both a light guicling medium anta;;amp!.: l.'t'U 
significantly simplifies tlie opticru ;;jrnctnre ofOFCS and nnkt!S the senS<J' more flexible. 
'Ibulm<Jke:1 OfCS very attractive for fidd applicatlorL Inaddili<1rt mu;! uptical fiber 
SCIJS0rs arc (bllgncd for monitoring a ~l~C.i.fic ru~yte using lightofsp::ciflc wavclc1~tb. 
Simpfo light sul.11:Ce:;, such .,i:; lighi fflllirig <lio<l,;: (LED), l(t;er di.txle (LD), small t~slcln 
bubble, t:lc. <.:art be =<l in lli= ~- Simpfo optical di:w,;raing elements or ev<ll1 
tx,nclposs iilters can be med for selecting light ofspeoifio wavelength. All the.';e feruures 
make an OFCS much ~implci:,smalley arldinex1~11Sivc coiu1mcd wjthconventioml 
spectroscopic i.nstrlm1cnts used inanalytical laboratories. 

3. Advantages of'OFCS for field application 
Optical spocfroscopic tcchniq1,1es 1lJ'C widely used in ruialytical laborati.Jrics for 

highlysensitive, precise detection oftrnce nnalytes in cm,plex samples. It is nowv.-idely 
recognized thal ll10$t oflk analytical ,-pectroscOJJlc detec.;tion m.:.Jhods can be reproduced 
in lih<lr q,tia speotTOfioopy by1.L$ing nppropri;1tely <lesigneil optical fiher a:1 n 
spectra;oopio S.'lmple cell. OFCS u'>ing fiber optic spectroscope techniques is nut as 
sensitive and precise as )aboratoiy s1~ctroscopic instn.uue.nts. Howevcr, for ticld 
applications, OFCS Ii& Ute f◊llowing advantage:.: 

I. SrruJl SUi) and low cosL 
2. Remote ~ensingoap1hility. 
3. J...-.,g t.e1T11 ~I time monit01ing capability. 
,.I. Easy field deployment ei'ld contir11.1ros \uoniti.,-irlng cap:ibility 
5. Iia,y irnplermmtalionof a sensor network 1\/ilhpre,;eni optical fiber 

co111111unicatio11 intro~bTrti.JJ~. 
6. Pe-aoibi.li.ly of<lislribu!oos-,rll!U1g (mulli serlSL'l's fabric:are<lon a ~ingkoptit-a'l 

fiber). 
7. Peasilillly ot' depluymml. :inlo small spaces wlritl1 is unaccessible lt> convenlwnal 

instn.lrn\.>J1ts, 
R. In !\ituandinvivo sen.-;ing capabilily. 
9. ht11,x;rviousncss to frtlcrforences from elcc1romilgnetic fields. 
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4. Development or OFCS for water quality monitoring in DIAL 
4.1 Liquid core ,mveguide ACFUS for mouito1ing Cr(Vl) in watea· 

Chromate cornpornids have been used as a reagent in pigment production aiid 
leaU1er lamw,g. In Ute past, ~ince the ha2ardou;; chm1cleristic ofcluomale compow1ds 
had not. been recogni7..e<l, chromiw:n-containing waste has beeninadequately dispC6ed 
At present, the leaches ofchromium compoundi from the waste dumped site to ground 
water caused water contamination all around the world. 19•21 

Chrcrnium can exist in nature as a compound in one of its two stahle valences. 
Clu·omiwn in Cr(IID compounds is nontoxic and is actually an essential nutrition for 
human body. Chromium in Cr(Vl) compound, the hexachromium, is verified to be 

22 23canccroge.nic. , Therefore, chromitm1 contaminationis actually a problem ofCr(Vl) 
contaminatiort In watercontaminationinvestigationand contamination control, what is 
important is lhe concentration ofCr(Vl) ions in waler. 

Present laboratory analytical methods for chromium detection are very sensitive. 
For example, inductively coupled plasma atomic emission speclTQmetry can be used to 
detect chromirnu in water to part-per-billion (ppb) levcl.24 Graphite fumaoe atomic 
absorption ~-pectromelly also has the capability ofdetecting cbrmtlwu in waler to sub-
ppb level.zj However, all lbese meUtods can only give inlollllaiion about toial chromium 
concentration in water. A separation procedul'e, such as extraction, ion chromatography 
(IC), must be used lo separate Cr(VI) from Cr(lll) inorder to obtain Cr(VJ) concenlI-aiion 
in a water sample. .ln addition, the in~'1rurnents used in 1hcse arialytical methods are 
e~ive, big in~ize and suscepb.ble to environmenial mises. ll is very clillicult to 
deploy these instruments to field On 1hc other hand, C!(Vl) ions in water is known to 
absorb UV lighl wiUt peak absorption al arow1d 373 nm. Cr(VI) ions inwaler can be 
detecred by using Uris light absaption phenomenon However, conventional inllin.sic UV 
ahsorptia, technique is not sensitive enough for detecting C1(VI) in ground water. 

A liquid core waveguide (LCW) is an optical fiber with water or an aqueous 
15 solutionas a ligl1t guiding media14

• A tube made from a special amorphous 
tluoropolymer, which has a refractive index (from 1.29 to 1.31) ~ntaller lhan llialofwaler 
(1.33), is used lo construct a LCW. When water is filled inUtis tube light. can beguided 
through water in,,;de the tube via total internal reflection. Trace chemical compound5 or 
ims dissolved in water filled inside the tube can be detected using aiialytical 
spectroscopic tecb.ni.ques with the water filled tube as an optical SaJ11ple cell. The 
sen.,itivily ofoptical spectroscopy using a LCW as a sample cell can be thousands of 
times higher than that ofco1wenti0Jial spectroscopic technique, because the lcngtl1 ofa 
LCW can be hlllldreds ofmelers, while llie leriglhof a. sample cell in a conventional 
spectroscopic techrtlquc can only be in oentinieters range. 

A simple optical fiber Cr(Vl) sensor, consisting from a UV light emitting diode 
(l.ED), a 2 meters I.CW anci a photodiode, has been developed in DIAL.. 15 Aphotograph 
ofthe laboratorysetup of this sensor is shown in Fig. 2. The LED used in this sensor 
emits UV light at 375 mu witl1 peak width of I5 rn1. The emb"Si.on profile ofthis LED 
fits well with the absorptionspectnnn ofCr(VI) ions in warer (fig. 3). TI1erefore, no 
optical dispersing element is needed in the Cr(VI) sensor when Ibis LED ill used as a light 
source ofthe sensor. This not only makes the sensor simple in strucnrre, hut also rob1J::,"t 
for field deployment. 
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Fig. 2 A photograph ofa laboratory set-up of the Cl(VI) sensor. 

4000 -"- UV LED emission profile 

Fig, 3 UV LEO emissionprofile and optical absorption spectrum ofCr(VI) ions in water, 

The response ofthis rellSOr for monitcring a water sample cmtaining Cr(Vl) ims 
is shown in Fig. 4. The sernor can detect Cr(Vl) in water down to 0.1 ppb. Metal ions 
and organic compounds nonmlly found in groand water do not interfere with the 
detection ofCI(VI) ions in water wi1h this sensor. 

4.2 LC.'W ACFOS for dl'Aecting nie,-cury in waterl" 
Mercury.is a toxic metal with special properties. The contaminationofground 

water by mercury emitted from coal-fired power plants and elevated alkylmercury 
ooncentraticn in -fishery products are presently serious social concern around the WOl'.lcl. 
Atomic allio1ptionspeclrornetry{AAS) is a sensitive technique for merCtuy detecti.ort 
Conventional AAS in,--tn.unent needs al least three expensive components. These are a 
~al lightsource, an atomizerand a high-resolution speclrometer with a sensitive 
photodetector. The instrument for mercury AAS detectionu,--uaily has to be installed in 
an analytical laboratory and ope1a1ed by well-traired analytical chemist ll is difficult to 
deploy such an AAS instrument to field for mercury detecliort 
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f'ig. 11 Rc.:,l)OllSC ofan AC.'FOS using an LCW as a transducer to a water sample 
containing Cn'.VI) ion<; ofrli fTerent concentration 

A sitnple strncnired ACPOS for detecting mercury in a water sample has recently 
heen develqxrl in O!Af.,.14 This rensor consist;<; from a deuterium lamp-ns a light source, 
an 80 cm LCW as ru1 absorption sample cell and an optical fit-er i;:QLn]lltiblc UVNis 
spectrornek:r as a <lekdlI, The :.tructure oflhisrne.rcury sensor is sirni.liil lo lhal of the 
Cr(Vl) sensor sh~in fig. 2. MerCUlcY conlai:ning waler sample is IIlLXtd·Willi a 
NaBH.1 sol11t:ion. Mercuryions in the watersarnple are reduced to mercury ntom~ by the 
reagent The mercury atC'ITTI, oontainingwater i, then irtiected or pumped into 'the I,CW. 
Atomic absolplion by mettury atoms.inwater inside the Ll:W is monito,cd, "the atomic 
abso1ption ca=dby rnen.,'tlry aloms in waterhas a bro:tdliand ~-pedrum wilhpeak 
wavclenglliat 155 urn and bandwidlh of20 nm. Theabso1ption liigm.J ofwater S-iII11Jle 
containing cli.fferent conoerurntion ofmercury is shown in Fig. 5. Meroury in water in 
lowppb level ..mbe detected willi lhIB simple sensor. In further tlevelopmenl, a band 
pass ·fill-er will be used to replace !he ~lmrneter in order to oonstruct nlow co;;t; simple 
and robust mercrny sens« for fidd ·applica1ion. 

0.35 

o..~ 
0.25 

lj 
C 0,2 
" f 0. 15 .,0 

.Q 0. 1 -< 
o.os 

0 

-0.05? 

Fig.5 f\b;orption !.J.>ectnrrn 0f r,CW ACF'OS by mercury atom~ generatedby rerluotian 
of rnei-ctiJ.y iOIB ofclltrerent concentration in water 
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4.J EWOFS using a lJexible tubular waveguide as a transducer 
From eqiialic~1 (7), ii is c.!lear that when the parameter (<liameter, material and 

incident wg)e, eto) ofan oplicnl fiber is deQide<l, lheonly way 10 i.J1crcase the sensitivity 
ofan EWOFS is lo increase the length of the active ccating, However, in conventional 
EWOFS u.,,-mg a silica optical firer as a transducer, it is veiy difficult to make a sensor of 
long :lctive croting beca= the silica fiber is V<ll)' fragile once itsjacket and polymer 
cladding have been removed This is especially hue when a 6ber ofsmall diameter(lbr 
example. asirigle mode fiber) is used to make the sensor. 

OlAL ms recently e.\l)lored the application ofa flooble fused silica capillaiy 
(FFSC) as a tubtllar waveguide(TW) for lbe fobricati.oa of.i long path EWOFS. TI1e 
s1mcture ofanFFSC TW issbown in Fig. 6. The outside of the FFSCis cladded will1 a 
eloped silica. An organic polynier or melal layer is coated on the top of the ch1dc.fuig tv 
mecharucally protect lhe Ff SC. This makes the FFSC strong and flexible in operation. 
TI1e inner surface of the PFSCis fiise<lsilica whioh is the S3IJlt: as 1ml ofa silica optical 
fiber. When a lighl beam is utject.ed mt·o one end oflhe capillary. lllelighl is gi.rided 
inside the Wlll] of01e capillary as sbo~ in Fig. 6. The observedimage oftbe light a1 

the distal end ofthe J<FSC is in the shape ofa ring as showing mFig. 7 • 

..--...,.., 1-----1·· 11 s e d s i I i c a t u h i n g ( c a _p ii 1 l a r y ! 

'rlll----D o p e d s i I l c a c l a d d i n g 

◄•--_i,Pr0Lccl1011 .(ackel tc an be 
orga n ic pol y rn er o r metal 
s u c h as a l uminum o r got Jen) 

Fig. 6 Dmgrammatio structure of rut FFSC TW. 11,e green arrows in the fused silica 
tubing illustrate a liglu beam lmveling through die waveguide 

Fig. 7 6nd view ofan FFSC TW U1lder a microscope as a light beam from a green LED 
guided tl1r0l1!ll'l the FFSC. 
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_.,J.l lntrinsii. EW absorption ~ 001· witll a li'li'SC as a tr:mmlucer for ~ n~ing 
Cr(VI) in w:der 

When a lighl. beam i;;glitled through ll1e rrsc, an EW field is fomie<l i:n (be 
intetface offhecnpitlruyinner surface ru,d water in~ide the oapillruy, This EW /ieldcru, 
internet with a species within the field to give out a sensing signal, 1\ chemical species 
absorbing the lightgtudcd 1hrougll 1heTW can be oolectcd byu:,ing intrinsic EW 
ab501plion !eclmique. 

One example ofllus PPSC inb.msLc EW absu!J)titn l.echniq_ue i;; a Cr(Vl) sensor. 
TI,i$ serror COlb~"tS from oUV light ~ource (deuteriumlamp or a UV LED), two nolTTlnl 
silica. fibers, an flFSC IDxl a photodetector (willtoi· without an optical dispersirig 
element), Eoch end ofthe FFSC is connecte/lto 1l silica oprical fiber through the 
horizrutal ports ofa ·'T" rorn1.CCtcr. 'l 'he pcrp.:nclicular port of tll:! "r" connectors is used 
for sample inletand outlet, A light heam from the lighl'i-ource is injected lnto one ofthe 
silicaoptical .fiber and the liglit guided thtouglt ti,c capillaiy is d::tectt.>d by feeding tlw 
light emerged from 1hc second sillca fiber into a µhotod etcctOL. The structure ofsud111 
sensor is shown i:n fig, 8. A omsor ofsuch structure with a 1meler rFSC as~ transducer 
ha,; heen i-ested f0r Cr(Vl) detection, Test result is shown in Fig. 9 This sensor can be 
11-se<I to detect/monitor Cr(VJ) in an 11queon; solntim down tn 23 ppb. 

1:-F!:t:'lW 
(]bl f/FSC C"4l lX'. 001 ucitde:l) 

£7ig. 8 Diagra.a:nr.11ic slrudlll'i:: of.m 0£7CS wing an F£7SC TW as a lransclucer. The 
inner surfoce ofrhe FFSC can he cooteci with polymer (wifl1 or withmrt reagent doping) to 
make different sensors. ln the Cr(\11) sensor described in lhis paper, there is no coating 
on tl~ .iJmer stufacc, 

OnGS+---------------------------
omi~ ~2l> prnCr(Vll. ;;i----~.C:..~~--------------{=-=- ~r=:;:;:~ 

Fig, 9 Ahsorption spectra ofan FFSC BWOFS expO/;ed to a water sample oonminfng 
Cr(VI) ion, ofd1ffurcnt concentrntion (leng1b ofFl-'SC - I m). 
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.f,3,Z. b1frl11sic lt\lV absol'ption ~,sor u.siug a hyd:ro11hobic polymer co:1ted F'~'SC as 
a lr.tn...-du1.-er for mooiloring aromatic: compound ·in a waler sample 

A pQiymercan l.Je coated on thei:nncr surfaceoflhe flPSC lo exlraot/concenlrale a 
target:;i;.ecie.-; litim n water snmple in order fo increase O·ie ~en,;ith,ity of the intrin..<;ic F.W 
ahsorption 5en,or. This sensor det;ign concept has been U.5erl t0 COl1$truct an OFCS for 
detooting/monitoring.hydrophobic aromatic compounds in a water sample.. 1nthis sensor, 
the fif,SC is co:.,Ltid un U1e inner surface wilh poly<limell1ybiloxane (PDMS). When a 
water SaIIJ?e conlaining'dl'Olllatic tX.mpoumls fl owing,lhrougli 'the coaled t'apillary, lhe 
hydrophobic runmntio cornpm.md, in the w.iter r;n.mpl,e are extracted into the PDMS 
coaling. 11Le exlrdcled arom~tic compounds in U11:: cwtiiag layer itdeni_cls wiUt I.he TIW 
fielclanrlthis intemcrion is monitrrecl in 1hesome way as 1hal' in 1heFFSC intrinsic 
absorptionC~Vl) sensor, A toluene scn;;pr using a 0,5 nietcrs l'DMS coated JJJ,,'SC has 
heen cons1motecl as an example ofthe sensors ofthis ola,;s. This ,ensor monit0rs !he 
i.nt:ri.nsic £W ahsorptiQI\ oftbc extracted toluene ar ar01-ui.d 260 mu, 'rest l'~llt oftbis 
sciisor for monitoring toluene in a water sample is shown in 1-'ig. l 0. This sensor can 
detect toluene inwater down lo 0.1 ppm. This sensor is reve11lible, V/htlfl a water sampk: 
contains no toluene f1ows thro11gh the PFSC, -rhe 1oluene ah.'\orberl in the POMS c()lring 
layer can he washed off. i his rol irl phase extmction'intrinsic F.W nhsol],tion technigue 
can also be used for monitoring other organic compoundsin Wl\ter. 
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Pig. IO Abrorption spec1ra ofan FPSC E\VOFS exposed·to a water sarnpl.e containing 
toluene ofdi fl:cron1.conccntratio,t The J:lfSC is c.ccted with PDMS (length ofJJFSC -
O...'.im), 

t3.3 O.FCS using anFFSC coatej with a reagent-doped polymeras a transducer fo1• 
ruooiloriog Ir.tee metal ions in a \V.ller .1ample 

l'he polymer coatecl on the inner surface ofan FFSC cnn also be eloped v.~lh a 
chemi_caVbiocliruaical agent. A ~pecfos in -~water sample tmlbe exlraoted into Ille 
polymerlayer ancl r~act withtJ.13 reagent doped i.nsicle the polymerlaycr. This reactl.on in 
the oc-aluig layercaiu"-'.!nvert ;ru uptiCillly inert species lo m oplicallyactive species al 
specific 'Optical wavelength, and thus can oo dcfocted wi1h rut EW SJJCctroscopic 
tedmique. A ~q>per ions sensvr has beendeveloped u.sing tltis ,lruclure. In I.bis sensor, 
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a 0.35 met= rJ-.'SC coaled wlth an criochrome cyanine R. tlo~ sol-.gcl silica is used as 
a lrarJS<lul-er. \Vhella wal.ersaruple containing copper kms nows lhrougll lh.e coated 
l,apilliuy, copperionsin lite waler sample are extractedinlo the polymer layernn<lreacl 
with the reagent eloped i11 the sol-gel silica coating. The fom,ed complex of copper ims 
with the reagent cnange~ the color of the sol-gel Silica coo.ting (from OJnnge to purple) 
andiius calor cJw1ge is detected by using Jibor optic f.W a bsc...-ption spectrometiy. The 
responlie of this sem;or lo ccpper ions of <lillerenl cutl'enlrJJil,n ina waler sample i;; 
shown in f1ig. 11. Copperfons iu waler down l.o 2.5 ppl, canlie di:lel\led wiU1 this sensor. 
This sensor is nl$o reversible 1::ecmi.~ the oomplex fcrmlllion of copper ions·with the 
reage11J.is in dyrnmic,cquilibraliut wiil1 waler molecules in Oie solutiort 
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Fit. 11 Abso17Jti0)1 sixctra ofan .rfSC.: £WOFS exposed to a water sample containing 
oopJJ<T fons of dilfonrnl concentraliun. The rf1SC is coaled wilh Eriucl:imrne Cy&llllt: R 
doped sol-g,el silica (length of FFSC= 0.35 m). 

5. Conclusion 
OFCSswith cnpahilityofdefecting to.,io meml ims,md organic COtTTfX'JUncls in 

wnm.r samples dow11 to ppb level have been dcvclopecL 'J11C:Se sensors arc &mplc in 
$1nlC1llre, low oost. i11 bolh fahrioation nncl operation /\ll lhesensors, except the mercury 
:,<lllS\.tr, =i ~deployed lo ficld for crnlim.lou.s monitoring williuu11JeISOIUltll -pre=ce. 
l.n t.brther work, micro c01mmuiicationdevice will be integrnted into tlie sensors, S=i.ng 
;;ignal ufindividwlseru;on; c::.m lxi send lo a oomrnunicatio11'data process cent<lr. A 
~sor network can be formedwilh this technique for long-lerm real lime r!l(lnit01ing the 
rlistribution and movement of oontarninru,ts in ground water. 
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HABIT AT ASSESSMENT OF SELECTED STREAMS IN THF. MISSISSIPPI 
RIVER ALLUVIAL PLAIN IN NORTHWESTERN MISSISSIPPI AND EA.'JI ERN 
ARKANSAS: "\>VINTER AND SUMMER 2002 

By Richard A. Rebich, JleaJ/zer L. Welch, and RichardH. Coupe 
US. Geological Survey, Jackson, Mississippi 

INTRO DUCTION 

The U.S. Environmental Protection Agency (EPA) outlines in section 303(d) of the Clean 
Water /\ct (CWA) a requirement for each State to design restoration and remecliation 
strategies for impaiied waler bodies with.in lhat State (Mississippi Department of 
Environmental Quality, 2000). As part of their statewide stream water-qualily 
assessments, Ute Mississippi Department of Environmental Quality (MDEQ) uses lhe 
Index ofBiological Integrity (lBl) method to determine impain11ent for most stream 
watershed~ in Mississippi (Mississippi Department of Environmental Quality, 2000); 
however, this same 181 method could not be used for streams in the Mississippi River 
Alluvial Plain (MRAP) in northwestern Mfasissippi (Matt Hicks, MDEQ, written 
commwi., 2002). MDEQ identified lhe need for an assessment method lo evaluate waler 
hoclies for this particular region. Therefore, a workgroup was created to evaluate current 
rnelho<ls lo assess stream conditions for nortliwestem i'vlissis,,ippi streams and to define 
target conditions to serve as endpoints for ecological integrity (Randy Reed, MDEQ, 
written commun., 2001 ). 

The workgroup, which included representatives from several State and Federal agencies, 
suggested a pilol study to: (I) collect four types ofdala- fish, macroinverlebrate, water 
qua.lity, and habitat; ru1d (2) det.ennine if a particular dnt,a type could be used to indicate a 
range of stream conditions, and ultimately impairment, in norlhweslem Mississippi 
streams. For each data-collect.ion eftort, sampling protocols were evaluated for their 
effectiveness in indicating ranges ofstream conclitions. In some cases, more than one 
sampling protocol was evaluated. 

Purpose and Scope 

The U.S. Geological Swvey (USGS), in cooperation with MDEQ, collected water 
samples and assessed stream habitat at 43 M RAJ> sites in northwestern Mississippi (sites 
8-50, Jig. 1) <luriug lwo index periods (winler, January-April 2002, and summer, July
September 2002). Data were also collected at seven MRAP sites in eastern Arkansas 
(sites 1-7, fig. I) during lhe same two index periods. The habitat assessment data are Ille 
focus of this report. This repo1t: (I) documents methods ofsite select.ion and 
categorization, data collection, quality assurance/qual ity control, and stati.stical analysis; 
and (2) presents Stumuaries of the habitat assessments and results ofstatistical amuyscs to 
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detennine ifany or lhe habitat assessments could indicate a range orstream conditions 
for nor1hwestern Mississippi streams. 

Desc.ri11tioo of the Study A.rea 

The study area is in U1e part of lhe MRAP U1al lies in norU1we6tern Mississippi am! 
eastern Arkansas (fig. I). The study focused primarily on the part of the MRAP in 
northwestern Mississippi, an area described briefly in the following paragraphs. 

The entire MRAP in Mississippi is drained by the Yn7,oo River, which is formed by the 
confluence ofthe Taila1iatchie and Yalobusha Rivers. The Yazoo River flO'l''S southward 
from Greenwood along lhe eastern edge ofU1e alluvial valley to lhe Mississippi River al 
Vicksburg. Four flood-control reservoirs (Arkabutla, Sardis, Enid, and Grenada Lakes) 
are located in the northeastern part of the Yazoo River basin. These reservoirs control the 
runoff from more U1an 4,400 mi' ordrainage area wiUrin U1e Yazoo River Basin (Coupe, 
2000). 

Tributary inflow to the Yazoo River downstream of Yazoo City is diverted by a levee 
along the right bank ofthe river channel from Yazoo C'ity downstream to the spl it oftbe 
old chaimel ai1d the Yazoo River Diversion Channel. In tl1e rnid-1960 's, the U.S. Army 
Corps ofEngineers (US/\CE) constructed a diversion canal that connected Steele Bayou, 
Deer Creek, llie Little Sunflower River, and the Big Swi.J:lower River. Runoff from the 
four basin~ is controlled by two tlood-control structures on Steele Bayou and Little 
Sw1Ilower River. The llood-control structures on Steele Bayou and Little Sw1Ilower 
River are closed when tl1e stage ofthe Yazoo River approaches tl1e pool elevation at each 
structure, thus preventing extensive alluvial flooding by backwater from the Mississippi 
River. The flood-control stmcturcs arc opened when the stage in the Yazoo River drops 
below the pool elevation, allowing water from Steele Bayou and Little Sunflower River 
to !low into lhe Yazoo River (Coupe, 2000). 

The study area is sparsely populated arid contains no major meliopolitan areas. 
Agriculture is the dominant type of land use with cotton, soybean, catfish, rice, aild corn 
being the most economically important crops. Farmers in the MRAP irrigate row crops 
ruld flood rice fields witl1 grotmd water ru1d some Stu-face water, using as much as 7 
billion gallons ofwater per day during the summer months (Kleiss and others, 2000). 

METHODS 

The 111eU1ods used for data collection and analysis in Uris study were as important lo Ute 
workgroup as the actual data collected. The following sections document the methods 
used for site selection and categorization, data collection., quality assurance and quality 
control, and statistical analysis. 
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Site Selection and Categorl1.atlon 

In order to evaluate stream conditions in diverse water bodies, 50 MRAJ> sites (fig.I) of 
varying stream sizes were recommended by the workgronp for study. Initial and alternate 
siles (discussed later) were ttealed as one site. forty-three ofthe 50 sites were located in 
the eastern part of the MRAP region in the Yazoo River Basin, hereafter referred to as 
northwestern Mississippi (NWM) sites. Seven or the 50 sites were localed in U1e western 
part of the MRAP region in eastern Arkansas, hereafter referred to as eastern Arkansas 
(EA) sites. 

All 43 NWM 1>iles were categorized according to drainage-area size, presence or Jlood
control st:mchm:s, and whether the site was perennial or intennittent based on 
information from the USACE Engineer Research and Development Center (ERDC). The 
categories were as follows: I) large, reg1tl.ated; 2) large, unregulated; 3) medi1m1; 4) 
small-perennial; and 5) small-intermittent Fifteen of the 43 NWM sites were further 
categorized accord.i.ng to :;11~jectively evaluated ("good" or "poor') stream conditions. 
These 15 NWM sites were considered hy ERDC personnel to have good or poor stream 
conditions based on existing fisheries dala thal included total number of species, total 
munber offish, and species diversity (Jan Hoover and Jack Kilgore, ERDC, oral 
commun., 2001). Eighteen ofthe 43 NWM sites were f'°dlldomly selected to increase the 
number ofsites that had small drainage areas. These 18 random sites were selected by 
Tetra Tech, Inc., using Geographical Information System (GIS) software (James 
Stribling, Teu-a Tech, of'°d! cornmun., 2003). The random sites were categorized as either 
small-perennial or small-intermittent, hut, because ofinsufficient data, were not 
categorized as having good or poor stream conditions. EA sites are on streams sampled 
as pa1t ofthe USGS National Water-Quality Assessment (NAWQA) Program (Billy 
Justus, U.S. Geological Survey, wrillen conJITiurL, 2003) and were included to expand the 
range ofavailable data. These seven sites were chosen to represent good stream 
conclitions. Sites that were sampled and their associated categories are listed in table I. 

/\bout 30 alternate small NVIM sites were chosen hy using the GTS software that was 
used to selected the .-,mdom sites. A !isl or U1ese sites, in order ofsampling preferences, 
was provided to the field team for use when a site was dry, could not be accessed, or did 
not fit the proper size classification description. Tfthe primary sites could not he 
sampled, the top alternate in that size category (perennial or intermittent) was chosen 
from the alternate list, regardless oflocation ofthe primary site. 

Data Collection 

Data were collected during two index period5: winter (January-April 2002) and summer 
(July-September 2002). In 2002, the sludy area received approximately 6 i1L greater U1an 
normal precipitation ca.using above average streamtlow condi tions in the winter index 
period. The USACE closed some of the flood-control su-uclures in the Yazoo River 
Basin, which created backwater conditions for several of the NWM sites during the sh1dy 
period. The backwater conditions created access problems (sampling was unsafe, and 
conditions were tmsuitable) during the winter sampling perioc~ consequently, habitat was 
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assessed for only 27 ofllie 43 NWM sites Urrough mid-March. In addition, habitat was 
assessed at only one EA site dtrring the winter index period. 

A habitat-assessment form (fig. 2) was used lo docwnent habitat characteristics in a 
stream reach. The assessment font1 was modi fie<l by MDEQ to adapt to the low-gradient 
streams in the MRAP region (Barbour and Stribling, 1994; Florida Department of 
Environmental Protection, 1996). Stream reaches were selected and measured: 300 ft for 
small streams or 1,500 ft for medium or large streams. The upstream and downstream 
limits of the reach were marked on or near the stream baJik with oraJige or pilik flaggi11g 
labeled with the stream name, upstream or downstream end, date, and samplers' initials. 

The habitat-assessment form included a general chara.cleristics section: waler appearance, 
water odor, water temperature, stream depth, stream width, and high-water mark. 
Subsequent sections of the assessment were scored on a scale of I to 20 (some were 1-10, 
Jig. 2) accordilag lo the Habitat Parameter Assessment Guidelines for Glide Pool Slre8JJIS 
(Bnrbom and Stribling, 1994; Florida Department of Environmental Protection, 1996) 
wiUt I. representing llie most degr<1ded and 20 representing Ute most stable habitat. The 
scored iluonuationincludcd: epifatmal substrate/available cover, pool substrate 
characteriz.ation, pool variability, degree and type(s) ofchannel alteration, sediment 
deposition, channel silmosity, channel flow status, bank vegetative protection, bank 
stability, and riparian vegetation zone width. A total habitat assessment score was 
delerrnined by suum1ilig the individual scores Jiom each of the section:;, Upon 
completi.on of the assessment form, photographs were taken from the upstream and 
dowru;tream ends of ilie reach (Mis;,issippi Department ofEnvirorunenlal QualiLy, 2002). 

Quality Assurance and Quality Control 

There were at least three potential sources oferror associated with habitat-assessment 
scores: basin/stream heterogeneity, sample variance, and field-personnel error. Fifteen 
duplicate habila.l-asses~10ent samples (or 20 percent) were collecled on adjacent reaches 
by two different tield personnel at each site to detennine variahi.lity in stream 
helerugeneity. HabilaL-assessment total scores for U1ese duplicates were identical for 13 
of the 15 S8lllpl~. Relative percent differences were 1.2 and 3.5 percent, respectively, 
for duplicate habitat-assessment total scores determined at White River at Deval ls Bluff, 
AR, and at Big Sunflower River below Bogue Phalia near Darlove, MS (relative percent 
cli fferences were calculated by subtracting the value ofa duplicate sample from the value 
ofils paired sample, then dividing by U1eir average and multiplying by 100). Habitat
assessment dupl icates were not collected to as.sess sample variance and field-personnel 
eiror. 

Stalislic-,11 Analysis 

Trnditional statistical analyses require data sets lo be random and independent. The 
habitat assessment data collected for this study violated these basic rules for two reasons: 
( I) only 18 sites were randomly selected -- the remaining sites were selected as was 
previously cliscussed; aJld (2) many ofthe sites were located on the same river, and 
therefore, are not independent Although the habitat assessment data violated these basic 
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rules, statistical analyses were completed, and U1e results were interpreted for e.'.'J)loralory 
purposes. 

The soilware package SigmaSlat (SPSS, hie., 1997a), was used lo perform statistical 
analyses on the habitat assessment tot.a.I scores (hereafter referred to as total scores). 
Sigma Stal uses lhe Kolmogorov-Smimov lest with Lilliefors' coJTection lo deternrine if 
the total scores were normally ctistributed and to select the most appropriate statistical 
analyses (SPSS, Tnc., 1997b, p. 6-29). The total scores data were determined to be 
nonnally distributed; therefore, the test statistic for each analysis was the mean ofthe 
cfata set being tested. A p-value, which is the probability ofattaining a specified 
significance level, was calculated for each test (Helsel and Hirsch, 1992). P-values were 
compared to a significance level, or a., of 0.05 (5 percent), which meant that there was 
less than a 5-_percent chance of errors in test results. 

The purpose of the statistical analyses was to determine if the total scores could indicate 
ranges mstream conditions among and along streams in lhe study area. To accomplish. 
this purpose, the analyses were designed to determine statistically significant differences 
for the following comparisons (based on site categories presented in table 1): 

I. Sample index period - Habitat wa.~ assessed at nearly every NWM site during the 
winter and summer index periods, which created winter and summer data sets (or 
paired data sets) with an equal number ofvalues for each constih1ent. The paired t
lesl was U1e most appropriate tesl lo deleani:ne statistically significant diflerences in 
two data sets ofequal sizes (Helsel and Hirsch, 1992); in this case, differences in the 
paired winter and summer data sets. If the associated p-value for a particular test wa.5 
higher than 0.05, then the paired data were not statistically difl:erent lfthe p-value 
was equal to or less than 0.05, then the tests indicated that the pai.reddata were 
statistically dillerenL 

2. Site location - Because there were fewer EA sites sampled than NWM sites, 
statistical analyses would require comparing two data sets of unequal sizes. The l-test 
was determined to be the most appropriate statistical test to determine if total scores 
collected from the two regions were statistically different (Helsel and Hirsch, 1992). 
Si.nee habitat was not assessed at the EA sites during the winter index period ( except 
for one site), total scores from the EA and NWM sites were only compared for the 
summer index period. 

3. Drainage-area size - Analysis ofvariance (ANOVA) was used to compare water
quality dala al lhe 43 NWM siles categorized as large, medium, or small (table 1). 
ANO VA is-used to compare multiple data sets ofrn1equal sizes (Helsel and Hirsch, 
1992); for this study, this test was used to deteonine ifdata from the individual size 
categories were statistically different from data from all size categories combined. lf 
statistically significant dillerences were detected, then all pair-wise comparisons were 
analyzed separately: for exan1ple, data from small sites compared to data from 
medium sites. 

4. Su~jcctively evaluated stream conditions -The t-test was used to compare total 
scores from the 15 NWM sites categorized a.,; good or poor (table I). The t-test is 
used to compare two data sets of unequal si:1:es. 
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HABIT AT-ASSESSMENT TOTAL SCORE DAT A AND ST ATTSTTCAL 
RESULTS 

All oflhe habitat astiessment data are presented in table 2 including tiCOres for individual 
sections and the total scores for all sections. Distributions, by categoiy, for total scores 
are presented as boxplots in figure 3. These types ofplots allow for the side-by-side 
comparison ofdata distributions (Helsel and Hirsch, 1992). Results ofall the statistical 
analyses are presented in the fol lowing paragraphs, and a discus;;ion ofthe results is 
presented at the end of this section. For statistica1Jy significant results, mean total scores 
are presented inparenlheses in Ute text as a mearts lo compare Ute data in original units. 

Statistical results 

The result of a paired t-test indicated a statistically significant difference when comparing 
total scores collecLed at NWM sites during the winter index period to total scores 
collected during the Stunmer index period (the p-valuc ofthe test was 0.044). ·111e mean 
total score for the winter index pe1iod (78) was lower than the mean total score for the 
stmm1er index period (88). ln evaluating the individual sections ofthe habitat 
assessments (table 2), it appears that scores were likely influenced by higher than average 
Jlows during Ute swmner index period al some of llie siles. For example, higher 
individual scores were obtained for bottom substrate, pool substrate, pool variability, 
se<lirnenl deposition, and channel Jlow status al Big Sunflower River al Hopson Spur and 
Quiver River near Rome for the Stm1mer .index period than for the winter index period. 

Habitat assessments for six EA sites were available for the summer .index period. The 
result ofat-test indicated a statistically significant difference when tot.al scores at the EA 
sites were compared lo total scores al NWM sites for the summer index period (the!>
value of the test was <0.00 I). The mean total score at EA sites (I 5I) was nearly double 
the mean total score al NWM sites (81) for U1e summer index period 

A NOVA test~ were run separately for the two index periods when total scores at the 
NWM sites were compared based on drainage-area size (small, medium, and large). 
StatisticalJy significant differences were detected for botl1. index periods (p-value - 0.009, 
winter; J>-Value= 0.03, surmner). In looking al all pair-wise comparisons for the winter 
index period, the mean total score for large sites ( I 02) was higher the mean tot1.l score for 
medium ~ites (59) and for small sites (J7) . Although statistically sign.ificanl diilerences 
were detected in the total scores for the sum mer period, none of the pair-wise 
comparisons were slatisticall y significant. 

Results of a Hesl indicated no statistically signi1icanl dil1erences when tolal scores from 
five NWM sites categorized as good were compared ta total scores from the ten NWM 
poor sites. Statistically signi ticant differences were also not detected when total scores 
from the 18 randomly selected NWM sites were included inan ANOVA analyses with 
the total scores from the good and poor N\VM sites. However, st.atistically signi ticant 
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diilerenceti were detected (p-value =0.001, ANOVA lest) when total scoreti from EA 
sites were considered in the analyses. This last ANOVA test was nm only for the 
slllTlmer index period because habitat was a~sessed at EA sites for the summer index 
period only. In considering all pair-wise comparisons, the mean toLal score from EA sites 
(151) wa~ higher than the mean total scores from all N\¥M site categories (good, I06; 
poor, 100; random, 81). 

Discussion 

Statistically significant differences were observed in the total scores for all four 
comparisons, and therefore, total scores were considered practiclll in indicatiJ.1g ra11ges in 
slream conditions among the sites sampled. Statistical results were also evaluale<l to 
detemline the value ofdata analysis by category. For NWM sites, sample index period 
was considered a weak comparison due to the influence of higher than normal fl ows 
during lhe summer index period. The compaiison of total scores from the NWM sites 
categorized according to drainage area size proved to be a fairly strong comparison 
during the winter index period wiUt higher scores for the large sites as compared to the 
medium and small sites. Similar results may have been realized for the sununer index 
period had summer fl ows not been higher than average. Total scores for EA sites greatly 
influenced test results and were always significantly higher tll8Jl total scores from NWM 
sites whether comparing all scores or comparing total scores from the EA sites scores 
from good, poor, or random NWM sites. The weakest statistical results were for lhe 
comparison oftotal scores from N\VM sites categoriz.ed as having good or poor stream 
conditions. 

SUMMARY 

Habitat was assessed al 50 MRAP siles by personnel of the USGS and MDEQ during lhe 
winter and summer for 2002. Forty-three of the 50 sites were located in northwest.em 
Mississippi; seven siles were localed i:rt eastern Arkansas. These seven sites were 
subjectively chosen for this study because tl1ey were representative ofgood stream 
conclitions for the smdy area. 

MDEQ protocols were followed for habitat assessments. There were at least three 
potential sources of error associated with habit.at assessment basin/slreain heterogeneity, 
sample variance, and field personnel error. Fifteen duplicate habitm-a~sessrnent samples 
(or 20 percent) were collected on adjacent reaches from ten sites to determine variability 
in stream heterogeneity. Habitat-assessment total scores for these replicates were 
identical for 13 of U1e 15 samples, and relative percent differences were less Utan 4 
percent for the other two replicates. Habitat-assessment replicates were not collected to 
assess sample variance and field personnel error. 

Statistical analyses were performed to determine if habitat-assessment total scores could 
be used to detect ranges in stream conditions for sites sampled in the MRAP region.. 
Statistical analyses compared the total scores based on sample-index period, site location, 
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drainage-area ~ize, and subjectively evaluaLed strearn conditions (sites lhal were 
categorized as good or poor). 

SLatistically $igniJicanl difihences were observed in lhe total scores for all four 
comparisons, and therefore, total scores were considered practical in indicating ranges in 
stream conditions among lhe sites sampled. Stalistical results were also evaluated lo 
determine the value ofdata analysis by category. For NWNI sites, sample index period 
was considered a weak comparison due to the influence ofhigher than nom,al flows 
during the smnmer index period. The comparison oftotal scores from the NWM sites 
categorized according to drainage area size proved to be a fairly strong comparison 
during the winter index period with llighcr scores for the large sites as compared to the 
medium and small sites. Similar results may have been realized for Ute smnmer index 
period had sunuuer flows not been higher tha.11 average. Total scores for EA sites greatly 
influenced test results and were always significantly higher than total scores from N\1/fvl 
sites whether comparing all scores or comparing total scores from the EA ,iles scores 
from good, poor, or random NWM sites. The weakest statistical result~ were for the 
comparison of total scores from NWM sites calegori:led as having good or poor stream 
conditions. 
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Table l. List ofsite names, locations, sizes, types, and sampling dates 

[USGS. U.S. Geological Stuvey: .MVEQ, Mississippi Department ofEnvironmental Quality; AR, Arkansas; l'vl, medium; N.A., not applicable; S-l', sma ll-
perennial: L-K large-regulated; MS, Mississippi; S-1, small-intermittent; L-U, large-unregulated; w, winter; s, surnn1er] 

Site Wtnter SUIMlt:r 

number Station MDEQ Station sample sample 
(fig. 1) number Statlnn name 111 m1hP-.r LatlJldP. T_. nngitudr,. Size typr.• d.,t,:2 d:1re1 

1 07(114700 V~lage Creek near Newport., AR 212 3S0 3~' l3' 91° 141 31' M Oood N.A. 1/3<Y02 

2 0707488) Qt,~ Creek alHwy 61 near Aug11it.a, AR 213 J,-17• 30' 91°28'26' M l"lood NA 7/30/01. 

3 07077Yl'/ Cm:hl.' RrvLt" n-.,ar ColtonPhml, AA 210 3S"0S' 07' 91" 11'$4• M Oood NA ·1111102 

4 07(117720 Bayou DeV,ew at llwy 38 near Coll.on Plan~ AR 21 1 3)0 00171 91° 12'28' M Oood N.A. 7/29102 
~ 070179-17 Scee.rid Creek near Palest.lne. AR 2 16 3~02,•71• 90'5-l'•IO' 3.p Good NA 7/J 1/02 

6 07t1T/OOO Wh1k' Rivu· ul D~alb BJuff, AR 208 34"'47' '2'.5' 91"20' 4'.:i· L-R Oood l fZ'liO'l NA 
1 07(118()10 La,:rue Bayou near DeWitt, AR 209 34• 19' 00' 91' 16 S'/' M Oood NA. 1fl9/02 

8 34'1529090115500 Unnll.roed Tntmtary to CQht.vate.r R1Ver near Prichard, l\of3 ,17 3.-i~.ts• 2.9' 9CY' I J' 55• S~I Random 1/31/W 7/15/02 

9 344402090'230100 UtlnWrlL-d Tributwy to Whit,: Oak Bayou mw'l\Jnir.tt, MS 316 34•44•02• 90" 2J' 1)1 • S-1 J>,.uudon 1 1/31/0'l N.A 

10 342815090195500 Unnamed Tnl>uwy toTwelvem,le Bayou near Tibbs, MS 315 346 28' 151 90' 1!"55' S-1 Random '1/1102 7/15/02 

11 .r1U30090M2<i00 Y•llow J.11:e lloyou m.Sle<Jge. MS •111 3<'1~1.6 30" S'CY' 141 26" sJ> Rond.xn 315/ftl. 7/15/(R. 

12 342>10090183500 lJnnamOO Tribut:ruy to While o,tk J?,ttyou m:ar Sh~gt.\ M.S 314 '34"'.l!i' 09" 911' 18' 36' S-1 R!uldom "l/~trJl 1/W<Il 

13 341(40090055100 Unnamed Tnl>uta,y toTallahald11•River near Locke St.tboo, MS 30(; 34' 16'3!" 9C,, 05' 52' S-P Random '115102 7/lfl02 

f,1 077.88010 Big Sunflrmer River at. Hop@ Sf.11.1r, }\.iS 28 .34~09'2.3• 90' 3?.' 59' M J>oa- 7113/0? 7/23/02 
1, 3406:f70?00'30900 Unnwrn:d 'tribuhuy to'fall&luddn,:Rivu- nlw Crowdu-, MS 313 34"06' '57' 911' 08' 0'r s.1 R.tuldorn N.A. 7/u,/02 

16 33 591509(»23900 Ilushpucken.a Rl'Ht near Hushpuckena, MS 218 3-3°59' l!i' 9(;- 42'19' S-P N.A. VlY02 1nv02 

17 J 3$632090:1.9 I 000 i;l:earB1yo11 near Minot., MS 40i. J:r> so ,z· 90"29' 10· S,J> "F.'andom 2/25102 7/17/02 

18 335731090'l70100 QuiverRiv(-rru.'!lr Rome, MS 30', 33" S-/' 39' 90"26'54' S-P Rw1d1Jn1 'l/25/0'l 7/11/02 
19 07280900 Cus1dy Bayou atWebb, MS 217 3)'> 57' 01' 90" 20' 27' S-P Poe, NA. 8/13/02 

20 3;59190901JJ<i00 Opp01sum13ayou nP.ar Webb. MS 33 Jr59' 1si· 90" 13' 36' s.p Good NA 811:?/02 

21 33S940l90121100 Ttt.ll!tl tutchic- Rivi,- ncru- WC'bb, MS 201 33" 59' 46' 911' 12' II' L-R N.A. NA 8/l 'll02 

s: 
~ 

22 
23 

340120090113300 
).10:>.03090073000 

Tallahitch1eR1ver nearCharlest.on, MS 
Panr..13 Qultnun Floodway ne;u- Ciarteacn, MS 

200 
:?(12 

346 01' 20-
34<>02.· 03• 

9(1 l 1' 33• 

90"07' 31)' 

l...R 
J, R 

N.A. 
NA 

N.A. 
NA 

811.3102 
8113/02 

0 
24 33'.>"250090>>4700 U11na,r1,vJ ·rObutwy lo Jones Bayou u,:urMound Buy<JU, MS Si l 33" 5Z' 50' 90' 4:5 '4''/9 S•I R!Ui.dOtfl 3/SlfYI. 7/23102 

"O, 25 07288200 Dig SUnflowa-River near Mengold, MS 54 33'49' 57' 90'40' 12' M j)oc, 2/14/02 1nYW. 
"00 
!>J 0 

<O (I)

ml 
-.3· 
- .o ... "' 



'fable 1. List of site names, locations,. sizes, types, and sampling dates, . .co11ti11ued 

Site Wtlter Summer 
numbP,r Station MDF,Q SrnUno somplo sample 

(!'iii, 1) umnbcr Sluliw.a munL' munbcr LUUlu(lc L ung,il:udl' 81:tc typl'• dutt! dint' 

ZG 33~ ✓£0090094500 so·uth r~1ke Bayon near Tippo, 'MS 303 33° 52.1 00" 90'01'4S" 3,P Random N A 7/1610?. 

2"/ 33430'.<090()1()100 'i 11lobustw. Rivu-rtf~ L(,fltm.', MS 203 33• 43' 03• 90' 06' 01" L-R H.A N.A &'14/\'.>2 

28 07288643 Bogue Fhat.a nearShaw,MS S9 33036' 101 9f1' Sl' IC/' M Poor 21 14/02 7/23/02 
Z9 3;i,103009ll-18WJO i;:.,;. B~u• H"1y near $keno_ MS Sil 33<>,10· 30• 91NS'22" $ ,l F:.-.ndorn 2/2S/02 7/'l,1102 

30 3:l44(Yl09(J395400 Umni:fn•.'d Tributary lo Durr &yru n,srClt..'Vclw:1d, MS 3ll 3'3<)441 06• 911' Jg~;• S-1 R!utdan V lz«JZ 7tl4/02 

31 333~090370900 Jones Bayou at Linn. MS sa 33"39' 34' 9<:137' 07• S-P Poor 2126/02 8!21(J2 

n ,ll,I 2'18090,1 1000 QuJver River SQ.Jtheast. ofRu!evll~. MS 215 33°-1z•4s- W'Jl' 10' M l'l,c, NII 7/Z3/02 

33 3342~ 109()1$1900 U1uunn,:,d 'l'ributury t0Tallahfildi1c• !oYLr 11'1?!1!' MlrtllT Cl!y, ldS 310 33"42' !il ' 90' JS' 19" S-1 R£1ml1.'t'n 'l/20/02 7/17M2 

34 0728<>200 Yalobuslu Rlv<r Jl Wluley, MS 20! 3"3037154• 90"0036" L-R N.A N.A 81 14/02 

JS ll3<i000902lll 000 Mc<Jr~a-y Btyo..i nB.lr Bla111e. MS 41S 33°36'00° 91'1' 28' ICl' S·P Rand«n 7) 12/02 7/?,S/()2 

36 0'/288500 BigSunClowa- RJvu- ut Eunflowf.t", MS :!14 .W32' SO• 90' 32' 35• M Poer 2/'t1/02 815m 
37 07281610 TaUahatdue Ibv..- aboqe Perri>erton Clll nw Greenwood, MS 205 33° 31' 56" 9C, 141 17• L-R N.A RA. 81 15/02 

38 3l274909010)400 Peh.icia C~k n~rR.lsingSUn, MS 30I 33°271
:; I" 9(1' I 1125• SP Ramie.en 2/i9Al2 7118/02 

3? 01288600 Qu1v,s ftiv u- near Moatu:1td, MS 6? 33,;,z9, 16' 90' 31'06· M Good NA &'6/0'l 

40N 07288S30 B1gSuntlOW'er River a'bO'Je Qu1verRi'Yer nearlnd1anola., MS 67 33°28' 23' 9f1' 34' 30' L -U Poor 21UJ/02 N.A. 

•10t 07Z8'161ll Big Sunflower River neilr MQ.'"A'ehead. MS 67 33°271 44" 91'1' Jl'4S" L·U Poer NA 81GI02 
41 01288620 SigSunflOWt.r Rivi.!' 00. Baird, MS 66 J3°2.Y 38' 9<1' 3~' 30" L-U Good ,nm 8/MJ2 

42 07288621 ll1gSunflower Rm.- 1llnd11nola, MS 7l 3:J0 251 06" 90' 38' 0 1• L-U Poor 3nto2 81002 

•IJ J:12501090405800 Sheperds Bayou near lnd1anoln, MS 300 33"'?...5'01· 9(Nl157' SP Rond"" 7/15/0? 8/S/02 

44 0-1288624 B1gSunflowt.r Rl\'i.T ut Kmlock, !Ill$ 85 331:> 18' 34' 91:1 42' 23• L-U Good 3/8/07 817m 
4S 331432090435300 D1g Sunflower Riva- below Bog\lePh:ahs near Darlove, MS 117 n• 14• 1'' 90'43' 55' L-U Oood 3/8/02 8nt02 
,u; 3>0730090431300 Murphy Bay()J al. Murphy, MS "i06 33°07' 30' 9ff-1)' 13• 8 -l Random 2/WOZ 8/7/0Z 

47 07287500 Yazoo River at Yli.too City, MS 206 32'>55'41" 9<J' 24' 46. L-R H.A N,A. &"JJ!/02 
48 07288800 Yazoo Rmr at Redwood, MS 207 32°29' 14• w 4;, oz· L-1\ N.A N,A. 8127/02 
,19 07288720 8i&S•infl<tR..- Rlver atRolly Bklff. MS 11)6 3Z048' 49' 90' ·13' 08" LU Pl>,;, NA flfZ8/02 

s: ~o 322804090533900 Sl.1..'('k• Bayou ubovc Lt1.tl1; Sunflowt.TCmnf.'d. Cltmll'td, MS llO J'lf:>28' 0411 90>5313911 i.,.U N.A l~.A 8fl7/02 

~ 
0 1 "Good" ltlid " poor" P...fu- tosubJ,.!l':tiV(')y 1.v£tluul.~>d Wllllt° quulity (sf.-c lcxl). • 1-l A.·· l!l U1ts ,-olurun ml'9fC: "uf.lt t..-at,-g<::iriz,~ u~hu.ving gtJod 01·poa-w::rtu-quu.lity," Sites ("!ikp-iz,d a,"'runJun,.. v,.n: 
-0, also not cat,g<,nzed u luving good or poor wai,r qwihty. 

-00 ) .. NA., ref'EN t.o sit.essampled ror only <ine indP.A pe-iod Fr.t' site«,1(r. th~were~pru-a.te sit.es: in clore proximity tb each othP,t' that wer@OMSl~td the53mf iocltJ(CI rQ' statift.iod analyses 
!>l 0 
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35• 

EXPLANATION 

IMississippi River Alluvial Plain 
~~I ICrowley's Ridge 

(?) Sampling Site 

33• 

SCALE 1: 100,000 
Al fl,HIS CONIC t'QlJ/\1 .ANE:A t-'k'Q,!tCl'l t)N 0 25 50 MILES 

II I I 
I I I 

0 25 50 KILOMETERS 
Figure 1. Loco1ion ofstudy area and sampling sites. 
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Mfssis~lppl De1>11r1ment ofEnvlronmental Qu11Uty B~n'tbn" :,i1tn'CiYD 

SURFACE \vATERilABITAT ASSESSME..l'IIT Jl'IELD DATA SIIEET Fish Survey n 
StxtJuu Name: Sl• liuo Lo01tlon: 
Sb.tran N11mht.r.: _Sb!lon 'I)'(><>= 
o~tc/Timc: uttih,dc: 

County: lla..dru 
I » vcstigator(s): Compfotcd byJ 
Wnlher Com.lit.tous· 
Coi11men1s/Obsc1,v~tiow (Dil'(li-'tions to st11dortldcs<ribo impor·lonl felllures): 

Proje,c.t Name: 
Longitude: 
l(coregton: 
Photo ID: 

SECITON l- PHYSICAL CHARA'l'&RIZA'IION 
HIPARIAN 1,0NWfNS'rlU?.AM [<f,:ATIIRRS 
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Invasive Aquatic Plants: A Threat to Mississippi V\'ater Resources 

John D. Mad~en. Mississippi St.ate University, Mississippi State, MS 39762-9652 

Ab~tract 

Invasive aquatic plants are an ever-growing nuisance to water resources in Mississippi 
a.nd the rest oft.he United States. These plant.~ a.re generally introduced from other parts 
of the world, some for beneficial or horticultural uses. Once introduced, they can 
interfere with navigation, impede water flow, increase floo<l risk, reduce hy<lropower 
generation, and increase cvapotrnnspirational losses from surface waters, Invasive 
species also pose direct threats lo ecosystems processes an<l bio<liversily. A1U1ough U1ere 
are at least twenty different species ofnormative plants currently in Mississippi, witlt 
another eight perched on our doorstep, four species cause the b1ilk of nuisance problems 
in large surface waters: Eurasian watemtilfoil (Myriophyllum spicatum), hydrilla 
(Hydrilln verticillnta), waterhyacinth (Eichhornia r,rassipes), a.nd water primrose 
(Ludwigia hexapeta/a). One additional ~-pecies (giant salvinia (Salvinia molesta)) is a 
source ofsignificant national concern. I will discuss general modes ofintroduction to the 
United States, dispersal to water resources, spread throughout a water resource once a 
plant is introduced to tl1e system, and efl:ects oflarge stands on water resource quality. 
General management approaches include prevention ofinfestation, and biological, 
chemical, mechanical, and physical control techniques ofplant inlestatioru;, While many 
regiilato1y agencies oppose management for fear ofpotential adverse effects of the 
management techniques, in general lhe failure to prevent wide,-pread growth of these 
species causes more harm to the resource than effective management. 

Keywords: Ecology, Mruiagemcnt &, Planning, Recreation, Wetlands 

Introduction 

Aquatic plants are a key component to aquatic ecosystems ru1d the services they provide. 
Aquatic plants stabilize serliments and shorelines, reduce turbidity, provide habitat for 
aquatic organisms, ru1d food for waterfowl (Madsen 1997). J..n most instances, e:-.tensive 
nuisance growths ofaquatic plants are not caused by cliltuml eutrophication, but by the 
introduction ofinvasive plartts species. Invasive ~-pecies are lypicallyintroduced from 
other continents through horticliltural or aquaria trade, but have become a widespread 
problem in Ute United States (Huber et al. 2002, Mlillin et al. 2000). Invasive species 
impact both hw11an u5es an<lecological al1ributes of water resources. 

Invasive species directly impact human uses of water resources through obstructing 
commercial and recreational boat traffic, clogging hydropower generation turbines, and 
increasing flood risk (Madsen I 997). Invasive plants have also impacted societal values 
ofwater resources indirectly through increasing the spread ofinsect-borne disease and 
decreasing property values (Madsen 1997). The economic cost ofinvasive aquatic plant 
m3nagement is considerable, and estimated at over$ IOOM per year in the United States 
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(Pimentel el al. 2000). Despite lhese high cosls, lhe benefits are generally considered to 
be substantially more tlmn tlre cost (Rockwell 2003). 

Invasive species also aflect lhe ecological value ofwater resources lluough degradation 
ofwater quality under dense mats ofvegetation, which decreases oxygen concentrations 
am! increru;es internal loading ofnutrients (Maclsen 1997). Dense mat,; ofinvasive plants 
also reduce species diversity, suppress native plant species, and cause localized extinction 
ofnative plants (Mad5en et at. 199 1, Madsen 1994). Invasive species are con~idered a 
leading cause ofspecies ei-..1:inction worldwide (Pimentel et al. 2000). 

In this review, l will discuss tl1e mefuocls by which invasive species are introduced and 
spread within the United Stales, tl1e invasive aquatic plants found in Mississippi and 
tl1osc on tl1c verge ofintroduction, the five highest-profile invasive aquatic plants .in 
Mississippi, and lastly provide an overview of how these species can be managed. 

Introduction and Dispersal ot· Invasive Aquatic Plants 

As wifu oilier invasive species, fue introduction and spread ofinvasive aquatic plants has 
been largely the resul t ofhuman activity, both intentional and accidental. The initial 
introduction ofspecies from one continent to tlie next has been overwhelmingly at tl1e 
hands of humans (Figure 1). Typical examples of this type ofintroduction are through 
importation ofaquaculture, omamenlal hoJlicultural, and aquaria specimens (Huber el al. 
2002, Kay and Hoyte 200 I). Even interstate introducti.ons have been largely due to 
human activity, !hough some examples of interstate transport of.invasive aquatic plants 
have been observed. In addition to the above modes ofhuman transport, incidental 
trailering on boats and accidenta l or intentional shipping in horticultural specimens may 
be added (Jolmstonc ct aL 1985, Madeira ct al. 2000). At fue local scale ofwithin a lake 
or be1ween adjacent lakes ofa given watershed, the na1urat dispersal processes are 
typically more important than hurnan carriers. Natural dispersal mechanisms include 
plant movement by wind or water movement and animal carriers (Madsen and Smith 
1997, I 999, Madsen el al. 1988, Owens et al. 2001). 

I .ogicalty, the best way to avoid a problem is to prevent the introduction ofinvasive 
aquatic plants, and to do tllis furough modifying those human activities tlmt .introduce and 
spread invasive plants. For instance, educational. efforts in numerous states has been 
successful inreducing the rate ofEurasian walerrnilfoil spread through boa! inspections, 
signage at boat launches, media awareness, and traffic inspections (Exotic Species 
Program, 2004). 

Invasive Species In or Near Mississi11pi 

Twenty-one invasive aquatic and weUand species have been sighted in Mississippi, while 
anotl1er seven are in states adjacent to Mississi ppi (fable I). Water resource 
management professionals should be alert to the presence of these species in their area. 
While l will llighlight only a few of tl1c more widespread of tl1cse species, fuat .is not 
meant to diminish the potential for invasiveness and deleterious impact ofany of the 

MWRC Proceedings 
Page 123 



species on this list, or nol mentioned. So, in no particular order, I will highlight Jive 
species ofconcern: Eurasian watermilfoi.l, giant salvulia, hydrilla, waterhyacinth, and 
water primrose. 

Eurasian watennil foil (A,fyriophy/lum spicatum T..) is a suhmersed plant native to Europe 
aml Asia, growing complete! y underwater bul otlen forming a dense canopy near the 
water's surface (Madsen 1997). lt is an evergreen perennial., with green shoots to be 
found throughout the year. Eurasian watermilfoil spread~ through the prolific formation 
ofstem fragments, as well as by flllmers, stolons, and rhizomes (Madsen et al. 1988). 
The impact ofEurasian watermilfoi l on native plant communities has heen documented, 
as well as the natural regeneration ofnative plant conuuunities after management of 
Emasian walermilfoil populations (Madsen et al. 1991, Getsinger el al. 1997). Emasian 
watcnuilfoil is currently found tl1Ioughout almost all tl1e continental United States 
(Jacono and Richerson 2003). 

Giant s.-llvinia (Salvinia 1110/esta D.S. Mitchell) is a perennial fl oating fem from South 
America, which has become a severe nuisance in tropical regions or Africa, Australia, 
and some portions oftl1e United States (Oliver 1993, Nelson ct al. 2001). Giant sa1,,iJ1ia 
is very difficult to control, and is resistant to diying and short freezing events (Oliver 
1993). In tl1e U11ited States, it is found in isolated areas ofCalifornia, Arizona, Texas, 
Louisiana, /\]aharna, Georgia, Florida, and North and South Carolina. A small 
population was found in Mississippi, but was successfully controlled lfobserved, il 
should be vigorously eradicated before it can spread to more waters in Mississippi. Giant 
salvinia is easily confused wilh lhe common salvinia (Salvinia minima Baker), which is a 
widespread invasive species in the southeastern United States. 

Hydrilla (Hydrilla verticillata (L.f.) Mich,'{.) is a submersed herbaceous pcrermial plant 
that has become the most severe mrisance submersed species in the southeastern states, in 
many instances outcornpeting Ew-asian watermilfoil (AERF 2004). ll is spread by tubers, 
turions, and stem fragments (Madsen and Smith 1999). Hydrilla is found in numerous 
stales liom Maine along lhe coasl to Texas, and in Washington State, California, and 
Arizona. While not as widespread in Mississippi, sig11ificant populations do occur iJ1 the 
Tennessee-Tomhighee waterway and in southwestern Mississippi. 

Waterhyacinth (Eichhornia crassipes (Mart.) Solms) is a pererulial plant composed of 
O.oating rosettes lhal reproduces vigorously by grow1h from stolons (Madsen 1993, 
Madsen et a.I. 1993). A native of Central and South America, it remains the most 
common nuisance aquatic plant in tropical regions. In tl1e United Stales, il occurs in tl1e 
southern Atlru1tic and GulfCoast states and in California (Mullin et al. 2000). 
Walerhyacintl1 is wide;,'J)read in Misl>issippi in wetlands and pennanenl lakes, regardless 
ofwater quality. 

Water prunrose (formerly Ludwigia urugutzyensis (Camb.) Hara; now separated into 
l,udwigia fu>.xapetala (Hook & Arn) Zardini, Gu & Raven and l.wiwigia grandiflom (M. 
Micheli) Grcuter &, Burdet) is an herbaceous pererulial plant that grows as either ai1 
emergent or floating-stem growth forms. Native to South America, this species is a 
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common nuisance in shallow weUamls, ponds, and di.lches (Crow and Hellquisl 2000). 
Little is known about their biology and ecology. These species grow throughout the 
southern United St.ates (Crow and Hell quist 2000). 

Seven invasive aquatic plants ofpotentia.l concern to Mississippi grow in adjacent states 
(Table 1) . Oflhese, l will specifically mention two: Rowtdleafloothcup and weUand 
nightshade. 

Roundleaftoothcup {?.otala rotuml/folia) is an emergent herbaceous pere1mia.l currently 
found in southern Flori cL'l and an isolated population near Tu5caloosa, Alabama (1JSGS, 
2003). Although little is known concerning its biology or potential for spread, it is 
related to the widespread wetland nuisance purple loosestrifi:: (Lythmm sa/icaria L.), 
which a.lone is cause for concern. 

WeUand night.shade (Solanum tampicense Dunal) is an emergent herbaceous perennial 
plant currently found in south and centml Flori.da (Richerson and Jac-0no 2003). \Vet.land 
nightshade forms dense stands that suppress native species, and have prickly stems and 
leaves (Fox and Bryson 1998, Fox and Wigginton 1996). 

Manageme-nl Techniques for Invasive Aqualic Plants 

Four categories ofmanagement techniques will be discussed for aquatic plmts: 
Biological, chemical, mechanical, and physical control techniques (Mad5en 2000). 

Biblogical Control. Biologica.l control techniques include herbivorous insects, grass 
carp, and pathogens. Biological control agents can either be found using the classical 
approach, through surveys of the native range ofinvasive plants; or through examining 
naturalized populations of the plant a.nd searching for natumli;,;ed in~ects or pathogens. 
The latter approach otlen discovers generalist teeders or pathogens, so Ute naturalized 
populations tend to be less selective. Vvhile research has been conducted on hiological 
conlrol for four or our Jive major weed concerns, none ofthe weeds have consistent 
insect or patl1ogen controls (Table 2, Madsen 2000). Grass carp are effective for 
controlling hydrilla, but have other environmental concerns regarding their 115e_ 

Chemical Control. A total ofeight active ingredients are approved for use on invasive 
aquatic plants by Ute US Environmental Protection Agency (Table 3). Aquatic herbicides 
can be divided into contact herbicides, which are more rapid in their effect but are not 
moved Uuoughoul the plant and Utus lend lo allow plants to regrow, and systemic 
herbicides, which are moved throughout the plant but tend to ha:ve a slower response. In 
general, systemic herbicides are prefened for use over contact herbicides for managing 
invasive species. For the safety ofapplicators, human users ofwater resources, and the 
environmenl, il is imperative Uial U1e label inslructions be followed. Herbicides are sale 
for use in the envirornnent when used according to la be! instructions. 

Aquatic herbicides arc not sold with surfactants i.n tl1e formulation, so surfactants safe for 
use in aquatic environments should be added to the spray tank when u~ed to control 
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emergent and floating plants. Generally, adjuvanls are not needed for subrnen,ed plant 
control. 

The broadleafherbicide 2,4-D is widely used for control of Eurasian walermilfoil, 
waterhyacinth, and water primrose. Since it is selective for broa<lleaf plants and 
systemic, il is a particularly good choice when it is desirable to allow native narrowleaf 
species to grow. 

Complexed copper solutions are widely used for control of algal problems am~ wbile 
labeled for u~e on vascular plants, copper rarely works well when u~ed by alone on 
weeds. It has been used with other herbicides to enhance their effectiveness, or with 
other herbicides to control simultaneous problems witl1 algae. 

Diq1rnt is a widelyu5ed broad-spectrum contact herbicide for invasive weeds, both 
emergent and submersed. While il works well on most spe<.,-ies for initial kill, plants 
generally grow back within four to six weeks. For some instances, however, it is the only 
herbicide feasible for environmental and species eflectiveness considerations. 

F.ndothall is a broad-spectrum cont.act herbicide used for submersed invasive weeds and 
algae. Endothall is often used in more turbid water, since it does not have the tendency to 
absorb on silt particles. 

Fluridone is a broad-spectrum systemic herbicide widely used for control ofsubmersed 
species, and in some instances is ellective on floating plants such as giant salvinia and 
duckweed. Fluridone is applied to the water, and absorbed byleaves or roots of the 
plants. 

Glyphosate is a broad-spectmm systemic herbicide 11~ed for control ofemergent or 
floating plants, but is not effective on submersed vegetation since it is readily absorbed 
by particles i.n the water. Glyphosate should be applied to the vegetation above the water. 

lmazapyr is a newly labeled herbicide for aquatic use, though it has been used 
ex1.ensively in rights ofway and forestry. A broad-spectrum systemic herbicide, it is slow 
acting but effective onlarge perennial and woody plants. lmazapyr should be applied to 
emergent or flonting leaves or stems. 

Triclopyr has a relatively new aquatic use label, though it also has been widely used for 
woody vegetation control in U1e past. Triclopyr is a broodleafselective systemic 
herbicide, for u~e on both submerged and emergent species. It is a good choice for 
Eurasian watennilfoil, walerhyacinUi, and water p1imrose. 

Mechanical Control. Mechanical conlrol lecbniques involve operntions lhal remove 
plant material, either by hand or through the use of tools, as a means ofcontrol (!'able 4). 
Generally, these techniques result in immediate nuisance relief, but tend to allow plants 
to regrow quickly. 
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Hand pullillg is Ute most widely used tecbrrique in Ute world, and is tiw:prisillgly common 
for use on veiy small infestations i.n the United States. It is generally inefficient and 
eiq>ensive, but may work if only individual plants occur that have not formed a dense root 
mass. 

Culling involves Ute Utie ofboats or other equipmenl with an emersed or tiubmersible 
cutting bar. Generally, cutti11g alone is discouraged in 1ilat it leaves a large amount of 
bioma~s in the water to decompose, but in some situations it can be appropriate. 

Harvesting goes beyond cutting in that the equipment collects the plant material that is 
cut, allowing on-land disposal While this removes the nuisance problem, it can create a 
solid waste problem. Aquatic plants, being approximately 92% waler, are not 1il for food 
or compost, resulting in a waste that is slow to dry. 

Diver-operated suction harvesting (or diver operated suction dred.,"111g) refers lo a process 
in which SCUBA divers l.l~e a portable suction nozzle to remove rooted submersed plant 
material. While this results infaiJ!y long-lem1 and selective control ofnuisance plants, it 
is very slow and expensive (Eichler ct al. 1993). 

Rotovating involves the use ofa submersible rototilling head on the end ofa mechanical 
arm to tiJl plant.~ in waters up to ten feet deep. Usedpredominantly for Eurasian 
walenuilfoil control, il can be effective in control.ling plants for several years, but creates 
a large number offrngments and increases water turbidity. 

Physical Control. Physical control refers specifically to those teclrniqucs that alter the 
environment to prevent the growth ofplant~. Growth prevention is u5ually achieved by 
reducing light availability, increasing water depth, or changing the substrate to prevent 
plant growth (Table .5). 

Dredging is effective only when it increases th.e water depth beyond that at which.plant.5 
can grow, so is rnosl ellective for submersed plant managerneul. Given U1e e>qiense of 
dredging, it is best used in a larger restoration effo1t where plant control is a secondaiy 
benefi t 

Draw down is one ofthe least expensive and, for some species, most effective 
management techniques -ifa waler control structure is already present ou a waler body. 
Drawdown involves dewatering a lake or pond, el\'J)Osing plants to the air. \Vhen 
combined with winter cold or freezing, il can be particularly effective. Drawdown works 
well for Eurasian watermi lfoil and, to a lesser extent, waterhyacinth; but is ineffective 
against lhe 0U1er species. 

Benthic barrier involves U1e placemenl ofan imperrt1eable layer on lhe bottom, Lo prevenl 
plants from roofuig in the sediment Generally, the barrier i.s a plastic mat or sheet, but a 
number of other materials have been u5ed Ben1hic baniers are effective for suhmersed 
plants, but ineffective for the floatiJig species like giant salvinia, waterhyacintb, and 
water primrose. 
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Shading is a widely used technique that can be implemented using either synthetic dyes 
or additives to the water, in the ca~e ofsubmersed plants, or through encouraging tree 
grow1h along ponds or canals for control orall species. The application orUris Leclurique 
is somewhat limited in larger lakes. 

Nutrient inactivation is a widely used practice for control of free-floating algae, usually 
involving the use ofalum to bind phosphorus in the water (Welch and Cooke 1999). 
Nutrient inactivation has not been demonstrated to be effe.ctive for management ofrooted 
plants, though the use ofalum or other chemicals to hind water column nutrient~ to 
control free-floafuig invasive plants like waterhyacinth and giant salvinia is at least a 
theoretical possibilily. Currently, il would slill be considered experi.menlal, and nol 
rcconuuendcd for opcrntional management ofinvasive plants. 

All four twes of techniques should be used lo manage invasive plmls in U1e most 
economical and environmentally compatible manner possible. 
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Spread Scale Continental: 
Human >> Natura l 

~ 5etween Lakes: 
Natural ~ Human 

Within Lakes: 
N21tural > Human 

1•1gure. L Jmport,mce ofhanum versus nalurltl spread mechanisms at tbe 
coutlnentnl, interstate, and local scales. 
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Table I. Exolic Invasive Aqualic and Wetland Plants sighted in Mi$issippi, and lhose 
fotmd near Mississippi. 
Species sighted in Mississippi 

Alli.gatoiweed (,4./tem.anthera philoxeroides (Mart.) Griseb.) 
Brittle naiad (Naja.r minor Allioni) 
Chinese tallow tree (Sapium scbifemm (L.) Roxb.) 
Common salvinia (Solviniaminima Baker) 
Curlyleafpondweed (Potamogcton crispus L.) 
Decprooted sedge (Cyperus enfl•erilmus Boeck.) 
Egeria (Egct1a dcnsa Planch.) 
Eurasian wate.rmilfoil (!vfyriophyllum spicantm L.) 
Giant salvinia (Salvinia mo/csta Mitchell) 
Hydrilla(Hydrilla verlicillala Royle) 
Marsh dewflower (Murdannia keisak (Hassk.) Han<l.-Maz.) 
Parrotfeather (Myriophyllum aqualil1,m (Veil.) Verde) 
Phragmites (Phragmites 1Justralis (Cav.) Trin.) 
Purple loosestrife (Lythrum sa/fcaria L.) 
Sacred lotus (jVelumho nucifera Gacrtn.) 
Torpedograss (!'anicum repens L.) 
Waterlettuce (Pislia slratoite.s L.) 
Waterhyacinth (Eichhomia cra.ssipes (Mart.) Solms) 
Water primrose (J..:udwigia he:rnpeu1/a (Hook. & Arn.) Zardfrti, Gu & Raven) 
Wild taro (Colocasia esculenta (L.) Schott) 
Yellow floating heart (Nymphoides peltata (Gmel.) KunlZe) 

"Watch List" of Species Near Mississippi 

Asian marshweed (l,,i11111ophila sessiliflora (Vahl) Blume) 
Indian hygrophila (Hygrophila polysper=1 (Roxb.) T. Anders.) 
Melaleuca (!vfe/aleuca quinquenervia (Cav.) Blake) 
Roumlleafloolhcup (Rota/a rohmdifolia) 
Wetland nightshade (Solan-um lampicense Dunal) 
While Egyplian lotus (Nymphaea lotus L.) 
Ycllow i.ri.s (iris pseuducorus L.) 
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r Mi ·T bl ? B10 IO!!lC' al control agents ss1.ss1001 mvasive a Qua l.!c p l lant,;,·a e - or 
Control Eurasian Giant Hydrilla Waterhya<-inU1 Water 
Tccluliquc watermilfoil salvillia primrose 
Insect Experimental Exnerimental Poor Poor None 
Gm.~sCam Poor Poor 
Pathogens Exoerimental None 

Excellent Poor Poor 
Exr>eri mental None None 

fM. ..Tabl e .3. Herbic1 'd es tior management o 1sstss1p ll mvas1ve aq111t1c p11ants. 
Herbicide Cont.act 

or 
Systemic 

Eurasian 
watermilfoil 

Giant 
salvillia 

Hydri lla \Vaterhyaci nth Water 
primrose 

2,4-D Systemic Excellent No Poor Excellent Excellent 
Complexed 
ComJt>r 

Cont.act Poor No Fair No No 

Dicmat Contact Good Excellent Good Good Good 
Endothall Contact Good No Good No No 
Fluridone Svstcmic Excellent Good Excellent Poor Poor 
Glyphosate Systemic No Excellent No Excellent Excell ent 
lmaz.apyr Systemic No Poor No Excellent Excellent 
Triclonvr Systemic Excell ent No Poor Excellent Excellent 
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·T bl 4 M hanical· l . f M.iss1sS1001 mvas1ve ac uauc 01ants.a e ec · lee ung_ues or l -
Hydiilla Walerhya<,'inU1Control Eurasian Giant Water 

TccluJ.iquc primrose 
Hand-

watcmJ.ilfoil salvinia 
Limited Limited LinJ.ited LinJ.ited Limited 

pullirlQ 

Culling Fair Poor Fair Poor Fair 
Harvesting Good Goo<l Good Good Goo<l 
Diver- Excellenl Poor Fair Poor Poor 
operated 
Suction 
Harvesting 
RotovaJ:i ng Poor Fair Poor PoorGood 

f◄ M . ..Thl5Ph"I h" ora e ,s1.ca contro tee mques 1ss1ss1pp1 mva.s1ve aqua.tic p1ants. 
Control 
Techniaue 

Eurasian 
walernJ.ilfoil 

Giant 
salvinia 

Hydrilla Waterhyacinth \Yater 
primrose 

Dredging_ Excellent Poor Excellenl Poor Poor 
Drawdown Excellent Poor Poor Poor Poor 
BentlJ.ic 
Barrier 

Excellent Poor Excellent Poor Poor 

&'hading_ Good Good Good Good Good 
Nutrient 
inactivation 

E>q,erimenlal Experimental Experimental E>q,erimental Experimental 
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ANALYSIS OF FRESH\VATER SAND-DWELLING CIIlRONO~IID 
LARVAE IN DISTURBED AND RELATIVELY UNDISTURBED 

BLACKWATER STREAMS 

Rohert C. Fitch and David C .. Beckett 
l)epartment of Biological Scicnceis 
Uni ver,;i ty ofSouthern Missi$Sip1>i 

P.O. Box 5018 SouU1em Station 
Hattiesbticg MS, 3!:!1106-501 8 

Phone: (601) 296-0973 
'Fl-ma.il: Robert.Fitch@1i~m.edu 

1-'rcshwater sand,dwelli.Jig chlronomid larvae were stl1c1ied 111 the sUUJn1er of 2002 in si.,-. 
blnckwatet streams 111 Southern Mil;si-ssippi.. Three of the streams were in relatively 
undisturbed habitats 11nd the otlipr tltrec sti:carns wcre.indistnrbcd habitats affected by 
either non-point ;;ouroe pollution, point source pollution, or b0th. Sand oore snmples 
Wtlte taken randomly wiU1lll lhrtl.:1>iles per stream (five. samples pt!r sile; fifieen ~amples 
total per stream), and cbi.ronrunid lruvae were idcnti.ficd to the lowest poss.ible ta,,_on 
Rheosmftia >J>. composc:d 20 - 80% of llie larval cliirommlid population in lli<i 
tmdish.trbcd.st:reru:ns, whereas ilie tlu·ee disturbed streams had tlu-ce different dominant 
t:flxa (i .e., PolypRdilwn :«:1.l l,1enw11 group, Tanytm:~u.~ sp. P, and Dit:rotendiju1,~ sp.J and 
low ~rcenlages ofRheosmfttin Sp. Ta-"onrichness, total number ofchironornids. md 
species cliversitie~ were variable among rhe streams. However, polar ordination based on 
perc.;nlitgesunUarity show,:;d Lhi1l (he Chree ilisturbed str.:anu; cluslen:d Logc:lhe.r. whereas 
tli.c tbrcc relatively undisturbed streams formed a cluster distant from that of tl1e disturbed 
.;l.reums. This 1>Ludy indfotil.t:s lbal W1eos111ittfa dominalt!s samly .;ubslrales in bla,ckwaler 
streams llial are relatively unpoUutcd. [,'tuthermore, freshwater sru1d-dwelling 
ohironomid~ cnn serve as .indioators ofecological disturbance, 
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A Survey of Lotic Tardigrades from the Pascagoula draln:1ge 

/\lien Niven 
o~artmt'lll ofUiologic,al sdertres 
UhivCl'Sity ofSouthern M1ss1ssip•pi 
JJ.O. l.lox 5018 Southern Station 

Jbtiies6urgMS. 39106-5018 
Phone: l601J 296-097'.I 

8-m•ilc Alla1.Nive:11@W<n"t-du 

There an: approximately .800 descril,ed species of latdigrndes. These microscopic 
meta7.oans are commonly kTiowri as "water bears" because of1heir lumbering gai t. The 
focus uflhis resean;h i;; lo identify and describe Ou: as;;~iation oflardigrndts fol.Old in 
thi:: .Pascagoula d.roi.na_ge basin. few st11ctics oftMdjgrados from Mound tlic world are 
known from river system~ 11nd none from ,!reams in MississiP.Pi. Beyoncl this ;;turly, the 
comruwuty oftardigi:ades associated wi t.h tlii~ drainage is unknown. Sf.unplcs were 
colleoterl from stream sub~irnt.e in severnl locations wi thin the Pa,;Q11goula drainage basin 
from March Lu Seplemlier 2002. Tardigrndes w<1re separnleu from U1e subslrale, sorted 
and moLutlcd for identification.. Hyµsibideae dominated the tarctigr~de couunwuty i.n,all 
stream:; surveyed. While. s<1asumilily appears lu inilu,mce the makeup oCthe 
comwunities, the g.n::atcst number ofspecimen;; was cctl)eotcd i.n !.he; late spring and the 
most commonly obse1ved genem was Hypsihius. Other commonly observed specimens in 
iJJ.oludcd ,4ohybsibi:u;s and Rllm(l50/ti:i,1s. D11ct;y/oliiuhiS was observed in niany streams in 
Iow occnrren.ce hut inrlepenrlent of seasonality. 
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Port Sedimentation Solutions 

William H. McAnally1 and Julia F. Haydel 

AllSfRACl' 

The cost-of sedimentation problems in Nocth America is estimated to be SI 68, of' which a 
signifkani ponion is attributed to excessive sedimentation in wateiways. E.xcessivesedimenl depositiOII in 
ports and channeJs reduces their depth, forcing vessel operators either to time transits to high water periods, 
Lo lighL-load sn as lo reduce dr>JR"' or l.o limit JHJ:S8>1gc Lo unsafe WJ1Tow pai,s.ages, or preventing Access 
nltogcLhcr. The IJ'lt<lil ioruil solution to these pn.,bkrrr., wils ,b·e<lging 1md disposul ofexcess sc<limcnl, bul. lhc 
cos.I. ofckcdgiug and potential L'f1vironrncnhtl efTccb; hnvc made reducing dredging frcquenc:y and qunnl.ity 1 
nect-SSily. Envinmmcnl»lly friendly illtcniativcs arc 11eeded, nud such soluli<X18 •re aV!l ih,blc. 

The purpose ofthis paper is to present some engineering alternatives to dredging and illustrate 
their application by examples from the literature and a current example from Lowndes County Port on the 
Tennessee•Tombigbee Waterway. 

Engineering solutions to watcnvay sedimentation cart be classified as those U1atkeep sediment 
out, keep sediment moving, and remove deposited sediment, and nwnerous solutions are available witllin 
each category. Application ofthese principles to Lowndes Cow1ty Port show that training structw'es 
constricting waterway widtl1 at tl1e port can substantially reduce sedimentation witl1in U1e po1t wllile 
providing both cost and environmental benefits. A sediment trap offers socne ofdie poet shoaling benefits, 
but at greater cost and wiU1out tlte environmental enhancement possibilities. These same principles can be 
applied to deep water ports and channels with similar benefits. 

INl"ROOUCflUN 

The cost ofsedimentation problems in North America is estimated to be $!(ill (1), ofwhich a 
significant portion is attributed to sedimentation in ports and waterways. Sedimen.t deposition reduces 
depth available for vessels, forcing them to light-load or limiting their access. Dredging, the traditional 
solution to sedimentation, and disposal of the dredged material have become increasingly expensive and 
difficult. and less expensive, environmentally friendly alternatives areneedecl 

The pwl)ose ofthis paper is to describe some engineering aU,ematives to dredging and illustrate 
their applicatioc1 by examples frocn llte literature and a recent analysis ofproposed solutioc1s in Ilic Po,t of 
Lowndes Cow1cy oc1 the Tennessee•Tombigbee Watenvny. 

WATERWAV SF.DTMF.NTATION soumoNS 

The InternationalNavigation Association calls dredged material . .. a valuable renewable 1·esource 
.. . (2). l1rnlrrmy •ccrn l.o he" conlrndicJ.(l(y slHLm1tnl whcT1dredging cmls more l}mn $700 million 
annually in Ilic United States (J); yet eroding shorelines and incised streams are costly manifestations of 
too little sediment A decline ofsediment supply in the Mississ ippi River is responsible for a large pan of 
massive wetlands loss in Louisiana (4), prompting proposals for a multi-billion dollar remedial action plan 
(5). Likewise, adverse environmental effects of too much sediment, such as smoll1eru1g ofsalmon eggs and 

1 Research Professor, Civil Engineering Department, James Worth tlagley Colltge ofEngineering, 
Mississippi State University. mcanally@engr.msstate.edu. 
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larvae, are widely acknowledged, yet some species, such as the endangered pallid stw·geon, prefer muddy 
water habitats and are adversely affected by water with low turbidity (6). From tl1ese examples it is clear 
that either too much or too little sediment can be a problem, just as too much water (flooding) or too little 
water (drought) can be a problem The key is that sediment is a resource that can be.managed for the 
benefit ofhuman society and environmental quality. 

Few port or wateiway operators see too little sediment as a problem. Excessive sediment 
deposition in ports and cham1els reduces tl1eir depth, fore u1g vessel operators either to time transits to high 
water peifods, to light-load so as to reduce draft, or lo limit passage to unsafe narrow passages, or 
preveiltin.~ access altoged1er. The traditional solution to tl1ese probleins was dredging and disposal of 
excess sedimei1t. More recei1tly, bei1eiicial use of dredged sediment has recognized d1e value of the 
resource by using il for shoreline res"torntion, marsh creation, and construction material, but usually at 
increased cost to those performing the dredging (2). Disposal other than beneficial uses has become 
constrained, with in-water placement often prohibited and on-land placement options diminishing. 

Despite d1ese difticulties, dredging and disposal ofexcess sediment was tl1e most economical 
solution to excessive deposition. However, die cost ofdredging bas risen sharply and limitations on whei1 
to dredge and how to dispose have grown more siringent, decreasing tl1eviability ofdredging as the only 
solution to waterway maintmance. Perhaps related to these changes, consolidation among dredging 
companies has reduced the number ofcompanies bidding on projects. and smaller projects may draw few, 
ifany, bidders. Many waterways and ports are finding it.increasingly difficult or even impossible dredge 
and they need other options. The options are: use only ports and waterways that are naturally deep enough 
to allow navigation, use vessels small enough to navigate nab.Ira! wateiway depths, or employ engineering 
alternatives to traditional dredging. ·111is paper is concerned with the latter alternative. 

Numerous ei\11b1eering altematives are available. Successful and unsuccessful examples ofeach 
are rep01ted in the literature (e.g., 7') but are not widely appreciated. Design ofengb1eei·i1\g solutions leads 
to be unique to ead1 site's characteristics - Ille s ize and layout offocitities, hydrography oflhe wateiway, 
flows, and sediment supply and characteristics, but solutions have much bi common if-they are classified as 
those tl1at: 

• Keep sediment out 

• Keep iicdirnenl. moving 

• Reinove deposited sedimei1t 

Kct.11 ing !oicdimt,11. oulsnlu1jons include atnbilii ing croi;ional }n-cas. l.Tccting lmrriers. divt.Tling 
sediment-laden flows, and trapping sedbnent. E.xamples include divertil\S! freshwater flow out of 
Charleston Harbor, SC which reduced pOJ.t and channel sedimenlation by more than 70 percent (8), and a 
sediment trap and tide gate combination bi Savannah Harbor, GA d1at reduced pOJ.t and wateiway dredging 
by m01:e than 50 percmt (9). In die Savannah case, locati1\g tJie sediment b.ip out of the port area also 
reduced interfei·ence between dredging equipmei1t and vessel 1raffic, placed tJ1e dred,11u1g closes· to die 
disposal area, and reduced the unit cost. Howevei·, tl1e pr~ject was alleged to cause salinity increases 
upstream, and was takei1 out ofse1vice. Sedimeiit traps can be environmei1tally beiieficial compared witl1 
conventimal dredging, fOJ· example, if tine sedimei1ts are allowed to consolidate so that low tw1>idity, low 
water volwne meUiods such as clamshell dredgil\~ can be einployed. 

Keepil\g sedimei1t moving solutions include suuctural elements thal train flow, devices dial 
increase b.ictive forces on tl1e bed, and designs tl1at reduce cohesive sedimei1t flocculati011. Structural 
elements include lateral irah1in.~ (spur) dikes that are used in many locations to train tlow and preveiil local 
depositi011 ofsedimeill, as in tJ1e Red River, LA (l<J), and specialized u·aining structures such as ihe Cun-ei1t 
Deflector Wall, a cu1ved u.iining slmcrure tliat reduced sedimentation in Hamburg Hru1>or's Kohttleet 
basin by 40 percei1t (11). Lateral dikes have been found to be most etlcctive when submei·ged during high 
flow events (7). Devices to increase bed tractive forces, including submerged win..'l> (11) ru1d waterj et 
manifolds (1 J) were tested in the Navy berths ofMare Island Slrait, CA and found to be effective in 
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reducing sedimenl deposition locally. C-Ohesive sedunent tlocculation can be reduced by designs Uiat 
reduce rurbulence, such as solid whart'walls instead of piling suppo1ted wharts. 

Removing sediment includes trnditional dredging but also u1dudes sediment a.sµtation methods of 
intentional overflow, dragging, and propwash erosion. Anchorage Harbor, AK was dredged wiUt a 
combination ofagitation and dredge-and-haul in 2000 (14). Dn1gging a rake behind a vessel lo suspend 
sediment so Uiat il can be carried away by currents has been practiced for centuries in China (15) and 
propeller wash is used in U1e same way in some ports, eiU1er intentionally or incidental to nonnal poet 
operations (16). 

Each Hppronch d~LTihcd above has implicafjom1 for water qu>Jlity or biabJ impm:ts lhnt rru1y be 
cilhcrposili,1c or ne~l.ivc. Nu Bolution, convcnt.ion»I ckcdging ;,ind diwpOS.>tl or lhcir allt..n1alivL":S, cnn be 
exercised wiU1out careful consideratioc1 ofU1e enviromnental efl'ects. For example, agitation dredging is 
prohibited in some locations because il b1creases twi>idity, at leasl locally. However, noel-dredging 
solutions have been shown to be to benefit environmental quality, such as trnining dikes providing good 
fish habital, espedally when notched to pass small quantities offlow. Stone 1rainu1g dikes provide a variety 
ofspatial scale hab itats, from small interstial voids to large scour holes, and varied flow conditions Uial 
promote aquatic diversity and abw1dance and are considered to provide envir011111ental quality enhancement 
(17, 18, 19, 2(1, 21, 22). The potential positive environmental effects ofdredging from a sediment trap 
instead ofan active waterway are described above. 

THE TENN-TOM WATI.RWAV 

The TL'fmcssec-Tomhigbct W31.l1wny is a 2..14•milc•long inlnml waLt.,-way providing ft nHvigat ion 
corrncctinn bc.twca1 lhc Tcnncs:,;cc Rivcr >mcl Ilic Gulf nfMcxico vifl the B lack Warrinr•Tornbighcc 
WHI.Liway nnd Mohilc 13ay. Con•lruct.cd by tJ,c U. S. Anny C<Jf!l8 ofEnginL't.1-S, it. wHs cornp1L11:d in 1984. 
The Waterway consists of' three distinct sections - River, Canal, and Divide Cut - in Mississippi and 
Alabama. The River portion generally follows U1e coW'Se oftl1e Tombigbee Rivertrom its confluence wid1 
the Black Warrior River in Alabama upsb·eam to near Am011' Lock and Dam, MJssissippL The Canal 
secti011 departs from U1e Tombigbee River course to trend generally northward to Jamie Whitten (Bay 
Springs) Lock and Dam. The Divide Cut section connects the Canal section to the Tennessee River al 
Pickwick Lake near the Mississ ippi-Tennessee boundary. The 1'19-mile-long River section lies within the 
Tombigbee River flood plain and a number ofriver meanders have been cut off, leaving 71 miles of 
meander loops still connected to the Waterway. Four lock and dam structures raise the water level a total of 
ll7 fl and create pools conducive to sedimentation. Numerous tributaries drain into the River section, 
bringing significant quantities ofsediment. The 46-mile-long Canal section is located near the eastern edge 
of the Tombigbee River floodplain and was formed by constructing a levee to serve as the western 
boundruy of the section while natural high ground serves as the eastern boundary. Five pools create a 
chain-of-lakes configuration to provide navigab le depths. lnflow to the Canal section is limited to 
discharges from Whitten Lock and Dam and small tributaries on the eastern edge of the floodplain. 'The 
Divide Cut section connects the sepanite river basins by an excavated cut through the basin divide and 
extends 39 miles from Bay Springs Lake to Pickwick Lake. Inflows to the section consist ofminor local 
inflows and flow from Pickwick Lake to replace water released downstream at Whitten Lock. 

Sediment supply to U1e Divide Cut and Cana.I sectioc1s is low, but tl1e Watenvay bed contb1ues to 
be a source tor resuspension and movement, which cause port sedimeutatioa problen1s. Sediment supply to 
Lhc Rivcrgccl,hm is 1mfficicnl. lo c.·>iuwc pot1 nnd wallT\\'UY s.cdirmnl11l ion prohkTtl1C al ,my loc>tUon w•ILTe lhc 
capacil.y l.o tnmsporl ~cdimc·nl is mmllc,·Umn the dcpos ibtblc scrli,m:nL •upply. 

l'ive oflhesix public ports on the Waterway have experienced sedimentation prob lems and 
increasing costs ofdredging. Field data were collected and analyzed to determine the dominant sediment 
sources and mechanisms for transport and deposition in three ports that represent the various processes. 
Analyses (21) of those data indicate that sedimentation sources and mechanisms acting in the Waterway 
ports can be categorized as: 
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4 McAnally and Haydel 

• Surge• f1ncJ ,1t"$wcl•n:s:1.ui.1>t11.dcd fine bet.I kedirntitl from l11c watt,way heel mQ\ICKlnl,n the Jll11tas. u 
dcnr;ity umlcrn,,w and dcposilx. 

• Sediment (both tine and coarse) transported from upstream during high flow events deposits. 

• Other mechanisms contribute sediment (slumping, soil piping, etc.). 

TI1e primary medianism varies among U1e ports, with vessel resuspension dominating in die Canal and 
Divide Cut section ports, and transport from upsb·eam dominatin.~ in die River section ports. 

l,OWNDES COUNTY PORT 

LowndL'l! County Port is lornLed in Columbus, Mississippi uL about WatL,wuy Mile 330. TI1c port 
is on a fonner bendway ofthe Tombigbee River wi1ich has been cut olfby the Waterway channel. It lies in 
the River Section, in the Aliceville Pool fonned by Tom Bevill Lock and Dani A 100-ft wide Federal 
channel connects tl1e port to tl1e waterway (see Figure ! ). Two public bertlis parallel with tl1e channel can 
setve two 600 ft barges at 9 ll drat\. The port has a 200 ft by 120 it twning basin at the upstream 011d oftlie 
Federal channel. Table 1 gives tlie dimmsions oftlie port, tl1e bet1dway above the po1t, and the waterway 
cutoff channel Port oflicials rep01t tl1at shoaling occurs principally dw·ing the high water season of 
January-April, and that dryer years produce less shoaling. Durin.l! hi.s;h tlows on die Watenvay, stm1g 
currents are observed in Uie bendway river channel. 

Gnih S>JJllJ>les frum rhc bod of the port fire» in OclohL'f 2002 (low now se11son) consisted of vt1y 
son. org,mic black mud wirh »small frttclion nf fine SfJnd. S>1mples collected in March 2003, IO daysn.O.er ii 
high now cvcT1I, hud mcdiHn g,11in sizes 11mgirig from 0.16 lo 0. 26 mm >1nd lhc f111c1.ion ofsills ,md clays 
r1mging from 2 l.o I6 pli·ccnL 

The port has been dredged several limes: 

• Cnrnhincd new work nnd maintenance dredging in 1993 uf about 8000 yd3 did not provide a 
complete harbor prism, ln1l waH halted wl1cn lhc rn;Lx irn11rt1 a11owHb1c funding waH cxlm111;l.cd. 
Unexpected u·ees and debris in tl1e new wo1k area w01·e cited as the cause ofdelays. 

• In 1999 required dredginf was eslimated at 17,000 yd', but funding limited the actual dredging 
quantity at only 7,867 yd at a net cost ofmore than $10 per yd\ 

• li1 2003 the twning basin at the upstream 011d ofdie po1t was shoaled in to about 5 tt depth and 
some barges repo1ted bumpinghiith spots lower in thep01t. 

Corps nfEnginct:T$1 dredging rccorcht i,;hnw mainl.LTIHncc ckcdging of the wutc1way Hbuvc >md 
below the port channel in 1991 and 1993, and 26,304 yd' were dredged from tJ1e access channel in 1993 at 
costs ran.l\ing from $2 to $4 per cubic yard, substantially less per unit tlian the $IO per cubic yard 
experi011ced by die po1t for relatively small quantity contracts. On avet.i.~e. the port has accumulated about 
.S,000 yd' ofsedim011t per year su1ce 1991, which would cost betwe011 $20,000 and $50,000 pet· year using 
the port's on-site confined dredged material place111011t area. When tliat site is tilled, tl1ere are no other near
by disposal areas available for use, so disposal costs are expected to increase. (23) 

The lncalion of Lhc purl nml il.s r,;cdimcnli 11.inn hii,;Lory suggcwt 11ml lhc primary tnurcc of scdirncnl 
depo, iling in the port is lnmsporl tlirough Lhc bt'tldway channel. Thal chwmcl hill! a ma.~imurn <lL-plhs of 
about 1.S fl. but is shallow (less lban .S It) at its upstreamjunclion with tl1e wateiway. During high flow 
ev011ts, sand moves tl1rough tlie bendway, depositing wheti it reaches U1e 011larged cross-section oftl1e port 
area. At othet· limes vessel- or flow-resuspetided fine sediments can move into U1e port area trom eitl1er 
upsu·ean1 or downstream 

There >rrC: no knO\UI scdimLTll.•rclal.c.d cnvironrnL,.11.nl i,;~uL'!; for Lowmk"8 Ccmnly Por1HA 1998 
ICllcr from llic Mi,s i"8ippi DqrnrtrrttTII. nfEnvirnnmcntal Q1rnlily stipulated lfml. !here were no wnt.or q1mlil'1 
prohlL111s >l~och1tcd with propo!SCd dredging, 

MWRC Proceedings 
Page 140 

https://cnvironrntT1l.nl
https://repo11.ed
https://cxhuui,;l.cd
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DESIGN FOR SEDIMENT REDUCTION 

Several a1ginecrcd M01uliom1 In the i;iL•dimcnb1tiun problcrn fire IH)llSiblc. KcL11ing scdimcnloul. 
solutions include a bruTier attl1e upstream end ofU1e bendway tl1at seals it otl'from h(~J flow eveuts, ru1d a 
sediment trap in tl1e bendway above the port A barrier is inadvisable, since it would rcsb·ict recreational 
boat access and could degrade water quality and habitat conditions in the bendway. A sediment I.rapjust 
upstream from tl1e port could trap a si.smilkant fraction of tl1e sand-sized sediment before it enters tl1e port 
That sediment will evenrually have to bedredged, but tlie trap otl'ers tl1e advantages tlrnt sediment infilling 
and dredging operations will not impede navigation ru1d low impact dredging metl1ods such as clrunshell 
removal can be used. It does not resolve tl,e problem offutw·e disposal. 

Training i,i:ln1clun:s nre the rnoK1.obvinuM Hppronch lo kcL1l i,;cdirncnlmoving through the por1HBy 
constricting tl1e channel, tl1ey can focus cwnnts and increase die 1.ranspon rate, albeit at tl1e risk of 
increasi1\g navigation hazards. Removal ofdeposited sediment cru1 u1clude cont.lnuu1g traditional dredging, 
but can also be accomplished by using tug propwash to resuspend fine sedin1ent so t11at natural cWTents cru1 
flush it fi-om the port area, if the pen11itti1\g agencies will allow iL 

Dcsigr, uf solutions requ ires an ci<lirrmle ,.,fscdimml. l.ninsport niLes. Por lhfll. ptlfJJOSc lhc 1.5 ycitr 
now cvt.Ttl. wn1:1 selected ~s rcprcscnbll.ivc c,,flhc nowM cnu:gfrig lhc rm,s:I. wcdimt11l ,k,,o-sili,m. Th~L L-vcnl 
approximates bank-full flow, above which flooding occw-s. At Stennis Lock and Dani, 5 miles upstream of 
the pott, tl1e 1.5 year event has a tlow of52,000 cfs (24). By suuple application of Manning's equation to 
the waterway between Stennis Lock and Dain and Bevill Lock and Dan1 ru1d the two loops - tl1e bendway 
and the cutoff channel - the water surtace elevation at the site was estimated to be 1.59 fl, U1e dischru-ge in 
the bendway was calculated to be 19,990 ds, and tl1e friction slope. of' the bendway flow was estimated to 
be about 5xlO" fl/ft App lication offive non-cohesive sediment transp01t f'otmulae d1at have some 
applicab ility to conditions at the Stennis Dain site, using tl1e SAM software package (2 5) produced results 
rru1ging fi·om 33,000 to .51,000 tons per day of bed material load. The lower end of the computed rru1ge, 
using tl1e Law-sen-Copelru1d transp01t fom1ula, was selected for use in U1e design, for it was dosest to tile 
traJJSpOlt rate predicted by watershed methods (23). According to the Law-sen-Copeland fo1111ula, the 
sediment transp01t rate in t11e bendway is 1630 tons per day; whereas, in tl1e port it ls only 1200 t011s per 
day. Tbe430 tons per day diflerence, or 26 percent of the load, represents what will deposit in tl1e pon_ 

Dci-1ign l.n kcq, f.{edimt.Tll moving was acccxnplii;hcd by il<..n1livc sol111jom1 ms <lcin.Tibc<l nhovc uni.ii 
the sedimL'ftl. dischllrgc in Ilic 11<lrlrcad1e<Jtrnlcd or c:xcL-cdcd lhal in U,c bcmlw,;y rcitch •hove lhc porL 
TI1c-y 8howe<l llrnl • purl clumncl with • normal p<xil l.1~1 widlh of220 11. (instead of lhe currcnl. 300 11.) will 
either he ,u,blc or cnxlc 81ighl.ly iu1dcr lhc 1 . .5-ycnr Oow cvrnl Narrowing lhc channel by 80 0. can be 
ltccompli$hcd by lraru;vc-n;c lniining dikes wilh l,.>p eleval ion ,.,fahml 146 n. a111.l avcn1gc IL'flglh of itbml 
100 fl Figure 2 sbows how a cypical cross-section will be changed by a dike. Transverse dikes witl1 
not.ches will provide tl1e needed constriction, reducir\l!, deposition and extending U1e life ofU1e existing 
disposal area, witl1out signliicrultly raish1g flood levels upstream. Two dikes may be sufficient to reduce 
port sedimentation by 90 percent If more are needed, usu1g a rule ofthwnb tl1at dikes should be spaced at 3 
to 8 times theu- le1\gtl1, up to 8 transverse dikes along U1e east side of the channel will suffice forU1e 
roughly 3600 ft ofactive pon use as shown in Figw·e 3. U1e solution allows for progressive implementation 
- c-oc1s1ruclu\1! one 01· two dikes and observing the results before proceeding wid1 otl1ers. Costs of' 
constructing soil-lilied dikes with ageotextile and riprap cover ru·e estin1ated to be $14,000 to $20,000 per 
dike (23). 

Keepu1g the presently depositu1g part of the sediment load movu1g will increase U1e sediment load 
oftl1e waterway itself' by less tlian 2 percent at the design flow, so U1e potential increase in waterway 
dredging will be small. Additional shoaling may occur in the Federal chrumel between U1e pon and 
waterway, which cru1 be remedied by extending U1e training structw-e field downstream to U1ejw1ctim of 
the channels, albeit at additional cosl 

Plow speeds >ti. the bcTl.lis ,unlcr lhe lmnk-foll Oow ""' c.xpecl.t.,I Lo increase only from ahml. 2. 1 
fVsec to about 2. 6 IVsec, so mooring loads on barges will not be unduly u1creaseti Discussions wid1 
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recreational boaters and a towing indusl!1' representative havdndicated d1at both can deal wiU1 die 
presence of1raining dikes ifd1ey resolve the deposition problem. (lJ). 

Additional measures will tu11her contribute to keepin~ sediment movin.g Uirough the port.For 
example, reducing side and bottom slopes al die upstream end ofd1e poet will reduce eddy fonnation and 
associated sediment deposition, and using tug propwash to regularly agitate soft sediment deposits next to 
port structures will reduce accumulation ofslack-water-deposited sediment, ii' allowed. 

A Imp for Lite execs• scclimcnl. was designed Ll!!ing • s imp le method furrnnbtlccl by Sarik•i•" (26) 
Lhnl. cuns iclC11! r.hc •eLUing tn,j cctory uf , cdimtTII. p•rlic lc; tnl.t,ing lhc Lmp. C. lcuh,r.inn of lnJJJping 
cffit.:iL11cy for cJ1ch gr>J in size nnd Lhcn l!!umming lhc rcsulls flcroK!oi all cxis.1fog gntiru1.izcsn1howcd thul. a lrnp 
I() ll deep, 500 fl lung , aml as wide as lh c clnmncl will lri,p 15 ptTccnLof the llc,limcnl bed matcri.fl l load, 
and extending it to 1000 ft long will cause it to trap about 3.S percent ofthe load. Since die excess sediment 
load is about 26 percent ofU1e total, a IJ1ll) 011 d1is order will capture die excess and prevent its deposition iu 
the po1t. The size and location ofd1e trap is illus1J1lted in Fi~re 3. This solution neid1er reduces die 
required dred_1~ing amount (it could increase it) nor saves disposal area space; however, it can reduce die 
cost of' dredging by decreasit\~ U1e required frequency (saving mobilization costs) and placing the dredging 
activity outside die active pot area. IL will also increase port efficiency by pennittit\s; full depd1 access even 
when dredging is needed in the trap. However, at an estimated c011Struction cost of$100,000 to $2◊0,000, it 
exceeds the cost of training stn1ctures and offers no offsetting advantages. 

Both ofthese approaches oiler substantial reductions in pon sediment deposition. l11ey probably 
will not eliminate die problem, since some material will escape the b1lp and some will deposit during low 
flows when tl1e dikes are less effective; however, they boll1 otler efficiency advantages over conventional 
dredging. The dike solution appears to be effective, will cause no sl%niiicant environmental adverse etlects 
and will confer positive habitat benefits based oc1 studies by multiple agencies (1 7, 18, 19, 20, 11, 12). U' 
two dikes provide die needed sedimentation reduction at a construction cost ofS28,000 to S40,000, they are 
cost etl~tive compared with a continued dredging cost of$20,000 to SS0,000 per year. U-8 dikes are 
constructed over four years al $40,000 per year, it will still be cost efl~tive over die locig term Final 
selection ofa solution awaits adetailed design, economic analysis, and possibly nw11elical model testing to 
ensure a safe, etlective, and environmentally friendly project, but these simple calculations demonstrate the 
possibility of a viable alternative to traditional dredgil\l\, 

CONCUJSTONS 

'!he cost ofdredging and dredged material disposal and need for environmentally sensitive 
practices makes excessive sediment deposition in pocts and waterways a growing burden. Engineering 
Rolution~olh L,. ll1an convLT1liom1I <lrcdging offer ~n clTt.x:l ivc ancl, in ijorttc cases, c.., 1virnnmc11Lally friendly 
way l.n reduce lhc bun lL11, miing IJ'IC principle~ of kt..-cp i;cdima1I. <)Ill, ket.1l McclimL'nl moving, aml n..·movc 
dcposiLcd ifedimt.,1L 

Lowndes County Pott on theTenn-Tom Waterway offers an example ofhow sediment control 
principles can beapplied to significantly reduce the need for maintenance dredging in a shallow draft 
inland port. Examples cited from the liternture show that deep draft coastal ports and other inland ports can 
also benefit from application of these concepts. 
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TABLE l Geometric Data for Lowndes Coun• Port 
Channel Reach Top Wirllh BoUom Wicllh Lcnglh Dc1,1h al 

at Nom1al Pool ft ft Nom1al 
fl Pool 

it 
Columlm• Cul.o(T 500 300 10,500 9 
Tomb igbee River 250 150 9,800 12 
J3endw= Above Port 
Pott ')3,590300 200 
So1u·cc-s: Rcfcn.,.tcc 5 ,md mcm;11rcml"11ls by >111thorg. 
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MERIDIAN

• 

MISS, 

-• 
FIGURE I Area map (courtesy oflhe Tennessee-Tombigbee Watenv11y Development Authorit:y) and 
Lowndes County Port detail. (Maptech® USGS Topographic SeriesT". ©Maptech®. Inc., 
www.maptcdtcom/topo). 
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recommendation by the U.S. Government. 

Revenue derived from the sale of documents published by the Institute ls used to 
deftay the cost of publishing and mailing. Please make prepayment by check 
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MississTppi Water Resources - GeoResources Institute 
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