
In cooperation with the U.S. Army Joint Readiness Training Center and Fort Polk 

Physicochemical Properties and Chemical Characteristics 
of Water, Bed Sediment, and Mussel Tissue from Selected 
Streams near the Redleg and Peason Ridge Impact Areas, 
Fort Polk Military Reservation, Louisiana, 
June 2001—November 2003 

C, 
• • 

S 

Irt 

p. 

Scientific Investigations Report 2007-515141r 
iadvitmg 

U.S. Department of the Interior 

U.S. Geological Survey 



	

Cover photographs (Fort Polk Military Reservation, Louisiana) 

Background: Hilltop in an impact area, Peason Ridge Training Area. 

Left: Little Sandy Creek near northern boundary of Peason Ridge Training Area. 

Right: Collection pan containing depositional bed sediment. 

(Photographs by Roland W. Tollett, U.S. Geological Survey.) 



Physicochemical Properties and Chemical 
Characteristics of Water, Bed Sediment, 
and Mussel Tissue from Selected Streams 
near the Redleg and Peason Ridge Impact 
Areas, Fort Polk Military Reservation, 
Louisiana, June 2001—November 2003 

By Roland W. Tollett and Robert B. Fendick, Jr. 

U.S. GEOLOGICAL SURVEY 
LIBRARY 

I ON VA 

In cooperation with the U.S. Army Joint Readiness Training Center and Fort Polk 

Scientific Investigations Report 2007-5151 

U.S. Department of the Interior 
U.S. Geological Survey 



 

 

U.S. Department of the Interior 
DIRK KEMPTHORNE, Secretary 

U.S. Geological Survey 
Mark D. Myers, Director 

U.S. Geological Survey, Reston, Virginia: 2008 

For product and ordering information: 
World Wide Web: http://www.usgs.gov/pubprod 
Telephone: 1-888-ASK-USGS 

For more information on the USGS—the Federal source for science about the Earth, its natural and living resources, 
natural hazards, and the environment: 
World Wide Web: http://www.usgs.gov 
Telephone: 1-888-ASK-USGS 

Any use of trade, product, or firm names is for descriptive purposes only and does not imply endorsement by the 
U.S. Government. 

Although this report is in the public domain, permission must be secured from the individual copyright owners to 
reproduce any copyrighted materials contained within this report. 

Suggested citation: 
Tollett, R.W., and Fendick, R.B., Jr., 2008, Physicochemical properties and chemical characteristics of water, bed 
sediment, and mussel tissue from selected streams near the Redleg and Peason Ridge impact areas, Fort Polk 
Military Reservation, Louisiana, June 2001—November 2003: U.S. Geological Survey Scientific Investigations Report 
2007-5151, 73 p. 

http://www.usgs.gov
http://www.usgs.gov/pubprod


	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

iii 

Contents 

Abstract 1 

Introduction 2 

Purpose and Scope 2 

Acknowledgments 2 

Description of Study Areas 2 

Hydrogeology 4 

Data Collection and Methods 4 

Water Quality 7 

Bed Sediment 7 

Mussel Tissue 11 

Quality-Control Data and Analysis 12 

Physicochemical Properties and Chemical Characteristics of Water, Bed Sediment, and 
Mussel Tissue from Selected Streams 13 

Physicochemical Properties 13 

Total Dissolved Solids, Total Suspended Solids, and Major Inorganic Ions 16 

Water 16 

Bed Sediment 18 

Cyanide, Perchlorate, and Trace Elements 20 

Water 20 

Bed Sediment 23 

Total Organic Carbon and Nutrients 24 

Water 24 

Bed Sediment 24 

Explosive Compounds 24 

Water 24 

Bed Sediment 27 

Mussel Tissue 27 

Summary and Conclusions 27 

Selected References 29 

Appendixes 33 

1. Physicochemical properties of selected streams near Redleg and Peason Ridge 
impact areas, Fort Polk Military Reservation, Louisiana 2001-02 35 

2. Concentrations of total dissolved solids, total suspended solids, and major 
inorganic ions in water from selected streams near Redleg arid Peason Ridge 
impact areas, Fort Polk Military Reservation, Louisiana, 2001-02 37 

3. Concentrations of major inorganic ions in bulk bed sediment from selected 
streams near Redleg and Peason Ridge impact areas, Fort Polk Military 
Reservation, Louisiana, 2001-02 39 

4. Concentrations of major inorganic ions in depositional bed sediment from 
selected streams near Redleg and Peason Ridge impact areas, Fort Polk Military 
Reservation, Louisiana, 2001-02 41 

5. Concentrations of cyanide, perchlorate, and trace elements in water from 
selected streams near Redleg and Peason Ridge impact areas, Fort Polk Military 
Reservation, Louisiana, 2001-02 43 



	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

iv 

6. Concentrations of cyanide, perchlorate, and trace elements in bulk bed sediment 
from selected streams near Redleg and Peason Ridge impact areas, Fort Polk 
Military Reservation, Louisiana 2001-02 47 

7. Concentrations of cyanide, perchlorate, and trace elements in depositional bed 
sediment from selected streams near Redleg and Peason Ridge impact areas, 
Fort Polk Military Reservation, Louisiana, 2001-02 51 

8. Concentrations of total organic carbon and nutrients in water from selected 
streams near Redleg and Peason Ridge impact areas, Fort Polk Military 
Reservation, Louisiana, 2001-02 55 

9. Percent moisture, total organic carbon concentrations, and nutrient concentrations 
in bulk bed sediment from selected streams near Redleg and Peason Ridge impact 
areas, Fort Polk Military Reservation, Louisiana, 2001-02 57 

10. Percent moisture, total organic carbon concentrations, and nutrient concentrations 
in depositional bed sediment from selected streams near Redleg and Peason 
Ridge impact areas, Fort Polk Military Reservation, Louisiana, 2001-02 59 

11. Concentrations of explosive compounds detected in water from selected streams 
near Redleg and Peason Ridge impact areas, Fort Polk Military Reservation, 
Louisiana, 2001-03 61 

12. Concentrations of explosive compounds detected in bulk bed sediment from 
selected streams near Redleg and Peason Ridge impact areas, Fort Polk Military 
Reservation, Louisiana, 2001-02 65 

13. Concentrations of explosive compounds detected in depositional bed sediment 
from selected streams near Redleg and Peason Ridge impact areas, Fort Polk 
Military Reservation, Louisiana, 2001-02 69 

14. Concentrations of explosive compounds and percent lipids detected in tissue of 
mussels from Alligator Lake and selected streams near the Redleg impact area, 
Fort Polk Military Reservation, Louisiana, 2002-03 73 

Figures 

1-3. Maps showing location of the: 

1. Impact areas at the Fort Polk Military Reservation in west-central Louisiana 3 

2. Data-collection sites and streams near the Redleg impact area at the Main 
Post, Fort Polk Military Reservation, Louisiana, 2001-03 5 

3. Data-collection sites and streams near impact areas at the Peason Ridge 
Training Area, Fort Polk Military Reservation, Louisiana, 2001-02 6 

4. Partial column of stratigraphic and hydrogeologic units in west-central Louisiana 7 

5. Photograph showing petite ponar used to collect bulk bed-sediment samples 
from selected streams near impact areas, Fort Polk Military Reservation, Louisiana, 
2001-02 11 

6. Piper diagram showing percentages of major inorganic ion composition of water 
from selected streams near impact areas, Fort Polk Military Reservation, Louisiana, 
2001-02 18 

7. Piper diagram showing percentages of major inorganic ion composition of water 
from selected streams, Fort Polk Military Reservation, Louisiana, and rainfall data 
from two National Atmospheric Deposition Program sites, 2001-02 19 



	

	
	

	

	

	

	

	

	

	

	

	

	

	

V 

Tables 

1. Description of sampling sites and types of data collected near the Redleg and 
Peason Ridge impact areas, Fort Polk Military Reservation, Louisiana 8 

2-4. Methods used to determine: 

2. Physicochemical properties and selected chemical constituents in water 
from selected streams near impact areas, Fort Polk Military Reservation, 
Louisiana, June 2001—November 2003 9 

3. Selected chemical constituents in bed sediment from selected streams 
near impact areas, Fort Polk Military Reservation, Louisiana, June 2001— 
July 2002 10 

4. Selected chemical constituents in tissue of mussels from Alligator Lake 
and selected streams near the Redleg impact area, Fort Polk Military Reservation, 
Louisiana, 2002-03 11 

5. Guidelines, criteria, or standards used as a reference for water-quality and 
bed-sediment data collected from selected streams near impact areas, Fort Polk 
Military Reservation, Louisiana, 2001-02 14 

6-9. Statistical summary of: 

6. Physicochemical properties of selected streams near impact areas, Fort 
Polk Military Reservation, Louisiana, 2001-02 15 

7. Total dissolved solids, total suspended solids, and major inorganic ions in 
water and major inorganic ions in bed sediment from selected streams near 
impact areas, Fort Polk Military Reservation, Louisiana, 2001-02 17 

8. Concentrations of cyanide, perchlorate, and trace elements in water and 
bed sediment from selected streams near impact areas, Fort Polk Military 
Reservation, Louisiana, 2001-02 21 

9. Concentrations of total organic carbon and nutrients in water and bed 
sediment from selected streams near impact areas, Fort Polk Military 
Reservation, Louisiana, 2001-02 25 

10. Concentrations of explosive compounds detected in water, bed-sediment, and 
mussel-tissue samples from selected streams near impact areas, Fort Polk 
Military Reservation, Louisiana, 2001-02 26 



	
	

  

  

	
	

	
	

	
	

vi 

Conversion Factors, Datum, and Abbreviations 

Inch/Pound to SI 

Multiply By To obtain 

Length 

inch (in.) 2.54 centimeter (cm) 

inch (in.) 25.4 millimeter (mm) 

foot (ft) 0.3048 meter (m) 

mile (mi) 1.609 kilometer (km) 

Area 

acre 4.047 IlICICI 1111 

Volume 

gallon (gal) 3.785 liter (L) 

Flow rate 

foot per second (ftis) 0.3048 meter per second (m/s) 

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (CF) as follows: 

°F=(1.8x°C)+32 

Datum: 

Vertical coordinate information is referenced to National Geodetic Vertical Datum of 1929 
(NGVD 29). 

Altitude, as used in this report, refers to distance above the vertical datum. 

Abbreviated water-quality units: 

milligrams per liter (mgiL) 

micrograms per liter (lg/L) 

micrometers (pm) 

microsiemens per centimeter at 25 degrees Celsius (µS/cm) 

Abbreviated bed-sediment units: 

centimeters (cm) 

grams (g) 

milligrams per kilogram (mg/kg) 

millimeters (mm) 

Acronyms: 

CCC, Criterion Continuous Concentration 

CMC, Criterion Maximum Concentration 

CCME, Canadian Council of Ministers of the Environment 

DNB, dinitrobenzene 

DNT, dinitrotoluenc 



VII 

DWEL, Drinking Water Equivalent Level 

FW, freshwater 

HA, Health Advisory 
H MX, octahydro- 1 ,3,5,7-tetranitro- 1 ,3,5,7-tetrazocine 

ISQG, Interim Sediment Quality Guideline 

MCL, Maximum Contaminant Level 

MCLG, Maximum Contaminant Level Goal 

NTU, nephelometric turbidity unit 

NWQL, National Water Quality Laboratory 

PEL, Probable Effect Level 

PETN, pentaerythritol tetranitrate 

PRIA, Peason Ridge impact areas 

RDX, hexahydro- 1 ,3,5-trinitro- 1 ,3,5-triazine 

RIA, Redleg impact area 
ROE, residue on evaporation at 180 degrees Celsius 

RPD, relative percent difference 
SDWR, Secondary Drinking-Water Regulation 

STL, Severn Trent Laboratory 

TDS, total dissolved solids 
TKN, total Kjeldahl nitrogen 

TNB, trinitrobenzene 

TNT, trinitrotoluene 

TSS, total suspended solids 
TOC, total organic carbon 
USACHPPM, U.S. Army Center for Health Promotion and Preventive Medicine 

USEPA, U.S. Environmental Protection Agency 

USGS, U.S. Geological Survey 



Physicochemical Properties and Chemical Characteristics 
of Water, Bed Sediment, and Mussel Tissue from Selected 
Streams near the Redleg and Peason Ridge Impact 
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By Roland W. Tollett and Robert B. Fendick, Jr. 

Abstract 

At the request of the U.S. Army Joint Readiness Training 
Center and Fort Polk, the U.S. Geological Survey collected 
and analyzed water, bed-sediment, and mussel-tissue samples 
from selected streams near the Redleg impact area (RIA) and 
Peason Ridge impact areas (PRIA) at the Fort Polk Military 
Reservation (Reservation), Louisiana. from June 2001 through 
November 2(X)3. Samples were collected from 13 sites, 
including 2 reference sites. Water was analyzed for physico-
chemical properties; water and bed sediment were analyzed 
for major inorganic ions, cyanide, perchlorate, trace elements, 
total organic carbon, nutrients, and explosive compounds; 
and mussel tissue from three sites was analyzed for explosive 
compounds only. The two reference sites, one near the RIA 
and one near the PRIA, were selected to provide baseline data 
for these areas. 

Streams near the RIA were acidic and low in buffer-
ing capacity. with pH measurements ranging from 5.0 to 6.6. 
Cation concentrations were less than or equal to E3.3J mg/L 
(E, estimated; J, method blank contamination; milligrams 
per liter), and anion concentrations were less than or equal 
to E7.3 mg/L. Field measurements and major inorganic ions 
concentrations were similar to the RIA reference site and to 
previously sampled nearby streams, indicating streams near 
the RIA were typical of streams near the eastern part of the 
Main Post. 

Streams near the PRIA were slightly acidic to neutral and 
low in buffering capacity, with pH measurements ranging from 
5.7 to 6.9. Cation concentrations were less than or equal to 
6.2 mg/L, and anion concentrations were less than or equal to 
16 mg/L. Streams near the PRIA were higher than the RIA for 
most physicochemical properties and constituents, hut typical 
of streams near the headwaters of the Calcasieu River. All 
concentrations of sulfate, chloride, and fluoride were less than 
the U.S. Environmental Protection Agency (USEPA) Second-
ary Drinking-Water Regulations (SDWR) of 250, 250, and 
2.0 mg/L, respectively. 

Concentrations of cations calcium, magnesium. and 
potassium for sites near both the RIA and PRIA were higher 
in depositional bed-sediment samples than in bulk samples. 
Higher cation concentrations were likely due to higher clay 
and organic content in the depositional samples. 

The trace elements detected in the highest concentra-
tions in water and bed sediment were aluminum, iron, and 
manganese. All aluminum concentrations in water were within 
the range or greater than the USEPA SDWR range from 50 to 
200 n/L (micrograms per liter). All but four iron concentra-
tions in water exceeded the SDWR. Manganese concentrations 
in seven water samples at the RIA sites and four samples at 
the PRIA sites were greater than the SDWR. These concen-
trations of cations were consistent with soil characteristics 
and low pH measurements of stream water and rainfall in the 
area. All other trace-element concentrations in water were less 
than regulatory guidelines and regulations except the USEPA 
Maximum Contaminant Level Goal of 01.r.g/L for arsenic and 
lead and 0.5 lig/L for thallium. Arsenic, lead, and thallium 
concentrations were similar to those detected in blank samples 
or those reported for the reference sites. 

The Canadian Council of Ministers of the Environment 
(CCME) has established bed-sediment guidelines for seven 
trace elements: arsenic, cadmium, chromium, copper, lead, 
mercury, and zinc. No concentrations exceeded the CCME 
Probable Effect Level, and only one arsenic concentration of 
8.87 mg/kg (milligrams per kilogram), in a depositional sam-
ple from one of the RIA sites, exceeded the CCME Interim 
Sediment Quality Guideline of 5.9 mg/kg. 

The median concentrations of total organic carbon in 
water were 5.3 mg/L at the RIA and 4.0 mg/L at the PRIA, 
and both concentrations were less than the average dissolved 
organic carbon concentration of 5.75 mg/L for all world riv-
ers. All detected nutrient concentrations in water were less 
than USEPA guidelines and regulations. The largest nutrient 
concentrations in water and bed-sediment samples were total 
organic nitrogen, measured as total Kjeldahl nitrogen; they 
included a maximum concentration of 0.53 rng/L in water 
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at the RIA sites, E0.38 mg/L in water at the PRIA sites, 

294 mg/kg in hulk bed sediment. and 1,740 mg/kg in deposi-

tional bed sediment. 

Four explosive compounds, 1,3,5-trinitrobenzene, 

2,4,6-trinitrotoluene, RDX (hexahydro-1,3,5-trinitro-1,3,5-

triazine), and tetryl, were detected in water near the RIA; 

one compound, HMX (octahydro-1,3,5,7-tetranitro-1,3,5,7-

tetrazocine), was detected in bed sediment near the PRIA; 

and one compound, nitroglycerin, was detected in mussel 

tissue near the RIA. The most frequently detected explosive 

compound, RDX, was detected in 10 water samples from 

5 sites near the RIA. Concentrations of explosive compounds 

in water were less than USEPA Health Advisories available for 

reference. 

Introduction 

Combat training at the Fort Polk Military Reservation, 

Louisiana (hereinafter referred to as the Reservation) (fig. 1) 

often involves using materials such as ammunition, propel-

lants, projectiles, explosives, and pyrotechnics. Residues from 

these materials could affect the quality of surface water and 
ground water near training areas of the Reservation. These 

typically hydrophobic compounds (U.S. Environmental 

Protection Agency, 2003a) can he transported when contami-

nants are dispersed in surface-water runoff or when they are 

adsorbed to suspended solids in the runoff or the stream. The 

U.S. Army is required to assess the effects of training activi-

ties on possible drinking-water sources (Dr. Charles H. Stagg, 

U.S. Army Joint Readiness Training Center and Fort Polk, oral 

commun., 2005). The U.S. Army Joint Readiness Training 

Center and Fort Polk has worked with the U.S. Army Forces 

Command, the U.S. Army Environmental Center, and the 

U.S. Army Center for Health Promotion and Preventive Medi-

cine (USACHPPM) to develop an integrated water-quality 

sampling approach which includes monitoring drinking-water 

wells at the Reservation as well as monitoring surface water 

and ground water near impact areas'. Preserving the natural 

conditions of the streams is of great importance to the U.S. 

Army and Fort Polk. 

The U.S. Geological Survey (USGS), in cooperation 

with the U.S. Army Joint Readiness Training Center and Fort 

Polk, performed a surface-water assessment by sampling water 

quality, bed sediment, and tissue of freshwater mussels from 

streams that originate on or near designated impact areas: the 

Redleg impact area (RIA) on the Main Post and the Peason 

Ridge impact areas (PRIA) at the Peason Ridge Training Area 

'An impact area is defined by Army Regulation 385-63 (U.S. Army, 1983) 

as the primary danger area for indirect fire weapons that is established for the 

impact of all rounds, whether exploded or unexploded (duds). When applied 

to direct fire weapons, it is the area located between established range limits. 

The impact area is within the approved surface danger zone which is that 

segment of the range area which is endangered by a particular type of weapon 

firing. 

(fig. 1). Selected streams draining the designated impact areas 

were the focus of this study. The primary objective of this 

study was to determine whether runoff from areas of intensive 

military training affects the physicochemical properties and 

chemical characteristics of streams draining the areas. 

Purpose and Scope 

This report describes the physicochemical properties 

and chemical characteristics of water and presents laboratory 

methods. Data from eight sites and one reference site near 

the RIA and three sites and one reference site near the PRIA 

include physicochemical properties and chemical constituents 

in water, namely specific conductance, pH, water tempera-

ture, turbidity, alkalinity, total dissolved solids (TDS) and 

total suspended solids (TSS), major inorganic ions, cyanide, 

perchlorate, 21 trace elements, total organic carbon (TOC), 

7 nutrients, and explosive compounds; and chemical constitu-

ents in bed sediment, namely major inorganic ions, cyanide, 

perchlorate, 21 trace elements, TOC, 7 nutrients, and explosive 

compounds. Explosive compounds were analyzed in tissue of 

freshwater mussels collected at Alligator Lake and in tissue of 

transplanted mussels from Alligator Lake placed at three sites 

near the RIA. Statistical summaries (minimum, median, and 

maximum) of the data are presented in tables, and all analyzed 

data are presented in appendixes. 

Data were compared to previously collected data from 

other sites near the impact areas. The information in this report 

may help improve understanding of water-quality conditions 

in similar hydrogeologic settings. 
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Description of Study Areas 

The Reservation is located in west-central Louisiana and 

encompasses about 199,000 acres: 165,500 acres of the Main 

Post and 33,500 acres of the Peason Ridge Training Area 

(fig. 1). The western part of the Main Post includes a southern 

and northern cantonment area (South Fort Polk and North Fort 

Polk); the east-central part includes the RIA; and the remain-

der is used for military training activities. The Peason Ridge 

Training Area is located north and slightly west of the Main 

Post and includes parts of three parishes at their intersection: 

Sabine, Natchitoches, and Vernon Parishes. The north-central 

part of the Peason Ridge Training Area includes two impact 

areas (referred to as the PRIA), and the remaining part is used 

for military training activities. 
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The RIA (fig. 2) and PRIA (fig. 3) are characterized by 
rolling hills and second growth timber. The impact areas are 
located on topographic highs and are near the headwaters of 
the Calcasieu River (fig. 1). Drainage basins are characterized 
by loamy soils, high runoff and infiltration, and rapid changes 
in stream stage during heavy rainfall. Drainage basins range in 
altitude from about 200 to 450 ft above NGVD 29 and exhibit 
highly erodible soils. The streams in the study areas are 
classified as first- and second-order streams that drain hilly, 
densely forested, piney uplands. Streams in the RIA are West 
Fork of Sixmile Creek and selected tributaries and East Fork 
of Sixmile Creek and selected tributaries (fig. 2). A reference 
site, site 10, was located nearby on Big Creek. The streams in 
the PRIA are Dowden Creek, Little Sandy Creek, and Lyles 
Creek (fig. 3). The climate in west-central Louisiana is humid 
subtropical, with an average annual rainfall of 58 in. and tem-
perature of 18.9 °C (Elizabeth Mons, Louisiana Office of State 
Climatology, written commun., 2000). 

Hydrogeology 

Unconsolidated sedimentary deposits ranging in age 
from Miocene to Holocene crop out in the study area. Strati-
graphic units in the study area include, from oldest to young-
est, the Fleming Formation of Miocene-Pliocene age, unnamed 
sedimentary deposits of Pleistocene age, and alluvial and 
terrace deposits of Holocene (recent) age (fig. 4). The Fleming 
Formation consists of, from oldest to youngest, the Lena, 
Carnahan Bayou, Dough Hills, and Williamson Creek Mem-
bers of Miocene age, the Castor Creek Member of early Mio-
cene age, and the Blounts Creek Member of Miocene-Pliocene 
age. 

The stratigraphic unit that crops out or underlies the 
RIA is the Blounts Creek Member, which is equivalent to the 
Evangeline aquifer (fig. 4). The Evangeline aquifer crops out 
between the underlying Castor Creek Member and deposits 
of Pleistocene age. Much of the unit is masked by overlying 
Pleistocene deposits. In Vernon Parish, the Evangeline aquifer 
is thicker than 500 ft. Sand beds in the Evangeline aquifer may 
he thicker than 80 ft (Rogers and Calandro, 1965). The aquifer 
is of fluvial origin and consists of sandstone and siltstone and 
interhedded sand, silt, and clay (Welch, 1942). South of the 
RIA, thin clay beds separate the Evangeline aquifer from the 
overlying aquifers, including the Chicot aquifer system. Where 
these thin clay beds are missing, the uppermost sands of the 
Evangeline aquifer are in direct contact with these aquifers. 

The stratigraphic unit that crops out or underlies the 
PRIA is the Carnahan Bayou Member, which is equiva-
lent to the Carnahan Bayou aquifer (fig. 4). The Carnahan 
Bayou aquifer overlies the Lena confining unit in this area 
(McWreath and Smoot, 1989). In the northwest part of 
Vernon Parish the Carnahan Bayou aquifer is about 540 ft 
thick (Rogers and Calandro. 1965). Sand beds in the aquifer 
may he 70 ft or more, but most are thinner. The Carnahan 

Bayou aquifer is of fluvial origin and consists of sandstone 
and siltstone and interhedded sand, silt, and clay (Welch, 
1942). 

The Evangeline, Carnahan Bayou, and Williamson Creek 
aquifers are valuable water-supply sources in west-central 
Louisiana. In southwestern Louisiana, the Evangeline and 
Chicot aquifer system are valuable water-supply sources. U.S. 
Environmental Protection Agency (USEPA) has designated the 
Chicot aquifer system as a Sole Source Aquifer' (U.S. Envi-
ronmental Protection Agency, 2003h). Streams draining the 
RIA and PRIA flow through recharge areas of these aquifers, 
thus potentially affecting the water quality of these aquifers. 

Data Collection and Methods 

Methods used to collect and analyze water-quality, 
bed-sediment, and mussel-tissue samples are discussed in the 
following section. Water-quality and bed-sediment data were 
collected at 13 sites (table 1, figs. 2 and 3). Mussel-tissue 
samples were collected at 3 of the 13 sites. Sites were located 
on perennial streams draining the impact areas and as close 
to the impact area boundaries as possible. Two of the 13 sites, 
sites 10 and 14, were selected as reference sites to provide 
baseline data because the sites were considered to he influ-
enced minimally or unaffected by military training practices 
and represented natural physical and chemical characteristics 
of streams in the area. The data for the study were collected 
between June 2001 and November 2003 and are listed in 
appendixes 1-13. No historical data were available for the 
13 sites. 

Sampling equipment for water quality, bed sediment, 
and mussel tissue was cleaned following USGS ultra-clean 
protocols (Shelton, 1994; Shelton and Capel, 1994; Wilde, 
2004 and 2005). Prior to sampling each site, sampling equip-
ment was cleaned thoroughly with a progression of 0.2-per-
cent nonphosphate detergent wash, tap-water rinse, deionized-
water rinse, a 5-percent hydrochloric acid solution bath to 
remove residual metal compounds, and final methanol rinse to 
remove residual organic compounds. Sampling equipment was 
stored in clean plastic bags or containers. 

Where applicable, codes were used by the laboratories 
to qualify analytical results. Estimated values (E), are con-
centrations less than the reporting limit for the analyte, but 
above the detection limit. Method blank contamination (J), are 
concentrations where the associated method blank contains the 
target analyte at a reportable level. Elevated reporting limits 
(Q), are concentrations where the reporting limit is elevated 
due to high analyte concentrations. 

= A Sole Source Aquifer is an aquifer designated by USEPA as the "sole or 
principal source" of drinking water for a given service area; that is, an aquifer 
which is needed to supply 50 percent or more of the drinking water for that 
area and for which there are no reasonably available alternative sources should 
the aquifer become contaminated (U.S. Environmental Protection Agency, 
2003b). 
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System 
Series 
(age) 

Stratigraphic unit Hydrogeologic unit 

Quarternary Holocene Alluvial and upland terrace deposits Alluvial and upland terrace aquifers 

Pleistocene Unnamed Pleistocene deposits Chicot aquifer system 

Pliocene Blounts Creek Member Evangeline aquifer 
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Castor Creek Member Castor Creek confining unit 

Williamson Creek Member 
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Williamson Creek aquifer 

Dough Hills confining unit 

Carnahan Bayou aquiferCarnahan Bayou Member 

Lena Member Lena confining unit 

Catahoula Formation Catahoula aquifer 

Figure 4. Partial column of stratigraphic and hydrogeologic units in west-central Louisiana (adapted from McWreath and Smoot, 1989). 

Water Quality 

Water samples were collected and analyzed for physi-
cochemical properties and selected chemical constituents at 
the 13 sites (table 1, figs. 2 and 3) during three periods: June 
25 to July 10, 2(X)1, January 9 to 15, 2002, and June 24 to 
July 2, 2002. Water was collected and analyzed for explosive 
compounds at only three sites, sites 1, 5, and 6, during ris-
ing stream stages on 2 days: February 11 and November 18, 
2003. Water-quality samples were collected using USGS field 
methods (Shelton, 1994; U.S. Geological Survey, variously 
dated) and analyzed for selected constituents by one of four 
laboratories: Severn Trent Laboratory (STL), Denver, Colo-
rado, or Sacramento, California; Frontier Laboratory, Seattle, 
Washington; or U.S. Army Center for Health Promotion 
and Preventive Medicine (USACHPPM), Aberdeen Proving 
Ground, Maryland. Methods used to analyze water samples 
are listed in table 2. 

Specific conductance, pH, water temperature, turbidity, 
and alkalinity were measured at the time of sample collection. 
A multiparameter water-quality data recorder was suspended 
about 1 ft below the water surface at the center of the stream 
to measure specific conductance, pH, water temperature, and 
turbidity. Alkalinity was determined in the field by incremen-
tal titration, and bicarbonate was calculated by multiplying 
alkalinity values by a factor of 1.22 (Rounds and Wilde, 2(X)1). 

Water samples for analysis of selected chemical constitu-
ents were collected from the shallow, slow-moving streams 
(wadable and velocity generally less than 1.5 ft/s) by mid-
stream "point" sampling. Whole water samples were collected 

by dipping the appropriate bottle just below the surface of the 
water. The mouth of the bottle was pointed upstream, as near 
to the center of flow as possible without disturbing the bottom 
sediments. Whole water samples were analyzed for concen-
trations of TSS, cyanide, perchlorate, trace elements, TOC, 
selected nutrients (nitrate, nitrite, nitrate plus nitrite, total 
organic nitrogen measured as TKN [total Kjeldahl nitrogen], 
and phosphorus), and explosive compounds. Water for filtered 
samples (dissolved constituents) was collected in a clean 1-gal 
plastic jug. Using a peristaltic pump with dedicated tubing, 
the water was passed through a 0.45-1tm cellulose nitrate filter 
cartridge into the appropriate bottle (Wilde and others, 2004). 
Filtered samples were analyzed for concentrations of TDS, 
major inorganic ions, and selected nutrients (ammonia and 
orthophosphate). Samples requiring preservation (acidifica-
tion) were either collected in pretreated laboratory-supplied 
containers or were treated at the time of collection. All bottles 
were chilled and shipped to the appropriate laboratory. 

Bed Sediment 

Bulk and depositional bed-sediment samples were col-
lected using two different techniques from the 13 sites during 
three time periods: June 25 to July 10, 2001, January 9 to 15, 
2002, and June 24 to July 2, 2002. Bulk samples were used 
to interpret the overall distribution or presence of explosive 
compounds in the sediments, and samples from depositional 
areas, consisting primarily of silt, clay, and organic mate-
rial, were used to assess whether these compounds were 
more likely to adhere to the fine fraction of the bed sediment. 
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Table 1. Description of sampling sites and types of data collected near the Redleg and Peason Ridge impact areas, Fort Polk Military 
Reservation, Louisiana. 

[Site numbers in hold are reference sites that represent natural physicochemical properties and chemical characteristics of streams in an area considered to be 
influenced minimally (unimpacted) by runoff from impact areas. --, not sampled] 

Site 
number' 

(figs. 2, 3) 

Latitude 
(degrees, 
minutes, 
seconds) 

Longitude 
(degrees, 
minutes, 
seconds) 

Site 
description 

Type of data collected 

Water Bed Mussel 
quality sediment tissue 

Sites near the Redleg impact area 

1 310419 930219 Main stem of downstream reach from West Fur l. of Sixmile X 
Creek north of bridge on Sixmile Creek Road near the 
southern boundary of the Redleg impact area 

2 310433 930113 West Fork of lower east tributary to West Fork of Sixmile X \ 
Creek north of bridge on Sixmile Creek Road near the 
southern boundary of the Redleg impact area 

3 310435 930039 East Fork of lower east tributary to West Fork of Sixmile X X 
Creek north of bridge on Sixmile Creek Road near the 
southern boundary of the Redleg impact area 

4 310411 925903 Main stem of downstream reach from East Fork of Sixmile X X 
Creek northwest of bridge on Fullerton Road near the 
southeast corner of the Redleg impact area 

5 310517 930314 Main stem of upstream reach from West Fork of Sixmile X X X 
Creek off unimproved dirt road east of Dugout Road near 
the southwest corner of the Redleg impact area 

6 310433 930231 Site on upper east tributary to West Fork of Sixmile Creek X X X 
near the southern boundary of the Redleg impact area 

8 310445 925924 West tributary of East Fork of Sixmile Creek near the X X 
southeast corner of the Redleg impact area 

9 310548 925930 Main stem of upstream reach from East Fork of Sixmile X X 
Creek near the eastern boundary of the Redleg impact 
area 

10 310729 925657 Big Creek north of the low-water crossing on Fullerton X X 
Road, northeast of the Redleg impact area 

Sites near Peason Ridge impact areas 

I 3 12I 12 931808 Dowden Creek north of the bridge on Dowden Creek Road X X 
near the southwest corner of Peason Ridge impact areas 

12 312241 931451 Little Sandy Creek southwest of the bridge on Tram Road X X 
near the northern boundary of Peason Ridge impact areas 

13 312317 931521 Lyles Creek southwest of the bridge on Tram Road near the X X 
northern boundary of Peason Ridge impact areas 

14 312222 931135 Odom Creek south of the bridge on Rock Quarry Road east X X 
of Peason Ridge impact areas 

' Site 7 was dry; therefore, no samples were collected. 



	

	
	

	

	

	

	  

	

	

	

	

	

	

	

9 Data Collection and Methods 

Table 2. Methods used to determine physicochemical properties and selected chemical constituents in water from selected streams 

near impact areas, Fort Polk Military Reservation, Louisiana, June 2001- November 2003. 

[Analytical methods for 2001 samples are listed first and, if methods changed. other methods for 2(X)2 and 2003 samples are listed second. All constituents are 

total unless otherwise noted. USEPA, U.S. Environmental Protection Agency; TNB. trinitrobenzene; USACHPPM. U.S. Army Center for Health Promotion 

and Preventive Medicine: DNB, dinitrobenzene; TNT, trinitrotoluene; DNT. dinitrotoluene; HMX, octahydro-1.3.5.7-tetranitro-I.1.5.7 -tetratocinel PETN. 

pcntaerythritol tetranitrate; RDX, hexahydro-1,3,5-trinitro- I,3.5-triaiinel 

Property or constituent 

Specific conductance 

pH 

Temperature 

Total dissolved solids 

Total suspended solids 

Calcium, dissolved 

Magnesium, dissolved 

Sodium, dissolved 

Potassium, dissolved 

Cyanide 

Perchlorate 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 

Iron 

Total organic carbon 

Nitrogen. ammonia, 

dissolved 

Nitrogen, nitrate 

Nitrogen, nitrite 

1,3,5-TNB 

1,3-DNB 

2,4,6-TNT 

2,4-DNT 

2,6-DNT 

2-Amino-4, 6-DNT 

2-Nitrotoluene 

3-Nitrotoluene 

Analytical method' Property or constituent Analytical method' 

Physicochemical properties 

Radtke and others (2005) Turbidity Anderson (2004) 

Radtke and others (2003) Alkalinity Rounds and Wilde (2001) 

Radtke and others (2004) 

Total dissolved solids, total suspended solids, and major inorganic ions 

USEPA 160.1 

USEPA 160.2 

USEPA 200.7 

USEPA 200.7 

USEPA 200.7 

USEPA 2(X).7 

USEPA 335.2 

USEPA 314 

USEPA 1638, 200.7 

USEPA 1638. 200.8 

USEPA 1638. 2(X).8 

USEPA 1638, 200.8 

USEPA 1638, 200.8 

USEPA 1638. 200.8 

USEPA 1638, 200.8 

USEPA 1638, 200.8 

USEPA 1638, 200.8 

USEPA 1638, 200.7 

USEPA 415.1 

USEPA 350.1 

USEPA 300.0A 

USEPA 300.0A 

Bicarbonate (alkalinit y 

Sulfate, dissolved 

Chloride 

Fluoride 

Silica. dissolved 

Cyanide, perchlorate, and trace elements 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Silver 

Thallium 

Tin 

Vanadium 

Zinc 

Total organic carbon and nutrients 

Nitrogen, nitrate plus nitrite, 

dissolved 

Rounds and Wilde (20011 

USEPA 3(X).0A 

USEPA 3(X).0A 

USEPA 300.0A 

USEPA 200.7 

USEPA 1638, 200.8 

USEPA 1638, 200.8 

USEPA 1631 

USEPA 1638, 200.8 

USEPA 1638, 200.8 

USEPA 1638, 200.8 

USEPA 1638. 200.8 

USEPA 1638, 200.8 

USEPA 1638, 200.8 

USEPA 1638, 200.8 

USEPA 1638, 200.8 

USEPA 353.2 

Nitrogen, total Kjeldahl or ammonia USEPA 351.2 

plus organic nitrogen, dissolved 

Phosphorus as P. dissolved USEPA 365.3 

Orthophosphate 

Explosive compounds 

USEPA 8321A; USACHPPM 13.2 4-Amino-2, 6-DNT 

USEPA 8321A; USACHPPM 13.2 4-Nitrotoluene 

USEPA 8321A; USACHPPM 13.2 HMX 

USEPA 8321A; USACHPPM 13.2 Nitrobenzene 

USEPA 8321A; USACHPPM 13.2 Nitroglycerin 

USEPA 8321A; USACHPPM 13.2 PETN 

USEPA 8321A; USACHPPM 13.2 RDX 

USEPA 8321A; USACHPPM 13.2 Tetryl 

USEPA 300.0A 

USEPA 8321A; USACHPPM 13.2 

USEPA 8321A; USACHPPM 13.2 

USEPA 8321A; USACHPPM 13.2 

USEPA 8321A; USACHPPM 13.2 

USEPA 8321A; USACHPPM 13.2 

USEPA 832IA 

USEPA 8321A; USACHPPM 13.2 

USEPA 8321A; USACHPPM 13.2 

USEPA methods: U.S. Environmental Protection Agency (2005a); USACHPPM method: U.S. Army Center for Health Promotion and Preventive Medicine 

(2005). 
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Bed-sediment samples were collected using modified USGS 
methods (Radtke, 2005; Shelton and Capel, 1994), and STL 
or USACHPPM analyzed the samples for selected chemical 
constituents. Chemical constituents analyzed in the hulk and 
depositional bed-sediment samples included major inorganic 
ions, cyanide, perchlorate, 21 trace elements, percent moisture, 
TOC. nutrients, and selected explosive compounds (table 3). 

Methods used to analyze bed-sediment samples are listed in 
table 3. Nitrobenzene was not analyzed by USEPA Method 
8330, and PETN was not analyzed by USACHPPM Method 
55 1 

Bulk bed-sediment samples were collected with a Teflon-
coated petite ponar (fig. 5) from the middle, left hank, and 
right hank of a center transect, and the middle of an upstream 

Table 3. Methods used to determine selected chemical constituents in bed sediment from selected streams near impact areas, Fort 

Polk Military Reservation, Louisiana, June 2001—July 2002. 

[Analytical methods for 2001 samples are listed first and, if methods changed, other methods for 2002 and 2003 samples are listed second. USEPA, 

U.S. Environmental Protection Agency; TNB, trinitrobenzene; USACHPPM, U.S. Army Center for Health Promotion and Preventive Medicine; DNB, 

dinitrohenzene; TNT, trinitrotoluene; DNT, dinitrotoluene; HMX, octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine; PETN, pentaerythritol tctranitrate; RDX, 

hexahydro- I ,3,5-trinitro-1,3,5-triazine) 

Constituent 

Calcium 
Magnesium 
Potassium 
Sodium 

Cyanide 
Perchlorate 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
('obalt 
Copper 
Iron 

Percent moisture 

Total organic carbon USEPA 9060 

Nitrogen, ammonia IJSEPA 350.1 

Nitrogen, nitrate USEPA 9056 

Nitrogen, nitrite USEPA 9056 

Analytical method' Constituent 

L SEM C) I 013 
USEPA 6010B 
USEPA 6010B 
USEPA 601013 

USEPA 9012A 
USEPA 314 
USEPA 1638, 6010B 
USEPA 1638, 6020 
USEPA 1638, 6020 
USEPA 1638, 6020 
USEPA 1638, 6020 
tISEPA 1638, 6020 
IJSEPA 1638, 6020 
IJSEPA 1638, 6020 
USEPA 1638, 6020 
1 1 SERA 1638. 601011 

USEPA 160.3 

Major inorganic ions 

Chloride 

Fluoride 

Sulfate 

Cyanide, perchlorate, and trace elements 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Silver 

Thallium 

Tin 

Vanadium 

Zinc 

Percent moisture, total organic carbon, and nutrients 

Nitrogen, nitrate plus nitrite 

Nitrogen, total Kjeldahl or 
ammonia plus organic 
nitrogen 

Phosphorus as P, total 
Orthophosphate 

Explosive compounds 

I .3.5-TN13 lISEPA 8321A, 8330; USACHPPM 55. I 4-Amino-2, 6-1)NT 

1,3-1)NB 11SEPA 8321A. 8330; USACHPPM 55.1 4-Nitrotoluene 

2,4,6-TNT t `SEPA 8321A, 8330; USACHPPM 55.1 HMX 
2,4-1)NT USEPA 8321A, 8330; USACHPPM 55. I Nitrobenzene 
2,6-1)NT USEPA 8321A, 8330; USACHPPM 55.1 Nitroglycerin 
2-Amino-4, 6-1)NT USEPA 8321A, 8330; USACHPPM 55.1 PETN 
2-Nitrotoluene USEPA 8321A. 8330; USACHPPM 55.1 RDX 
3-Nitrotoluene USEPA 8321A, 8330; USACHPPM 55.1 Tetryl 

Analytical method' 

USEPA 9056 

USEPA 9056 
USEPA 9056 

USEPA 1638, 6020 

USEPA 1638, 6020 
USEPA 1631, 7471A 
USEPA 1638, 6020 
USEPA 1638, 6020 
USEPA 1638, 6020 
USEPA 1638, 6020 
USEPA 1638, 6020 
USEPA 1638, 6020 
USEPA 1638, 6020 
USEPA 1638, 6020 

USEPA 353.2 

USEPA 351.2 

USEPA 365.3 
USEPA 9056 

USEPA 8321A. 8330; USACHPPM 55. 
USEPA 8321 A, 8330; USACHPPM 55. 
USEPA 8321A, 8330; USACHPPM 55. 
USEPA 8321A; USACHPPM 55.1 
USEPA 8321A, 8330; USACHPPM 55. 
USEPA 8321A, 8330 
USEPA 8321A, 8330; USACHPPM 55. 
USEPA 8321A, 8330; USACHPPM 55. 

' USEPA methods: U.S. Environmental Protection Agency (2005a); USACHPPM method: U.S. Army Center for Health Promotion and Preventive Medicine 

:!(X)5). 
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Figure 5. Petite ponar used to collect bulk bed-sediment 
samples from selected streams near impact areas, Fort Polk 
Military Reservation, Louisiana, 2001-02. 

and downstream transect (Radtke, 2005; Shelton and Capel, 
1994) and composited in a Teflon-coated stainless-steel pan. 
Bulk samples were mixed with clean disposable plastic spatu-
las and passed through a 2-mm disposable plastic mesh sieve 
to remove larger particles and organic debris. About 500 g was 
scooped into the sample container and sent to the appropriate 
laboratory. 

Depositional bed-sediment samples were collected with 
a 3-cm-diameter, 5-in.-length Teflon tube. A clean disposable 
plastic spatula was used to trap 1 to 2 in. of sediment in the 
tube at about 50 depositional areas within 10 channel widths 
upstream and downstream from the center transect (Shelton 
and Capel, 1994). This sediment was composited in a Teflon-

Data Collection and Methods 

coated stainless-steel pan, mixed with clean disposable plastic 
spatulas, and passed through a 2-mm disposable plastic mesh 
sieve to remove larger particles and organic debris. Methods 
were modified as fine fraction was not sieved through 63-um 
mesh due to time constraints and limited access to the sites. 
About 200 g was scooped into the sample container and sent 
to the appropriate laboratory. 

Mussel Tissue 

Alligator Lake (fig. 1) was used as a source of freshwater 
mussels to transplant into selected streams near the impact 
areas. Alligator Lake was selected because it is positioned 
on a topographic high (hilltop) and receives little rainwater 
runoff from the Reservation. Approximately 1,000 fresh-
water mussels, species Corbicula fluminea, were collected 
from Alligator Lake on October 17, 2002. The mussels were 
identified, sorted, and placed in groups of about 100 mussels 
each by Malcolm Vidrine (Environmental Consultant, Eunice, 
Louisiana). Tissue from one group of mussels was collected, 
processed, and sent to STL. The tissue was analyzed using 
USEPA Methods 8321A (STL, Denver) and 8330 (STL, 
Sacramento) to provide baseline data (table 4) to compare with 
mussels moved to the RIA. The remaining groups were placed 
in methanol-rinsed, vinyl-coated steel, 1/4-in. mesh cages, and 
placed back into Alligator Lake. 

After determining mussels contained no detectable 
concentrations of explosive compounds, two cages, with about 
100 live mussels in each, were deployed at three sites, sites 
1, 5, and 6, near the RIA on November 18, 2002 (fig. 2). Two 
cages were used at each site to ensure enough tissue from 

Table 4. Methods used to determine selected chemical constituents in tissue of mussels from Alligator Lake and selected streams 
near the Redleg impact area, Fort Polk Military Reservation, Louisiana, 2002-03. 

[Analytical methods for 2001 samples arc listed first and. if methods changed. other methods for 2002 and 2003 samples are listed second. USEPA, U.S. 
Environmental Protection Agency; TNI3. trinitrobenzene; DNB. dinitrobenzene; TNT, trinitrotoluene; DNT, dinitrotoluene:1-1MX. octahydro-I.3.5.7-tetranitro-
1.3,5,7-tetrazocine; PETN, pentaerythritol tetranitrate; RDX, hexahydro-1,3,5-trinitro-1,3,5-triazine] 

Property or constituent Analytical method' Property or constituent Analytical method' 

Percent lipids 

Percent lipids USEPA SW-846 Total residue 

Explosive compounds 

1,3,5-TNB USEPA 8321A, 8330 

1,3-DNB USEPA 8321A. 8330 

2,4,6-TNT USEPA 8321A, 8330 

2,4-DNT USEPA 8321A, 8330 

2,6-DNT USEPA 8321A, 8330 

2-Amino-4, 6-DNT USEPA 8321A. 8330 

2-Nitrotoluene USEPA 8321A, 8330 

3-Nitrotoluene USEPA 8321A, 8330 

' U.S. Environmental Protection Agency (2005a). 

4-Amino-2, 6-I)NT 

4-Nitrotoluene 

HMX 

Nitrobenzene 

Nitroglycerin 

PETN 

RDX 

Tetryl 

USEPA 8321A, 8330 

USEPA 8321A, 8330 

USEPA 832IA, 8330 

USEPA 8321A, 8330 

USEPA 8321A, 8330 

USEPA 8321A, 8330 

USEPA 8321A, 8330 

USEPA 8321 A, 8330 
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living mussels would be available for analysis. Two additional 

cages were deployed at site 5 to serve as a replicate sample. 

Using small floats attached to the corners of each cage, the 

cages were suspended just below the water surface and teth-

ered to steel rods driven into the streambed near the center of 

each channel. After being suspended in the streams for about 

110 days, the mussels were collected and processed on March 

12 and 13, 2003, and shipped to STL for analysis. 

The mussels were not gut purged prior to sampling 

to minimize the possibility of sample contamination during 

the purging process and because explosive compounds 

in stream water and bed sediments typically are low: 

less than (<) E0.14 pg/L' in stream water (appendix 11); 

<0.20 mg/kg (appendixes 12 and 13) or not detected in bed 

sediments (Tollett and Fendick, 1998); and <1.3 mg/kg in 

mussel tissue (Tollett and Kolb, 2005) in streams on or near 

the Main Post. 

Ultra-clean sample collection and handling protocols 

were employed to reduce the potential for sample contami-

nation and to ensure to the greatest extent possible that, if 

present, explosives were retained in the mussel tissues for 

laboratory analysis. Mussels were opened with stainless-steel 

oyster knives inside a clear, plastic bag sample chamber. The 

soft tissue was removed with a stainless-steel oyster knife and 

placed in a clean glass jar provided by the analytical labora-

tory. Approximately 500 g of mussel tissue (wet weight) were 

collected for each sample to meet the laboratory requirement 

of 50 g of dry weight per sample. The mussel-tissue samples 

were chilled and shipped to the laboratory for analysis. 

Quality-Control Data and Analysis 

Quality-control data were collected to quality assure 

sample-collection procedures, sample processing, and field 

and laboratory analyses. Quality-control procedures included 

calibration of instruments for field measurements (specific 

conductance. pH, water temperature, turbidity, and alkalin-

ity), and the collection of field-blank and replicate environ-

mental samples (Mueller and others, 1997) for determination 

of selected constituents. The pH and specific conductance 

probes on the multiparameter water-quality data recorder, a 

separate pH meter (used for alkalinity titrations), and turbidity 

meter were checked with laboratory-grade standard solutions 

each day before use, following manufacturer's procedures 

and USGS methods in Wilde (chapter sections variously 

dated). The temperature probe was checked against a National 

Institute of Standards and Technology Traceable thermom-

eter prior to each sampling period. Field-blank samples were 

collected to assure that cleaning procedures were sufficient 

and that collection, preparation, processing, and analytical 

procedures did not contaminate the environmental samples. 

Field-blank samples for water were collected and analyzed at 

three sites: site 1, June 28, 2001; site 5, January 10, 2002; and 

' The estimated value of a concentration is reported when an analyte is 

detected at a concentration less than the reporting limit. 

site 11, July 1, 2002 (appendixes 2. 5, 8, and 11). The source 

solution for field-blank samples was inorganic-free or organic-

free water obtained from the USGS Field Supply Services, 

National Water Quality Laboratory (NWQL). Field-blank sam-

ples analyzed for unfiltered constituents were poured stream-

side, and field-blank samples analyzed for filtered constituents 

were passed through processing equipment into the appropri-

ate bottles. Inorganic-free blank water samples were analyzed 

for major inorganic ions, cyanide, perchlorate, trace elements, 

selected nutrients; organic-free blank water samples were 

analyzed for concentrations of TOC and explosive compounds. 

Concentrations of major inorganic ions were less than analyti-

cal reporting limits or were reported as estimated concentra-

tions except for calcium, magnesium, and silica in one blank 

sample (site 5, January 10, 2002). Cyanide, perchlorate, and 

all trace elements, except one thallium concentration, were 

less than the analytical reporting limits or estimated concen-

trations. All nutrient concentrations were less than analytical 

reporting limits or estimated concentrations, except one con-

centration of total phosphorus. Field blanks were not collected 

for sediment samples. Results of field-blank analyses gener-

ally indicated cleaning procedures were sufficient to prevent 

on-site and cross-contamination between sites. 

Replicate environmental samples were collected to qual-

ity assure sample-collection methods and laboratory-analytical 

procedures, including accuracy and precision. Replicate 

environmental samples for water were collected for the con-

stituents listed in the previous paragraph at six sites: site 13, 

June 27, 2001; site 1, June 28, 2001; site 2, January 9, 2002; 

site 12, January 14, 2002; site 5, June 24, 2002; and site 11, 

July 1, 2002 (appendixes 2, 5, 8, and 1 1). Replicate environ-

mental samples for bulk and depositional bed sediments were 

collected at the same six sites on the same dates (appendixes 

3, 4, 6, 7, 9, 10, 12, and 13). A replicate environmental sample 

was collected at site 5 on March 13, 2003 (appendix 14), for 

mussel tissue analyzed by USEPA Methods 8321A and 8330 

(U.S. Environmental Protection Agency, 2005a). 

The relative percent difference (RPD) between the 

concentrations of environmental sample and corresponding 

replicate environmental sample was calculated by multiplying 

100 by the absolute value of the difference between the envi-

ronmental and replicate concentrations divided by the average 

of the environmental and replicate concentrations. The RPD's 

were not calculated when concentrations were estimated or not 

detected for either the environmental or replicate environmen-

tal sample. The RPD's between the environmental samples and 

replicate samples for major inorganic ions in water typically 

were <5 percent. The two highest RPD's, 72 and 44 percent, 

were for sulfate and potassium, respectively. The RPD's for 

nutrients ranged from 0 to 88 percent. The nutrient with the 

highest RPD was ammonia, as nitrogen, at site 11. The RPD's 

for cyanide, perchlorate, and trace elements ranged from 0 to 

136 percent (antimony), with 57 of 100 samples, <10 percent. 

Only one explosive compound, RDX (hexahydro-1,3,5-trini-

tro-1,3,5-triazine), was detected in water in both the environ-

mental sample and replicate sample. The concentration for 
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both samples was E0.04 ji.g/L at site 2 on January 9, 2002 
(appendix 11). 

The RPD's varied between the environmental samples 
and replicate environmental samples for hulk bed-sediment 
samples. Selected major inorganic ions ranged from 0 to 
77 percent and generally were <10 percent; nutrients ranged 
from 0 to 130 percent and generally were <30 percent. All 
concentrations for both nitrate and orthophosphate were less 
than reporting limits. The RPD's for trace elements ranged 
from 0.25 to 182 percent. This high range in RPD would he 
typical due to the heterogeneity of the sediments. The only 
explosive compound detected in a replicate environmental 
sample was HMX (octahydro-1,3,5,7-tetranitro-1,3,5,7-tetra-
zocine) at a concentration of E0.036 mg/kg at site 11 on July 
1, 2002 (appendix 12). The HMX concentration in the envi-
ronmental sample at site 11 was less than the reporting limit. 

The RPD's varied between the environmental samples 
and replicate environmental samples for depositional bed-
sediment samples. Selected major inorganic ions ranged from 
2.4 to 177 percent and generally were <40 percent., nutri-
ents ranged from 4.4 to 116 percent and generally were <30 
percent. All concentrations for both nitrate and orthophos-
phate were less than the reporting limits. The RPD's for trace 
elements ranged from 0 to 166 percent. likely due to the 
heterogeneity of the sediments. The only explosive compound 
detected in a replicate environmental sample was HMX at a 
concentration of E0.064 mg/kg at site 11 on July II. 2(X)2 
(appendix 13). The HMX concentration in the environmental 
sample at site 11 was 0.200 mg/kg. 

Two replicate environmental samples were collected from 
site 5 on March 13, 2003, for analysis of explosive compounds 
in mussel tissue (appendix 14). One sample was analyzed 
using both USEPA Methods, 8321A and 8330. Nitroglycerin, 
analyzed using USEPA Method 8330, was detected in both 
the environmental sample, at a concentration of E0.46 mg/kg 
(appendix 14), and the replicate sample at a concentration of 
0.19 mg/kg. Nitroglycerin was not detected in mussel tissue at 
site 5 using USEPA Method 8321A. 

Physicochemical Properties and 
Chemical Characteristics of Water, 
Bed Sediment, and Mussel Tissue from 
Selected Streams 

The streams draining the RIA and PRIA are not used 
as sources of drinking water, but these streams originate in 
impact areas located in the recharge areas of two aquifers—the 
Evangeline and Carnahan Bayou aquifers, respectively—that 
are used for public supply. For reference purposes, water-
quality data were compared to applicable USEPA drinking-
water standards and Health Advisories (HA's, U.S. Envi-
ronmental Protection Agency, 2004a) and USEPA National 
Recommended Water Quality Criteria (U.S. Environmental 

Protection Agency. 2004h) and to data collected previously by 
the USGS from streams on or near the Main Post. Currently 
(2006), there are no USEPA standards for bed-sediment qual-
ity. Therefore, concentrations of selected constituents detected 
in bed sediment were compared to two Canadian freshwater 
sediment-quality criteria, Interim Sediment Quality Guidelines 
(ISQG) and Probable Effect Level (PEL), established by the 
CCME (Canadian Council of Ministers of the Environment. 
1999) (table 5). There are no USEPA standards for explosive 
compounds detected in bed sediment and mussel tissue, and 
thus, no comparisons were made. 

The USEPA established drinking-water standards Maxi-
mum Contaminant Levels (MCI] s), Secondary Drinking Water 
Regulations (SDWR's), and selected HA's for physicochemi-
cal and selected chemical constituents are listed in table 5. 
The MCL is the maximum permissible level of a contaminant 
that is allowed in treated drinking water and is an enforceable 
standard for public drinking-water supplies. The SDWR is a 
nonenforceable guideline regarding aesthetic effects (such as 
taste, odor, or color) or cosmetic effects (such as tooth or skin 
discoloration) caused by drinking water. The HA's are non-
enforceable guidelines that serve as estimates of acceptable 
concentrations of a chemical based on health effects informa-
tion and serve as technical guidance to assist Federal, State, 
and local officials. The HA's included Drinking Water Equiva-
lent Level (DWEL)4, lifetime health advisory', and 10-4 cancer 
risk': and the Aquatic Life Criteria for freshwater included 
Criterion Maximum Concentration (CMC)' and Criterion Con-
tinuous Concentration (CCC)', which are part of the USEPA 
National Recommended Water Quality Criteria (table 5) (see 
U.S. Environmental Protection Agency, 2004a). 

Physicochemical Properties 

A statistical summary of the physicochemical properties 
of the 13 sites is listed in table 6, and all the data are listed in 
appendix 1. The median specific conductance (field) at the 
RIA sites (1-6,8, and 9) was 19 µS/cm, and values ranged 
from 12 to 24 µS/cm (table 6). The maximum specific con-
ductance at RIA reference site 10 was 28 RS/cm, which was 
slightly higher than at the RIA sites but an indication that spe-
cific conductance is very low in the RIA. Values for specific 

A lifetime exposure concentration protective of adverse, non-cancer health 

effects, that assumes all of the exposure to a contaminant is from drinking 

water. 

The concentration of a chemical in drinking water that is not expected to 

cause any adverse noncarcinogenic effects for a lifetime of exposure. 

The concentration of a chemical in drinking water corresponding to an 

excess estimated lifetime cancer risk of I in 10,000. 

' An estimate of the highest concentration of a material in surface water to 

which an aquatic community can be exposed briefly without resulting in an 

unacceptable effect. 

An estimate of the highest concentration of a material in surface water to 

which an aquatic community can be exposed indefinitely without resulting in 

an unacceptable effect. 
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Table 5. Guidelines, criteria, or standards used as a reference for water-quality and bed-sediment data collected from selected 
streams near impact areas, Fort Polk Military Reservation, Louisiana, 2001-02. 

[USEPA, U.S. Environmental Protection Agency; MCLG, Maximum Contaminant Level Goal; MCL, Maximum Contaminant Level; SDWR, Secondary 
Drinking-Water Regulation; DWEL, Drinking Water Equivalent Level; FW, freshwater: CMC. Criterion Maximum Concentration; CCC. Criterion Continuous 
Concentration; CCME, Canadian Council of Ministers of the Environment; ISQG, Interim Sediment Quality Guideline; PEL, Probable Effect Level; CaCO3, 

calcium cartxmate; NTU, nephelometric turbidity unit; mg/L. milligrams per liter: ROE, residue on evaporation; 'C. degrees Celsius; vg/L, micrograms per liter; 
mg/kg, milligrams per kilogram; DNB, dinitrobenzene; TNT. trinitrotoluene; DNT. dinitrotoluene; HMX, octahydro-1,3,5.7-tetranitro-1.3,5,7-tetrazocine; RDX. 
hexahydro-1,3,5-trinitro-1,3,5-triazine I 

Guideline, criteria, or standard 

Drinking water' Surface water Bed sediment 

USEPA aquatic life
Property or constituent USEPA Health Advisories CCME guidelines'

USEPA USEPA USEPA criteria (FW) 

MCLG MCL SDWR 10° Cancer 
DWEL Lifetime CMC CCC ISQG PEL 

risk 

Physicochemical properties 

pH. field, in standard units 6.5-8.5 6.5- 9.0 

Turbidity, in NTU 5.0 

Alkalinity, as CaCO3, field, in mg/L. 20 

Dissolved solids and major inorganic ions, in mg/L 

Dissolved solids, ROE at 180 "C 500 

Sodium, as Na --

Sulfate, as SO, 250 --

Chloride, as CI 250 860 230 

Fluoride, as 4 0 4.0 2.0 

Cyanide, perchlorate, and trace elements, in pg/L (unless noted) 

Cyanide 200 200 800 200 ,22 5.2 

Perchlorate 24.5 

Aluminum, as Al -- 50-2(X) -- 750 87 

Antimony, as Sb 6 6 10 6 --

Arsenic, as As 0 10 10 340 ISO 5.9 mg/kg 17 mg/kg 

Barium, as Ba 2,000 2,000 2,000 2,000 

Beryllium, as Be 4 4 70 --

Boron, as B 3,000 600 

Cadmium, as Cd 5 5 20 5 2 .25 .6 mg/kg 3.5 mg/kg 

Chromium, as Cr 100 100 100 37.3 mg/kg 90 mg/kg 

Cobalt, as Co -- -- --

Copper, as Cu 1 ,300 1 ,300 1,000 13 9 35.7 nig/kg 197 mg/kg 

Iron, as Fe 300 -- 1,000 

Lead, as Ph 0 15 -- -- 65 2.5 35 mg/kg 91.3 mg/kg 

Manganese, as Mn 50 1,600 300 -- --

Mercury, total, as Hg (inorganic) 2 2 10 2 1.4 .77 .170 mg/kg .486 mg/kg 

Molybdenum, as Mo 200 40 -- --

Nickel, as Ni 700 100 470 52 

Selenium, as Se 50 50 200 50 5 

Silver, as Ag 100 200 100 3.2 

Strontium, as Sr 20,000 4,000 

Thallium, as TI .5 2 2 .5 --

Zinc, as Zn 5,000 10,000 2,000 120 120 123 nig/kg 315 mg/kg 

Nutrients, in mg/L 

Nitrogen, ammonia, dissolved 30 

Nitrogen, nitrate 10 10 
Nitrogen, nitrite 1.0 1.0 
Nitrogen, nitrate plus nitrite 10 10 

Explosive compounds, in pg/L 

I.3-DNB 5 1 

2,4,6-TNT 20 2 100 

2,4-DNT 100 5 

2.6-DNT 40 5 

HMX 2,000 400 --

RDX 100 2 30 

' U.S. Environmental Protection Agency (2004a). ' Health based value for individuals on 500-milligrams-per-day restricted 

= U.S. Environmental Protection Agency (2004b). sodium diet. 
' Canadian Council of Ministers of the Environment (1999). s Total. 

Action level. 
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Table 6. Statistical summary of physicochemical properties of selected streams near impact areas, Fort Polk Military Reservation, 
Louisiana, 2001-02. 

[MA, Redleg impact area; PRIA, Peason Ridge impact areas; µS/cm, microsiemens per centimeter at 25 degrees Celsius; C. degrees Celsius; NTU, 

nephelometric turbidity units: mg/L, milligrams per liter; IT. incremental titration; CaCO,, calcium carbonate] 

RIA sites (1-B, 8, and 9) 

(fig. 2) 
Property or 

constituent Number of Mini-
Median Maxi-

detections/ mum 
of all mum 

number of detec-
samples detection 

samples tion 

Specific 24/2.1 12 lo 21 

conductance, in 

.tS/cm 

pH, field, in 24/24 5.0 5.6 6.6 
standard units 

Water temperature, 24/24 9.0 21.8 29.4 
in °C 

Turbidity, in NTU 24/24 1.3 8.4 21.5 

Alkalinity, IT, 24/24 .3 1.8 5.5 

field, in mg/L as 

CaCO, 

conductance ranged from 16 to 360/cm at nearby low-
water crossing sites (fig. 2) (Tollett and others, 2002, p. 19), 
17 to 26 RS/cm at West Fork of Sixmile Creek (Tollett, 1998, 
p. 140-141), and 14 to 24 p.S/cm at East Fork of Sixmile 
Creek (Tollett, 1998, p. 146-147). These values were similar 
to those near the RIA sites and the RIA reference site, indicat-
ing specific conductance is typically low in streams near the 
eastern part of Main Post (fig. 2). The median specific con-
ductance at the PRIA sites (11-13) was 32 p.S/cm, and values 
ranged from 20 to 66 pS/cm. The maximum specific con-
ductance at PRIA reference site 14 was 46 uS/cm, within the 
range of values at the PRIA sites. These values also are con-
sidered low compared to specific conductance at most streams 
in the State (Baumann and others, 2004). Specific conductance 
reported for streams in the RIA and PRIA is similar to that 
reported for the Calcasieu River (Garrison, 1997). 

The median pH (field) at the RIA sites was 5.6, and 
values ranged from 5.0 to 6.6 (table 6), indicating the streams 
are acidic. The maximum pH at RIA reference site 10 was 
6.4, within the range at the RIA sites (table 6). The SDWR 
for pH is 6.5 to 8.5 (U.S. Environmental Protection Agency, 
2004a) and the USEPA Aquatic Life Criteria CCC is 6.5 to 
9.0 (table 5) (U.S. Environmental Protection Agency, 2004b). 
Of the 24 pH measurements at the RIA sites, only one (6.6 
at site 4, appendix 1) was within the range of the SDWR and 
CCC, and the other values were <6.5. Values for pH ranged 
from 4.4 to 6.5 at nearby low-water crossing sites (Tollett and 
others, 2002, p. 19), 5.1 to 6.4 at West Fork of Sixmile Creek 

Statistical summary 

RIA PRIA sites (11-13) PRIA 

reference (fig. 3) reference 

site 10 site 14 

(fig. 2) 

Maximum 

Number of 

detections/ 

number of 

Mini-

mum 

detec-

Median 

of all 

Maxi-

mum 

(fig. 3) 

Maximum 

detection samples tion 
samples detection detection 

28 9/9 20 32 66 46 

6.4 9/9 5.7 6.3 6.9 7.2 

22.1 9/9 6.4 23.9 27.6 26.6 

31.1 9/9 13.6 29.6 126 25.5 

6.0 9/9 2.8 5.8 13.5 8.1 

(Tollett, 1998, p. 142-143), and 5.1 to 6.7 at East Fork of 
Sixmile Creek (Tollett, 1998, p. 148-149). These values were 
similar to those near the RIA and RIA reference site, indicat-
ing pH is typically low in streams near the eastern part of 
Main Post (fig. 2). The median pH was 6.3 at the PRIA sites, 
and values ranged from 5.7 to 6.9, indicating streams that are 
slightly acidic to neutral. Of the nine pH measurements at the 
PRIA sites, only two (6.7 and 6.9, appendix 1) were within 
the range of the SDWR and CCC. The maximum pH was 7.2 
at PRIA reference site 14 (table 6); which was slightly higher 
than the PRIA sites. All three samples collected at PRIA refer-
ence site 14 were within the range of' the SDWR and CCC 
(table 5 and appendix 1). 

The median turbidity was 8.4 nephelometric turbidity 
units (NTU) at the RIA sites, and values ranged from 1.3 to 
21.5 NTU (table 6). Turbidity exceeded the MCL of 5.0 NTU 
(table 5) in 19 of the 24 samples collected. The maximum 
turbidity was 31.1 NTU at RIA reference site 10, which is 
greater than the range of values at the RIA sites. The median 
turbidity was 29.6 NTU at the PRIA sites, and values ranged 
from 13.6 to 126 NTU. The maximum was 25.5 NTU at PRIA 
reference site 14, within the range of values at the PRIA sites. 
All turbidity values at the PRIA sites and PRIA reference site 
were greater than the MCL of 5.0 NTU for treated drinking 
water. Values for turbidity were considered low (5-30 NTU) 
for stream water, with only 6 of 39 values greater than 30 NTU 
and only 2 of these values greater than 35 NTU. The 2 values 
greater than 35 NTU were recorded after brief storms. 
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The median alkalinity, as calcium carbonate (CaCO3), 
was 1.8 mg/L at the RIA sites, and concentrations ranged from 
0.3 to 5.5 mg/L (table 6). The maximum alkalinity concentra-
tion was 6.0 mg/L at RIA reference site 10, which was higher 
than the range of concentrations at the RIA sites. The USEPA 
Aquatic Life Criteria CCC of 20 mg/L for alkalinity, as CaCO, 
(table 5), was not exceeded at any of the RIA sites. Concen-
trations for acid neutralizing capacity (unfiltered sample) 
ranged from 1.6 to 6.7 mg/L at nearby low-water crossing sites 
(Tollett and others, 2002, p. 19), and alkalinity ranged from 
4.8 to 10.7 mg/L at West Fork of Sixmile Creek (Tollett, 1998, 
p. 163) and 4.2 to 11.9 mg/L at East Fork of Sixmile Creek 
(Tollett, 1998, p. 168). Acid neutralizing capacity and alkalin-
ity concentrations were similar to those near the RIA sites and 
RIA reference site, indicating the buffering capacity of water 
in streams is typically low near the eastern part of Main Post 
(fig. 2). The median alkalinity at the PRIA sites was 5.8 mg/L, 
and concentrations ranged from 2.8 to 13.5 mg/L. The maxi-
mum alkalinity concentration was 8.1 mg/L at the PRIA refer-
ence site, which was within the range of concentrations at the 
PRIA sites. The USEPA Aquatic Life Criteria CCC was not 
exceeded at any of the PRIA sites. 

Total Dissolved Solids, Total Suspended Solids, 

and Major Inorganic Ions 

A statistical summary of TDS, TSS, and major inorganic 
ions in water and bed sediment from the 13 sites is listed in 
table 7. All the data are listed in appendix 2 for water, appen-
dix 3 for bulk bed sediment, and appendix 4 for depositional 
bed sediment. 

Water 

The TDS concentrations at the RIA sites ranged from 15 
to 78 mg/L„ with a median concentration of 36 mg/L (table 7). 
The maximum concentration at RIA reference site 10 was 
56 mg/L, within the range of concentrations at the RIA sites. 
The TDS concentrations at the PRIA sites ranged from 59 to 
115 mg/L, with a median concentration of 81 mg/L. The maxi-
mum concentration at PRIA reference site 14 was 100 mg/L, 
within the range of concentrations at the PRIA sites. All 
concentrations for TDS were less than the SDWR of 500 mg/L 
(table 5, appendix 2). 

The TSS concentration at the RIA sites ranged from 
E2.0 to 9.0 mg/L, with a median concentration of E2.0 mg/L 
(table 7). The maximum concentration at RIA reference 
site 10 was 6.8 mg/L, within the range of concentrations at 
the RIA sites. The TSS concentration at the PRIA sites ranged 
from E1.6 mg/I_ to 134Q mg/L, with a median concentration 
of E3.2 mg/L. The maximum concentration at PRIA reference 
site 14 was 8.8 mg/L, within the range of concentrations at the 
PRIA sites. 

Major inorganic ions (cations and anions) and silica were 
the primary constituents of TDS in the water samples (table 7). 
Of the cations (calcium, magnesium, sodium, and potassium) 

analyzed, the SDWR for sodium is 20 mg/L (table 5). At 
the RIA sites, calcium concentrations ranged from 0.4 to 
1.7 mg/L, magnesium concentrations ranged from 0.3 to 
0.7 mg/L, sodium concentrations ranged from E1.9J to E3.3J 
mg/L, and potassium concentrations ranged from E0.2 to 
E1.7 mg/L. At the PRIA sites, calcium concentrations ranged 
from 0.7 to 3.5 mg/L, magnesium concentrations ranged from 
0.3 to 1.3 mg/L, sodium concentrations ranged from E1.8 to 
6.2 mg/L, and potassium concentrations ranged from E0.7 to 
E2.3 mg/L. 

All concentrations for sulfate, chloride, and fluoride from 
the 13 sites (table 7, appendix 2) were less than the SDWR's, 
which were 250, 250, and 2.0 mg/L, respectively (table 5). 
The alkalinity concentrations, as CaCO„ were converted to 
bicarbonate to facilitate discussion of the major anions. The 
CCC for alkalinity is 20 mg/L (table 5). Calculated concentra-
tions of bicarbonate, as HCO1, ranged from 0.4 to 6.7 mg/L 
at the RIA sites. Concentrations of sulfate ranged from E0.7 
to E1.8 mg/L, chloride concentrations ranged from E0.80 to 
7.3 mg/L, and fluoride concentrations ranged from E0.10 to 
E0.2 mg/L. At the PRIA sites, calculated concentrations of 
bicarbonate ranged from 3.4 to 16 mg/L. Sulfate concentra-
tions ranged from E1.2 to 5.4 mg/L, chloride concentrations 
ranged from E2.6 to 6.1 mg/L, and fluoride concentrations 
ranged from E0.1 to E0.2 mg/L. Bicarbonate and silica were 
the only major inorganic ions with concentrations greater 
than 10 mg/L, and the highest silica concentration of the RIA 
and PRIA sites was 42.1J mg/L (table 7). Concentrations for 
silica typically are high for nearby streams in the area, ranging 
from 7.7 to 13 mg/L (Tollett and others, 2002, p. 19; Tollett, 
1998, p. 164 and 169). Concentrations for most properties and 
constituents in water from streams near the PRIA were higher 
than those near the RIA, but typical of streams near the head-
waters of the Calcasieu River (Garrison, 1997). 

A Piper (trilinear) diagram summarizing concentrations 
of major inorganic ions in percentage of milliequivalents 
per liter in surface-water samples revealed slight differ-
ences between RIA and PRIA sites (fig. 6). Surface-water 
compositions for the 13 sites were mixed sodium, calcium, 
bicarbonate, and chloride waters. At the RIA sites and RIA 
reference site, ratios of cations ranged approximately from 
45 to 70 percent sodium plus potassium, 10 to 35 percent 
calcium, and 15 to 30 percent magnesium. Ratios of anions 
ranged approximately from 35 to 75 percent chloride plus 
fluoride, 10 to 50 percent carbonate plus bicarbonate, and 10 
to 25 percent sulfate. 

At the PRIA sites and PRIA reference site, ratios of 
cations ranged approximately from 30 to 70 percent sodium 
plus potassium, 15 to 50 percent calcium, and 10 to 30 percent 
magnesium. Ratios of anions ranged approximately from 25 
to 50 percent chloride plus fluoride, 25 to 65 percent carbon-
ate plus bicarbonate, and 10 to 35 percent sulfate. Carbonate 
was not considered as a contributor to alkalinity because pH 
measurements were <8.1 standard units (Rounds and Wilde, 
2001). All fluoride concentrations were estimated; therefore, 
fluoride was a minor contributor to the ionic balance. 
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EXPLANATION 

X Values from nine sites near the Redleg impact area (RIA) 

Values from four sites near the Peason Ridge impact area (PRIA) 

Figure 6. Piper diagram showing percentages of major inorganic ion composition of water from selected streams near impact 
areas, Fort Polk Military Reservation, Louisiana, 2001-02 

A Piper diagram (fig. 7) also was used to show that per-
centages of major inorganic ion concentrations near the RIA 
were similar to previous data collected from six other sites 
(fig. 2) located on the eastern part of the Main Post. Shallow 
ground water in this area is recharged locally by rainwater 
(Tollett and others, 2002; Tollett, 1998). Generally, ratios of 
major cations (calcium, magnesium, sodium, and potassium) 
in the stream samples reflected those of concentrated rainwater 
(fig. 7) comprising the shallow ground water and subsequent 
shallow-ground-water discharge to the streams during low-
flow stream conditions. 

Physicochemical properties and selected chemical con-
stituents indicated that the streams are mineral-poor and low 
in alkaline earth metals and buffering capacity (Tollett and 
Fendick, 1998), as was expected for these small headwater 
streams located on highly weathered soils. 

Bed Sediment 

Major inorganic ions, including four cations (calcium, 
magnesium, sodium, and potassium) and three anions (sul-
fate, chloride, and fluoride), were analyzed in both bulk and 
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EXPLANATION 

Values from nine sites near the Redleg impact area (RIA) 

Values from four sites near the Peason Ridge impact area (PRIA) 

Dashed area indicates the range of values obtained from major inorganic ion data from the eight 
sites upstream and downstream of the four low-water crossings (LWC) (Tollett and others, 2002) 

\V Solid outline area indicates the range of values obtained from major inorganic ion data from East 
Fork (EF) and West Fork (WF) of Sixmile Creek (Tollett and Fendick, 1998; Tollett, 1998) 

Shaded circle represents National Atmospheric Deposition Program/National Trend NetworkTX-38 
major inorganic cation rainfall data, 1986 to 1997 (Tollett and others, 2002) 

TX-38 at Forest Seed Center, Nacogdoches County, Texas, about 100 miles west-northwest 
of study area 
LA-12 at Iberia Research Station, Iberia Parish, Louisiana, about 125 miles southeast of 
study area 

Figure 7. Piper diagram showing percentages of major inorganic ion composition of water from selected streams, Fort Polk Military 

Reservation, Louisiana, and rainfall data from two National Atmospheric Deposition Program sites, 2001 02. 
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depositional bed-sediment samples. Calcium, magnesium, 
and chloride were the only major inorganic ions with detected 
or estimated concentrations in all 24 bulk and 24 depositional 
samples from the RIA, and 9 hulk and 9 depositional samples 
from the PRIA (table 7). Because of elevated reporting limits 
(generally a magnitude of order), sodium and potassium were 
detected less frequently. Sodium was detected in only 6 of 
24 RIA bulk samples, 5 of 24 RIA depositional samples, 0 
of 9 PRIA hulk samples, and 1 of 9 PRIA depositional sam-
ples. Potassium concentrations in hulk samples ranged from 
E46.0 mg/kg (RIA) to E197 mg/kg (PRIA) and were higher in 
depositional samples, with concentrations ranging from E105 
mg/kg (RIA) to 1,100 mg/kg (PRIA). Sulfate was detected in 
only 5 of 24 RIA hulk samples, 9 of 24 RIA depositional sam-
ples, 1 of 9 PRIA hulk samples, and 6 of 9 PRIA depositional 
samples. Fluoride was not detected in any of the 24 RIA hulk 
samples, and was detected in only 5 of 24 RIA depositional 
samples, 1 of 9 PRIA hulk samples, and 6 of 9 PRIA deposi-
tional samples. The maximum magnesium concentration (187 
mg/kg) in hulk sediment at RIA reference site 10 was the only 
major inorganic ion outside the range of hulk and depositional 
concentrations at the RIA sites. The maximum sulfate concen-
tration (E19.7 mg/kg) in depositional samples at PRIA refer-
ence site 14 was the only major inorganic ion outside the range 
of hulk and depositional concentrations at the PRIA sites. In 
addition to characterizing bed-sediment quality in 2003, the 
data will he useful as baseline data for future studies near the 
RIA and PRIA on the Reservation. 

Overall, potassium concentrations were low compared 
to other streams in southwestern Louisiana (Skrohialowski, 
2002). Concentrations of calcium, magnesium, and potas-
sium were much higher in the depositional samples than in the 
hulk samples. Higher cation concentrations likely were due to 
higher clay and organic content in the depositional samples. 
Clay and organic particles typically have negative surface 
charges, which allow the colloidal surfaces to adsorb and 
exchange cations (Moore and Reynolds, 1989, p. 115; Dreyer, 
1997, p. 82). Therefore, higher cation concentrations were 
expected in the depositional samples. 

Cyanide, Perchlorate, and Trace Elements 

A statistical summary of cyanide, perchlorate, and trace 
elements in water and bed sediment from the 13 sites is listed 
in table 8. All the data are listed in appendix 5 for water, 
appendix 6 for hulk bed sediment, and appendix 7 for deposi-
tional bed sediment. 

Water 

Cyanide concentrations at the RIA sites ranged from 
E2.7 to E9.5 µg/L (table 8), and detected concentrations at 
the PRIA sites ranged from E3.6 to 41 µg/L. Two concentra-
tions of cyanide, E2.4 µg/L at site 1 on June 28, 2001, and 
E7.9 µg/L at site 5 on January 10, 2002, were detected in 

field-blank water samples (appendix 5). All concentrations for 
the summer 2001 sampling period were slightly larger than 
the 2001 blank concentration. All except two concentrations, 
Ell µg/L at site 12 and E9.6 µg/L at site 13 on January 14, 
2002, were less than the January 2002 blank concentration, 
which indicated concentrations less than about 10 µg/L may 
he biased high. The highest detected cyanide concentration 
(110 µg/L) was at PRIA reference site 14. Concentrations 
in 14 of the 24 samples at the RIA sites, 1 (II µg/L) at RIA 
reference site 10, 4 of the 9 samples at the PRIA sites, and 
2 at PRIA reference site 14 were above the USEPA Aquatic 
Life Criteria CCC of 5.2 µg/L (U.S. Environmental Protection 
Agency, 2004h). However, all concentrations for cyanide were 
less than the MCLG and MCL of 200 µg/L for drinking water 
(U.S. Environmental Protection Agency, 2004a). 

Perchlorate, a primary ingredient in solid rocket propel-
lant and pyrotechnics, was detected in one RIA water sample, 
at E14.3 µg/L at site 5 (table 8). This concentration was below 
the USEPA DWEL of 24.5 µg/L (U.S. Environmental Protec-
tion Agency, 2005h). There were no detections of perchlorate 
at RIA reference site 10, the PRIA sites, PRIA reference 
site 14, or in blank water samples. 

The highest concentrations of trace elements in stream 
water were for aluminum, iron, and manganese. Aluminum 
concentrations ranged from 130 to 478 µg/L at the RIA sites 
and ranged from 353 to 5,810 µg/L at the PRIA sites. All 
the aluminum concentrations were above the SDWR range 
of 50 to 200 µg/L (U.S. Environmental Protection Agency, 
2004a). Iron concentrations ranged from 127 to 2,610 µg/L 
at the RIA sites and ranged from 440 to 3,920 µg/L at the 
PRIA sites. All but four iron concentrations at the RIA sites 
were above the SDWR (300 µg/L). Manganese concentrations 
ranged from 2.60 to 126 µg/L at the RIA sites and ranged 
from 2.80 to 97.6 µg/L at the PRIA sites. Concentrations in 7 
of 24 samples at the RIA sites and 4 of 9 samples at the PRIA 
sites were above the SDWR (50 µg/L) for manganese (U.S. 
Environmental Protection Agency, 2004a). Only two concen-
trations of aluminum, iron, or manganese were detected in 
blank water samples: one concentration for iron, E5.2 µg/L, 
and one for manganese, E0.33 µg/L (appendix 5), both of 
which were much lower than stream-water concentrations. 
The concentrations of these three constituents were typical 
for the soil characteristics (Tollett, 1998; Greenwood, 2000) 
and low pH measurements for stream water and rainfall in the 
area (National Atmospheric Deposition Program, 2005a). The 
highly weathered soils adjacent to streams near the southern 
boundary of the Main Post are high in silica and aluminosili-
cate clay minerals (Tollett, 1998). Previous studies in the east-
ern part of the Main Post indicated the clay composition was 
primarily kaolinite and smectite (Tollett, 1998; Greenwood, 
2000). Pleistocene material typically present on hill tops in the 
area also is high in silica and kaolinite, and has reddish brown 
(ferrous iron) coatings on particles (Tollett, 1998; Greenwood, 
2000). The low pH rainfall can react with these soils, stripping 
or leaching aluminum, iron (by converting ferrous iron to fer-
ric iron), and manganese from the surfaces of the soil particles 
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and transporting these constituents to the streams (Drc\ cr. 
1997). 

Most of the other trace-element concentrations in water 
from the 13 sites were below 10 µg/L (table 8), and all 
detected concentrations were below guidelines and regulations 
except MCLG's for arsenic, lead, and thallium (appendix 5). 
Concentrations in 15 of 24 samples at the RIA sites and all 
9 samples at the PRIA sites were above the MCLG of 0 µg/L 
for arsenic; however, no concentration exceeded the MCL of 
10 µg/L (U.S. Environmental Protection Agency, 2004a). An 
arsenic concentration of E0.76 µg/L was detected in the blank 
water sample at site 11 on July 1, 2002. One concentration 
(E0.580) detected at site 4 on June 25, 2002, was less than this 
blank concentration during the summer 2002 sampling period. 
Arsenic concentrations at the impact areas were similar to 
their respective reference sites. 

Lead concentrations were similar to those of arsenic. 
Concentrations in 23 of 24 samples at the RIA sites and all 
9 samples at the PRIA sites were above the MCLG of 0 µg/L 
for lead; however, no concentrations exceeded the MCL of 
15 µg/L (U.S. Environmental Protection Agency, 2004a). A 
lead concentration of E0.30 µg/L was detected in the blank 
water sample at site 11 on July 1, 2002. All concentrations of 
lead for the summer 2002 sampling period were slightly larger 
than this blank concentration. Concentrations of lead at the 
impact areas were similar to their respective reference sites. 

Thallium concentrations were similar to those of arsenic 
and lead. One concentration at RIA reference site 10. four con-
centrations at the PRIA sites, and one concentration at PRIA 
reference site 14 were above the MCLG of 0.5 µg/L for thal-
lium; however, no concentration exceeded the MCL of 2 pg/L 
(U.S. Environmental Protection Agency, 2004a). A thallium 
concentration of 1.10 µg/L was detected in the blank water 
sample at site 11 on July 1, 2002. All thallium concentrations 
for the summer 2002 sampling period except two, a concentra-
tion of 1.20 µg/L at both site 13 and site 14, were less than this 
blank concentration. Thallium concentrations at the impact 
areas were similar to their respective reference sites. 

Mercury concentrations in the water samples were 
low and similar to concentrations in rainfall. The maximum 
mercury concentration was 0.005 µg/L at two RIA sites and 
0.008J µg/I_ at the PRIA sites (table 8, appendix 5). The 
maximum mercury concentration at both reference sites was 
0.004 µg/L, which was similar to the concentrations observed 
at sites near the impact areas. 

Bed Sediment 

All concentrations of cyanide in bulk and depositional 
bed-sediment samples were below the reporting limit or were 
estimated values except for concentrations in three samples: 
0.71 mg/kg, in a hulk sample at PRIA reference site 14; 
0.88 mg/kg, in a depositional sample at RIA reference site 10; 
and 0.74 mg/kg, in a depositional sample at PRIA site 12. All 
concentrations at the impact area sites were similar to those 
observed at their respective reference site. 

Perchlorate was not detected in bed-sediment samples. 
Reporting limits ranged from <0.24 to <0.32 mg/kg in RIA 
hulk samples. <0.25 to <0.28 mg/kg in PRIA hulk samples, 
<0.24 to <0.41 mg/kg in RIA depositional samples. and <0.24 
to <0.39 mg/kg in PRIA depositional samples. 

Aluminum concentrations were greater than most other 
trace elements in bed-sediment samples. The median con-
centrations of aluminum were about seven times larger in 
depositional samples than in hulk samples. Median concen-
trations of aluminum were 824 mg/kg for RIA hulk samples. 
1,920 mg/kg for PRIA hulk samples, 5.995J mg/kg in RIA 
depositional samples, and 13,700 mg/kg in PRIA depositional 
samples. The higher aluminum concentrations in the deposi-
tional samples were consistent with the higher aluminosilicate 
minerals (clay) present in the depositional areas within each 
stream targeted by the sampling design. Thus the sampling 
design appears to have achieved the goal of sampling two 
environments (hulk and depositional) within the streams. 

The next highest concentrations of trace elements 
in bed sediment were for iron, manganese. and barium 
(table 8). The median concentration of iron was 307 mg/kg 
in RIA hulk samples. 713 mg/kg in PRIA hulk samples, 
3,230J mg/kg in RIA depositional samples, and 5,870 mg/kg 
in PRIA depositional samples. The median concentration 
of manganese was 18.4J mg/kg in RIA hulk samples, 
10.0J mg/kg in PRIA hulk samples, 83.9 mg/kg in RIA deposi-
tional samples, and 91.0 mg/kg in PRIA depositional samples. 
The median concentration of barium was 6.84 mg/kg in RIA 
hulk samples, 14.6 mg/kg in PRIA hulk samples, 25.8 mg/kg 
in RIA depositional samples, and 73.3 mg/kg in PRIA deposi-
tional samples. Iron, manganese, and barium concentrations at 
the impact area sites were similar to concentrations observed 
at their respective reference sites. 

Most other trace-element concentrations in hulk and 
depositional bed-sediment samples were <15 mg/kg. Similar 
to calcium, magnesium, and potassium, concentrations of trace 
elements were generally larger in the depositional samples 
than in the hulk samples. The depositional samples had a much 
higher clay and organic content than the hulk samples. Clay 
and organic particles typically have negative surface charges, 
which under normal environmental conditions (pH measure-
ments above 2.0), may attract the positively charged trace 
elements (Moore and Reynolds, 1989, p. 115; Dreyer, 1997, 
p. 97-99). Therefore, larger trace-element concentrations were 
expected to he associated with the depositional samples than 
with hulk samples. 

The CCME has established bed-sediment guidelines for 
seven trace elements: arsenic, cadmium, chromium, copper, 
lead, mercury, and zinc (table 5). The ISQG's are less than 
the PEL's. There were no PEL exceedances, and only one 
arsenic concentration (8.87 mg/kg) in a depositional sample 
from site 5 at the RIA exceeded the ISQG value of 5.9 mg/kg 
(table 5). The maximum concentration of arsenic was 
4.33 mg/kg in RIA hulk samples, 1.75 mg/kg in PRIA hulk 
samples, 8.87 mg/kg in RIA depositional samples, and 
2.74 mg/kg in PRIA depositional samples. Concentrations at 
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RIA reference site 10 (maximum hulk concentration 
of 2.07 mg/kg, maximum depositional concentration of 
5.05 mg/kg) and PRIA reference site 14 (maximum hulk 
concentration of 1.56 mg/kg, maximum depositional concen-
tration of 2.36 mg/kg) were similar to the concentrations for 
the other sites. 

Total Organic Carbon and Nutrients 

A statistical summary for TOC and nutrients in water and 
bed sediment from the 13 sites is listed in table 9. The data are 
listed in appendix 8 for water, appendix 9 for hulk bed sedi-
ment, and appendix 10 for depositional bed sediment. 

Water 

The TOC concentrations at the RIA sites ranged from 
2.8 to 10.6 mg/L, with a median concentration of 5.3 mg/L. 
The maximum concentration at RIA reference site 10 was 
7.1 mg/L. The TOC concentrations at the PRIA sites ranged 
from 2.4 to 6.8 mg/L, with a median concentration of 4.0 
mg/L. The maximum concentration at PRIA reference site 14 
was 3.9 mg/L. The TOC concentrations were expected to be 
similar to dissolved organic carbon concentrations because 
the streams near the impact areas were clear with low turbid-
ity during low-flow sampling. In addition, the median TOC 
concentrations at the RIA and PRIA sites were less than the 
average dissolved organic carbon concentration of 5.75 mg/L 
for all world rivers (Meyheck, 1982). 

All detected concentrations of nutrients, including 
nitrogen as ammonia, nitrate, nitrite, nitrate plus nitrite, 
total organic nitrogen measured as TKN, phosphorus, and 
orthophosphorus at the RIA and PRIA sites were less than 
USEPA guidelines and regulations. Nutrient concentrations 
were low, with a maximum concentration of 0.53 mg/L for 
total organic nitrogen measured as TKN at the RIA sites, and 
a concentration of E0.38 mg/L for total organic nitrogen mea-
sured as TKN at the PRIA sites. Concentrations of nutrients 
at sites in the impact areas were similar to the concentrations 
observed at their respective reference sites. 

Bed Sediment 

The TOC concentrations for hulk samples at the RIA sites 
ranged from El,(X)0 to 19,800 mg/kg, with a median concen-
tration of 2,850 mg/kg. The maximum concentration at RIA 
reference site 10 was 4,3(X) mg/kg (table 9). The TOC concen-
trations for hulk samples at the PRIA sites ranged from E980 
to 5,800 mg/kg, with a median concentration of E980 mg/kg. 
The maximum concentration at PRIA reference site 14 was 
E1,4(X) mg/kg. 

The TOC concentrations in depositional samples at the 
RIA sites ranged from E1,8(X) to 33,300 mg/kg, with a median 
concentration of 6,750 mg/kg. The maximum concentration at 
RIA reference site 10 was 7,500 mg/kg. The TOC concentra-

tions in depositional samples at the PRIA sites ranged from 
E1,700 to 27,100 mg/kg, with a median concentration of 
4,400 mg/kg. The maximum concentration at PRIA reference 
site 14 was 7,700 mg/kg. Concentrations of TOC were larger 
in depositional samples than in hulk samples. 

The largest nutrient concentrations were total organic 
nitrogen measured as TKN, with a maximum concentration 
of 294 mg/kg in hulk samples and 1,740 mg/kg in deposi-
tional samples. The next largest nutrient concentration was 
for total phosphorus, with a maximum concentration of 
16.7 mg/kg (site 8) in hulk samples and 124 mg/kg (site 13) 
in depositional samples, and then nitrogen as ammonia, with 
a maximum concentration of 10.5 mg/kg in hulk samples and 
10.3 mg/kg in depositional samples. All other nutrient concen-
trations were <4 mg/kg. Nutrient concentrations were similar 
between bulk and depositional bed-sediment samples, except 
for total organic nitrogen measured as TKN and total phospho-
rus, and concentrations in depositional samples were greater 
than in hulk samples. Median concentrations in most nutrient 
bed-sediment samples at sites in the impact area were similar 
to the maximum concentrations observed at their respective 
reference sites. 

Explosive Compounds 

Concentrations of explosive compounds detected in 
water, bed sediment, and mussel tissue samples from the sites 
are listed in table 10. All the data are listed in appendix I 1 for 
water, appendix 12 for hulk bed sediment, appendix 13 for 
depositional bed sediment, and appendix 14 for mussel tissue. 

Water 

Only 17 concentrations of explosive compounds were 
detected in water (including one replicate sample), all at 
estimated concentrations, among the more than 800 analyses 
reported. Four explosive compounds, 1,3,5-trinitrobenzene, 
2,4,6-trinitrotoluene, RDX, and tetryl, were detected at 7 of 
the 9 sites near the RIA. One compound was detected at sites 
1 and 3, and two compounds were detected at sites 2, 4, 5, 
8, and 9. Concentrations of explosive compounds detected 
ranged from E0.02 to E0.14 pg/L (table 10). Three com-
pounds, 1,3,5-trinitrobenzene, 2,4,6-trinitrotoluene, and tetryl, 
were detected by USEPA Method 8321A (U.S. Environmen-
tal Protection Agency, 2005a). The most frequently detected 
explosive compound, RDX, was detected by both USEPA 
Method 8321A (U.S. Environmental Protection Agency, 
2005a) and USACHPPM Method 13.2 (U.S. Army Center for 
Health Promotion and Preventive Medicine, 2005). The RDX 
was detected in 10 samples from 5 RIA sites (sites 1, 2, 4, 
5, and 9). Concentrations of explosive compounds were less 
than the HA's available for reference (table 5). No explosive 
compounds were detected at the RIA reference site 10. No 
explosive compounds were detected in water samples at PRIA 
sites or PRIA reference site 14. 
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Table 10. Concentrations of explosive compounds detected in water, bed-sediment, and mussel-tissue samples from selected streams 

near impact areas, Fort Polk Military Reservation, Louisiana, 2001-02. 

(Concentrations in water are in micrograms per liter. Concentrations in bed-sediment and mussel-tissue samples are in milligrams per kilogram. TNB, 
trinitrobenzene; TNT, trinitrotoluene; RDX. hexahydro-1,3,5-trinitro-1,3,5-triazine; HMX, octahydro-1,3.5,7-tetranitro-1,3,5,7-tetrazocine; USACHPPM, 
U.S. Army Center for Health Promotion and Preventive Medicine; --, no data; E, estimated; USEPA, U.S. Environmental Protection Agency; Rep, replicate 
environmental sample; Bulk, bulk bed sediment; Depo, depositional bed sediment] 

Site Explosive compound
Sample Sample

number 
(figs. 2, 3) 

type date 
Method' 1,3,5-

TNB 
2,4,6-
TNT 

RDX Tetryl HMX 
Nitro-

glycerin 

Sites near the Redleg impact area 

I Water 1-10-2002 USACHPPM 13.1 E0.03 

I Tissue2 3-12-2003 USEPA 8330 E0.38 

2 Water 7-13-2001 USEPA 8321A E0.02 

2 Water 1-19-2002 E.04 

.7 Rep Water 1-19-2002 USACHPPM 13.2 E.04 

3 Water 7-13-2001 USEPA 8321A E.02 

4 Water 7-13-2001 USEPA 8321A E.02 E.04 

4 Water 1-11-2002 USACHPPM 13.2 E.02 

5 Water 7-9-2001 USEPA 8321A E0.05 

5 Water 1-10-2002 USACHPPM 13.2 E.14 

5 Water 6-24-2002 USACHPPM 13.2 E.02 

5 Tissue 3-13-2003 USEPA 8330 E.46 

5 Rep Tissue2 3-13-2003 USEPA 8330 E.19 

6 Tissue2 3-13-2003 USEPA 8330 E.20 

8 Water 7-13-2001 USEPA 8321A E.03 E0.03 

9 Water 7-13-2001 USEPA 8321A E.02 E.08 

9 Water 1-11-2002 USACHPPM 13.2 E.04 

9 Water 6-26-200/ t ISACIIPM1 13.2 F.05 --

Sites near Peason Ridge impact areas 

11 Rep Bulk 7- 1-2002 USACHPPM 55.1 'E0.036 

11 Depo 7-1-2002 USACHPPM 55.1 .200 

11 Rep Depo 7-1-2002 USACHPPM 55.1 E.064 

12 Depo 7-1-2002 USACHPPM 55.1 E.074 

13 Bulk 7-1-2002 USACHPPM 55.1 .200 

414 Depo 7-2-2002 USACHPPM 55.1 .120 

' USACHPPM methods: U.S. Army Center for Health Promotion and Preventive Medicine (2005); USEPA methods: U.S. Environmental Protection Agency 
(2005a). 

= Mussel tissue was collected at only three sites: sites I, 5, and 6. 

' HMX not detected in environmental bulk bed-sediment sample at site 11, July 2002. 

Reference site for Peason Ridge impact areas. 
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Bed Sediment 

Only one explosive compound, HMX, was detected in 
hulk and depositional bed-sediment samples among the more 
than 1,800 analyses reported (including replicate environmen-
tal samples). The HMX was detected six times, three of which 
were at estimated concentrations and two of which were 
replicate samples. The compound was detected only at PRIA 
sites sampled in July 2002 using USACHPPM Method 55.1 
(U.S. Army Center for Health Promotion and Preventive Med-
icine, 2005). The HMX was detected in two hulk samples, a 
concentration of E0.036 mg/kg in a replicate sample from site 
11 and a concentration of 0.200 mg/kg at site 13 (table 10). 
The HMX was detected in four depositional samples: a 
concentration of 0.200 mg/kg in a sample from site 11, E0.064 
mg/kg in a replicate sample from site 11, E0.074 mg/kg at 
site 12, and 0.120 mg/kg at PRIA reference site 14. The HMX 
concentrations in the depositional samples from site 11 were 
larger than the concentration in the hulk sample collected on 
the same date, July 1, 2002. The HMX detection at PRIA 
reference site 14 could he an indication that this site, which 
is located away from the impact area but on the Reservation, 
is susceptible to contamination from past military training 
activities, or it could he a false positive identification of HMX 
by laboratory procedures. Field contamination is less likely to 
have caused the detection of HMX at PRIA reference site 14 
due to ultra-clean sampling and handling procedures. 

Mussel Tissue 

Explosive compounds were not detected in the tissue 
of mussels, Corbicula fluminea, collected from Alligator 
Lake. One explosive compound, nitroglycerin, was detected 
by using USEPA Method 8330 (U.S. Environmental 
Protection Agency, 1994) for samples from the three 
sites: E0.38 mg/kg at site 1, E0.46 mg/kg at site 5, and 
E0.20 mg/kg at site 6 (table 10), where the transplanted 
mussels from Alligator Lake were placed for about 
110 days near the RIA. Nitroglycerin, at a concentration of 
E0.19 mg/kg in the replicate environmental sample at site 5, 
also was detected by using Method 8330 (U.S. Environmental 
Protection Agency, 1994). These findings were similar to a 
previous study of mussel tissue, which indicated that mus-
sels near the Reservation were capable of uptaking explosive 
compounds but at very low concentrations and with few com-
pounds detected (Tollett and Kolh, 2005). 

Summary and Conclusions 

At the request of the U.S. Army Joint Readiness Training 
Center and Fort Polk, the U.S. Geological Survey collected 
and analyzed water, bed-sediment, and mussel-tissue samples 
from selected streams near the Redleg impact area (RIA) and 
Peason Ridge impact areas (PRIA) at the Fort Polk Military 
Reservation (Reservation), Louisiana from June 2001 through 

Summary and Conclusions 

November 2003. Samples were collected from 13 sites, includ 
ing 2 reference sites. The sites were located on streams that 
originate on or near the RIA on the Main Post and PRIA in the 
Peason Ridge Training Area at the Reservation. The strati-
graphic unit that crops out or underlies the RIA is the Blounts 
Creek Member, which is equivalent to the Evangeline aquifer. 
South of the RIA, thin clay beds separate the Evangeline aqui-
fer from the overlying aquifers, including the Chicot aquifer 
system, which has been designated by the U.S. Environmental 
Protection Agency (USEPA) as a Sole Source Aquifer. The 
stratigraphic unit that crops out or underlies the PRIA is the 
Carnahan Bayou Member, which is equivalent to the Car-
nahan Bayou aquifer. Streams draining the RIA and PRIA 
flow through recharge areas of these aquifers, thus potentially 
affecting the water quality of these aquifers. 

The data from this study were collected and anal \ icd 
to (I) describe the quality of water, bed-sediment, and 
mussel-tissue data near the RIA and PRIA at the Reservation 
and (2) relate that water quality to drinking-water, human-
health, bed-sediment, and aquatic-life standards. Water was 
analyzed for physicochemical properties; water and bed 
sediment were analyzed for major inorganic ions, cyanide. 
perchlorate, trace elements, total organic carbon, nutrients, and 
explosive compounds; and mussel tissue from three sites was 
analyzed for explosive compounds only. The two reference 
sites, one near the RIA and one near the PRIA, were selected 
to provide baseline data for these areas. 

Field measurements of specific conductance ranged from 
12 to 24 microsiemens per centimeter at 25 degrees Celsius 
in streams near the RIA. The streams were acidic and low in 
buffering capacity, with pH measurements ranging from 5.0 
to 6.6. Alkalinity ranged from 0.3 to 5.5 mg/L (milligrams per 
liter). Total dissolved solids concentrations ranged from 15 to 
78 mg/L. Major inorganic ions were the primary constituents 
of dissolved solids in the water samples. The highest cation 
concentration was E3.3J mg/L (E, estimated; J, method blank 
contamination) for sodium, and the highest anion concentra-
tion was 7.3 mg/L for chloride. Field measurements and major 
inorganic ion concentrations were similar to those for the RIA 
reference site and previously sampled nearby streams, indicat-
ing streams near the RIA were typical of streams near the 
eastern part of the Main Post. 

Field measurements of specific conductance ranged from 
20 to 66 microsiemens per centimeter at 25 degrees Celsius 
in streams near the PRIA. The streams were slightly acidic 
to neutral and low in buffering capacity, with pH measure-
ments ranging from 5.7 to 6.9. Alkalinity ranged from 2.8 to 
13.5 mg/L as calcium carbonate. Total dissolved solids con-
centrations ranged from 59 to 115 mg/L. The highest cation 
concentration was low, 6.2 mg/L for sodium, and the highest 
anion concentration also was low, 16 mg/L for bicarbonate 
(calculated). Water-quality data indicated most physicochemi-
cal properties and constituents in streams near the PRIA were 
higher than in streams near the RIA, but typical of streams 
near the headwaters of the Calcasieu River. All concentra-
tions of sulfate, chloride, and fluoride were less than USEPA 
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Secondary Drinking-Water Regulations (SDWR) of 250, 250, 
and 2.0 mg/L, respectively. 

Concentrations of cations calcium, magnesium, and 
potassium were much higher in depositional bed-sediment 
samples than in hulk samples. Clay and organic content were 
higher in depositional samples than in the hulk samples. 
Higher cation concentrations likely were due to higher clay 
and organic content in the depositional samples. Clay and 
organic particles typically have negative surface charges, 
which allow the colloidal surfaces to adsorb and exchange 
cations. Therefore, higher cation concentrations were expected 
in the depositional samples. 

The maximum concentration of cyanide in water was 
E9.5 µg/L (micrograms per liter) at the RIA sites, 11 µg/L 
at the RIA reference site, 41 µg/L at the PRIA sites, and 
1101.tg/L at the PRIA reference site. Fourteen concentrations 
at the RIA sites, one at the RIA reference site, four at the 
PRIA sites, and two at the PRIA reference site exceeded the 
USEPA Aquatic Life Criteria Criterion Continuous Concen-
tration of 5.2 µg/L, but were less than the USEPA Maximum 
Contaminant Level Goal (MCLG) and Maximum Contaminant 
Level (MCL) of 200 µg/L for drinking water. Cyanide was 
detected in two blank samples; therefore, concentrations of 
cyanide may he biased high. 

All cyanide concentrations in hulk and depositional 
bed-sediment samples were less than the detection limit or 
were estimated values except three: 0.71 mg/kg (milligram 
per kilogram) in a hulk sample at the PRIA reference site, 
0.88 mg/kg in a depositional sample at the RIA reference site, 
and 0.74 mg/kg in a depositional sample at a PRIA site. Con-
centrations at the RIA and PRIA reference sites were similar 
to those for the sites near the impact areas, indicating cyanide 
concentrations at the impact area sites were similar to those at 
the reference sites. 

Perchlorate, a primary ingredient in solid rocket propel-
lant, was detected in one water sample, E14.3 µg/L at an RIA 
site, and was less than the USEPA Health Advisory Drinking 
Water Equivalent Level of 24.5 µg/L. All perchlorate concen-
trations in bed-sediment samples were less than the reporting 
limits. 

The trace elements detected in the highest concentra-
tions in water and bed sediment were aluminum, iron, and 
manganese. Aluminum concentrations were within the range 
or greater than the SDWR range from 50 to 200 µg/L, with 
a maximum concentration of 478 µg/L at the RIA sites and 
5,810 µg/L at the PRIA sites. The median concentrations of 
aluminum in bed sediment were about seven times higher in 
depositional samples than in hulk samples. Median concen-
trations of aluminum were 824 mg/kg in RIA hulk samples, 
5,995 mg/kg in RIA depositional samples, 1,920 mg/kg in 
PRIA hulk samples, and 13,7(X) mg/kg in PRIA depositional 
samples. All but four iron concentrations in water were greater 
than the SDWR of 300 µg/L, with a maximum of 2,610 ps/L 
at the RIA sites and 3,920 µg/L at the PRIA sites. Seven of 
24 concentrations at the RIA sites and 4 of 9 concentrations 
at the PRIA sites were greater than the SDWR of 50 µg/L for 

manganese, with a maximum concentration of 126 µg/L at the 
RIA sites and 97.6 µg/L at the PRIA sites. These concentra-
tions of cations were consistent with soil characteristics and 
low pH measurements of stream water and rainfall in the 
area. 

All other trace-element concentrations in water were less 
than regulatory guidelines and regulations except MCLG's 
for arsenic, lead, and thallium. Concentrations in 15 samples 
at the RIA sites and 9 samples at the PRIA sites were greater 
than the MCLG of 0 µg/L for arsenic; however, no concentra-
tions exceeded the MCL of 10 µg/L. Concentrations in 23 
samples at the RIA sites and 9 samples at the PRIA sites were 
greater than the MCLG of 0 µg/L for lead; however, no con-
centrations exceeded the MCL of 15 pg/L. One concentration 
at RIA reference site 10, four concentrations at the PRIA sites, 
and one concentration at the PRIA reference site exceeded 
the MCLG of 0.5 µg/L for thallium; however, no concentra-
tions exceeded the MCL of 2 µg/L. Arsenic, lead, and thallium 
concentrations were similar to those detected in blank samples 
or those reported for reference sites. 

The Canadian Council of Ministers of the Environment 
(CCME) has established bed-sediment guidelines for seven 
trace elements: arsenic, cadmium, chromium, copper, lead, 
mercury, and zinc. No concentrations exceeded the CCME 
Probable Effect Level, and only one arsenic concentration of 
8.87 mg/kg, in a depositional sample from one of the RIA 
sites, exceeded the CCME Interim Sediment Quality Guideline 
of 5.9 mg/kg. 

Total organic carbon and nutrient concentrations were 
low in water and high in bed sediment. The median con-
centrations of total organic carbon were 5.3 mg/L at the RIA 
sites and 4.0 mg/L at the PRIA sites, and both concentra-
tions were less than the average dissolved organic carbon 
concentration of 5.75 mg/L for all world rivers. The median 
total organic carbon concentrations in bed sediments were 
2,850 mg/kg in RIA hulk samples, E980 mg/kg in PRIA 
bulk samples, 6,750 mg/kg in RIA depositional samples, and 
4,400 mg/kg in PRIA depositional samples. All detected nutri-
ent concentrations in water were less than USEPA guidelines 
and regulations. The largest nutrient concentrations in water 
and bed-sediment samples were total organic nitrogen mea-
sured as total Kjeldahl nitrogen; they included a maximum 
concentration of 0.53 mg/L in water at the RIA sites, E0.38 
mg/L in water at the PRIA sites, 294 mg/kg in hulk bed sedi-
ment, and 1,740 mg/kg in depositional bed sediment. 

Only 17 concentrations of explosive compounds were 
detected in water (including one replicate sample), all at esti-
mated concentrations, among the over 800 analyses reported. 
Four explosive compounds, 1,3,5-trinitrobenzene, 2,4,6-trini-
trotoluene, RDX (hexahydro-1,3,5-trinitro-1,3,5-triazine), and 
tetryl, were detected at seven of the nine sites near the RIA. 
Concentrations of explosive compounds detected ranged from 
E0.02 to E0.14 µg/L. The most frequently detected compound, 
RDX, was detected in 10 water samples from 5 RIA sites. 
Concentrations of explosive compounds were less than the 
USEPA Health Advisories available for reference. No 
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explosive compounds were detected at the RIA reference site, 
the PRIA sites, or PRIA reference site. 

Only one explosive compound, HMX (octahydro-1,3,5,7-
tetranitro-1,3,5,7-tetrazocine), was detected in hulk and depo-
sitional bed-sediment samples among the more than 1,800 
analyses reported (including replicate environmental samples). 
The HMX was detected six times, three of which were at 
estimated concentrations and two of which were replicate 
samples. The compound was detected only at PRIA sites. The 
maximum HMX concentration, 0.200 mg/kg, was detected 
twice, once each in a hulk and depositional sample. One con-
centration, 0.120 mg/kg, was detected at the PRIA reference 
site, which could he an indication that this site is susceptible to 
contamination from past military training activities, or which 
could he a false positive identification of HMX by laboratory 
procedures. Field contamination is less likely to have caused 
the detection of HMX at the PRIA reference site due to ultra-
clean sampling and handling procedures. 

Explosive compounds were not detected in tissue of 
freshwater mussels, Corbicula flumitzea, collected from 
Alligator Lake. One explosive compound, nitroglycerin, was 
detected in the tissue of transplanted mussels at each of the 
three sites near the RIA: E0.38 mg/kg at site 1, E0.46 mg/kg at 
site 5, and E0.20 mg/kg at site 6. This compound also was 
detected in the replicate environmental sample at site 5, 
E0.19 mg/kg. These findings were similar to a previous study 
of mussel tissue, which indicated that mussels near the Reser-
vation were capable of uptaking explosive compounds but at 
very low concentrations and with few compounds detected. 
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