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fin investigation 1into the water guality of private wells
from Lyon County, Hansas concentrating on nitrates was conduc ted
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throughout Lyorn County, were analyzed monthly for nitrate coencen—

trations studying the seasonal and local variliations of e=ach well.
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This is a continued study started by Faul T

ompson  Trom June,

Exczesive fertilization of crops with nitrogern—-based com—
.f

pounds  1s largsly responsible for the high amounts o nitrates

b

ound in ground water. Nitrogen—-fiving legumes, plant residues,
and animal feces and urine remains are sources of high organic
nitrogen compounds. Mitrogen compounds are converted to ammonia,
in the so0i1il, which can be oxidized to nitrate through a process
known as nitrification. At high concentrat:ions, nitrates can be
very harmful to adulis and even fatal to infants.

Lacal bedveock and soil geology have an influence on the flow
of ground water, which varies throughouvt Lyorn County and the
different well sites. Mearby agricultural crops and livestock are
majior sources for nitrates found in ground water. Menthly samples
were  analvzed for nitrates by HFLC and W Molscular Absorption
techniques. Resulting nitrate concentrations were recorded and

compared for local and seasonal fluctuations between the differ-—
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nt well sites. Comparison with previous studies show similar
values for nitrate samples from covrresponding site locations and
overall seasonal trends.

The highest overall nitrate concentrations were observed in
September of 19290, which coincides with the fertilization of
winter wheat crops in the early fall. An increase in concentra—

ticns during ths late fall months corresponded to a decrease in
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nitrocgen fix on, from legume plants, dus to dropping tempera-
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tures.
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CHAFTER 1: INTRODUCTION

Furpose and scope:
Bhallow aguifers in east-central EKEansas supply water for
ublic and private drinking water, irrigation for crops, live—
stock, and some industirial uses. Private wells in Lvon County are
mainly used to supply private drinking water, irrigation and
livestock. The water quality of private wells is not as well
documented as for public wells, which have strict regulations and
are closely monitored.

A common water quality problem in east-central Eansas is the
high amount of nitrate found 1n ground water. High nitrate con-
centrations in water can be detrimental to both humans and ani-
mals. The harmful sffects of nitrates and the 1increasing amounts
found in ground water have given vise to much concern, forcing
investigation of the sources of the problem.

This report presentse the results of an investigation of 11
private wells located in Lyon County, Kansas from July 1990 to
Ap-il 1991. The purpose of the investigation was to monitor the
nitrate concentrations of the 11 wells monthly, then describe the
changes and present possible sources for seasonal and regional

variations.

Frevious studiecs:
This report is a continuing investigation started by Faul H.
Thompson from June 1988 to February 198%. The results he pub-

lished 1in May, 1990 as "Nitrate Analysis of Frivate Wells in Lyon
County, FKansas" will be considered in this report.

C. C. Delwiche (1%970) "The Nitrogen Cycle" described nitro-
gen souwrces, chemical and biological reactions, and the pathways
between the atmosphere, soil, and water. Howard 0 'Connor (1%933)

surveyed rock formations of Lyon County mapping surface outcrops

and underlying stratigraphic columns. He also published the



"Ground water resources of Lyon County" (1233), in which he
discussed the movement of water below the surface, water gquality
of Lyon County, and mapped the different ground water regions and
depth to water table.

Dwight F. Metzler {(1958) investigated the souwrces and sea-—
sonal variations of nitrates in private and public water supply
wells, particularly with vrespect to the occurrence of infant

cvanpsis.



Mitrogen Transformations in the So1il:

Mitrogen: a colorless, odorless, tasteless gas. makes up 78%
of dry air. Some of the most important microorganism mediated
chemical reactions 1in aguatic and so0il environments are those
involving nitrogern compounds. Each of these important chemical

processes 15 summarized below:

—— root uptake

N fertilizer N—-fixing plant animals
M fixed by legumes residues
coinbustion, v
lightning At | feces
N5 organic Nl urine
4 1 remains
N5 c | MNg0
D
MO—~— 1, NOs— L NH,+
3 B 2 B “
leaching
loss

Figure 1. Mitrogen Transformations 1in the 5So11l
{(Modified from Manahan 1979, Fig. 10.4)

A. NMITROGEM FIXATION: Blue green algae, N-fTixing legumes.
{Ng —-—> Organic nitrogen)

B. MITRIFICATIGON: Chemoautotrophic bacteria.
(NHi+ + 20p ———=> NOg- + Ho0 + 2H+)

C. COMBUSTION & LIGHTMING: automobile exhaust & lightning.
{No + Op —==3% 2NO ——=3% NOp— ———> NO3-)

D. DENMITRIFICATION: Decomposers (anaercbic) when no 02 present.
(E2NDR— ———3 No)
3 2
Agriculture is the major sowce of nitrates found in ground
water. Feces and urine—-remaln seepage from feedlots and holding
tanks for hog manure, plus decomposing plants and nitrogen—fixing
legume plants are responsible for the large amounts of organic

nitrogen released into the scil. Fertilizers, which are high 1in



nitrogen compounds, as well as 1industrial-fiwkation have become
ma jor souwrces for nitrogen seeping into surface and ground waters
over the last century. Atmospheric fixation and fixed ijuvenile
nitrogen, from wvolcanic activity, are minor sources of nitrogen
compared to biological sources and human agricultural practices
(Delwiche 19701},

Aefore niticgen can be fixed 1t must be activated (Delwiche
19703, which means split into two separate atoms of nitrogen,
which then “"fix" 1th three hydrogen atoms to form twoc molecules
of ammonia (NH~). A few chemoautrophic microorganisms represented
oy the genus Nitrosamas, employ nitrification of the ammonium ion
as their csole sowrce of energy (Delwiche 1970). In the presence
of oxygen, ammonia 1is converted to nitrite ion (NOs-3 plus water.
fnother specialized group of microorganisms, represented by
Nitrobacter, are able to further oxidize nitrite ions to nitrate
ions (NO5-) (Delwiche 1970), For the Earth as a whole, however,
the greatest natuwwral source of fixed nitrogen 1is from legumes:
alfalfa, peas, and beans (Delwiche 1270Q}.

Combustion from automobile exhaust and lightning are other
processes which can oxidize nitrogen gas {Ns) directly, forming
nitrite and nitrate 1ions. Once nitrate is 1introduced 1nto the
soil, it can move freely because of the negative 1ionic charge. If
nitrates become concentrated in the so0il they may eventually
become concentrated in ground water.

Nitrates and nitrites are taken out of the soil and ground
water by denitrification and voot uptake by plants. Numercus
kinds of denitrifying bacteria live 1in the so0il (for example
Fseudomonas Denitrificans) that, if obliged to exist in the ab-
sence of oxygen, ars able to reduce nitrate and nitrite ions for
the oxidation of organic compounds (Delwiche 1970). Nitrates not

denitrified may either be absorbed by plant roots or lost to



ground water by leaching.

Whereas late—19th-century scientists were concerned that
denitrifying bacteria were exhausting the nitrogen in the soil,
we must be concerned today that denitrification may not be keep-—
ing pace with nitrogen fixation, considering the large amounts of
fixed nitrogen that are being introduced 1into the biosphere by
industrial fixation and the cultivation of legumes (Delwiche
1270y, The amount of nitvyogen fixed industrially has been 1in-
creasing steadily at an alarming rate. If we add to this extra
nitrogen the amount fixed by the cultivation of legumes, it
already exceeds (by perhaps 10%) the amount of nitrogen fixed 1in

natuwre (Delwiche 1570G).

Mitrate effects:
Agricul ture, as previously stated, 1 the major souwce of
rnitrates in ground water. Food stuffs, however, supply the major-—-

ity of incgested nitrates in most consumers. 93 mg 1is the average

(L

aily intake Tor uman consumption. Vegetables and cured meats

<~

are the major sources Tor nitrogen compounds ingested. In cured
meats, such as bacon, nitrate compounds are used as curing agents
and nitrite compounds are used as preservatives. Because nitrate
and nitrite compounds are known to be harmful to infants, they
are no longer used as preservatives 1in baby food.

In humans it is the reduction of nitrate to nitrite which
causes harmful effects. Nitrite is formed from the ireducing
actiorn of bacteria, such as E. coli, in the digestive tract. In
adult=s, nitrates are absorbed high in the digestive tract before
reduction can take place. In infants, however, stomach pH i1is less
acildic allowing £. colfi bacteria to colonize higher up in the
tract reducing nitrates to nitrites before they can be absorbed.
Nitrite is toxic because it can combine with hemoglobin forming a

-

complex called "methemoglebin" which deprives the tissues of



oxygen. Severe cases of methemoglobinemia, better known as "blue
baby," can cause mental retardation of the infant and even death.
Twenty cases of blue baby reported 1in Kansas, between 1240 and
1?53, were associated with water supplies containing 30 to 180
mg/1 nitrate reported as N (0'Connor 1993).

finother problem with the reduction of nitrates at stomach
pH 1s that (NO5-) converts to (HoNOp+) which is capable of nitro-
sating secondary amines which may be carcinogenic. A concentra-
tion of 90 ppm of nitrate in drinking water has been found, by
the Kansas State Board of Agriculture, as being dangerous to
infants, and some auvthorities vyecommend that no more than 45 ppm
be used for Tformula preparation. (O Connor 195335). High nitrate

veels are not as harmful to older children and adults. The

1
2

i}

primary drinking standard for nitrate, reported as nitrogen (NI,

ets ot 21, 1971).

=

ie 10 mg/sl (W



CHAFTER £2: AREA GEOLOGY AND GEOGRAFHY

The eleven wells studied are located in different areas of
Lyon County. The locations range from the northwest and nor theast
quar ters to the southeast quarter with the majority of the wells
incated in central Lyon County near Emporia (Fig 2). The local
nature of soil exposed at the surface (Fig. 3 and Table 1) is a
reflection of the underlying bedrock. The locations of the eleven
wells result in different soil and bedrock conditions for each
well due to varving local geologic settings. The difference in
so1l and bedrock conditions have a direct influence on the physi-
cal properties of the aguifer and resulting ground water.

The topogvraphy of most of Lyon County, Kansas is represented
by the 0Dcsage Cuestas region, except for western and northern
por-tions of the county which are part of the Flint Hills Uplands.
The MfOsage Cuestas were formed from alternating limestone and
shales of the Upper Fennsylvanian and Lower Fermian. Successively
youngsr beds over lap one another to the west, like tilted steps
of a giant staircase. More resistant outcrops of limestone form
the tope of stepe, and weatherable shale acts as the risers
(Buchanan 1%985). All beds slope toward the west-northwest with
the dipping strata forming a series of parallel ridges having
gently sloping west and steeply sloping east faces.

The Flint Hills weve formed by erosion of gently westward-—
dipping strata in much the same fashion as the Osage Cuestas, but
the Fermian—-aged limestones of the Flint Hills contain bands of
chert, or fiint, which 1is more resistant to weathering than lime-
stone lacking chert. The area of the Flint Hills 1is higher than
the areas to the west and east because the cherty—gravel forms a
protective cover from evosion.

Quaternary age river deposits are found through a large

section of central-Lyon County which corresponds to the Cotton-—
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wood and Meosho River flood plains and some of their larger
tributaries. These deposits corvespond to region A (Fig. 3) and

consist primarily of sand and gravel with a silty-clay subsoil.

Table 1. Snil legend (S5se Fig. 2). Based on Neill (1981)

A. Chase-0sage Asspciation: Deep, nearly lsvel, moderately well
drainsed soils that have a dominantly si1liy clay subsoils; on flood
plains and low kerraces

2. Llime—Sloan Association: Moderately deep and shallow, moder-—
ately sloping toc moderately steep, moderately well drained and
somewhat excessively drained soils that have a silty clay subsoil
or lack of subsoil; on uplands

C. Kencma—Martin-Elmont Association: Deep, gently and moderately
sloping, moderately well drained and well drained soils that have
a silty clay or silty clay loam subsoilj; on uplands

D. Eenoma-ladysmith Association: Deep, nearly level and gently
sloping, moderately well drained soils that have a silty clay
subscil; on uplands

E. FJully-Flarence Association: Deep, gently sloping and strongty
sloping. well drained soils that have a dominantly silty clay or
cherty clay subsoil; on uplands

General =011 regions for Lyon County are shown 1in Fig. 2.
Specific soi1l types and other geologic data: underlying rock
outcrops, well locations with corresponding sur face elevations,
and well drilling information are described 1in Table 2. The
positions of corresponding rock outcrops, listed in Table 2, are
shown 1in the stratigraphic column for Lyon County, kKansas (Fig.

4.

Precipitation amounts of rainfall, reported in inches, from
Lyon County, Kansas for the period of January 199¢ through April
1791 are listed in Table 3. Precipitation amounts, recorded at
four different locations, are averaged and compared to normal

monthly precipitation levels (Aiken et al. 1990). Departure from



s Cournty (0%

sl Tuw i

&

. i
Fam b
W

1Ly i

LERTT e




E

i

eel
© e 3
Recent and
Alluviem Wisconsinan
Stages » g
| =
|l wm
| >
w|w
Wiggz~ terrcce Hlinoian (2) Stage @
= >
depos.i: (=3 S
0| GE
L c
O
2 =
0|
2=
| O
E’T\QOLC terrcce E_ >
deposi®s Kansan Stage &
voiccnic osh
) |
Pre-Kznsan (includes de~  Quaternary
posits of probab'e Nebraskan and frer
and late Tertiary ages) Tertiary
Florenze Is. Borneston
l:mestone
Blue Sz-iags sh L
o
=)
Kin 2
e Matfield o
shale v
g
£
O
Wymers sh,
F20C
Schroyer s
Hoversville sh Wreford
limestonre
Threerile Is
Speiser shale
Funston limestone
Blue Repids shale

guwre 4. Lyon County Stratigraphy
(bas=d on O'Connor 195%)

i2

Sader

Burr limeasicne

Legion sh
=Sallyards Is

i'mestone
Stezrns shals
“Norridlts
Denrt: '
Florerc sk secriie i
iimestone !
i
i
i
i
. N
shoie )
i
I
i
Neva limzsicne
Sclem Patnt sh Grenola
himestors

Howe ls T

. c

g . Red Ecg:=
aner: sa )

ennert s v limestore

zGlenrock Is

Johnson shele

Long Ce

I
Hughes Creex sh,
: Forcker
! limesto-, =

Americus Is

Council Grove group

Oaks shele ¢
~Houchen Creex 1572

Homhin s~ale
Stine shole

Series

Wolfcampian

System

Permian

Fz20




- 600

[T — "~ Five Pont limestone

West Bronch shale

Admire group

Folls City limestone ' |

Hawsxby shale

Aspinwoll fimestone

Towle shale
—— Northern Lyon Co.

r?OO

Coneyville
limestone

ebresko Ciry ls o

French Creek shale i

=Jim Creek ls:
Friedrich shale

Granchaven Is.

Dry shale
—Dover limestone —]

Langdon shale
|8oo

-Maple Hill Is ——

Pierson
Paint
shale

Willard shole

Figure 4. {continued)

13



Elmont |iresione
Horveyvilie shale
Reading li~estone

Auburn shzie

}.
d

t
LT
’il}.l k
ity

Waokarusc s51one
" Saldier Crees shate

Burlingorme imestone_

Silver Lexe shale

Rulo limasizne

Cedor Vcie shale

White Cleud shole

Utepio Is.

Hovvord

ZChureh Is™"""" {imestone

TBozhelyr Treeh i

Severy s-zle

Wabaunsee group

Series

Virgihan

Topeka
limestone

Qure 4

(continued)

Shawnee group

System

Pennsylvanian

1200

F1co

-1200

14

ey fo lithology

Siliend clay, uncensolideted

Grevel
Valconic osh
Limestone

Limestone, cherty
Limesione, with geodes
Limestone, sandy
Limes:one, shaley
Limestone, dolomitic
Dolomite

Limestone, cross-bedded, oblitic or cetrital
Shele, groy or yellow
Shele, with concretigns
Shale, calecareous

Shele, black

Shale, red

Limestone, “boxwwork”

Shcle, green

Shele, gypsiferous
Coct

Sondstone and conglomerate



i 1
i Lo
§
P Lt

[ [
i |:'::| "

15

S TR W TR R

Clal V1L




normal monthly precipitation 1s alse listed as (+) for

i

values

above normal and (-} for wvalues below normal. Local and seasonal

fluctuations in nitrate concentrations due to changing precipita-

tion amounts are discussed in chapter 5.
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CHAFTER 3: METHODS OF INVESTIGATION AND FROCEDURE

Sampling methods:

Each of the eleven wells 1in this study was csampled once a
month, except for March 19291, for the period of June 1990 throuah
April 1921. The samples wevre collected during the Tirst week of
each month in this period. Samples fram wells 1 and B were col-
lected by lowerirg a bucket directly into the well. The csamples
from the remaining 7 wells were collected externally from pumps
or faucets inside or outside the residents’ houses. The water was
allowed to run, up to 5 minutes for some, until fresh water from
the well was collected in a plastic sample bottle.

fifter the samples were collected, they were taken back to
the laboratory at Emporia State University and 0.5 ml of dilute
HCL acid was added to each 400 ml sample. The samples were then
placed in a refrigerator and tested the following day whenever

~

possible.

fnalytical technigues:

The samples, from the first three months, were tested using
High Ferformance Liquid Chromatography (HFLC), and the remaining
samples, taken from the following months, were analyzed by W
molecular absoirption (UVYMAY. The 1initial testing, of nitrate
levels, was accomplished using a Varian HFLC with a reverse phase
column. A 0.3 M solution of dipotassium phosphate in dilute
phosphoric acid was used for the mobile phase. A 1.0 mg/1 stand-
ard was prepared and then 0.5 ml of standard was added to 2.0 ml
of phosphate buffer. The samples were prepared the same way, and
the wells with nitrate concentrations above 5.0 mg/l were diluted
20 times with distilled water .

Approximately 1 ml1l of standard or sample was injected into

the HFLC column, and two or more trials were run for each stand-

17



ard and sample. The trials were analyzed for nitrate concentra-—
tion using the procedure developed by Schroeder (1987, 1988). The
method uses a spectrophotometer set at 210 nm. The following
parameters were used for the procedure: flow rate of 1.0 ml/min.,
range of 0.146. The absorbance data were relayed to a mVY recorder
(12 mY Ffull scale) that was set at 1.0 cm/min.

The nitrate absorbances were registered as peaks an the
recorder and measwred 1n cm, and then nitrate concentrations were
calculated by: {(peak ht. sample / peak ht. std.). The retention
time of analyte in the column was 2.8 - 2.0 minutes.

The samples from the remaining monthe were analyzed by WV
molecular absorbance, because the HFLC column began to leak which
made the results unreliable. The samples were collected 1in the
same manner previously stated; however, the preparation Tor

analysis was as follows: A fresh 5.0 mg/l nitrate standard was

o

prepared each month from a 1000 mg/l stock solution diluted with
deionized water, a fresh blank (zero nitrate concentration) was
prepared each month from deionized water, and fresh samples were
collected from the wells each month (samples with nitrate concen-—
trations above 3.0 mg/1 were diluted with deionized water accord-
ingly’.

Nitrate absorbances were then analyzed by GCA McFherson UV
molecular absorbance, with the following parameters: wavelength
setting of 220 nm, slit width 2.50 nm, and a deuterium lamp used
for the light souwrce. Organic material absorbances were detected
at a wavelength setting of 275 nm. Deionized water was placed in
the reference cell and then the blank, standard, and sample
absorbances were detected at both 220 and 275 nm settings.

Mitrate concentrations were calculated by:

sample absorbance (220
stand. absorbance (220

2795 ) X 5.0 mg/1 ( X dilution )
273 )

18



Samples collected in January and February of 1991 were
analyzed for chloride concentrations by potentiometric titration.
25.00 ml of 0.100N KCL solution + 73.00 ml of distilled HpO
pipetted into two 140 ml beakers were used as standards. One of
the standards was placed on a magnetic stirring apparatus and a
silver billet arnd calomel reference electrodes were inserted into
the solution to measwe E In (mV). 0.014M Hg(NOg)E2 was used as
the titrant and the KCL solution was titrated to the endpoint
which occurred about 140 mV higher than the starting E. Buret and
mVY readings were recoirded every 20 mv until about 80 mV past the
endpoint. The procedure was repeated for the other standard.

Two trials were conducted using 100 ml of each well sample,
titrating with Hg{NCg)s, recording mV and buret readings. Chlo-

ride concentrations, reported in mg/l, were calculated by:

Cx = BB.6 Vx / Vs
Vi = volume of titrant needed for sample
Vs = voglume of titrant needed for standard

Iron concentrations were analyzed 1in January of 1991 but
were not found to be significant except for well & which recorded

a very high iron concentration.
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CHAPTER 4: RESULTS

Nitrate concentrations:

The resulting nitrate concentrations, reported in mg/1l, for
the peiriod of July 1920 through April 1971 are listed in Table 4.
Average nitrate concentrations for each well and monthly nitrate
averages from the 11 wells, are also calculated and reported.
Graphs showing nitrate concentirations for each of the 11 wells
have been constructed, using Date of Sampling as the X-axis and
Nitrats Level (mz 1) as the Y-axis (Figs. 3 - 15ij.

Well 1 (Fig. 5! nitrate concentrations fluctuated greatly
from month to month, with a large 1increase from August to Septem—
ber 1920 followed by a large decrease from September to August
1290. The w=sll went dry in December 1990 so no samples were taken
in January and February 1921, which 1s illustrated by the dotted
line connecting December 1990 and April 19%1.

Well 2 {(Fig. &) monthly nitrate concentrations varied only
siightly, with the exception of the large increase 1in August
1270, which then gradually decreased intc the winter months,
rising slightly again in January 19%91.

Well 3 (Fig. 7) monthly nitrate concentrations decreased
slightly from July to August 1990 and then increased sharply 1in
September followed by & drop, of roughly 30 mg/l, in October
19%0. The nitrate concentrations, of the remaining months, rose
slightly in November followed by a gradual decrease 1into February
1991 .

Well 4 (Fig. 8) nitrate concentrations dropped sharply from
July through September 19920 followed by a large 1increase 1in
Oc tober . For the convenience of the well owner, no samples were
collected after October 1%%0.

Well 9 (Fig. @) nitrate concentrations dropped from July to

August 1990 and then increased in September, followed by a large

20
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decrease in October. The nitrate concentrations, of the remaining
months, rose and fell repeatedly from October 1990 through April
19%1.

Weil &6 (Fig. 10) nitrate concentrations dropped slightly
from August to September 1920 followed by sharp increase into
NMovembey , which then stabilized through December and then de-—
creased sharply through April 19%91.

Well 7 (Fig. 117 nitrate concentrations dropped from July to
September 1950 and then rose in MNovember, followed by an overall
decvrease from December 1920 through April 1991.

Well B (Fig. 12) nitrate concentrations for #August and
October 199G are not known because samples were not collected for
these months. Dotted lines show a decrease in nitrate level for
September followed by an increase 1in MNovember 19%90. After Novem-—
ber, nitrate concentrations diopped steadily through February
1771 and then rise slightly in April.

Well 2 (Fig. 1i3) nitrate concentirations fell and rose re—
peatedly between July 1990 and April 19921, with an overall de-
ryease during this time period.

Well 10 (Fig. 14) nitrate concentrations rose sharply 1in
August and then fell sharply in September 1990 followed by a
gradaal decrease through December. Nitrate concentrations 1in-
creased slightly in January and then decreased through April
1921,

Well 11 (Fig. 15) nitrate concentrations fell slightly from
July to August 1520, then vrose sharply 1in September and continued
te rise until December 1290, which was followed by a gradual

decrease through April 192%1.
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Wellis that have similar nitrate concentrations are classi-—-
fied into 4 categories: low-nitrate concentrations, medium—low
nitrate concentrations, medium—nitrate concentrations, and high—
nitrate concentrations. Graphs displaying each category have been
constructed (Figs. 1&6 — 20) and wells with corresponding nitrate
concentrations are plotted together.

Wells & and 7 are classified as low-nitrate concentration
wells (Faig. 163, Wells i, 2, 4, 9, and 10 are classified as
mad ium—low nitrate concentration wells. Wells 1 and 5 are plotted
together (Fig. 17 and wells 2, 4, and 10 are combined (Fig. 18)
due too similar fluctuation trends, displayed in the graphs. Wells
B and 2 are classified as medium—-nitrate concentrations wells
{(Fig. 19}. Welle 2 and 11 are classified as high-nitrate corncen-

tration wells (Fig. 203.

Chioride concentrations:

Chlnride comcentrations, for January and February 1971, were
veed to construct a graph of chloride vs nitrate concentrations
(Fig. Z©1?. Chloride concentrations, reported in mg/l, are plotted
on the X-axis and nitrate concentratione on the Y-axis. Lealkage
from septic tanks was suspected as the cause of some of the high
nitrate concentrations. Wells that are contaminated with septic
waste can have concentrations high in chloride. Wells that are
contaminated from fertilizers would be high 1n nitrates but low
in chloride. Well 11 has the highest nitrate concentration as
well as the highest chloride concentration, therefore contamina-
tion from a leaking septic tank could be suspected. Well 3 has a
high nitrate corncentration but a 1low chloride concentration.
However, an overall frend between higher nitrate concentrations

and corresponding high chloride concentrations 1s observed.
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Frevious nitrate studies:

Nitrate corcentrations of 33 different wells (O0'Connor 1953)
were used to construct a contour map showing areas of high and
I1ow nitrate levels 1in Lyon County, kKansas (Fig. 22). The wells
were plotted by location and corresponding levels of nitrate
concentrations were Jjoined together by contour lines, ranging
from $.0 to 100, with intervals of 20 mg/l. Welle with concentra-—
tions above 120 mg/l were treated as 1solated cases of high
nitrate levels and were not used to construct contowr lines, but
ins tead weve plotted by location and circled with dotted lines.
Average nitrate values from each of the 11 wells, of this study,
were plotted by location and displayed next to the corresponding

tar. Some of the 11 well averages plotted, fall within or near

W

hll

rt
m

tat corresponding areas of concentration contours, however,
others do not correspond.

Mitrate concentrations from these same 11 wells analy:zed
from June 1983 through February 198% are listed 1in Table 5
imodified from Thompson 19%0). Incdividual well averages and
monthly nitrate averages were calculated for this data set.
Thompson's nitirate concentration wvalues for August, Gctober, and
December, 198BB plus February, 198%, were compared to the corre-—
sponding months of this 19920 — 1%%1 study (Table 6). Individual
well averages Trom Thompson and this study are plotted 1in Fig.
23. Thompson’'s values were higher than the values of this study,
with the exception of wells 2, 8, and 10. Monthly nitrate aver-—

ag from both studies are plotted and compared in Fig. 24.

la]
m
n

Although Thompsons® wvalues were consistently higher, comparable
trends of vising nitrate concentrations from August to December,

followed by parallel falling levels in February were observed.
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CHAFTER 9: Interpretation

Weather conditions:

This study was conducted following periods of heavy precipi-
tation in May and June, 1990, which were 5.3 and 2.4 inches above
normal respectively. Frecipitation amounts from June 1, 1920 to
Api-ril 21, 1991 (Table 3} varied only slightly from the norm for
individual months (Ailken et al.i?%20). July, September, October,
and December ot 1523, plus February and March of 1791 were below
normal. June 1990 was 3.4 1inches above normal, and August and
NMovember 1990 were only slightly above normal. However, precipi-
tation totals For this perind were very close to normal Kanesas
average precipitation amounts. Thompson sampled these same wells
diring a period of extended drought which could account for some
variation in our reported nitrate levels. Temperature and snow-

fall were alsc closs to normal Eansas weather conditions so this

period can be considered to be typical for central Kansas.

ec ts

-+t

Heasonal ef

The nitrate concentrations from all the wells, except 1, 2
and 10, decreased from July to August of 1990. A period of heavy
precipitation in May and June preceded this decline 1in nitrate
levels. HNitrate pollution from surface run—-off would tend to
increase concentrations, however since nitrate levels dropped,
dilution from excessive precipitation 1s likely to have occurred
in most of the wells. Wells 1, 2 and 10 are survounded by farm-
land, so surface run—off containing nitrogen 1s suspected to have
increased nitrate levels. Fossible dilution effects from rainfall
also show up as a decline 1in nitrate concentrations from February
to April of 1921, excluding wells 1, 5 and 8, which are surrounc-
ed by cropland which may have had surface run—-off containing

nitrogen from fertilizers.
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Several of the wells show an increase in nitrate concentra-
tion followed by a decrease, during the late fall months, peaking
in October or December, especially wells 3, 11 and &6, 7 (Fig. 16
and 2G respectively). The decreasing temperature may have slowed
down nitrogen—fixing bacteria allowing damp solls to lose nitro-
gen, during ths fall and winter months, because of leaching which

could cause n increase 1in nitrates levels 1in the wells. The

il

following decrease in nitrate concentration may correlate to a
decline in leaching due to the <mall amount of rainfall from
January to March of 19%1. 0Other seasconal tirends are not as obvi-
ous so any other Tluctuations must be explained by either site

differences or geologilc settings.

S1te differences:

Mitrats concentration fTluctuations wvaried notably from site
to site, and some wells alse wvaried greatly from month to month.
W=l ilse & and 7 consistently recorded low nitrate corncentrations,

y, and display similar fluctuaticn curves for
nitrate levels (Fig. 16). Although both wells display similar
nitrate patterns, wells 6 and 7 have very different geoclogic and
agricultural =settings (Appendix 1. Well & is located 1in the
micdle of a fertilized field and high nitrate levels would be
expected. The well samples were all very high in iron content,
which may reduce nitrates to nitrocgen gas vresulting in very low
rmitrate concentrations. Well 6 1s located in a topographic low,
suwrrounded by steep slopes to the south and east, with a small
creelk, that is normally dry most of the year, running next to the
well. The surrounding area is grassland with trees on the slopes
with no farming in this drainage system. Lack of nitrogen intro-
duced into this area, from fertilizers used for farming, makes

this an 1ideal control well for low nitrate concentrations and
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explains the low nitrate levels.

Wells 1, 5 and 2, 4, 10 (Figs. 17 and 18 respectively) are
classified as medium—low nitrate concentration wells. Nitrate
concentrations range from 0.47 to 20.0 mg/1 for these wells.
Wells 1 and 5 display very similar fluctuation trends for chang-
ing nitrate concentrations and both are surrcunded by nearby
croplands, but have very different geclogic settings. The peak in
concentraticons, for September samples, corresponds to the 1in-
creased precipitation 1n August, which may have washed leached
nitrogen into the local aguifers. Decreasing rainfall, in Septem-
ber, may then explain the drop from September to Uctober but the
following 1increase does not seem to follow this explanation as
rainfall in October was low. Well 1 went dry in December so no
samples were collected in January and February of 19710

Wells 2 and 1% (Fig. 1B) also display very similar fluctua-
tion trends and both are surrounded by croplands, but have dif-
ferent geologic settings. Nitration Concentrations in both wells
peaked in August followed by a gradual decline until a small
increase occurred in January. The peak 1in August 1s suspected to
be a lag time effect from leached nitrogen from spring fertili-
zation of crops that slowly entered the water table. The follow-
ing decline 1in nitrate concentrations could be from decreasing
precipitation amounts during the winter months. No samples were
taken from well 4 after October of 19720, for the convenience of
the owner, so any trends are not available for analysis.

Wells 8 and 9 (Fig. 19) are classified as medium nitrate
concentrations wells with 3 to 41 mg/1 nitrogen reported as N.
Both wells display fluctuation of nitrate concentrations, but
rise and fall at different times. However, both display an over—
all decrease from July 1990 to April 1991. Both wells are located
near active farmland, and also both are located on (Guaternary age

Wwiggwam Tervace Deposits. Similar geologic and agricultural
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settings could explain comparable nitrate trends with site dif-
ferences responsible for individuaal fluctuations. The higher
nitrate concentrations, esarly 1in this study, must correlate to
leachasd nitrogen fiom spring fertilization of crops followed by a
gilution effect over time from continuing precipitation.

Wells 3 and 11 (Fig. £1) are classified as high nitrate
concentration wells with 15 to 120 mg/]1 nitrogen reported as N.
Both wells are suricunded by croplands but have different geolog-
ic settings. Fluctuation curves for both wells are very similar,
2xc luding September concentration for well 3, which is suspected
to have experimental error. Small amounts of rainfall in July
could explain the drop in nitrate concentrations from July to
August, and increasing rainfall in the autumn would then cause
the gradual increase iInto the winter months. Another explanation
couid be the decreasing temperatwre, which slowed nitrogen-—
fidation by pacteria and allowed nitrogen to be leached into the

ground from precipitation.

Chlogride corvrelation:

Samples taken in January and February of 1991 were analyzed
for chloride concentrations and plotted against nitrate levels
{Fig. 211. Wells with wvery high nitrate corncentrations, such as
well 11, were suspected of contamination Trom leaking septic
tanks. It was thought that wells contaminated from septic tank
l=akage would also be high in chloride. Wells that have been
poliuted from fertilizer contaminants are high in nitrates but
low in chloride . Well 11 is wvery high 1in both nitrate and chlo-
ride conrcentrations, therefore septic tank contamination 1is
suspected. A problem with chlorides 1is that some of the well
owners dump chlorox bleach in their wells, on a regular basis, to

k1ll any pathogens that may exist in the well water. Therefore,



it 1= difficult to tell chloride that is pwposely induced, from
chloride that hes entered the well from nearby septic tanks. Well
i1 displays the highest concentrations for both nitrate and
chloride, but the owner dumps chlorox into the well, at least
once a month, which probably accounts for the high chlor ide

cocncentration.

#revious study correlations:

Comparing resulting nitrate concentrations with the concen-
trations from O Connor (1993) showed that several of the 11 wells
studied fell within ov near constiucted areas of corresponding
concentratic (Fig. 22). However, wells 1, 3, 4 and 10 did not
fall in or near suspected zones of concentration. Well 3 corve-
sponds to a leccal high nitrate spot that has been treated as an
isclated case. Since only 33 wells were availlable to construct

ac tua zones of concentration may have been gquite

r+
s
b
n
w
L=

different 1if more data were available. The accuracy of nitrate
concentration values from O'Connor are suspected of experimental
. as several of the values are extremely high compared to
more vecent studies. However, the correlations between 1953 data
and recent values are guite interesting. The isolated well values
show that nitrate concentrations can vary greatly from different
wells of close proximity, perhaps even sharing the same aquifer
system.

Comparing the wells studied from the periocd of July, 1290
thvrough April, 1291 with the results of Thompson’s (1920) study
from August, 1938 to February, 1989 reveals some i1interesting
correlations (Table &, Fig. 23). He sampled once every two months
compared to once a month in this study, so only four months were
available for corvrelation. The reported wvalues for individual
well averages were very similar, althocugh his values were

slightly higher overall than concentrations calculated in this
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s tudy .

Flotted monthly averages for the total nitrate concentra-
tions of all wellis show parallel trends (Fig. 24). These trends
seem compatible in graphical form but are incomplete. High ni-
trate averages for September and November 1270, which would
change the shape of the graph considerably, cannot be compared to
any existing data Trom 12BB. Incompleteness of data for correla-
tion limits comparison of nitrate fluctuations between the two
studies and illustirates the need for more freguent sampling.

ditrate levels were higher in Thompson’'s sampling than 1in

this study, but similar trends are noticed. Sharp increases after
August in nitrate concentrations, which peaked 1in the winter

months for welil 11, were possibly caused by the increased rain-—

fall during this study, which diluted leached nitrogen in the
ground water. Recent concentrations for well 3 were consistently

higher, which may e due to 1increased rainfall allowing farm

animal Tece

i

and wrine remains, high in nitrogen, to penetrate

et

the sci mo

-

“e reoadily. Well 8 nitrate concentrations were also
consistently higher in this study, which alsoc could be attributed
to the increased rainfall causing run—off of nitrogen fertilizers

to become concentrated in the water table.
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CHAFTER &6: SUMMARY AND CONCLUSIONS

Mitrate analysis of water samples from the 11 private wells

shows that nitrate pollution 1s a real problem in Lyon County,

oo

lansas. Eight of the eleven wells aralyzed recorded nitrate
concentirations that were above the primary drinking water stand-
arc, at least once, during the period of July 12720 through April
19%1. Three of these eight wells had concentrations that were
cancsistently much higher than the primary drinking water standard
of 10 mg/l.

Agricultural saurces, such as; fertilization of crops,
animal wastes high 1in organic nitrogen, nitrogen fixation from
legumes, as well as leakage from nearby =septic tanks, are respon—
sible for the majority of high nitrate 1levels observed during
this study of nitrates in Lyon County. The highest overall con-—
centrations were observed 1in September of 1990 which coincides
with the fertilization of winter wheat crops in the fall. In-
creasasd nitrate concentrations, during the winter months, carre-
spond to a decrease in nitrogen—-fixation from legume plants.
Individual monthly fluctuations of nitrate concentrations were
generated by changing amounts of local precipitation. Frecipita-
tion either diluted existing nitrates or increased ground water
concentrations from leaching of nitrogen compounds in the soil.

Differing 1local topography, underlying rock outcrops and
so1l conditions are physical factors that control ground water
flow characteristics. Agquifers in Lyon County are shallow fea-
tures with low yield capacities, with the exception of certain
individual river alluvium deposits. Once shallow aquifers become
contaminated, 1t may take vears for sufficient amounts of precip-
i1tation required to flush out the polluted agquifer. The large
number of wvariables affecting nitrate concentrations create

ser lous problems in isolating nitrogen sources.



Some surrounding agricultural fields are used to grow alter—
nating crops from yesar to year, which may be fertilized at dif-
ferent times with wvarying amounts and types of fertilizers ap-
plied. Thompsaon’'s and this nitrate study represent a very limited
ijllustration for Lyen County, KHansas. A long term study of Lyon
County, Kansas wells would give much more insight into the local
and s=eascenal changes of nitrate concentrations, under differing

weather and agricultural conditions. Samples should be taken at

rt

leas once a month for a more extended time period, and more
wialls per township and vange analyzed to obtain a better picture

of nitrates in ground water of Lyon County, Kansas.
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AFFENDT X

Description of Wells:

Well 1 is located in the SW 1/4 of section 3&, range 12 E,
township 146 5. The hand-dug well is located in the middle of a
milo fiszld 1/4 of a mile from the house. The well 1s 24 Tt deep,
5 ft in diameter and the depth to water varies with precipitation
amounts. Fennsylvanian age Fierson Foint Shale outcrops are
covered by solls consisting of kKenoma silt loams (3-6 %4 slopes).
Samples were obtained by lowering a vrope and bucket down 1into the

well., The well went dry in December 1270, so no more samples were

taken until April 1991.

p—t

Well 2 is located in the 5E 1/4 of section 33, range 13 E,

town

"

hip 13 5. The bottleneck well 1s suwrounded by a barnyard,
pastures, and a small creek. The well 1s 36 ft deep, 3 ft 1in
diameter and the depth to water 1is usually 40 ft. Fennsylvanian
age Fierson Foint Shale and Quaternary age alluvium outcrops are
covered by scils consisting of Elmont silty clay loam (3-7 %
slopes). Samples were obtained from a hydrant located just north
of the house.

Well 3 is located in the SE 1/4 of =section 25, vrange 10 E,
township 15 5. The hand-dug well 1s located by two large barns
and 1s flanked by several wheat fields. The well is 24 ft deep,
3.5 ft in diametsy and the average depth to water 1s 12 ft.
Fermian age limestones and shales from Lower Chase Group are
covered by soils consisting of Ladysmith silty clay loam (0-2 %
slopes?). Samples were collected from the kitchen faucet inside
the house. Two ponds are located near the house, one to the east
and the other to the west.

Well 4 1s located in the SW 1/4 of section 17, vrange 11 E,
township 18 5. The well 1s 34 ft deep and normally has a depth to
water of 24 ft. A lagoon is located directly south of the well,
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which is suirounded by several wheat fields and a garden. Quater-
nary age Emporia tervrace deposits are covered with soils consist-—
ing of KEenoma silt loam (3-6 % slopes). Samples were collected
from a hose on the east side of the trailer. No samples were
taken after MNovembsy 1970, for the convenience of the owner.

Well 5 is located in the NW 1/4 of section 7, range 11 E,
township 12 5. The well 1s 30 ft deep and has an average depth to
water of 12 ft. Ths well is surrounded by outbuilding=s and a
burned down barn. U4.5. 30 highway rurns directly south of the well
but wheat fields swround the well from the other directions.
lJuaternary age Emporia terrace deposits are covered by soils
conslisting of Kenoma silt loam (3—-6 %4 slopes). Samples were taken
from the kitchen faucet located in the house.

Well & is located in the MW 1/4 of section 22, range 11 E,
township 19 §. The well is 24 ft deep and has an average depth to
water of 12 ft. The well is located 1in the middle of a wheat
field a 1/4 of a mile from the Cottonwood river. Water is pumped,
over 100 yards, through a pipe to the house. Ouaternary age
ailuvial deposits are covered with =oils consisting of Osage
silty clay. Eamples, that were very high in iron, were collected
from a hydrant located south of the house.

Well 7 is located in the NW 1/4 of section 346, range 12 E,
township 21 5. The well is 146 ft deep, 9 ft in diameter and has
an average depth to water of 82 ft. The well 1= located next to a
=small creek, that 1is normally dry, some 73 vyards east of the
house. Fennsylvanian age White Cloud Shale outcrops are covered
by soils consisting of Martin silty clay loam (1-4 % slopes).
Samples were collected from a hydrant located northeast of <he
house.

Well B is located in the NW 1/4 of section 2, range 11 E,
township 21 5. The well is located inside a barn that is used for
a wood workshop. The well 1s 34 ft deep, S5 ft in diameter and
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usually has an average depth to water of &6 ft. The barn is sur-
rounded by houses with an agricultuwal field to the south. Gua-—
ternary age Wiggwam terrace and alluvial deposits are covered by
solls consicsting of KEenoma silt loam (3-6 4 slopes). Samples were
collected by lowering a rope and bucket down into the well.

Wwell 9 is located in the 5E&E 1/4 of section 13, range 11 E,
township 19 5. The hand-dug bottleneck well 1s 30 ft deep. rough-
1y @ ft in diamestsr, and has an average depth to water of 20 ft.
The w=sll is located directly north of the house. Outbuildings and
a barn, used for a horse, are loccated to the west of the house.
Several different agricultural fields used for hay, wheat and
beans surround the well. Quaternary age Wiggwam terrace deposits
are covered by soils which consist of Ladvysmith silty clay loams
(0—2 % slopes). SBamples were taken from a hydrant located between
the house and the barn.

Well 10 1s leocated in the SW 1/4 of section 13, range 11 E,
township 19 5. The hand—-dug well is 24 ft deep, 4 ft in diameter
and has an average depth to water of 12 ft. The well i1is Ilocated
Just gast of the house and the well cover 1is badly cracked. The
well i1s survounded by agricultural fields used for crops such as:
soybeans, milo and wheat. Outcropping QOuaternary age Wiggwam
terrace deposits are covered with soils consisting of Ladysmith
silty clay leams (0—2 % slopes). Samples were collected from a
hose on the east side of the house.

Well 11 is located in the SW 1/4 of section 23, range 12 E,
township 19 5. The well is located beneath the house and 1s 88 Tt
deep, 4 ft in diameter, and the depth to water wvaries according
to water use and precipitation amounts. A garden 1s located to
the east of the house and the swrounding area is used for agri-
cultural field=s to grow corn, obats, and soybeans. Quaternary age

ailuvium 1= covered by soils consisting of Reading silt loam.
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Samples were taken from a hvydrant located directly above the

w11,
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