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INTRODUCTION

The monitoring of pesticides has gained increased attention in Arkansas since the early 1990's with
the federal mandates for each state 1o develop a State Management Plan (SMP) for pesticide use
(EPA, 1992a; 1992b). In addition, the federal 319 Nonpoint Source Program has provided a source
of revenue for assessing both surface and subsurface water sources for nonpoint source impacts,
including pesticides. As part of the 319 program, 1996 nonpoint source water-quality assessment,
the Department of Pollution Control & Ecology (Department) sampled 77 wells in threc areas that
are within or near to the borders of three Arkansas counties: Jefferson, Desha and Phillips.

Because pesticide and fertilizer use are the dominant contributors to nonpoint impacts within
Arkansas’ agncultural community, 61 pesticides and various degradation products were analyzed
by the Department laboratory in addition to ammonia, nitrate, major cations and anions, and
dissolved metals. The wells were sampled between July 29, 1996, and September 23,1996, The
wells are used exclusively for irrigation and average 80+ feet in depth. Pesticide use in the area is
directed primarily to the control of weeds in soybean, rice and cotton fields.

The following report discusses the general water quality of the three study areas and the nonpoint
source impacts resulting from agricultural practices in the areas. For additional information on the
water quality of both surface and subsurface water and nonpoint source impacts, refer to the 1997
Department report entitled “Arkansas’ Nonpoint Source Pollution Assessment Report”

SITE CHARACTERISTICS
LOCATION

The main focus of the present study was to investigate potential nonpoint source impacts to ground
water, primarily in the form of pesticide contamination, by sampling irrigation wells in an
agricultural area. Because pesticides have been monitored on a continual basis by the Department
as part of the state’s ambient ground-water monitoring program and also by the Arkansas Water
Resource Center (Nichols et al., 1993; Steele et al., 1993, Steele et al., 1994; Nichols et al., 1995;
and Nichols et al., 1996) as part of the SMP monitoring program, Department personnel focused on
areas of the eastern portion of the state which had little or no previous sampling activities.

In addition to locating the wells in previously non-sampled areas, an effort was made to select wells
with ten feet or less of confining layer thickness based on well logs. Although the wells were
mitially located using this methodology, various reasons including the well being temporarily out
of service, dictated that a well in close proximity to the selected well be used as a replacement.
Replacement wells, although in close proximity to originally-sclected wells, sometimes showed a
large local variance of confining layer thickness based on well driller logs.

The sampling sites ultimately are located in three general areas referred to in this report as Area I,
Area Il and Area III, which generally are associated with portions of Jefferson, Desha and Phillips
counties, respectively. Figurc 1 depicts the locations of the sampling sites and also the wells from
which water samples contained one or more pesticides.
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GEOLOGY

The three study areas are located physiographically in the Gulf Costal Plain region of the state. The
deposits underlying this region consist of clay, silt, sand and gravel. The three study areas are
underlain entirely by Quaternary-aged alluvial sediments, which were the product of large-scale
erosion and deposition during the Pleistocene and Recent Epochs (Boswell et al., 1968). Although
the western. 1/3 of Jefferson County is underlain by the Jackson Group of Tertiary age, no wells were
sampled in this area as yields are typically low (5 gpm) and most irrigation wells are located in the
castern 2/3 of the county within the Quaternary alluvium. The Quatemnary alluvium is characterized
by a progressive change from fine-grained material at the surface to a coarse sand or gravel at the
base.

The Quaternary deposits consist of both Pleistocene terrace deposits and Recent alluvial deposits,
which are undifferentiated in this report and referred to as simply Quaternary alluvium. A detailed
map differentiating the Quaternary terrace and alluvial deposits within Desha and Lincoln counties
is included in Bedinger and Reed (1961).

SUBSURFACE HYDROLOGY

The 77 wells sampled for the present study are completed entirely in the saturated portion of the
Quaternary deposits, which together are referred to as the Mississippi River Valley alluvial aquifer.
This aquifer provides most all of the water used for irrigation in the study areas. Well yields in the
study areas range from 50 to 3000 gallons per minute but generally average about 1400-1600 gallons
per minute (Bedinger and Reed, 1961; Klein et al., 1950).

Average water levels in the study areas range from approximately 18 to 24 feet below the surface.
Table 1 lists historical and recent water levels for each study area. Average decreases were noted -
in cach area and ranged from approximately 2-10 feet. Because the number of wells varied among
different data sets, the possibility that individual years were represented by atypically high or low
water tables, and the fact that measurements were taken during different seasons, care should be
taken in interpreting the data presented in Table 1. For example, water levels reported for 1989
(Westerfield and Baxter, 1990) were actually lower than those reported for 1992 (Westerfield and
Touschner, 1993), which were used for Table 1.

Table 1. Historical versus recent water levels,

Klein et al., 1950

Westerfield and Touschuer, 1993 11 22.6

Bedinger and Reed, 1961 237 14.6
Westerfield and Touschner, 1993 15 24.4
Westerfield, 1977 31 113
Weslerfield and 'I'ouschner, 1993 16 178




METHODOLOGY

Sampling sites were chosen according to a random grid to provide even coverage across cach study
area. The sampling plan initially included wells which had ten feet or less of confining layer
thickness. Attempts to locate and sample the selected wells were made difficult by the fact that
many wells were inoperative for a variety of reasons; most often as a result of the cessation of
pumping in anticipation of harvest. Although replacement wells were in close proximity to the
originally-selected sites, logs of these wells oflen showed a wide variation in the confining layer
thickness, and somc replacement wells had thicknesses > 10 feet. Additionally, comparison of many
well logs to USGS maps (Gonthier and Mahon, 1994) of confining layer thickness often
demonstrated numerous discrepancies. Without additional information, it is assumed that either the
well logs are lacking in accuracy in many cases or that the confining layer is of variable thickness
across short distances.

The wells were sampled between July 29, 1996, and September 23, 1996. The extension of the
sampling period into and past the harvest season (late August and September, 1996), was one of the
reasons that operative wells were scarce. The extended sampling period was the result of the
increased time requirements associated with the analyses of bentazon, which resulted in a limit of
generally ten samples per week to the laboratory. All wells were sampled as near to the wellhead
as possible through available faucets or other ports. Where these devises were not available, samples
were taken from openings in the irrigation equipment, which included both disposable (plastic) and
metal irrigation lines. In the event that a well was started by the farmer for sampling purposes, the
well was allowed to run for a minimum of ten minutes prior to sampling.

All samples were collected in approved containers for the selected parameters. Samples were
filtered through 0.45 .em pore-sized membranes in the field for metal analysis and, as such, all metals
are reported as dissolved metals. All other parameters including pesticides were unfiltered samples. .
All samples were stored on ice and delivered to the Department faboratory under chain-of-custody
requirements by the sampling team.

All analyses are represented by an numbering system which denotes the project type, water type,
county and well number. For example, NSGWARO1 represents a nonpoint source (NS) water
sample derived from a ground water (GW) source in Arkansas County (AR) from well # 1. Because
all samples have the same first four-leiter designation, the samples in many instances will be
represented by county and number only.

WATER QUALITY

Interpretation of water qualily analyses was performed by evaluating general water quality,
geochemistry and the detection of pesticides. Individual parameters were compared to federal
drinking water standards in order to evaluate the general water quality for use as a drinking water
source. Detections of pesticides were compared to health advisory limits and/or federal drinking
water standards. Because nitrate as nitrogen concentrations in all cases were below 0.5 ppm and in
most cases below (.1 ppm, impacts from fertilizer use were not considered problematic and are not
addressed in the report.



GENERAL WATER QUALITY

In general, the water quality from all three study areas is very good. The water in all three areas is
a calcium-bicarbonate type, although sodium, chloride and sulfate were significant contributors to
the total dissolved solids (TDS) in several wells, primarily in Jefferson and Desha counties. Calcium
comprised over 50% of the total cation concentration in all but 3 cases and averaged 60% of the
total cations. Bicarbonate comprised over 50% of the total anion concentration in all cases and
averaged 79% of the total anions.

Tables 2, 3 and 4 list the minimum, maximum and mean concentrations {or the dominant cations and
anions for each of the study areas. A cursory review of the data reveals differences between the data
sets for Area I and II wells versus Area III wells. Although sodium and chloride are considerably
elevated in Areas I and Il with respect to Area III, the mean TDS values are somewhat similar
between all threc areas, and the mean TDS concentration for the Area 111 wells is actually higher than
that of the mecan TDS for the Area T wells. A detailed inspection reveals that the lower
concentrations for sodium and chloride are offset by the higher bicarbonate concentrations for the
Area IIT wells. Also, average magnesium concentrations in Area III wells werc twice as high as
either Area I or Il wells. The higher bicarbonate concentrations are related to the increase in
magnesium and together with the lower sodium and chloride concentrations clearly demonstrate a
ground-water chemistry for Area IIT which is considerably different from that of the Area I and II
well-water samples.

Figure 2 depicts a set of Piper diagrams for all data. Area I and II wells generally plot in an
overlapping area of the diagram, indicating the similarity of the chemistry between the two data sets
as noted in Tables 2-4. However, Area III wells plot as a separate and distinct pattern as a result of
the higher magnesium and bicarbonate concentrations and lower sodium and chloride
concentrations. This distinct pattern for the Area III wells is better defined on the tri-linear diagrams
for the cations and anions than on the center diagram which plots both cations and anions.

Mean TDS concentrations from the data for the present study were below 500 mg/L. although
individual well samples exceeded this number in 17 wells. Chloride was elevated in several
samples, although none exceeded the secondary MCL of 250 mg/LL. Tron was consistently high (0.75
to 70.5 mg/L) in all samples; however, high iron concentrations are ubiquitous throughout the extent
of the alluvial aquifer and often limit its use for municipal, industrial and domestic supply without
treatment (Broom and Lyford, 1981). The MCLs for TDS (500 mg/L), iron (0.3 mg/1.) and chloride
(250 mg/L) are all secondary drinking water limits, which are unenforceable federal guidelines
regarding taste, odor, color and other non-aesthetic effects of drinking water (EPA, 1996). As such,
there are no human health concerns associated with these secondary MCLs. Individual analyses for
each well are in Appendix 1.

Tables 2-4 also compare the data from each of the areas to that of older data from three USGS
reports, respectively: Klein et al. (1950), Bedinger and Reed (1961) and Westerfield (1977). The
mean values for each of the data sets are remarkably similar including the data from the 1950 report
by Klein et al., which reported on data from samples collected dominantly throughout 1949. Most
of the samples collected for the 1961 report by Bedinger and Reed werc collected during 1952.
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Table 2. Statistics for sclected parameters for Area I wells.

! Data from 1996 nempoint sources assessment wells (77 wells).

! Data from Klein et al.. 1950 (32 wells).

Table 3. Statistics for selected parameters for Area IT wells.

26.0 41.1 304
11 32 181 188 56 62
2.1 1 145 172 37 38
151 53 533 561 299 331
184 123 707 682 433 464

! Data Irom 1996 nonpoint sources assessment wells:

* Data from Bedinger and Reed, 1961 (58 wells for Fe, 11ICO,,

80, and Cl; 13 wels for Ca and Mg; 10 wells for TDS; 7 wells for Na).




Table 4. Statistics for selected parameters for Area III wells.

! Data from 1996 nonpoint sources assessment wells (77 wells),
2 Data from Westerfield, 1977 (7 wells).

Another point of interest is that average chloride concentrations virtually have not changed since
1952 in the high chloride areas of Desha county. Elevated chlorides were documented in several
places in Desha county and a chloride isoconcentration map was developed from the 1952 data set
and is presented in Figure 3. Figure 4 depicts an isoconcentration map developed from data
collected for the present study. The areas of high chloride concentrations are similar between both
maps and suggest that individual well-water chloride concentrations, similar to that of the average
chloride concentrations, have changed little since 1952.

RESULTS OF PESTICIDE ANALYSES

Monitoring for pesticides in ground water is both a challenging and expensive exercise. There are
numerous pesticides and pesticide combinations used for control of weeds, fungi and insects.
However, insecticide and fungicide use pale in comparison to herbicide use in Arkansas. Herbicides
are used previous to and throughout the growing season as preemergents, weed conirol during the
plant cycle, and defoliants prior to harvest. Because of the numerous pesticides used in the state and
the exorbitant cost of pesticide analyses, the primary focus of most monitoring plans is on high-use
pesticides and those pesticides with a medium to high potential for being transported to the ground
water table. One of the objectives of the investigation was to compare the analyses to both pesticide
- use figures and chemical characteristics in order to evaluate current monitoring practices and modify
future practices if required.
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Table 5 lists some of the major pesticides used in the state according to the number of acres
receiving pesticide application. Because figures for actual use are not kept and/or reported by the
farmer, the figures listed in Table 5 are interpolated from three separate studies by the Arkansas
Cooperative Extension Service (Spradley, 1991; Spradley, 1992; Johnson and Meyers, 1997). These
studies represent a compilation of questionnaire results from participating farmers across the state.
As such, the figures should not be interpreted as representing the actual use of any one pesticide,
although they provide a good estimate of the more frequently-used pesticides.

Table 6 provides an index of chemical properties and an associated range of values that are used to
assess the leaching potential of pesticides. The table was developed by the EPA and represents the
range of values for the frequently detected pesticides in the EPA data base up to 1985 (EPA, 1986).
Although there are several chemical characteristics that promote or retard the leaching potential of
a pesticide including solubility, adsorption, mineralization and microbial degradation, the most
important characleristic is probably the solubility of a pesticide. Low-solubility pesticides are not
commonly detected in ground water except under special conditions such as an unusually shallow
water table, preferred pathways including clay fractures and root zones, and through facilitated
transport mechanisms. Also, in most cases low solubility is associated with high adsorption values,
which further limits the migration potential of a pesticide.

Table 7 lists some of the more important chemical characteristics affecting leaching potential for the
major-usc pesticides in Arkansas. Adsorption is represented by the organic carbon partition
coefficient (Koc), which is a measure of the tendency of the pesticide to adsorb onto soil organic
carbon. The table also cites a leaching potential for each of the pesticides based on three
characteristics: solubility, Koc and field half-life (1,,). The leaching potential is provided as a means
of cstimating the effects of the chemical characteristics on the migration potential of the pesticide
and should not be interpreted as a quantitative or exact value. It is the author’s opinion that too
much weight is given in many cases to the t,,, value in assessing leaching potential. For instance,
bentazon is the most frequently detected pesticide in ground water in Arkansas. Bentazon has an
effectively infinite solubility in water (2.3 kg/L) and a relatively low organic carbon partition
cocfficient of 35 mL/g, which would indicate a high leaching potential; however, bentazon is rated
as a medium-potential leaching pesticide based on at,,, of 10 days. Although a low t,,, value is an
important characteristic in protecting ground water by destruction of the chemical prior to large-scale
migration, field half-lives are based largely on photodegradation and microbial destruction, which
are processes that are most effective at the land surface. Once dissolved and leached into the
subsurface, field-determined half lives are no longer applicable and the pesticide can remain stable
for several months or years, although the half life may be in days. In spite of these considerations,
however, the qualitative predictions are very useful to the pesticide investigator. Pesticides termed
as low leaching-potential pesticides are rarely present in ground water; however, the medium to high
potential leachers are commonly present depending on use and site characteristics.

As stated above, there is an inverse correlation between solubility and Koc; as solubility increases,
Koc decreases. However, there are exceptions as noted in four of the pesticides listed in Table 7:
glyphosate, MSMA, paraquat and ethephon, with reported solubilities of 1,000,000 mg/L and Koc
values of 10,000 mL/g. These pesticides, although very soluble in water, are retarded by
mechanisms other than adsorption to the organic carbon content of soil. They either interact with

11



Table 5.

Most frequently used pesticides in Arkansas

Teiclopy
Iprodione

Acetachlor
Dimethenamid

Lactofen

Methyl Parathion

1241000

982800

361800

294800

187600

159800

80400

1907900 |
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Table 6. Chemical characteristics of pesticides indicating leaching potential.

Adapted from U.S. Environmental Protection Agency (1986)

iron, which is common to most soils, or react with clay mincrals in such a way as to retard leaching
and, as such, have a leaching potential listed as “small.” Apparently, for sake of consistency, the
researchers replaced a bulk K; value with a high Koc to indicate the high retardation factor
associated with the pesticides.

Table 7 also suggests that where the runoft potential is high, the leaching potential is often low.
Conversely, where the leaching potential is high, the runoff potential is low. Ilighly sorptive
pesticides are generally immobile because of their strong binding characteristics with solids and
generally have low solubility values. As such, these pesticides would not be expected to be
transported to either surface or subsurface waters. However, the insoluble pesticides commonly are
present in surface water bodies as a result of movement with eroded sediment through a process
known as facilitated transport. The pesticides are attached to suspended sediment in the water and
unfiltered surface water samples commonly demonstrate positive pesticide detections. For pesticides
which are highly soluble and would be expected to occur in all phases of the hydrologic system, an
inverse relationship exists; surface waters are generally void of positive detections but ground-water
systems commonly exhibit positive detections. Although photodegradation is more active in surface
water bodies than on the land surface, another phenomena largely accounts for the discrepancy in
positive detections in both water systems. It has been demonstrated with conservative tracers, such
as bromide, that directly following a rainfall event, the tracer infiltrates the soil zone in the early
phase of the rain event. By the time runoff occurs the tracer has largely been loss to migration into
the soil zone with little available for transport by runoff water, Similarly, soluble pesticides often
are leached to the subsurface betore the occurrence of runoff and are not available for transport to
surface water bodies (Wauchope, 1996).

13



Table 7. Chemical characteristics of major use pesticides

Prometrvn o
Bro:moxyml s
Meth\«i Pamrh:ou

Fomesafen. -
Acifluorfen

Givphosawe
MSMA

Paraquat:
Fthephﬂn_ o

154000

o roneon0

1000000

“Smalt i

Small

Mcdlum

Ldl'é 2

*adaptcd from W auchope 1988
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Table 8 lists samples with positive pesticide detections for the present study. A comparison of the
available chemical characteristics for the pesticides in Table 8 to the ranges denoting a potential
leacher (Table 6) reveals that all of the solubility concentrations except for trifluralin exceed the 30
mg/L concentration denoting a potential leacher; the range of Koc values fall below 300 mL/g except
for prometryn and trifluralin, which have Koc values of 614 and 1400 mL/g, respectively; and the
half-life values range from 10-60 days with three of the pesticides below the “>3-wecks” value cited
as contributing to leaching potential. Because the best correlation of detected pesticides is with
solubility, solubility is considered the most important factor in the potential for ground-water
contamination as a result of pesticide leaching. All of the detected pesticides are listed in Table 7
as having a medium to large potential for leaching, except for prometryn and trifluralin, which have
a small leaching potential. The low leaching potential for prometryn probably is based on the high
Koc value, although this propensity for binding to soils is greater in soils with high clay and organic
matter content (EPA, 1983), and available data indicales that prometryn is mobile in sandy soils and
moderately mobile in sandy loams (EPA, 1987).

The most frequently detected pesticide for the present study was bentazon (14 detections) followed
by molinate (7) and metolachlor (3). Figure 5 lists the pesticide detections by the number of
detections and the percentage of the total detections for each of the pesticides. Bentazon far
exceeded any other pesticide detection and accounted for approximately 37% of the total detections.
This information correlates closely with the data gathered by the AWRC (Nichols et al., 1996 ),
which listed bentazon as the most frequently detected pesticide; accounting for 10 of the 23 (43%)
detections through 1996. Table 9 compares pesticide data from three sources: the Department, the
AWRC and the USGS. The USGS data were generated from a project conducted from 1991-1993
which included sampling and re-sampling of 27 wells in various counties in the Coastal Plain area
of the state; the AWRC data are from of an ongoing pesticidc monitoring program begun in 1992
and includes 231 wells through the 1996 sampling period; and the Department data are from the
present study results. The data vary widely in the type of pesticides monitored and detected by each
organization and in the total percentage of detections. Individual detections and the resulting
percentage of total detections are dependent on the methodology, instrumentation, and reporting
criteria of each agency and strict interpretation of the differences should be avoided. Consideration
of these differences have been incorporated into recent agendas on the part of participating agencies
and future objectives include evaluating and standardizing certain elements of the analytical and
reporting mechanisms.

Figures 6 and 7 depict graphs of solubility versus sorption for some of the major-use pesticides in
Arkansas. Figure 6 denotes which pesticides were detected in ground water, whereas Figure 7
depicts the pesticides detected in surface water. The surface water data were penerated from samples
collected by Depariment personnel from 1993-1996, and the ground water data werc extracted from
the totals provided in Table 9. Using the qualitative models proposed in Table 6 and Table 7. the
pesticides in the center of the graph dominantly are medium-potential leachers; those in the far left
corner below the 10 mg/L solubility line and above the 1000 mlL/g line are dominantly small-
potential leachers; and those to the right of the 1000 mg/L linc and below the 300 mL/g line are
dominantly high-potential leachers.

15
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Table 9. Pesticide detections in ground water from major sources™

* Detections include multiple hits at some wells; as such, detections outnumber # of wells w/ detections. Table includes only pesticides with
two or mote total detections.

[t is interesting to note that the pesticides in the center of the Figures 6 and 7 were detected in both
surface and subsurface waters; those in the upper left-hand corner (pendimethalin, chlorpyrifos, and
trifluralin) were detected only in surface waters; and the pesticides in the far right-hand corner
{bentazon and acifluorfen) were detected only in ground water. This observation supports the
preceding discussion concerning the detection of the highly-sorptive, low-solubility pesticides in
surface water only; whereas, the high-solubility pesticides are found in ground water, but generally
not detected in surface water. The findings also suggest that further investigations may be needed
for determining the flux of pesticides into the water and sediment phases of surface water bodies in
Arkansas,

The most frequently detected pesticides for the present study, bentazon (14), molinate (7) and
metolachlor (3), all have solubilities greater than 500 mg/. and Koc values less than 200 mL/g.
Also, all pesticide detections for the present study and pesticide detections for the combined studies
(Table 9) were pesticides in the top 20 of the most frequently used pesticides (Table 5). Four of the
seven most frequently-used pesticides from Table 5, including tribufos (3rd), propanil (5th},
pendimethalin (6th) and MSMA (7th), were not detected in any of the studies and are all “low-
potential” leachers according to Table 7. This finding suggests that the chemical and physical
properties of pesticides far exceeds pesticide use as the overall controlling factor for the migration

20



of pesticides to ground water. However, pesticide use and patterns of use seem to play an important
role in the occurrence of pesticides in ground water. Figures 8 and 9 denote the locations of
sampling sites with associated bentazon detections and molinate detections, respectively, and also
the 1996 number of acres of harvested soybeans and rice, respectively . Because molinate is used
on rice, whereas bentazon is used dominantly on soybeans, a clear pattern of occurrence of
detections versus use is evident from the figures. For example, Phillips County produced almost the
combined total of soybeans harvested in Jefferson and Desha counties and also had seven detections
of bentazon; the combined total detections for Jefferson and Desha counties. However, both
Jefferson and Desha counties produced twice the rice harvested in Phillips county and had a
combined total of seven detections for molinate; whercas, no molinate was detected in Phillips
County. This relationship indicates the need for gathering information concerning dominant crops
near pesticide sampling locations and also provides an additional cause for the diversity of results
from various agencies by introducing another important variable in addition to analytical and
reporting criteria.

In summary, pesticides were detected in ground water at percentages ranging from 6 to 33% of the
sites sampled by the various investigators. Pesticides werce detected at 24 of the 77 (31%) sites
sampled for the present study. The most pesticides detected at any one well was 4 pesticides at
NSGWJF08. The chemical and physical properties of pesticides strongly control the migration
potential and transport to the ground water table. Highly soluble pesticides were found by all
investigators in ground water but not in the surface water bodies; whereas, the low-soluble, highly-
sorptive pesticides were not detected in ground water, but frequently detected in surface water.
Moderately soluble pesticides are found in both water sources. A relationship was established
between the harvested acres of rice and soybeans and the total detections for molinate and bentazon,
respectively. |

GEOCHEMISTRY OF ALLUVIAL AQUIFER IN STUDY AREA

As stated above, the water in all study areas is a calcium-bicarbonate type with varying
concentrations of sodium, chloride, sulfate and magnesium as other major contributors to the TDS.
Least-squares linear regression analyses was applied to the data using QuattroPro in order to
compare the relationships between various chemical parameters. This analysis method tests the
variance between a set of independent and dependent variables. The r-squared value explains the
variation within the linear model, and, as such, represents the reliability of the regression with a
value between zero and unity. The linear relationship is more reliable as the r-squared value
approaches unity,

The charge balance of the ground water parameters is evident from Figure 10, which displays the
closc correlation between the cations and anjons. In view of this relationship, a close correlation
should exist between the individual 1on-pairs, where there is a singular source rock for the dissolved
ions and a lack of reactions between the ions in solution and the material through which the water
flows. Calcium and bicarbonate ions are commonly detrived from the dissolution of calcium
carbonate rocks and the sodium and chloride is in most cascs from the dissolution of halite.
However, inspection of the graphical relationship between both ion pairs (Figures 11 and 12),
although depicting a strongly positive relationship, have relatively low 1* values.
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Figure 8. Detections of bentazon as related to soybean production.
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Figure 9. Detections of molinate as related to rice production.
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Cations vs. Anions

Cations (meg/L)

2 4 - 6 8 10 12 14
Anions {meq/L)

Figure 10. Relationship of Total Cations (meq/L) to Total Anions (meq/L}. Goodness of Fit is
Represented by Rsquared Value from Regression Analyses.

Calcium + Magnesium versus Bicarbonate

12 T g T

Calcium + Magnesium (meq/L)

2 4 6 8 10 12 14
Bicarbonate (meq/L as CaCOQ3)

Figure 11. Relationship Between Calcium and Magnesium (meq/L} to Bicarbonate (meqg/L).
Goodness of Fit is Represented by the Rsquared Value from Regression Analyses.
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Sodium versus Chloride

80 -

3

% g

)

&

2 g0k
Q

7]

0 , : .
0 50 100 150 200

Chloride (mg/L)

Figure I2. Linear relationship between sodium (mg/L} and chloride {mg/L). Goodness of fit is
represented by 2, which was calculated by linear regression analysis.

The fact that individual relationships between the major ion pairs did not exhibit a high level of
correlation suggests that there are additional mineral sources and/or chemical reactions which result
in a change to the overall chemistry of the study area ground water. lon exchange processes can
account for an increase of some ions at the expense of other ions. The dominant cation exchange
process within most soils and unconsolidated sediments is the exchange of calcium for sodium,
especially within clay minerals. In addition, sulfate concentrations ranged upwards to 174 mg/L,
which suggests that some of the calcium may be derived from the dissolution of gypsum. In order
to test the influence of sources of calcium other than calcium carbonate and the influence of cation
exchange, several relationships were investigated.

Figure 13 depicts the relationship of calcium and magnesium divided by bicarbonate versus sulfate
concentrations. The dissolution of calcium carbonate should yield calcium plus magnesium
concentrations equal to that of bicarbonate concentrations in meq/L; i.c., a ratio of one. Two
phenomena are noted from inspection of Figure 13. First, ratios greater than one, which indicate an
enrichment of calcium and/or magnesium, correlate to an increase in sulfate concentrations. The
increase in sulfate with corresponding increases in calcium suggests that gypsum is most likely
contributing substantial amounts of calcium to the ground water. This theory was further
investigated by plotting calcium plus magnesium versus bicarbonate plus sulfate (Figure 14). The
r-squared value improved from 0.72 (Figure 11) to 0.86, which supports the theory that gypsum is
contributing substantially to the enrichment of calcium. Secondly, ratios less than one extend to the
left past the x=0.5 line on Figure 13, which denotes a concentration of calcium and magnesium at
50% of the bicarbonate concentration, and suggests that cation exchange processes are contributing
1o the depletion of calcium. '
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Ca/HCO3 Versus Sulfate
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Figure 13. Linear relationship of calcium and magnesium (meg/L) divided by bicarbonate
{megq/L.) to sulfate (meq/L). Increase of sulfate to the right of x=1 indicates potential contribution
of calcium by dissolution of gypsum.

Ca + Mg versus HCO3 + SO4

Calcium + Magnesium (meq/L)

2 4 & 8 10 12 14
Bicarbonate + Sulfate (meq/L)

Figure 14. Linear relationship of bicarbonate plus sulfate (meg/L) to calcium plus bicarbonate
(meq/L). Goodness of fit is represented by 1°, which was calculated by regresssion analyses.
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The potential for cation exchange as a cause of calcium depletion was tested by plotting the ratio of
calcium plus magnesium divided by bicarbonate plus sulfate to the ratio of sodium divided by
chloride (Figure 15). The ratio involving calcium should equal 1.0 in the case of dissolution of
limestone and gypsum and in the absence of chemical reactions along the ground-water flow path.
It 1s interesting o note that at the point of x=1 for the relationship involving calcium, the sodium to
chloridc ratio is also approximately one (y=1). Extending 15 % in either direction does not result
in a substantial change in the sodium to chloride ratio; however, an increase is noted moving left in
the area of x=0.85 and large increases begin at x=0.75. It is evident from the graph that cation
exchange is affecting the chemistry in many of the well-water samples, resulting in an increase in
sodium at the expense of calcium. Figure 16 is the same graph as Figure 15 with the addition of
study area locations and demonstrates that most of the wells to the left of the x=0.75 line are wells
located in Area III. This relationship suggests that cation exchange processes are more active in
Arca III. It 1s possible that the water in Area IIT has chemically evolved to a greater degree as a
result of an increased resident time in the aquifer. Another possibility is an increase in the amount
of clay minerals in the soils or aquifer in Area III. In either case, the difference in the water
chemistry of Area III to that of Areas I and LI, which is noted in the Piper diagram and review of
Tables 2 through 4, is further demonstrated by the relationship depicted in Figure 16. To lest the
theory of cation exchange, an exercise similar to the one used in Figure 14 for testing gypsum as an
additional source of calcium was employed by plotting calcium plus magnesium plus sodium versus
bicarbonate plus chloride (Figure 17). Again, the r-squared value has improved demonstrating the
effect of cation exchange on calcium concentration.

Figures 14 and 17 show that depletion of calcium through cation exchange and enrichment of
calcium through dissolution of gypsum both impact calcium concentrations to a similar degree
(r’=0.83 and r’=0.86, respectively). Plotting the total cations and anions from both graphs results
in the relationship depicted in Figure 18. Because iron and potassium, both present in smaller
quantities, are the only other cations missing, and bicarbonate, chioride and sulfatc are the only
major anions, the graph results in an r-squared value similar to that of Figure 10 for total cations
versus anions. All of the multiple-ion graphs merely provide a convenient methodology for
assessing the chemical evolution of the ground water within the study areas.

Precision and Accuracy of Water Quality Data

A quality-control program for checking the preciston of the laboratory and field analyses was applied
to the data for the present study. The data were entered into a spreadsheet program developed by
Department personnel according to procedures set forth in Section 1030 of Standard Mecthods for
the Examination of Water and Wastewater, 18th Edition (APHA, 1992). The procedures outlined
in Standard Methods require analysis of the major cations and anions contributing to the TDS and
uses this information to develop the following ratios: anion-cation balancc, measured TDS versus
calculated TDS, measured conductance versus calculated conductance, measured conductance versus
ion sums, calculated TDS to conductance, and measured TDS to conductance. The procedures
outline methods for calculating TDS and conductance and also cite a recommended ranges of values
for the above-outlined ratios, which indicate correctness of analyses.
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Ca + Mg/(HCO3 + SO4) versus Na/Cl
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Figure 15. Linear relationship of caleium plus magnesium divided by bicarbonate and sulfate to
sodium dived by chloride. Increase in the sodium to chloride ratio is interpreted as an increase in
sodium with the depletion of calcium through cation exchange processes.

Ca + Mg/(HCO3 + S0O4) versus Na/Cl
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Figure 16. Same relationship as expressed in Figure 15. Symbols have been added to indicate
the area represented by each of the sample locations. Area I wells are represented by solid circles;
Area II wells by squares; and Area I1I wells by open circles.
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Ca + Mg + Na versus HCO3 + ClI
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Figure 17. Linear relationship of calcium plus magnesium plus sodium to bicarbonate plus
chloride in meq/L. Goodness of {it is represented by r*, which was calculate by regression
analyses.

Ca + Mg + Na versus HCO3 + Cl + SO4
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Figure 18, Linear relationship of calcium plus magnesium and sodium to bicarbonate plus

chloride and sulfate (tmeg/L). Goodness of fit is represented by 1?, which was calculated by
regression analysis.
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Statistical results from the spreadsheet program are in Appendix Il and a summary of the results is
provided in Table 10. The ratios most applicable to checking analytical accuracy are those involving
the measured (residue weight) to calculated TDS ratios and the cation to anion ratios. The other
ratios involving conductance are dependent on the accuracy of the field measurements and do not
serve as a direct indicator of laboratory accuracy and precision; however, the ratios do provide an
excellent means of identifying and/or confirming which analytes are in error as identified by other
means.

A review of the ratios of measured to calculated TDS demonstrates that all values were within the
recommended range with the exception of three sites: JFO4, JF14 and PHO7. The excellent
correlation between the measured and calculated TDS is graphically displayed in F igure 19, which
reveals an r-squarcd value of 0.98. Because of this relationship and the fact that waters with
moderate TDS concentrations (250-1000 mg/L) arc clectrically neutral, it follows that the
cation/anion ratio should also have a close relationship. Howcver, the ratios of total cations (meg/L)
to anions (meq/L) display a wider deviation from the accepted ranges (Table 10) than that of the
relationship of the TDS values, although the r-squared value of 0.94 for the regression analysis
performed on cations versus anions (sec Figure 10) demonstrates a very good linear relationship
between the two variables. The largest percentage error for the cation/anion ratios are for sites JF04
and PHO7, which also display the largest deviation from the measured to calculated TDS ratios.
Inspection of both the data and graphs such as Figures 19 and 10 can be used to determine which
samples and which ion pairs are unbalanced, but does not indicate which value is in error. For
instance, inspection of the data for JF04 reveals that milliequivalent concentrations of calcium and
magnesium are approximately equal to sulfate and bicarbonate, whereas sodium (3.1 meg/L) is 3
times higher than chloride (0.86 meq/L), although it is not evident which value is in crror.

To determine which analyte values were in error, a combination of techniques was applied including
a review of the data and an inspection of graphs for cations versus conductance and anions versus
conductance (figures 20 and 21, respectively). The total milliequivalents per liter for cither cations
or anions multiplied by 100 agrees closely with conductance in microSiemens per centimeter (Hem,
1989; APHA, 1992). The graphs can assist in determining whether the cations or anions are low and
used in combination with the analytical results often can isolate an individual analyte that might be
in error, For instance, an inspection of Figure 20 shows that JF04 falls very close to the best-fit line
for cations versus conductance; whereas, Figure 21 shows that JF04 falls far below the line
indicating that the anions are too low or the conductance is too high. Because both graphs have the
same value for conductance and the TDS/Conductance ratio (column 2, Table 10) is within the
accepted range, it can be assumed that the conductance values are reasonable and the anions arc too
low. With the information provided in the previous paragraph, the chloride value is probably
suspect. The same technique can be used without the aid of the graphs by simply inspecting the
ratios for both cations and anions versus conductance (Table 10). These ratios for JF04 were 0.96
for cations versus conductance and .74 for anions versus conductance. The latter value falls outside
the accepted range of 0.9 to 1.1 and suggests that there is an error in the anion values and also that
the anions are low with respect to the ratio.
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Location

ARO1 0.97 08 0.63 0.49 1.18 0.87 0.89
ARO2 0.99 0.82 0.64 0.52 0.88 0.89 0.88
ARO3 1.02 0.84 0.62 0.53 2.38 0.92 0.88
JFQ1 0.99 0.85 06 0.5 3.63 1 0.93
JF02 1.04 0.83 0.66 0.57 3.79 0.87 0.94
JFO3 1.01 0.81 0.61 05 0.14 0.9 0.9
JF04 1.14 0.72 0.63 0.52 12.73 0.96 0.74
JFO5 0.98 0.82 062 0.5 2.31 0.88 0.92
JFQ7 0.99 0.81 0.65 0.52 0.24 0.98 0.98
LNO1 1 0.82 063 0.52 0.41 0.91 0.92
LNO2 1 0.81 0.64 0.52 2.06 0.9 0.94
LNO3 1 0.75 0.65 0.48 3.4 0.86 0.92
JFQ5 0.99 0.83 0.62 0.51 1.88 0.89 0.92
JF08 0.99 0.81 0.73 0.58 4.63 0.84 0.82
JFO9 0.97 0.75 0.76 0.56 10.67 0.77 0.95
JF10 1 0.8 0.63 0.5 0.65 0.94 0.93
JF11 0.97 0.84 0.64 0.52 2.37 0.94 0.99
JF12 T 0.82 0.63 0.51 0.85 1 0.98
JF13 1 0.82 0.62 0.51 0 0.94 0.94
JF14 0.88 0.85 0.68 0.5 7.11 1 0.86
JF15 0.9 0.84 0.66 0.5 3.61 0.93 0.87
JF16 0.99 0.85 0.63 0.53 1.11 1.01 0.99
JF17 0.98 0.88 0.64 0.55 0.2 0.96 0.95
JF18 0.97 0.84 0.63 0.5 1.63 0.92 0.95
LNO4 1 0.81 0.64 0.52 517 0.89 0.99
LNO5 1.03 0.8 0.64 0.53 4.19 0.85 0.93
LNOB 0.97 0.83 0.64 0.52 5 0.96 1.06
DEO1 1.03 0.83 0.62 0.53 263 0.92 0.97
DEG2 0.97 0.9 0.65 0.57 6.71 0.92 1.05
DEQ3 1 0.86 0.65 0.56 3.39 0.95 1.02
DEO04 1 0.85 0.64 0.54 5.08 0.9 1

DED5 1 0.84 0.65 0.55 3.25 0.91 0.97
DEO6 1 0.87 0.62 0.54 4.18 0.91 1

DEG7 1 0.84 0.64 0.53 5.38 0.86 0.96
LNO7 0.98 0.78 0.71 0.53 1.29 0.83 0.85
DEC8 0.99 0.75 0.69 0.5 2.25 0.81 0.84
DEQ9 1 077 0.65 0.5 3.41 0.86 0.92
DE10 1 0.87 0.66 0.57 3.73 0.9 0.97
DE11 1.02 0.87 0.63 0.56 3.98 0.9 0.98
DE12 1 0.81 0.66 0.55 5.44 0.84 0.94
DE13 1 0.82 0.65 0.53 4.72 0.89 0.98
DE14 1.04 08 0.63 0.52 7.15 0.81 0.93
DE15 0.99 0.84 0.65 0.55 5.02 0.92 1.01




Table 10. Statistical results of precision control analyses of laboratory data.

Location

DRO1 . .

JF19 0.56 3.46 0.95 1.02
DE20 0.59 3.04 0.96 1.02
DE21 0.62 3.56 0.85 1.02
PHO1 0.58 1.16 1.04 1.06
PHO2 0.58 2.23 1.04 1
PHO3 0.55 (.18 1.04 1.04
PHO4 0.54 2.49 1 1.05
PHD5 0.58 1.51 1 1.04
PHOB 0.51 1.79 0.96 1
PHO7 0.6 11.76 1.09 0.86
PHOB 0.58 1.78 1.05 1.09
PHO9 0.56 2.31 1.08 1.13
PH10 0.56 1.75 1 1.04
PH11 0.63 4.582 1.03 1.14
PH12 0.58 364 1 1.08
PH13 086 0.65 1.04 1.05
PH14 0.62 217 1.04 1.08
PH15 0.57 7 0.99 1.14
PH16 0.63 1.97 1.07 1.18
PH17 0.5 5.53 Q.88 0.98
PH18 0.56 7.05 0.92 1.06
PH19 0.57 3.78 0.98 1.05
PHZ20 0.59 0.39 1.15 1.16
PH21 D.58 0.53 1.13 1.1
PH22 0.58 1.24 11 1.13
PH23 0.57 1.29 1.08 1.1
PH24 0.6 0.96 1.15 1.13
PH25 0.61 0.46 1.15 1.14
PH28 0.62 0.42 1.2 1.19
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TDS versus TDS (Calculated)
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Figure 19. Linear relationship between TDS as measured in the laboratory (weighted residue) to
calculated TDS (sum of the individual parameters). Goodness of fit represented by r?, which was
calculated by regression analysis.

Cations vs. Conductance

Cations (meq/L)

200 400 600 800 1000 1200 1400

Conductance (uS/cm)

Figure 20. Linear relationship of total cations (meg/L) to conductance (xS/cm). Goodness of fit
is represented by r?, which was calculated by regression analysis. .
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Anions vs. Conductance

B..

Anions (meq/L)

200 400 600 800 1000 1200 1400

Conductance (uS/cm)

Figure 21. Linear relationship of total anions {meg/L) to conductance (@S8/cm). Goodness of fit
is represented by r?, which was calculated by regression analysis.

The methodology described above was applied to eight samples with cation/anion ratios = 7 and the
results are presented in Table 11. The difference in milliequivalent concentrations of major ion pairs
will indicate which pair deviates the most from unity. The anions or cations versus conductance can
then be used to isolate which ion is in error. The anions and cations versus conductance ratios were
effective in potentially identifying seven cases where either the anion and/or cation value was in
error (high or low), and, in conjunction with the inspection of individual ion pairs from the data,
demonstrated which analyte was in error. The method was less effective in the case where both the
cations and anions versus conductance varied from a ratio of unity by the same degree. Potential
uses for this method, in addition to identifying possible laboratory errors, is the ability to identify
one or two parameters for re-analysis instead of re-analyzing the sample for the entire suite of
analytes. : '

The ratios involving measured versus calculated conductance and measured TDS versus measured
conductance (Tablc 10) demonstrate that measured conductance values were consistently low. This
is supported by the fact that measured TDS to calculated conductance values were consistently
within the accepted range. Subsequent calibration checks indicated that the conductivity meter was
providing low values in reference to the laboratory standard solutions used to calibrate the
mstrument. l'igures 22 and 23 reveal that the error was consistent between all sampling sites, as
demonstrated by the high r-squared values and close fit of the data points to the best-fit line.
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Measured vs Calculated Conductance
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Figure 22. Linear relationship of calculated conductance to field-measured conductance (1S/cm).
Goodness of fit represented by r’, which was calculated from regression analysis,

TDS versus Conductance
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Conductance (uS/cm)

Figure 23. Linear relationship of measured TDS (mg/lL.) lo measured conductance (18/cm},
Goodness of fit represented by r*, which was calculated by regression analysis.
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SUMMARY AND CONCLUSIONS

A total of 77 wells, all of which were completed in the Mississippi Alluvial Aquifer, were sampled
between July 29 and September 23, 1996, in areas within and surrounding Jefferson, Phillips and
Desha Counties. Water quality analyses reveal the water 1o be of very good quality with the
exception of high iron concentrations, which ranged from 0.75 to 70.5 mg/L in all of the samples.
Areas of elevated chloride were noted in portions of Desha and Jefferson Counties, although all
chloride concentrations were below the secondary MCL of 250 mg/L for chloride. Areas of elevated
chloride concentrations in Desha County are similar to those first documented over 47 years ago in
this area. '

Pesticides were detected at 24 of the 77 sites. Pesticide concentrations ranged from 0.007 to 0.609
1g/L and were below EPA-established MCLs and HALS for all of the detected pesticides. Bentazon
was the most frequently-detected pesticide and was detected at 14 of the 24 sites with pesticide
detections. The high solubility of bentazon apparently increases the potential for migration to the
ground-water table.

Comparisons of pesticides detected in ground water and those detected in surface water revealed two
interesting phenomena. First, high-solubility, low-adsorption pesticides were frequently detected
in ground water but not in surface water. Secondly, low-solubility, highly sorptive pesticides were
detected with a high frequency in surface water, whereas there were no detections in any of the
ground water samples. Medium solubility and medium adsorption pesticides were found in both
surface and ground waters. Transport of highly sorptive pesticides to surface water is facilitated by
movement with eroded sediment, and unfiltered surface water samples commonly revealed positive
detections for these pesticides. The absence of detections of highly soluble pesticides in surface
water may be explained by rapid subsurface infiltration of the pesticides during the early stages of
arainfall event, leaving little available for transport by runoff water, and by the greater suseptability
of pesticides in surface water to photolysis.

Comparison of the pesticide analyses for the present study with analyses performed by both the
AWRC and the USGS demonstrate a wide variation of the types of pesticides detected and the
frequency (percentage) of overall detections. All three agencies are currently engaged in a series of
meetings, which aim to standardize, where possible, a uniform list of pesticides, analytical
techniques and reporting criteria. These efforts represent a commitment by all agencies to gather
and report data, which can be compared on a state-wide basis.

Precision of water quality data was analyzed using various ratios involving TDS, conductance, total
cations (meq/L) and total anions (meq/L). Overall precision was very good for the data, and efforts
associated with the QA/QC process have resulted in the laboratory adopting the procedure for
analyses checks prior to releasing the data to Department personnel,
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