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ABSTRACT 
An urban city can influence the aqueous geochemistry of the local streams and rivers.  The City 
of Jonesboro, the largest city in northeast Arkansas, is a growing urban center surrounded by 
agriculture.  Runoff from agriculturally dominated lands and industries can adversely impact 
local waterways through higher nutrient and metal inputs.  We compared two local waterways, 
Big Creek and Lost Creek, as they were the largest creeks flowing through Craighead County 
and the City of Jonesboro, respectively.  To measure the effects of an urban center on stream 
geochemistry, samples were collected from Big Creek (reference creek) and Lost Creek and 
were analyzed for: major ions, selected heavy metals, and trace metal toxicity during low flow 
and high flow.  Even though Lost Creek is considered to be a tributary of Big Creek, a mass 
balance calculation determined that Big Creek is comprised of 63-73% of Lost Creek water.  
The EPA impairment designation for Lost Creek for toxic levels of copper, lead, and zinc 
persists after Big Creek and Lost Creek merge; however, as indicated by the calculated trace 
metal toxicity, several sites that show toxic levels are not covered in the impairment listing.  
 
 
INTRODUCTION 

The industrial practices of an urban 
area can affect the aqueous geochemistry 
of community waterways. The City of 
Jonesboro, Craighead County, is the largest 
city in northeast Arkansas and the fifth most 
populous city in the state with a recorded 
population of 55,515 in 2000 (US Census 
Bureau 2008).  Jonesboro is a growing 
metropolitan area with a majority of its 
industries located within the city limits that 
could contribute to contamination of local 
waterways.  Industries located within the 
city of Jonesboro include, but are not limited 
to: food processing, electric equipment, 
sewer system, fertilizers, and fabricated 
metals products (US EPA Envirofacts 
2008).  Small agricultural communities (rice, 
cotton, and poultry) surround the City of 
Jonesboro.  Craighead County and its 
neighboring counties have total farm land-
use percentages ranging from 70% to 82% 
(Tables 1 and 2).  The City of Jonesboro 

has become a regional center for agriculture 
industries and is home to one of the two 
largest rice mills in the world, Riceland 
Foods Inc.   

 

 
Table 1: Farm acreage and percent farm cover of six 
northeast Arkansas counties for the years 1997-2002.  
The counties include Craighead (county of 
Jonesboro) and the five neighboring counties 
(Greene, Poinsett, Jackson, Lawrence, and 
Mississippi) (USDA, National Agricultural Statistics 
Service, 2008). 
 

Previous research indicates that 
there is environmental degradation due to 
anthropogenic activities (Callender 2003; 
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Kelley 1996).  When runoff flows from 
streets and soils, it can pick up 
contaminants such as pesticides, fertilizers, 
and/or trace metals and transport these 
contaminants to local waterways.  These 
non-point and point pollutants from 
croplands and industries negatively impact 
the environment by altering the chemistry of 
the water and sediments that are natural 
habitats to a variety of plants and organisms 
(Andoh 1994; Beasley and Kneale 2002; 
Marsalek et al. 1997).  Dojiri et al. (2003) 
showed that the pollutant runoff introduced 
environmental stressors to the Santa 
Monica Bay watershed; a similar situation 
could exist in smaller watersheds such as 
those found in northeast Arkansas. 

 
 

Table 2: Land use and percent land use for the main 
crops grown by the farms of Craighead 
County for the years 1997-2002 (USDA, 
National Agricultural Statistics Service, 
2008).  The total acreage of Craighead 
County is 454,938. 
 
Waters that receive runoff from 

agriculturally dominated lands have been 
associated with high nutrient concentrations 
that can have negative effects on the 
aquatic ecosystems (Christian et al. 2003).  
Agricultural runoff is not the only source of 
contamination; industrial discharges are 
likely to carry a higher concentration of trace 
metals to the local water systems (Siegel 
2002).  In the environment, low amounts of 
trace metals - such as copper and zinc - can 
also result from common rock-water 
interactions.   

Many metals that are found in the 
industrial discharges are essential to 
biological systems, but are potentially 
dangerous at high concentrations. Table 3 

classifies common heavy metals found in 
water-ways as essential or non essential 
(Siegel 2002).  The Environmental 
Protection Agency (EPA) has set limits on 
these essential and non essential metals in 
water to meet safe drinking standards 
(Table 3).  Large amounts of most metals 
are toxic; therefore, storm water runoff could 
deposit dangerous heavy metals into the 
stream waters.  Sources other than industry 
- such as highway runoff - can also 
contribute to high trace metal discharges 
(Andoh 1994, Kelly et al. 1996, Marsalek et 
al. 1997, Sansalone and Buchberger 1997, 
Siegel 2002). 

 
 

 
 
Table 3: Essential heavy metal micronutrients and 

non-essential heavy metals (Siegel 2002).  
Table also includes the limit concentration 
(mg/L) as set by the Environmental 
Protection Agency (EPA) as safe drinking 
water standards. 

 
Big Creek and Lost Creek were 

selected for this investigation to evaluate 
the impact that the City of Jonesboro has on 
local streams.  Approximately 65% of the 
Lost Creek watershed is located within the 
City of Jonesboro; Big Creek is the 
reference stream in this study as it only has 
4% of its watershed within the city limits.  
The EPA has listed the majority of Lost 
Creek as impaired, because it does not 
meet water quality standards.  Even though 
Big Creek is not listed as impaired prior to 
confluence, Christian et al. (2003) 
determined that the quality of life is lower 
than expected.  The Arkansas Department 
of Environmental Quality listed most of Lost 
Creek as well as Big Creek (after 
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confluence) to have poor water quality or be 
environmentally impaired due to high 
concentrations of lead, copper, and zinc 
based on water hardness.  Copper and zinc 
are essential micronutrients in moderate 
amounts; however, lead is not (Table 3).  
Lead (Pb) has a very low concentration limit 
indicating that minor exposure can be 
detrimental to the ecoysytem.  
Contaminants within Jonesboro’s local 
streams may be transported to places such 
as the Bayou DeView Wildlife Management 
Area downstream.   

 

Figure 1:  Map of the sampling locations, designated 
by the arrows.  The City of Jonesboro is 
designated in tan on the map.  Big and Lost 
creeks have been enhanced for clarity 
(modified from US EPA EnviroMapper). 

  
Overall, this research will assess the 

interactions between Big Creek and Lost 
Creek and evaluate the effects that the City 
of Jonesboro has on the aqueous 
geochemistry of Lost Creek.  Once Lost 
Creek flows through the heavily 
industrialized area of Jonesboro, the Lost 
Creek is listed as impaired by the EPA.  The 
industrial runoff may be transporting higher 
concentrations of trace metals into the creek 

and is the probable source for the metal 
toxicity impairment.  
 
Study Site 

Both Big and Lost Creek originate on 
opposite sides of Crowley’s Ridge, flow 
south-southwest, and confluence outside 
the western city limits of Jonesboro (Figure 
1).  Crowley’s Ridge is an unusual, narrow 
strip of land that runs about 241.4 km 
through southeast Missouri and northeast 
Arkansas with an altitude that ranges from 
76.2 to 152.4 m above the flat lands of the 
Mississippi delta region (Guccione et al. 
1986).  The loess soil (wind-blown silt, sand, 
and clay) of Crowley’s Ridge greatly differs 
from the black alluvial soils (loose, 
unconsolidated soil deposited by a river) 
that are found in the rest of the area 
(Guccione et al. 1986).   
  Figure 1 displays the sampling 
locations on Big Creek and Lost Creek.  Big 
Creek (Figure 1) flows on the western side 
of Crowley’s Ridge.  It runs south-southwest 
along the western edge of Jonesboro and 
through mostly agricultural land; only 4% of 
the Big Creek watershed lies within the City 
of Jonesboro.  Since Big Creek flows mainly 
through agricultural lands, it acts as the 
control for the study.  Big Creek receives 
most of its run-off from rice and soybean 
fields.  On the western edge of the city 
limits, Big Creek and Lost Creek converge 
into a larger Big Creek, which continues 
southerly into the Bayou DeView Wildlife 
Management Area.  There are two sample 
sites located before and after the two creeks 
merge.   

While Big Creek flows on the 
western side of Crowley’s Ridge, Lost Creek 
flows on its eastern side (Figure 1).  As Lost 
Creek flows west-southwest, it goes through 
a heavily industrialized region of Jonesboro.  
Lost Creek receives the majority of its runoff 
from roads and industrial processes.  
Approximately 65% of the Lost Creek 
watershed lies within the City of Jonesboro, 
and the EPA has labeled Lost Creek as an 
impaired stream as it enters this industrial 
region.  After Lost Creek joins with Big 
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Creek, the resulting water mixture becomes 
impaired as well.  
 
SAMPLING AND METHODOLOGY  
 

Grab water samples were collected 
at four different sites of each creek before, 
in, and after the city of Jonesboro (Table 4; 
Figure 1).  At each sampling site 
temperature, conductivity, and pH of the 
stream were recorded.  Sampling was 
accomplished three different times in 2007 
during different stream flow conditions: June 
19-20, July 5, and September 9 (as the 
summer season was ending).  During the 
June sampling, Jonesboro was 
experiencing high heat and little to no 
rainfall resulting in the creeks having very 
low flow.  The National Weather Service 
recorded a 2.54 cm (~1 inch) overall 
increase in precipitation between June and 
July 2007.  During the last sampling trip 
(Sept. 9) creek flow had heavily increased 
due to several rain storms.  The city of 
Jonesboro recorded 5.21 cm from a storm 
the night before sampling and then 1.37 cm 
more rain on the day of sampling according 
to the National Weather Service (Memphis, 
TN). 

 

Table 4:  Sampling information including collection 
date, creek, location (GPS), pH, temperature 
(°C), and conductivity (µS). 

 
To collect water samples for 

alkalinity and anions, 250-mL plastic bottles 
were prepared by washing them with 18 
Mega-Ohm (MΩ) H2O in the laboratory and 
then rinsing with stream water prior to 
collection at each site.  For cations and 
trace metal water samples, nitric-acid-
washed 250 mL plastic bottles were 
prepared in the laboratory.  The bottles 
were filled with 2 N nitric acid and then 
heated in an oven for two days.  The bottles 
were then filled with 18 MΩ H2O and heated 
in an oven overnight.  The bottles were then 
rinsed three times and filled with 18 MΩ 
H2O and left until sample collection.  At 
each site, the bottles were rinsed with 
stream water prior to collection.  All the 
water samples were filtered in the 
laboratory.  After filtering, the cation/trace 
metal samples were acidified with 5 mL of 
16 N nitric acid for preservation until further 
analysis.   

Alkalinity was measured within 24 
hours of field collection by titration at the 
Ecotoxicology Facility at Arkansas State 
University following the American Public 
Health Association (APHA 2005) guidelines.  
The titration required 50 mL of sample to be 
placed into a beaker with a pH probe.  The 
initial pH was recorded and then sulfuric 
acid was titrated until the pH reached ≈4.5.  
The alkalinity was determined to be the 
volume of acid titrated multiplied by 20.   

Major cations (Potassium (K+), 
Sodium (Na+), Magnesium (Mg2+), and 
Calcium (Ca2+)) and anions (Chloride (Cl-), 
Nitrate (NO3

-), Sulfate (SO4
2-), and 

Phosphate (PO4
3-)) were measured by a 

Dionex DX-120 ion Chromatograph (IC) 
according to the established procedures at 
Arkansas State University (Greenberg et 
al.1992).  The cation and anion aqueous 
standards were used to create a five point 
calibration curve.  To distinguish patterns in 
the streams, the cation data (in milli-
equilivalents) were normalized to their 
respective anion data (in milli-equilivalents) 



Journal of Young Investigators        December 2010 
 
5 

to create major ion ratios.  Calcium and 
magnesium concentrations were divided by 
alkalinity value at each site.  The other 
major ion ratios were calculated by dividing 
the sodium and potassium values by 
chlorine.  

Chloride (Cl-), a conservative ion, 
was used accordingly for the concentration 
values in a mass balance equation that was 
calculated in order to determine the 
percentage of each creek that contributed to 
the larger Big Creek when the creeks 
merged.  The percentage of Lost Creek 
present in the combined stream was 
calculated using the following formula:   

 
  

 
  

 
Equation 1: N1= Cl- concentration in the 
main   stream above the tributary (BC-2) 

 N2= tributary Cl- concentration (LC-4) N3= Cl-  

concentration below the confluence of the  
tributary with the main stem (BC-3) 

 
The determined x value, fraction 
contribution of main stream, was then 
multiplied by 100% to get the percent 
contribution of the main stream.  This 
percentage value was subtracted from 100 
to determine percent contribution of each 
tributary.  LC-4 on Lost Creek and BC-2 for 
Big Creek are located just before the two 
creeks join, while BC-3 on Big Creek 
represents a mixture of the two creeks.  
Lost Creek’s contribution to the combined 
stream was determined to be the difference 
between 100% and the percentage of Big 
Creek present. 

Trace metals were measured by the 
Elan 9000 Inductively Coupled Plasma 
Mass Spectrometer (ICP-MS) using the 
established procedures of Water-Rock-Life 
Laboratory at Arkansas State University and 
following EPA method 200.8 (Long et al. 
1991).  The ICP-MS analysis was 
performed using a five point calibration 
standard curve with a focus on copper (Cu), 
lead (Pb), and zinc (Zn).   

Using the standard methods of the 
Arkansas Department of Environmental 
Quality, the chronic and acute levels of 
toxicity were calculated for the water 
samples.  This method determined metal 
toxicity based on water hardness or the 
presence of multivalent cations, primarily 
Ca2+ and Mg2+.  Water hardness is the sum 
of the milliequivalent weights of Ca2+ and 
Mg2+ per liter, which is then converted to 
milligrams of CaCO3 per liter.  The equation 
below was used for hardness determination 
With (Ca2+) and (Mg2+) in mg/L (Faure 
1998): 

Equation 2 
 
 
RESULTS  
 
Major ions 

The values of the major ions 
(Potassium (K+), Sodium (Na+), Magnesium 
(Mg2+), Calcium (Ca2+), Chloride (Cl-), 
Nitrate (NO3

-), Sulfate (SO4
2-), and 

Phosphate (PO4
3-)) are listed in Table 5.  

The ratios, which were calculated as 
described in the methodology section, are 
displayed in Figure 2 and Figure 3.  The 
figures show a distinction between the 
major ion ratios of each sampling trip.   

The major ion values were also used 
to calculate the percentage flow from each 
creek that made up the combined Big Creek 
(Table 6).  A mass balance of chlorine 
concentrations is described in detail in the 
previous section (Equation 1).  During 
Sampling Trip 1 (June), the chlorine 
concentration in the mixture of water was 
dominated by Lost Creek (73%) with the 
remainder from Big Creek (27%).  Chlorine 
values from Sampling Trip 3 (September) 
gave similar results with 63% of the water 
from Lost Creek and 37 % from Big Creek.  
Sampling Trip 2 (July) percentages could 
not be determined because of a sampling 
problem at LC-4 (Lost Creek).   
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                              Table 5:  Concentrations of major ions from Lost Creek and Big Creek. 
 

 
Figure 2:  Major ion ratios in Lost Creek, Craighead 

County, AR for all three sampling dates in 
2007.  

 
 
 

 

Figure 3: Major ion ratios in Big Creek, Craighead 
County, AR for all three sampling dates 2007. 
 
 
  



Journal of Young Investigators        December 2010 
 
2 

 
Table 6:  Numbers used in a mass balance equation 

(Equation 1) to determine the percentage of 
water that comes from each individual creek 
after convergence. 

 
Trace metals 

Copper, zinc and lead are the focus 
trace metals of this study due to the EPA 
impairment listing based on Cu, Zn, and Pb.  
The concentrations (µmol/L) of these three 
metals, as determined by the ICP-MS 
analysis, are listed in Table 7.  The average 
concentrations of each of the metals are 
listed in Table 8.  Figures 4-9 display the 
trace metals for Lost Creek and Big Creek 
during the June, July, and September 
sampling trips. Increases in concentration 
were observed for the three metals during 
the June and July sampling trips after Lost 
Creek flows through the City of Jonesboro 
(Figure 4 and Figure 5).  The increase in 
trace metals through the industrial region 
was not observed during the third trip, most 
likely due to the increased amount of water 
in the creek (Figure 6).  It should be noted 
that the figures are not set to the same 
concentration scales.   

 
Table 7:  Concentrations of copper, zinc, and lead.  

The water samples collected from both 
creeks are listed in the table. 

 
As shown in Figures 8 and 9, a 

dilution of all three metal concentrations 
occurs in Big Creek during the July and 
September sampling trips.  Elevated 
concentrations of copper and zinc 
throughout Big Creek indicate that the 
dilution effect was not seen in the first 
sampling trip (Figure 7).  

 

Table 8: Average concentrations of copper, zinc, and 
lead in µmol/L in each creek from each 
sampling trip in 2007. 

 

Figure 4:  Copper, zinc, and lead concentrations 
(µmol/L) vs. stream length (km).  Samples were 
collected from Lost Creek sample sites during the 
June Sampling Trip. 
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Figure 5: Copper, zinc, and lead concentrations in 
µmol/L versus stream length (km).  Samples 
were collected from Lost Creek sample sites 
during the July Sampling Trip. 

 

Figure 6: Copper, zinc, and lead concentrations 
(µmol/L) against stream length (km).  The samples 
were collected from Lost Creek sample sites during 
the Septembr Sampling Trip. 
 
Trace metal toxicity 

A toxicity analysis was done to 
determine whether or not the trace metal 
data agreed with the impairment 
designation of Lost Creek.  The measured 
results of our water samples from Lost 
Creek and Big Creek were used to classify 
the samples as acute, chronic or no toxicity 
based on metal concentration and water 
hardness.  Acute health effects that may 
arise from toxic concentrations of metals in 
water are categorized as sudden or severe 
exposure to and absorption of the harmful 

substance.  Negative effects from the 
exposure happen in a shorter amount of 
time compared to chronic exposure.  
Chronic health effects result from prolonged 
exposure over time and may not be 
immediately apparent, and unlike acute 
effects, chronic effects are usually 
irreversible.  Contrastingly, non-toxic waters 
have metal concentrations that are not 
dangerous even after prolonged exposure.   

 

 
Figure 7: Copper, zinc, and lead concentrations 

(µmol/L) versus stream length (km).  
Samples were collected from Big Creek 
sample sites during the June Sampling Trip.  
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Figure 8: Copper, zinc, and lead 
concentrations (µmol/L) versus stream length (km).  
Samples were collected from Big Creek sample sites 
during the July Sampling Trip. 

 
Figure 9: Copper, zinc, and lead concentrations 

(µmol/L) versus stream length (km).  
Samples were collected from Big Creek 
sample sites during the September Sampling 
Trip.  
 
The water sample from the first 

sampling site of Lost Creek (LC-1) resulted 
in non-harmful concentrations of copper 
during the June and July sampling trips 
(Table 9).  At this site copper reached the 
level of acute toxicity during the September 
sampling trip.  The water sample at this site 
had lead concentrations at the chronic 
toxicity level during the June sampling trip, 
with non-harmful levels of lead during the 
other two trips.  During the June sampling 
trip, this sampling site reached the acute 
toxicity level for zinc.  Similar to lead, zinc 
was at non-harmful levels during the other 
two trips.  This sampling site was not 
expected to have measured concentrations 
at toxic levels and is not covered in the 
EPA’s impairment.  
            At the second sampling site of Lost 
Creek (LC-2), water samples resulted in 
non-harmful levels of copper during the 
June sampling trip and acutely toxic 
concentrations during the other two 
sampling trips (Table 9).  Lead 

concentrations were determined to be at the 
chronic toxicity level during the June 
sampling trip and then non harmful during 
the other two trips.  Zinc concentrations 
were determined to be in the range of acute 
toxicity during the June sampling trip and 
not at harmful levels during the other two 
trips. This sampling site is not covered in 
the EPA’s impairment and was not expected 
to have levels in the toxic range. 

Table 9:  Potential toxicity of water samples from Lost 
Creek and Big Creek samples.  Copper, 
Lead, and Zinc toxicity levels in the samples 
were determined based on information from 
the Arkansas Department of Water Quality.  
The bold sample names are sites that were 
not covered in the EPA set impairment. 

 
            At the third sampling site of Lost 
Creek (LC-3), the water samples from all 
three of the sampling trips resulted in 
acutely toxic concentrations of copper 
(Table 9).  The lead concentrations did not 
reach a harmful level during any of the three 
sampling trips at this site.  At this site, the 
zinc concentrations were in the range of 
acute toxicity during the first two sampling 
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sites and non harmful during the September 
sampling trip.  
            Copper concentrations in the water 
samples from the fourth site of Lost Creek 
(LC-4) were at levels of chronic toxicity 
during the June sampling trip and at levels 
of acute toxicity during the September 
sampling trip (Table 9).  Toxic ranges from 
the second sampling trip at this site were 
undeterminable due to sample 
contamination during sampling.  Zinc 
concentrations were below toxic levels for 
the other two trips.  Lead concentrations 
were determined to be below toxic 
thresholds during the June sampling trip, 
but at the chronic toxicity level during the 
September sampling trip.  
            Water samples from the first 
sampling site of Big Creek (BC-1) resulted 
in acutely toxic concentrations of copper 
during the June and September sampling 
trips (Table 9).  During the July sampling trip 
all three metals were determined to be 
below toxic levels.  Lead concentrations 
were determined to be at an acutely toxic 
level during the June sampling trip and at a 
chronic toxic level during the September 
sampling trip.  Zinc concentrations were 
determined to be at an acutely toxic level 
during the June sampling trip and once 
again below toxic levels during the 
September sampling trip. This sampling site 
is not covered in the EPA’s impairment and 
was not expected to have metal 
concentrations in toxic ranges.  
            At the second sampling site of Big 
Creek (BC-2) the copper concentrations 
were below toxic levels during the June and 
July sampling trips (Table 9).  The copper 
concentration at this site was determined to 
be at a chronic toxicity level during the 
September sampling trip.  Similarly the lead 
concentrations were below toxic levels 
during the June and July sampling trips with 
a chronic toxicity level observed during the 
September sampling trip.  Zinc 
concentrations at this site were determined 
to be at an acutely toxic level during the 
June sampling trip and non-harmful during 
the other two sampling trips.  This sampling 
site is not covered in the EPA’s impairment 

and was not expected to have metal 
concentrations in the toxic ranges.  
              The third sampling site of Big 
Creek (BC-3) is the first sampling site after 
Lost Creek and Big Creek merge and where 
the impairment set by the Arkansas 
Department of Water Quality continues.  
Copper concentrations at this site were 
determined to be at acute toxicity levels 
during the June and September sampling 
trips (Table 9).  During the July sampling trip 
all three metals were determined to be 
below toxic thresholds.  Lead 
concentrations reached chronic toxicity 
levels during the other two sampling trips at 
this site.  Zinc concentrations indicated 
acute toxicity during the June sampling trip 
and below toxic levels during the September 
sampling trip. 
            At the fourth sampling site (BC-4) 
copper concentrations were below toxic 
levels during the June sampling trip, but 
determined to be within acutely toxic ranges 
during the other two trips (Table 9).  Like 
copper, the lead concentration was 
determined to be below toxic thresholds 
during the June sampling trip.  During the 
July sampling trip, lead concentrations were 
observed at the acutely toxic level and at a 
chronic toxicity level during the September 
sampling trip.  The zinc concentration was 
determined to be in the range of acute 
toxicity at BC-4 during the June and July 
sampling trips.  Similar to the other sites 
during the third sampling trip, the zinc 
concentration was determined to be below 
toxic thresholds.   
 
DISCUSSION 
 
Major Ions 

The volume of water flowing through 
the creeks across sampling dates are 
reflected in the ratios of major ions of Lost 
Creek as seen in Figure 2 with a definite 
distinction between sampling trips.  The 
samples from the June sampling trip 
suggest that the aqueous geochemistry of 
the stream was influenced by ground water 
and evaporation.  The rainstorms before the 
September sampling trip changed the major 
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ion ratios, indicating that the creek waters 
are dominated by precipitation.   

Because there was 2.54 cm 
increase in precipitation between June and 
July sampling trips, there was more water 
flowing through Big and Lost Creeks during 
the July sampling trip than the one in June.  
This slight increase in water volume was 
reflected in the aqueous chemistry of Lost 
Creek.  The ratios of the July samples are 
more similar to samples collected in June 
than September, signifying that the creek 
was more influenced by evaporation and 
groundwater than precipitation.   

Even though the samples for Big 
Creek do not follow as distinct of a trend as 
Lost Creek, the separation between 
sampling trips can still be seen (Figure 3).  
Again, the June sampling trip seems to be 
dominated by groundwater and evaporation, 
while the samples from September are 
dominated by precipitation.  The dominating 
influence on Big Creek is uncertain during 
the July sampling trip.   

Based on an analysis of the major 
ions, the aqueous chemistry of Big Creek 
changes as a result of when Lost Creek 
flows into Big Creek and thus dominates the 
overall geochemistry of Big Creek.  In 
general, Big Creek is comprised of 63-73% 
of Lost Creek water at BC-3, after the 
creeks converge (Figure 1; Table 6).  
Because Lost Creek water is greater than 
60% of the water volume in the lower Big 
Creek, Lost Creek dictates the resulting 
stream chemistry.  The greatest change in 
the chemistry of Lost Creek was observed 
under low flow conditions.  Once upper Big 
Creek and Lost Creek merge, the name Big 
Creek continues with the waterway; 
however, the aqueous chemistry indicates 
that the Lost Creek is the dominant creek, 
both in water volume and aqueous 
chemistry.   
 
Trace metals 

The EPA has designated the 
majority of Lost Creek as an impaired 
stream due to toxic levels of copper, lead, 
and zinc, based on water hardness 
(according to the Arkansas Department of 

Environmental Quality). Copper and zinc 
are essential heavy metal micronutrients 
with relatively moderate concentration limits 
(Table 1).  Lead is a non essential metal 
with a very low concentration limit indicating 
that it can be dangerous to the biological 
systems under minor exposure.  As Lost 
Creek flows through the City of Jonesboro, 
there is an increase in Cu, Pb, and Zn 
during low flow (Tables 7 and 8; Figures 4 
and 5).  The runoff from the City of 
Jonesboro has impacted the aqueous 
geochemistry of Lost Creek.  However, 
during high flow, the water volume is 
dominated by precipitation and the 
contaminants are diluted.  

Overall, Lost Creek contained higher 
trace metal concentrations than Big Creek.  
Table 8 lists the average concentrations 
(µmol/L) of copper, zinc, and lead.  During 
the July and September sampling trips (two 
heaviest flows) the samples from Lost 
Creek had higher average trace metal 
concentrations, as predicted.  However, the 
data from the June sampling trip did not 
follow that expectation.  Unusually high 
concentrations of all three of the metals at 
the first sampling site of Big Creek (BC-1) 
during the June sampling trip caused 
average metal concentrations to be higher 
in Big Creek.    
 
Trace metal toxicity 

From the potential toxicity results 
listed in Table 9, it was determined that 
several of the sites that showed toxic levels 
were not covered in the impairment listing 
by the EPA.  The upper waters of Big Creek 
and Lost Creek resulted in toxic levels of 
copper, zinc, and lead.  It is evident that the 
upper waters of both Lost Creek and Big 
Creek should also be labeled as impaired.  
The stream conditions are important 
because of the wildlife that may be affected.  
If the conditions of these creeks are 
improperly labeled and have toxic levels of 
certain metals, surrounding biological 
systems may be negatively impacted.      

According to the Arkansas Pollution 
Control and Ecology Commission, which 
allows fishing and swimming, the wildlife in 
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Big Creek is healthy and abundant.  
However, a habitat evaluation by Christian 
et al. (2003) concluded that quality of life 
(macroinvertebrates and fish) is lower than 
expected for Big Creek.  Some 
macroinvertebrates, such as 
Ephemeroptera (e.g., mayflies), Plecoptera 
(e.g., stoneflies), and Trichoptera (e.g., 
caddisflies), are metal sensitive and the 
heavy metal in runoff can depress these 
macroinvertebrate communities (Beasley 
and Kneale 2003).  The poorer-than-
expected life in Big Creek may have 
resulted from the poor water quality in the 
upper waters of Lost Creek and Big Creek.  
 
CONCLUSIONS       
 

Low and high water flow affected the 
aqueous geochemistry of Big Creek and 
Lost Creek (Figures 2 and 3).  During low 
flow (June and July sampling trips), the 
major ions displayed evaporative and also, 
possibly, groundwater signatures.   The 
September samples had high water flow; 
thus, the streams were dominated by 
precipitation.  

After Big Creek and Lost Creek 
confluence, the Big Creek’s aqueous 
chemistry is influenced significantly by Lost 
Creek.  A mass balance calculation 
determined that Big Creek is comprised of 
63-73% of Lost Creek water, after the 
creeks converge (Table 6).  Due to the 
contaminants present in industrial runoff, it 
is expected that there will be an increase in 
trace metal concentrations in Lost Creek as 
it flows through the City of Jonesboro.  This 
was observed in the June and July sampling 
trips (Figures 4 and 5), but not in the 
September, most likely due to increased 
water flow.   
 The EPA impairment designation for 
Lost Creek persists after Big Creek and Lost 
Creek merge.  Considering that the majority 
of the water flowing into the streambed is 
from Lost Creek, the continued designation 
follows expectations.  From the potential 
toxicity results (Table 9) and the habitat 
evaluation of Big Creek (Christian et al. 
2003), it is evident that the upper waters of 

both Lost Creek and Big Creeks should also 
be labeled as impaired, especially during 
low flow seasons.  Future research will be 
focused on determining the sources of the 
trace metals.  
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