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I. Abstract

Groundwater nitrate contamination has been a persistent concern in the drinking
water of Cedar Falls, lowa. Identifying the source of the relatively high nitrates in Cedar
Falls Municipal Well 3 is the primary focus of this investigation. Although none of the
municipal wells have exceeded the maximum contaminant level for nitrogen (45 ppm NO3),
the purpose of this project is to investigate the general drinking water quality in the area.
To identify the source of the nitrate contamination, groundwater samples from four
municipal wells, surface water samples from three sites on the Cedar River, and soil from
twelve sites within one mile radius’ of the municipal wells were collected. A total of fifty
water samples and sixty soil samples were collected for ten weeks from May until July
2012. Onsite parameters for water samples included dissolved oxygen (DO), pH, total
dissolved solids (TDS), conductivity, and temperature. The water samples were tested for E.
Coli back at the laboratory. For soils, nitrate was extracted using 2g of soil in 50mL of
distilled water that was shaken for four hours. Soil moisture and organic content were
analyzed by the method called Loss-on-Ignition (LOI). Major ion chemistry of water was
determined by ion chromatography.

The results of this investigation show relatively higher nitrogen content in the soils
around Well #3 (average nitrate (as NOz) concentrations of .073 and .127 mg Nitrate/g Soil)
and Well #11 (average nitrate (as NO3) concentrations of .063 and .064 mg Nitrate/g Soil)
that is derived through vertical infiltration of soil nitrate directly from the field through
preferential pathways. The nitrate (as NO3) level tested in Well #3 ranged from 34.4 ppm on
7/18/2012 to 39.5 ppm on 7/5/2012. Although nitrate coming from a far-away source

through lateral migration within the aquifer cannot be ruled out at this point, predominant



evidences point to local origin of nitrate. It is likely that inorganic nitrogen that
accumulated in the soil over many years of fertilization in the past is now being slowly
released into the soil through the process of nitrification because the area is now
predominantly residential and there is no major source of nitrate in the soil. All other

hydrologic parameters in the area are within the expected range of limits.









1996). Excess nitrate can lead to excess growth of plants and algae leading to
eutrophication (Paul 1996). The concentration of nitrate in the water supply will vary
according to the season and the amount of excess water available (Hanway 1963).

Negative impacts on human health are caused by increased nitrate concentration. In
1945, nitrate was first recognized as a hazard to health in lowa when two infants
contracted blue baby syndrome (Wild 1993). Methemoglobinemia, or blue baby syndrome,
is caused when nitrate is ingested and is reduced to nitrite which attaches to! noglobin in
the blood, blocking oxygen transport in the blood which leads to suffocation (Paul 1996).
Young infants and animals are the most at risk for methemoglobinemia (Paul 1996, Zeman
2011). Exposure to nitrates in a number of illnesses has been studied to have long latency,
including gastric and esophageal cancers and the risk of non-Hodgkin’s Lymphoma
(Guatam 2010). 150 private well users from lowa were studied and shown to self-report or
perceive being less healthy than municipal well users; self-evaluations found that private
well users reported poorer health and a greater perception of susceptibility to illness than
municipal well users (Zeman 2011). Leafy vegetables and certain cured meats and cheeses
are sources of nitrate in foods (Wild 1993). Although nitrates are present in the average
person’s diet, most nitrate intake comes from the water we drink. Legislation has been
developed to protect citizens from these health risks. The maximum contaminant level
(MCL) for Nitrate is 45 ppm NOs" (10ppm NOs-N), established by the Safe Drinking Water
Act from the Environmental Protection Agency (EPA 2009).

The nitrogen cycle is very important for biological and physical processes, seen in
Figure 3 (Paul 1996). The most important steps of the nitrogen cycle for soil studies are

nitrification and denitrification. When organic matter in the soil decomposes, ammonium is






Recent research indicates that contaminated water can move preferentially through
clay-soil macropores in soil and microfractures in bedrock, rather than the traditional view
of water transport known as matrix flow (Igbal 2000). This preferential flow of water
moves through root channels, cracks, fissures, animal burrows and textural boundaries in
surficial soil-rock systems (Igbal 2000). Preferential flow allows for contaminated water to
move rapidly through the soil profile with little interaction with the water that was initially
in the soil. Studies have found that transport of water through macropores is often
associated with heavy rain events, suggesting that this additional force is needed for the
contaminated water to move quickly through macropores (Igbal 2000).

Regional, lateral migration of nitrates is a possible source also. Analysis of 20 private
wells in the Cedar River watershed at Janesville, IA (8 miles North of Cedar Falls) showed
that 10 exceeded the MCL; analysis of nitrogen isotopes indicated commercial fertilizers
and organic nitrates as the possible sources of nitrogen in the area (Gautam 2010). The
Janesville area contains many tiled agricultural fields, which would be a possible source of
nitrate (Guatam 2010). This possible source of nitrates could flow laterally through the
subsurface contaminating the Cedar Falls Municipal Wells. This lateral flow hypothesis is
unlikely because at that depth the environment is likely to be extremely reducing and the
microorganisms would use the nitrogen before it traveled laterally from Janesville to Cedar
Falls.

The application of commercial fertilizers has been common practice in Iowa since
the late 1950°s, and is now considered to be one of the most serious threats to lowa’s water
quality (Igbal 2000). In karst aquifers, the main source of contamination is from inorganic

fertilizer usage (Drew 1999). The costs of overcoming nitrogen pollution are approaching



the costs to manufacture nitrogen fertilizers in some countries (Paul 1996). Nitrates can
come from other sources, including municipal landfills, septic systems, soil, industrial waste
and plant decomposition (Drew 1999).

It is evident then, that nitrates are known to cause health problems and negatively
impact ecosystems. Therefore the purpose of this research project is to analyze the local
surface water, groundwater and soil to determine if vertical infiltration is a viable source of

nitrate contamination.



III. Hypothesis and Objectives

In a study by the lowa Department of Natural Resources, some groundwater in lowa
exceeds the Environmental Protection Agency’s (EPA) MCL (IDNR 2003). Since nitrate
contamination can cause health problems and negatively impact ecosystems, it is important
to find out the local sources of nitrate and the extent of its contamination in Cedar Falls.

The objective of this study was to identify the general source of nitrate
contamination in the groundwater of the municipal wells in Cedar Falls, shown in Figure 4.
This study assessed if the nitrate was vertically migrating from the overlying fields or a
long-term result of regional, horizontal flow in the subsurface. The other objectives of this
research included investigating the general water chemistry of the surface and the ground
water of Cedar Falls, as well as determining general soil characteristics of the area.

The hypothesis of this project is that the major source of nitrate was past
agricultural fertilization which the soil has retained, with nitrate flowing vertically down
into the groundwater from the surface. This hypothesis was tested though sampling soil
throughout Cedar Falls for an increased concentration of nitrogen while comparing it to the

surface water and ground water concentrations over a period of ten weeks.






IV. Methodology

In order to conduct this research, standard scientific procedures were implemented.
The methods included water and soil collection, water testing, nitrate extraction of soil,
moisture analysis, and organic matter estimation.

Water Collection

Three water testing sites were established along the Cedar River. The sites included
Island Park, Pheifer Park and George Wyth State Park. Additionally, Cedar Falls Utilities
(CFU) staff sampled wells #3,7,9 and 11 for this project.

At the Cedar River collection sites, water was immediately tested for its temperature,
conductivity, total dissolved solids (TDS), pH and dissolved oxygen (DO). TDS, temperature
and conductivity were measured with a HANNA HI98311 meter. DO was tested using the
HACH HQ 30d Meter. pH was determined using Extech S/N 33214 ExStik Il probe. Water
was collected in 125 mL plastic bottles and samples were refrigerated until they were
analyzed. All water was tested with the Dionex DX 120 lon Chromatograph to measure the
levels of major ions in the water, namely chloride, nitrate and sulfate.

The well water samples were gathered by the project team several hours after their
collection. As a result, the temperature, DO, and E. Coli tests were not performed since the
transport of the water causes changes in the observed values.

Testing for E. Coli

Coliscan Easygel was used when testing the water samples for E. Coli. Before
sampling, the bottles of frozen Coliscan Easygel were taken out of the freezer to thaw.
Within one hour of sampling the river sites, 5mL of river water from each location was

transferred from the sample container to a thawed bottle of Coliscan Easygel. The bottles
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were then swirled to mix the inoculum and then poured directly into petri dishes. The petri
dishes were then swirled to uniformly distribute the liquid over the entire surface area of
the dish. The dishes were left out at room temperature approximately 45 minutes until the
liquid solidified. Then petri dishes were incubated upside down in an oven at 35°C for 24
hours. After inoculation each petri dish was inspected for purple colonies, which are
considered to be the E. Coli colonies. The results were reported in colonies of E. Coli per 100
mL of water (Detection of Waterborne Coliforms and Fecal Coliforms with Coliscan®
Easygel®).

Soil Collection

Twelve soil collection sites were selected for this study. Two sites were selected
within a one mile radius of CFU Well 3, 5, 6, 7, 8, and 11; the one mile radius was selected
because 1, cal modeling software does not work for karst systems (Fields 2012). Most
samples were collected from private property through proper permission from the owner.
Soil was collected directly below the humus layer using a soil probe from each site. The
samples were then transported to the lab in labeled quart-sized ziplock bags.

Nitrate Extraction

To determine the nitrate content in the soil, a nitrate extraction procedure was used.
Nitrate is water-soluble, so water is commonly used as a extractant in this procedure
(Crumbaugh 2008). Approximately 2 grams of soil from each location was weighed and
added to a separate, labeled 125 mL Earlenmeyer flask. 50 mL of deionized water was
added to each flask and swirled once. All twelve Erlenmeyer flasks were covered and placed
on the shaker. The samples were then shaken at 200 rpm for 4 hours. After the extraction

procedure, the 10 mL of the solution was centrifuged at level 8 for 30 minutes. Through this
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procedure, water was separated from the soil, which was then analyzed by ion
chromatography for nitrate.

Loss on Ignition

Loss on ignition has been used for decades and is a reliable, inexpensive technique
in determining the carbon content in'soil (Konen 2002). The water in soil evaporates
readily, so the organic matter loses weight upon heating until oxidation. The process takes
place between room temperature and 540°C (Vreeken).

Ten grams of soil were added to a weighed crucible, then weighed again. The
crucible was then put in an oven at 110°C overnight to determine the gravimetric moisture
content (Vreeken). The samples were subsequently cooled and weighed. In continuation,
samples were heated at 375°C for an hour, and then at 540°C for another hour to determine
the organic matter content (Vreeken). Subsequently, the samples were cooled and weighed.

The remaining soil was then stored in a 125mL glass sample bottle.



V. Results and Discussion
There is a correlation between the high concentration of soil nitrate and the high
nitrate in the wells. The nitrate (as NO3) level tested in Well #3 ranged from 34.4 ppm on
7/18/2012 to 39.5 ppm on 7/5/2012. The concentration of nitrate in the one mile radius
around Well #3 increased over time along with the soil around Well #11. See the Appendix

for complete water and soil collection data sets.

Dissolved Oxygen

Dissolved Oxygen (DO) is of extreme importance chemically and biologically. DO is
essential for high forms of life that live in water. DO concentrations are controlled by air-
water gas transfer, ambient temperature and pressure, ion activity, and photosynthesis.
Under high DO conditions redox-sensitive elements are present in their oxidized form.
Nitrate is the oxidized form of nitrogen; if DO is not present or in low concentrations,
groundwater favors denitrification, a mechanism that causes nitrate to become an electron
acceptor evoking nitrogen to be present in the reduced state as nitrogen gas (N2).

In this study from May through July, the DO generally decreased in the Cedar River
sites. The concentration of DO ranged from 6.38 ppm at the Cedar River 1 on 7/25/2012 to
12.41 ppm at Cedar River 2 on 6/27/2012. In May, the DO levels in surface water ranged
from 10.70 ppm to 12.18 ppm. In June, the DO levels ranged from 7.78 ppm to 12.41 ppm at
the Cedar River sites. In July, the concentration ranged from 6.38 ppm to 10.94 ppm. The

average DO value was 9.5 ppm (Figure 5).
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Total Dissolved Solids

Total dissolved solids (TDS) measures the amount of charged ions that are mobile
within a given volume of water. The Environmental Protection Agency’s Secondary
Drinking Water Standard’s maximum contaminant level for TDS is 500 p;  (US EPA, 20:
Iowa Water Quality Standards allow for 750 ppm of TDS in surface water.

The total dissolved solids are generally higher in the groundwater of Cedar Falls
than the surface water of the Cedar River. In the groundwater, the TDS values ranged from
315 ppm in Well 7 on 6/20/2012 to 429 ppm in Well 11 on 5/23/2012. The average TDS
value in ground water was 360 ppm. In the surface water, the TDS values ranged from 278
ppm at Cedar River 1 on 7/18/2012 to 339 ppm at Cedar River 3 on 6/27/2012. The

average TDS value in surface water was 301 ppm (Figure 7).

Total Dissolved Solids (ppm)
450

400

350

300

250 —
May 23,2012 Jun6,2012 Jun20,2012 Jul5,2012  Jul 18, 2012

Cedar River #1 Cedar River #2 Cedar River #3 CFU Well #3
CFU Well #7 CFU Well #9 CFU Well #11

Figure 7. Total Dissolved Solids of surface water and groundwater
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Conductivity

Conductivity is defined as the ability of water to conduct an electrical current.
Conductivity is a function of the concentration of dissolved inorganic components that
ionize to form electrolytes. Conductivity is temperature dependent. The conductivity of
groundwater ranged from 457 uS/cmon 6/20/2012 in Well 7 to 622 uS/cm on 5/23/2012
in Well 11. The average conductivity value of groundwater was 522 uS/cm. The
conductivity of surface water ranged from 404 ppm at Cedar River 1 on 7/18/2012 to 478
ppm at Cedar River 2 on 7/18/2012. The average conductivity value of surface water was

436 uS/cm (Figure 8).

Conductivity (uS/cm)
700

525

350

175

0
May 23, 2012 Jun 6, 2012 Jun 20, 2012 Jul 5,2012 Jul 18, 2012

Cedar River #1 Cedar River #2 Cedar River #3 CFU Well #3
CFU Well #7 CFU Well #9 CFU Well #11

Figure 8. Conductivity of surface water and groundwater
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pH

pH is a value of measurement of the amount of hydrogen ions in a solution; it
indicates the acidity and alkalinity of the solution. A pH of 7 is considered neutral. The
National. ‘:ondary Drinking Water Regulations provide the standard for pH to be a range
of 6.5-8.5 (US EPA 2012). All groundwater samples taken were within the EPA’s standards.
The highest pH observed was 8.71 in surface water and 7.72 in groundwater. The average
pH of surface water was 8.31, while the average pH of groundwater was 7.59 (Figure
The groundwater pH seems to have an increasing trend throughout the sampling period,
while the surface water generally has a higher pH than groundwater.

pH
9.0

8.5
8.0

7.5

70 -
May 23,2012  Jun 13, 2012 Jul 5, 2012 Jul 25, 2012

Cedar River #1 Cedar River #2 — Cedar River #3
CFU Well #3 CFU Well #7 CFU Well #9
CFU Well #11

Figure 9. pH of surface water and groundwater
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E. Coli Testing

This summer, Escherichia Coli was found to be not prevalent in the Cedar River. E.
Coli is an important indicator in surface water of fecal contamination from agriculture or
residential areas. The concentration of E. Coli is dependent on the amount of contaminated
run off that enters surface water. Since this summer was a very severe drought, there was
little run off entering the Cedar River. The EPA's standard, which was adopted by the State
of lowa, was established to be 235 Colony Forming Units/100mL for a maximum one time
sample and 126 Colony Forming Units/100mL for a geometric mean based upon five or
more samples over a 30 day period (EPA 2012). At Cedar River Site 1, 20 colonies per 100
mL were found on 5/30/2012 and 6/20/2012. E. Coli was not found in all other surface

water samples.

Nitrate Anions Groundwater and Surface water

Inorganic fertilizer is the major factor in the increase of concentration of nitrate in
the water supplies for our nation. Nitrates can come from other sources, including
municipal landfills, septic systems, soil, industrial waste and plant decomposition. The
maximum contaminant level (MCL) for nitrate established by the Environmental Protection
Agency’s Safe Drinking Water Act is 45 ppm NO3z™ (10ppm NO3-N) (US EPA 2012).

Nitrate concentration for groundwater stayed fairly constant throughout the
sampling period. In Well 7, nitrate was below detection for all samples. The highest
concentration in groundwater was found to be 39.5 ppm at Well 3 on 7/5/2012. The

average concentration of nitrate at Well 3 was 38.1 ppm. The average concentration of
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nitrate at Well 9 was 35.3 ppm. The average concentration of Nitrate at Well 11 was 18.46

ppm (Figure 10).

Nitrate Concentrations (ppm)
40

30

20

10

0
May 23,2012 Jun6,2012 Jun?20,2012 Jul5,2012  Jul 18,2012

CFU #3 CFU #7 CFU #9 Cedar River #1
Cedar River #2 Cedar River #3 CFU Well #11

Figure 10. Nitrate concentrations of surface water and groundwater

The nitrate concentration for surface water shows a steady decrease across the 10
weeks. The average concentration of surface water sites was 14.42 ppm. The range of
concentration over the sampling period of groundwater was 1.9 ppm to 34.9 ppm. The
concentrations of all three well sites were very similar over the 10 week study (Figure 10).

Wells 3 and 9 show similar levels of nitrogen throughout the sampling period,
indicating similar chemistry. The nitrate levels in the groundwater from these two wells
were on average 20 ppm higher than in the river water, indicating the source to be more
concentrated than the river. This finding shows the possibility of nitrates traveling from the

river to the well very unlikely.
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VI. Conclusion

Although the nitrate contamination of the Cedar Falls municipal wells has been
studied previously there have been no studies specifically focusing on the soil nitrate
concentrations for the possibility of vertical infiltration to the groundwater. This study
assessed if the nitrate was vertically migrating from the overlying fields or a long-term
result of regional, horizontal flow in the subsurface. The other objectives of this research
included investigating the general water chemistry of the surface and the ground water of
Cedar Falls, as well as determining general soil characteristics of the area.

The results of this investigation show relatively higher nitrogen content in the soils
around Well 3 and Well 11. It indicates that the high dissolved nitrate in Well 3 is derived
through vertical infiltration of soil nitrate directly from the field. Although nitrate coming
from a far-away source through lateral migration within the aquifer cannot be ruled out at
this point, predominant evidences point to local origin of nitrate. It is likely that organic
nitrogen that accumulated in the soil over many years of fertilization in the past is now
being slowly released into the soil through the process of nitrification into inorganic nitrate.
The soil around Well 3 also has an increased amount of organic matter compared to the
other sites, whichv  1ld be an energy source for bacteria that perform nitrification.

Permeability of the soil in Cedar Falls is very poor, which restricts major diffusion of
the chemical in the subsurface. It is very likely that the vertical infiltration of nitrate is
happening through preferential pathways, including fractures in clay and root channels. In
the future it is very probable that the level of nitrate in the soil will go down through the
process of denitrification, which converts nitrate into nitrous oxide and nitrogen gas. Soil

nitrate is expected to decrease because the area is now predominantly residential and there
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is no major source of nitrate in the soil. The nitrogen content in the sites around Wells 3
and 11 showed some variations throughout the ten weeks of study. The possible reasons for
this variation could be the pattern of rainfall in the area. All other hydrologic parameters in
the area are within the expected range of limits.

The data collected has provided new insights on the source of nitrates in the Cedar
Falls Municipal Wells. However there were temporal and funding limitations. All sampling
was completed during a 10 week span this summer. To gain more information about the
nitrate contamination, it would be beneficial to sample year around. These findings could
be different than the normal situation due to long periods without rainfall this summer.

For future work, isotope analysis of nitrogen would enable us to differentiate if the
nitrate was coming from fertilizers, waste or other non-point sources. The potentiometric
surface of Cedar Falls especially around the municipal wells should be mapped, to give a us
a greater idea of how ground water flows in this area. Geophysical studies should be
performed to obtain data about microfractures in the Cedar Falls area.

I conclude that this study provides evidence that supports vertical infiltration of
nitrate contamination in CFU Well 3. This evidence can be used to remedy the source of
nitrate contamination, which would allow for Well 3 to continue to be actively used. If the
source of the contamination is not remedied and the concentration of nitrate surpasses the
Maximum Contaminant Level set by the Environmental Protection Agency, CFU Well 3

would most likely be shut down causing environmental and economic impacts.
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IX. Appendix

CFUWell #3
Date

May 23, 2012
Jun 6, 2012
Jun 20, 2012
Jul 5, 2012
Jul 18, 2012

CFU Well #7
Date

May 23, 2012
Jun 6, 2012
Jun 20, 2012
Jul 5, 2022
Jul 18, 2012

CFU Well #9
Date

May 23, 2012
Jun 6, 2012
Jun 20, 2012
Jul 5, 2012
Jul 18, 2012

CFU Well # 11
Date

May 23, 2012
Jun 6, 2012
Jun 20, 2012
Jul 5, 2012
Jul 18, 2012

Cedar River #1
Date

May 23, 2012
May 30, 2012
Jun 6, 2012

Water Collection Data Summer 2012

Temp pH

(oC)

7.50
7.48
7.60
7.72
7.72

Temp pH

(oC)

7.54
7.57
7.69
7.7
7.69

Temp pH

(oC)

7.57
7.55
7.62
7.64
7.65

Temp pH

(oC)

7.37
7.42
7.56
7.52
7.57

Temp pH
(oC)
228 8.46
221 8.3
19.8 8.18

Cond.
(uS/cm)

Cond.
(US/cm)

Cond.
(wS/cm) (ppm)

Cond.
(uS/cm)

502 -
502 -
507 -
495 -
492 -

468 -
462 -
457 -
468 -
470 -

510 -
499 -
517 -
520 -
511 -

622 -
619 -
609 -
602 -
604 -

George Wyth Boat Ramp
Cond.
(HS/cm)

428
459
436

DO
(PPM)

DO
(PPm)

DO

DO
(ppm)

DO
(Ppm)

DS
(Ppm)

345
342
349
338
338

DS
(Ppm)

323
323
315
327
323

DS
(Ppm)

353
345
356
360
352

DS
(Ppm)

429
426
421
415
417

DS
(ppm)

296
316
301

Cl-

Cl-

Ci-

Cl-

Cl-

13.1
13.8
13.7
14.0
454

9.2 *
95"~
9.9 *
9.9"*
346 *

1.7
11.3
12.2
12.8
34.5

46.2
48.7
44.6
426
47.2

26.1
275
25.8

NO3-
(ppm) (ppm)

38.2
39.3
39.0
39.5
34.4

NO3-
(Ppm) (ppm)

NO3-
(ppm) (ppm)

35.4
33.9
36.6
38.2
324

NO3-
(Ppm) (ppm)

17.2
19.4
18.5
19.1
18.1

NO3-
(ppm) (ppm)

22.8
33.6
21.1

S04=
(Ppm)

S04=
(Ppm)

S04=
(Ppm)

SO4=
(ppm)

SO4=
(Ppm)

19.7 -
203 -
20.0 -
204 -
17.8 -

171 -
17.4 -
17.4 -
17.7 -
15.6 -

17.9 -
17.8 -
18.0 -
18.7 -
16.3 -

41.2 -
40.0 -
425 -
43.7 -
37.3 -

26.1 -
23.2
246

E Coli Colonies
colonies/100mL

E Coli Colonies
colonies/100mL

E Coli Colonies
colonies/100mL

E Coli Colonies
colonies/100mL

E Coli Colonies
colonies/100mL

20

0
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Site

Well #3 Site 1
Well #3 Site 1
Well #3 Site 1
Well #3 Site 1
Well #3 Site 1
Well #3 Site 2
Well #3 Site 2
Well #3 Site 2
Well #3 Site 2
Well #3 Site 2
Well #5 Site 1
Well #5 Site 1
Well #3 Site 1
Well #5 Site 1
Well #5 Site 1
Well #5 Site 2
Well #5 Site 2
Well #5 Site 2
Well #5 Site 2
Well #5 Site 2
Well #6 Site 1
Well #6 Site 1
Well #6 Site 1
Well #6 Site 1
Well #6 Site 1
Well #6 Site 2
Well #6 Site 2
Well #6 Site 2
Well #6 Site 2
Well #6 Site 2
Well #7 Site 1
Well #7 Site 1
Well #7 Site 1
Well #7 Site 1
Well #7 Site 1
Well #7 Site 2
Well #7 Site 2
Well #7 Site 2
Well #7 Site 2
Well #7 Site 2
Well #8 Site 1

Date

May 30, 2012
Jun 11, 2012
Jun 25, 2012
Jul 9, 2012
Jul 25, 2012
May 30, 2012
Jun 11,2012
Jun 25, 2012
Jul 9, 2012
Jul 25, 2012
May 30, 2012
Jun 11,2012
Jun 25, 2012
Jul 9, 2012
Jul 25, 2012
May 30, 2012
Jun 11, 2012
Jun 25, 2012
Jul 9, 2012
Jul 25, 2012
May 30, 2012
Jun 11, 2012
Jun 25, 2012
Jul 9, 2012
Jul 25, 2012
May 30, 2012
Jun 11, 2012
Jun 25, 2012
Jul 9, 2012
Jul 25, 2012
May 30, 2012
Jun 11,2012
Jun 25, 2012
Jul 9, 2012
Jul 25, 2012
May 30, 2012
Jun 11,2012
Jun 25, 2012
Jul 9, 2012
Jul 25, 2012
May 30, 2012

Soil Collection Data Summer 2012

*

*

Chloride
(mg/g Soil)

0.015
0.060
0.209

0.015
0.066
0.213

0.057
0.154
0.024 *
0.017 *

0.091 *
0.121

0.040
0.062

0.065
0.035 *

0.057
0.032

0.015 *
0.030 *
0.040 *
0.091 *

Nitrate

(mg/g Soil)

0.090
0.025
0.032
0.119
0.099
0.200
0.080 *
0.236
0.121

0.050
0.082
0.057

0.035 *

0.035 *
0.037
0.057

0.040

0.027
0.049 *
0.034 *
0.047
0.185 *

0.078

Sulfate
(mg/g Soil)
0.167
0.020
0.047
0.037
0.032
0.230

0.037
0.020
0.079

0.025
0.040
0.017
0.151
0.056
0.068

0.035
0.017

0.020
0.062
0.057
0.022
0.027

0.177

0.022
0.027

0.024

% Moisture % Organic

19.28
23.85
21.98
16.99
18.54
12.25
21.65
19.38
4.00
2.95
14.11
21.68
13.16
4.88
19.02
8.23
24.21
10.75
3.17
3.62
23.94
22.15
17.40
7.83
4.79
22.88
18.94
14.52
2.03
3.81
10.51
20.14
15.65
11.07
4.59
18.24
17.08
10.94
3.03
3.34
10.58

Matter
11.83
5.48
11.30
13.21
12.24
11.19
9.78
8.41
11.54
9.17
5.13
5.42
5.25
6.58
5.76
6.14
5.45
4.66
5.37
7.14
6.88
6.45
7.06
7.98
10.53
6.17
5.23
3.23
5.92
6.34
5.36
4.85
5.08
4.84
5.83
6.51
10.81
5.02
4.87
497
5.14
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Site Date

Well #8 Site 1 Jun 11, 2012
Well #8 Site 1 Jun 25, 2012
Well #8 Site 1 Jul 9, 2012
Well #8 Site 1 Jul 25, 2012
Well #8 Site2 May 30, 2012
Well #8 Site 2  Jun 11, 2012
Well #8 Site 2  Jun 25, 2012
Well #8 Site 2  Jul 9, 2012
Well #8 Site 2  Jul 25, 2012
Well #11 Site 1 May 30, 2012
Well #11 Site 1  Jun 11, 2012
Well #11 Site 1  Jun 25, 2012
Well #11 Site 1  Jul 9, 2012
Well #11 Site 1  Jul 25, 2012
Well #11 Site2 May 30, 2012
Well #11 Site 2 Jun 11, 2012
Well #11 Site 2 Jun 25, 2012
Well #11 Site 2 Jul 9, 2012
Well #11 Site 2 Jul 25, 2012

* = not detected

Soil Collection Data Summer 2012

*

*

*

*

*

*

Chloride

Nitrate

Sulfate

(mg/g Soil) (mg/g Soil) (mg/g Soil)

*

0.050
0.032

*

0.027
0.124

0.057
0.022
0.026
0.020 *
0.025
0.049
0.044

*

0.050
0.035 *

0.030 *
0.127
0.514
0.032
0.034 *
0.072
0.049
0.149
0.190

0.057
0.034
0.039

0.030

0.097

0.027
0.042
0.231

0.022
0.044
0.027
0.176
0.020
0.047
0.066
0.029

% Moisture % Organic

17.32
10.60
2.58
2.89
21.76
19.48
11.88
2.86
3.52
12.64
21.90
19.98
9.53
6.07
13.59
21.41
17.51
16.82
22.5

Matter
6.32
5.46
8.39
7.06
7.35
5.62
5.04
6.77
7.37
6.70
4.61
6.18
6.92
7.22
5.97
5.89
4.35
4.02
6.90
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