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AN ANALYSIS OP NITRATE CONCENTRATIONS IN  THE GROUND-WATER
OP ANTWERP TOWNSHIP, VAN BUREN COUNTY, MICHIGAN

John Emil K lanke, M .S .

W estern M ichigan U n iv e rs i ty ,  1981

P r iv a te  w e lls  were t e s t e d  f o r  n i t r a t e  d u rin g  th e  s p r in g  o f  

1979 th ro u g h o u t s e c tio n s  o f  Antwerp Township, Van Buren County, 

so u th w este rn  M ichigan ( s e c tio n s  1 -5 , 7 -22 , 24-26 , 28 -31 , 3 3 -3 6 ) . 

W ater sam ples were c o l le c te d  from 159 p r iv a te  w e lls  and ana ly zed  

f o r  n i t r a t e .  N itr a te  c o n c e n tra tio n s  ranged  from le s s  th a n  1 m g/l 

NO^-N to  14 .6  m g/l NO^-N. Seven w e lls  were found to  have n i t r a t e  

c o n c e n tra tio n s  eq u a lin g  o r  exceeding  th e  N a tio n a l In te r im  Prim ary 

D rin k in g  W ater S tandard  o f  10 m g/l NO^-N. N i t r a te  c o n c e n tra tio n s  

were r e l a t e d  to  age o f  s e p t i c  system , w e ll dep th  below s t a t i c  w at

e r  l e v e l ,  la n d  u se , and s o i l  ty p e . S e p t ic  system  e f f lu e n t  and 

l iv e s to c k  w astes were found to  c o r r e la te  c lo s e ly  w ith  h ig h  n i t r a t e  

c o n c e n tra tio n  ( g r e a te r  th a n  10 m g/l NO^-N), r e s u l t i n g  from  n i t r i 

f i c a t i o n  and le a c h in g  o f  w astes th rough  h ig h ly  perm eable s o i l s  to  

th e  ground w a te r . Shallow  w ells  lo c a te d  a t  s i t e s  w ith  o ld e r  s e p t i c  

system s showed th e  h ig h e s t average n i t r a t e  c o n c e n tra t io n s .  W ells 

lo c a te d  on farm  s i t e s  had h ig h e r  n i t r a t e  c o n c e n tra tio n s . W ells 

t h a t  were d e e p e s t below s t a t i c  w ater l e v e l  had low er n i t r a t e  con

c e n t r a t io n s ,  A ll  s o i l  ty p e s  posed sev e re  l im i ta t io n s  f o r  s e p t i c  

system s as  d e f in e d  by th e  S o i l  C onservation  S e rv ic e , w ith  w e lls  

lo c a te d  in  a re a s  o f  Spinks Sand showing th e  h ig h e s t n i t r a t e  con

c e n t r a t io n s  .
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CHAPTER I

INTRODUCTION

N itr a te  as  a  H ea lth  H azard

R e c e n tly , much concern  has been ex p ressed  about n i t r a t e  le v e ls  

In  g round-w ater s u p p l ie s ,  p a r t i c u l a r ly  when th e se  w ater s u p p lie s  

a re  used  f o r  dom estic  human consum ption. S tu d ie s  su g g es t t h a t  h ig h  

n i t r a t e  in ta k e  by humans can le a d  to  a  v a r ie ty  o f  h e a l th  h a z a rd s , 

ra n g in g  from  methemoglobinem ia i n  in f a n t s  to  p o s s ib le  can cer i n  

a d u l ts  (B osch, e t  a l .  197^! Tannenbaum, e t  a l .  1969; Magee, 1972; 

S en , e t  a l .  197^5 Tannenbaum, e t  a l .  197^> 1976).

Methemoglobinemia i s  th e  c o n d itio n  th a t  e x i s t s  when hem oglobin, 

th e  o x y g en -ca rry in g  su b s ta n c e  i n  b lo o d , i s  converted  to  methemo- 

g lo b in  which i s  unab le  to  a c t  as  an o x y g e n -c a r r ie r . The c o n d itio n  

i s  b rought ab o u t when an  o x y d iz in g  a g e n t ,  such as th e  n i t r i t e  io n ,  

tran sfo rm s  th e  f e r ro u s  i r o n  i n  hem oglobin to  f e r r i c  i r o n ,  th e re b y  

c r e a t in g  m ethem oglobin.

Comly (19^5) f i r s t  re co g n ized  th e  l in k  between h igh  n i t r a t e  

le v e ls  i n  d r in k in g  w a te r and m ethemoglobinem ia. Subsequent s tu d ie s  

have shown p r iv a te  w e lls  to  be a s s o c ia te d  w ith  alm ost a l l  cases  o f  

in f a n t  m ethemoglobinem ia where w e ll w a te r was used  to  p rep are  in f a n t  

fo rm ula  (G underson, 1971; Simon, e t  a l .  196*0. I n  a d d i t io n ,  S a t t e l -  

macher (1962) found t h a t  97 p e r  cen t o f  in f a n t  methemoglobinemia 

ca se s  were a s s o c ia te d  w ith  d r in k in g  w a te r con ain in g  more th a n  9 m g/l 

NO^-N. Under fa v o ra b le  c o n d i t io n s ,  n i t r a t e  i s  reduced  to  n i t r i t e

1
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th ro u g h  b a c te r io lo g ic a l  a c t io n  i n  th e  g a s t r o i n te s t i n a l  t r a c t .  The 

n i t r i t e  i s  th e n  abso rbed  in to  th e  b lo o d stream , w ith  subsequen t 

methemoglobin fo rm a tio n .

N orm ally, o n ly  in f a n t s  l e s s  th a n  f iv e  months o f  age a re  a f f e c t 

ed by h igh  le v e ls  o f  n i t r a t e .  O lder c h i ld re n  and a d u l ts  have v ery  

a c id ic  g a s t r i c  environm ents (pH 1 -2 ) which in h i b i t  th e  growth o f  

n i t r a te - r e d u c in g  b a c t e r i a ,  and th u s  p re v e n tin g  n i t r i t e  fo rm atio n . 

In f a n ts  have a  more n e u t r a l  g a s t r i c  environm ent (pH 5 -7 ) which 

perm its  b a c t e r i a l  growth i n  th e  stomach and n i t r i t e  i s  formed and 

absorbed  in to  th e  b lo o d stream . A lso , in f a n t  hem oglobin i s  more 

r e a d i ly  o x id ized  to  m ethemoglobin th a n  i s  a d u l t  hem oglobin. F in a l ly  

in  in f a n ts  th e re  i s  a  low er a c t i v i t y  i n  th e  b lo o d - re s to r in g  enzyme 

system  th a n  in  a d u l t s , so  in f a n t s  b u ild  up to x ic  le v e ls  o f  methemo

g lo b in  more r e a d i ly  th a n  do a d u l t s .

A s tu d y  done by th e  American P u b lic  H ea lth  A sso c ia tio n  in  1950 

in d ic a te d  th e  r a r i t y  o f  methemoglobinemia when n i t r a t e  le v e ls  in  

d r in k in g  w ate r a re  l e s s  th a n  10 m g/l NO^-N. Because o f  t h i s  r e l 

a t io n s h ip ,  th e  N a tio n a l In te r im  D rink ing  W ater S tan d ard s  f o r  NO^-N 

a re  s e t  a t  a  maximum a llo w a b le  contam inant le v e l  (MCL) o f  10 m g /l.

The d i r e c t  ch ro n ic  e f f e c t s  o f  n i t r a t e  on humans and anim als has 

no t been documented; most ch ro n ic  t o x i c i t y  i s  b e lie v e d  to  r e s u l t  

from th e  p ro d u c tio n  o f  n i t r i t e  from  n i t r a t e  by b a c t e r ia .  N itra te  

p o iso n in g  in  l iv e s to c k  produces a n o re x ia , dyspnea, r e s t l e s s n e s s ,  

v a s o d i la t io n ,  low ered blood  p re s s u re ,  a b o r t io n  and reduced  l a c ta t io n  

(N a tio n a l Academy o f  S c ie n c e , N a tio n a l R esearch  C o u n c il, Panel on 

N i t r a t e s ) .  N i t r a te  has a ls o  been shown to  i n t e r f e r e  w ith  th e  io d id e
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t r a p p in g  mechanism o f  th e  th y ro id  i n  r a t s  (L ee, e t  a l .  1970), h u t 

has n o t been observed  in  c a t t l e  ( ja in u d e e n , e t  a l . 1965) o r  dogs 

(K e lly , e t  a l .  197*0.

Of more im portance i s  th e  p o s s i b i l i t y  o f  ca rc in o g e n ic  N -n itro so  

compounds form ing in  v ivo  in  humans. Tannenbaum, e t  ad . (1976) dem

o n s tr a te d  t h a t  n i t r i t e  i s  p re s e n t  i n  s a l i v a ,  and t h a t  i t s  co n ce n tra 

t i o n  i s  dependent on th e  c o n c e n tra tio n  o f  n i t r a t e  in g e s te d .  Because 

excess n i t r i t e  can combine w ith  secondary  amines found in  food to  

produce n itro sa m in es  i n  th e  stom ach (Sen, e t  a l .  1969) ,  in g e s t io n  o f  

h ig h  c o n c e n tra tio n s  o f  n i t r a t e  i s  d e f in i t e l y  cause f o r  concern . 

N itro g en  Cycle

N itrogen  as th e  gas Ng i s  i n e r t  and must be " f ix e d ” b e fo re  i t  

can be u t i l i z e d  by most o rgan ism s. The l a r g e s t  s in g le  n a tu ra l  sou rce  

o f  f ix e d  n itro g e n  i s  t e r r e s t r i a l  m icroorganism s which ta k e  th e  n i t 

rogen  ou t o f  th e  atm osphere and in c o rp o ra te  i t  i n  chem ical compounds. 

I n d u s t r i a l  p ro cesse s  a lso  f i x  n itro g e n  f o r  u se  in  f e r t i l i z e r .

I n  a d d i t io n  to  Ng, th r e e  b a s ic  n i t ro g e n  compounds a re  inv o lv ed  

i n  th e  n itro g e n  c y c le ,  NĤ + (ammonium), NOg- ( n i t r i t e ) ,  and N 0^~ (n it

r a t e )  . These compounds a re  in v o lv ed  in  th e  th re e  p ro cesse s  t h a t  con

s t i t u t e  th e  n itro g e n  c y c le ,  n i t r i f i c a t i o n ,  d e n i t r i f i c a t i o n , ,  and am- 

m o n if ic a tio n . I n  an  o x id iz in g  env ironm ent, th e  n it ro g e n  compounds 

a re  p ro g re s s iv e ly  o x id iz e d , w ith  n i t r a t e  as  th e  end p ro d u c t. T h is  ’ 

p ro c e s s , n i t r i f i c a t i o n ,  i s  re p re s e n te d  by th e  eq u a tio n s  N H ^ N O g  

NO  ̂ . N i t r i f i c a t i o n  i s  c a r r ie d  ou t by two m icroorgan ism s, N itro -  

somonas and N itro b a c te r .  N itrosom onas co n v erts  NH^+ to  NO^” and 

N itro b a c te r  co n v erts  NOg" to  NO -̂ .
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•In a  red u c in g  environm ent, n itro g e n  compounds te n d  to  d e n i t r i f y  

w ith  o x id ized  n itro g e n  compounds ( n i t r i t e  and n i t r a t e )  be in g  assim 

i l a t e d  by m icroorganism s which convert NOg" and N0^~ to  gaseous Ng. 

D e n i t r i f i c a t io n  i s  re p re se n te d  by th e  eq u a tio n s  N0^^-> NOg-* NgO*—> 

Ng. I n  o rd e r  f o r  th e  m icroorganism s to  m e tab o lize  n i t r i t e  and n i t 

r a t e ,  o rg an ic  carbon must be p re se n t i n  a  re d u c in g  environm ent.

A m m onification occu rs  when an im al and p la n t  m a tte r  decompose, 

and o rg a n ic  n itro g e n  compounds a re  co n v erted  t o  NĤ + .

A s im p l if ie d  n it ro g e n  cy c le  can be re p re s e n te d  by th e  e q u a tio n :

O rganic N
s y  f  \

NH.,^N0ô N 0 „
t  V t 2 3
n2<-n20 .

N itro g en  in  th e  form  o f NĤ + , NOg, o r  NO  ̂ i s  a v a i la b le  f o r  u se  

by p la n ts  and an im a ls . Most com mercial f e r t i l i z e r s  c o n ta in  n itro g e n  

in  th e  NH^+ form , because th e  ammonium io n  i s  r e a d i ly  tra p p e d  .in  s o i l  

due to  i t s  p o s i t iv e  ch a rg e . The n it ro g e n  rem ains i n  th e  s o i l  lo n g e r , 

and p la n ts  have more tim e to  a s s im i la te  i t  th a n  w ith  o th e r  forms o f  

n i t ro g e n .  N itr a te  on th e  o th e r  hand i s  m obile i n  s o i l s  and e a s i ly  

le ach ed  o u t o f  th e  r o o t  zone o f  p la n ts  to  th e  w a te r  t a b l e .

Movement o f  N itr a te

N it r a te  i s  leached  r a p id ly  th rough  s o i l s , moving v e r t i c a l l y  

th rough  th e  u n sa tu ra te d  zone w ith  l i t t l e  change i n  c o n c e n tra tio n .

Upon re a c h in g  th e  w ater t a b l e ,  g ra v i ty  ceases  to  be th e  prim e fo rc e  

a f f e c t in g  n i t r a t e  movement. I n s te a d ,  m o lecu la r d is p e r s io n  te n d s  

to  d i s t r i b u t e  n i t r a t e  i n  a l l  d i r e c t io n s ,  d i l u t i n g  th e  n i t r a t e  con

c e n t r a t io n .  H o riz o n ta l g round-w ater flow  te n d s  to  f u r th e r  i n h i b i t
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downward movement o f  n i t r a t e ,  c r e a t in g  in s te a d  plumes o f  contam

in a t io n  th a t  sp read  dow n-grad ien t from th e  so u rce  (G ardner, 1965)* 

The n e t r e s u l t  i s  a  d ec re a se  in  n i t r a t e  c o n c e n tra tio n  w ith  in c re a s 

in g  d is ta n c e  from th e  s o u rc e , and w ith  in c re a s in g  d ep th  below 

s t a t i c  w a te r .

Description of Study

Over th e  p a s t  s e v e ra l  y e a r s , th e  Van Buren County H ea lth  D epart

ment has te s t e d  a  number o f  w e lls  th roughou t th e  County, w ith  e le v 

a te d  le v e ls  (g r e a te r  th a n  10 m g /l) o f  n i t r a t e  be in g  re p o r te d  f o r  

many, in c lu d in g  w e lls  i n  Antwerp Township.

Antwerp Township was chosen as th e  a re a  o f  s tu d y  because o f  i t s  

p o te n t ia l  f o r  suburban developm ent. The p redom inate ly  r u r a l  town

s h ip  has ex perienced  f a i r l y  r a p id  grow th, w ith  developm ent o f  num

erous s u b d iv is io n s , t r a i l e r  p a rk s , and in d iv id u a l  p r iv a te  l o t s .

T h is r e p o r t  p re s e n ts  th e  f in d in g s  o f  a  s tu d y  o f  th e  occu rrence  

and d i s t r i b u t io n  o f  n i t r a t e  i n  w e ll w ater from  Antwerp Township. 

N i t r a te  c o n c e n tra tio n s  were c o r r e la te d  w ith  w e ll dep th  below s t a t i c  

w ate r l e v e l ,  d is ta n c e  between w e ll and s e p t i c  system , age o f  th e  

s e p t i c  sy stem , dep th  to  s t a t i c  w a te r l e v e l ,  s o i l  ty p e ,  g eo lo g ic  and 

h y d ro lo g ic  c h a r a c te r i s t i c s  o f  th e  su b su rfa c e , and la n d  u s e .

Location of Study Area

G eographic. Antwerp Township i s  lo c a te d  in  e a s t - c e n t r a l  Van 

Buren County in  so u th w este rn  M ichigan (F ig u re  1 ) .  The Township 

i s  c ro ssed  by th re e  highways: I n t e r s t a t e - 9 ^ , Red Arrow Highway, 

and M-40 (P la te  l ) .  Antwerp Township i s  m ostly  ru ra l}  however
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th re e  com m unities, Paw Paw, M attawan, and Lawton, l i e  w holly o r  

p a r t i a l l y  w ith in  th e  tow nsh ip .

H y d ro lo g ic . Antwerp Township l i e s  w ith in  th e  Paw Paw R iv e r 

B asin  which d ra in s  westw ard (F ig u re  2 ) .  Van Buren County re c e iv e s  

app ro x im ate ly  3^ in ch es  (864- mm) o f  p r e c ip i ta t io n  an n u a lly  (U .S. 

W eather B ureau , 196*0. Abundant su b su rfa ce  w ate r su p p lie s  a re  

found th ro u g h o u t th e  tow nsh ip , g e n e ra lly  a t  dep ths o f  le s s  th a n  50 

f e e t  ( 15*2 m) below th e  la n d  s u r f a c e ,  excep t i n  m orainal a re a s  where 

th e  w a te r  ta b le  may be a t  d ep th s o f  more th a n  100 f e e t  (30 .5  m )•

G eo lo g ic . The s u r fa c e  geology o f  Antwerp Township i s  a  p roduct 

o f  g la c ia t io n  a s s o c ia te d  w ith  th e  Lake M ichigan lobe o f  th e  W iscon- 

s in a n  ic e  s h e e t  (F ig u re  3)* The h ig h e s t e le v a tio n s  a re  i n  so u th 

e a s te rn  s e c t io n s  o f  th e  tow n sh ip , a lo n g  th e  In n e r  Ridge o f  th e  K al

amazoo M oraine (P la te  1 ) .  A sso c ia ted  w ith  th e  Kalamazoo Moraine i s  

a  m inor r id g e  re p re s e n te d  by a  s e r i e s  o f  h i l l s  which extends th rough  

s e c t io n s  1 , 11 , 12, 15 -17 , 20 , 29» and 30 (F igure  3)» Along most 

o f  i t s  le n g th ,  t h i s  r id g e  i s  b u rie d  beneath  outwash w ith  on ly  th e  

backslope b e in g  unobscured  ( T e r w il l ig e r , 195*0 • Lying between th e  

two r id g e s  i s  a  broad a re a  o f  t i l l  p la in  and outw ash, composed p re 

dom inate ly  o f  sands and g r a v e l s , w ith  some i s o la te d  c la y  le n se s  a  

few f e e t  i n  th ic k n e s s  ( T e r w i l l ig e r , 195*0 • U nderlying th e  g la c ia l  

d r i f t ,  which i s  s e v e ra l  hundred f e e t  th ic k  lo c a l ly ,  i s  th e  M is s is s -  

ip p ia n  C oldw ater S h a le .
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Figure 3» Surface geology of Antwerp Township, Van Buren Co., MI
(F. W. Terilliger, Geology of Van Buren County, MI, 1950)
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CHAPTER I I

METHODOLOGY

One hundred and f i f t y - n i n e  100 ml w a te r sam ples were c o l le c te d  

from  p r iv a te  w e lls  th ro u g h o u t Antwerp Township (F ig u re  4 ) .  Sam pling 

s i t e s  were p lo t te d  on a e r i a l  photos ( s c a le :  1" = 4 0 0 ')  p rov ided  by

th e  Van Buren County C le rk 's  O ff ic e  and on a  s o i l  map com posite . 

E le v a tio n s  f o r  each w e ll s i t e  were o b ta in ed  by p lo t t in g  w e ll s i t e s  

on th e  15 ' M arcellus Q uadrangle to p o g rap h ic  map (U .S .G .S .) ; a c c u r

acy was w ith in  f e e t  o f  con tou red  e le v a t io n .

In fo rm a tio n  r e l a t e d  to  w e ll d e p th , s ta t i c - w a te r  d e p th , d i s t 

ance between w e ll and s e p t i c  sy stem , g l a c i a l  l i th o lo g y ,  and s o i l  

ty p e  f o r  each s i t e  was ta k e n  from  d r i l l e r s  re c o rd s  fu rn is h e d  by th e  

Van Buren County H ea lth  D epartm en t, s o i l  maps p rov ided  by th e  U .S . 

D epartm ent o f  A g r ic u ltu re ,  S o i l  C onservation  S e rv ic e ,  and th rough  

c o n v e rsa tio n s  w ith  p ro p e rty  ow ners.

W ater samples were p re se rv ed  in  th e  f i e l d  w ith  1 ml b o r ic  a c id  

s o lu t io n  p e r 100 ml sam ple and ta k e n  th e  same day to  th e  la b  f o r  

t e s t i n g .  I n  th e  l a b ,  a  p re s e rv a t iv e  s o lu t io n  was p rep a red  by d i s 

s o lv in g  6 .2  g o f  re a g e n t grade b o r ic  a c id  i n  100 ml o f  h o t d i s t i l l e d  

w a te r . The s o lu t io n  was used to  p re se rv e  sam ples c o l le c te d  i n  th e  

f i e l d  from  b io lo g ic a l  a l t e r a t i o n .

A model 407A O rion s p e c i f i c  io n  m eter was vised in  co n ju n c tio n  

w ith  an O rion n i t r a t e - s p e c i f i c  io n  e le c tro d e  f o r  t e s t i n g  o f  a l l  sam

p le s  . The use o f  th e  n i t r a t e - s p e c i f i c  io n  e le c tro d e  p e rm itte d  r a p id

9
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t e s t i n g  o f  sam ples, and th e  accuracy  o f  t h i s  method i s  comparable 

w ith  e x t r a c t i o n - d i s t i l l a t i o n  m ethods, w ith in  0 .1  m g/l (Bremmer, e t  a l .  

1968). In  t e s t s  where known n i t r a t e  c o n c e n tra tio n s  were measured 

u s in g  th e  io n  e le c tro d e  method, th e  re c o v e ry  ranged  from  99 to  101 

p e r  cen t (Bremmer, e t  a l .  1968) .

A s ta n d a rd  s to c k  s o lu t io n  was p rep a red  f o r  c a l ib r a t io n  o f  th e  

io n  e le c tro d e  by w eighing o u t 7.218 g o f  re a g e n t grade KNÔ  and d i l 

u t in g  w ith  d i s t i l l e d  w a te r to  1000 m l. The s to c k  s o lu t io n  was th e n  

used  to  p rep a re  100 ppm, 10 ppm, and 1 ppm s ta n d a rd  re fe re n c e  s o lu t 

io n s  f o r  c a l ib r a t io n  o f  th e  io n  m eter b e fo re  t e s t i n g  o f  each ba tch  

o f  sam ples.

An io n ic  s t r e n g th  a d ju s to r  (ISA) s o lu t io n  was p rep ared  by d i s 

s o lv in g  26.42 g o f  re a g e n t grade (NH^JgSO^ i n  100 ml o f  d i s t i l l e d  

w a te r . In  o rd e r  to  p rov ide  a  c o n s ta n t io n ic  background s tr e n g th  

when u s in g  th e  io n  e le c t ro d e ,  2 ml o f  th e  ISA s o lu t io n  was added to  

each 100 ml sam ple p r io r  to  t e s t i n g .

P aram e tric  s t a t i s t i c a l  a n a ly s is  was accom plished th rough  use 

o f  th e  S tu d en ts  t - S t a t i s t i c  and P e a rso n 's  c o e f f i c ie n t  o f  c o r r e la t io n .  

C ontingency ta b le s  were u sed  f o r  n o n -p a ram etric  a n a ly s i s .  Due to  th e  

skewed n a tu re  o f  th e  d a ta ,  bo th  ty p e s  o f  s t a t i s t i c a l  a n a ly s is  were 

used  i n  o rd e r  to  a ssu re  th e  g r e a te s t  p o s s ib le  deg ree  o f  accu racy . 

R eg ression  curves and d a ta  tran sfo rm s  were used to  p lo t  l i n e s  o f  

b e s t f i t  to  v a rio u s  groups o f  d a ta .  Only th o se  w e lls  w ith  meas

u ra b le  n i t r a t e  ( g re a te r  th a n  1 m g/l) le v e ls  were u sed  f o r  p a ram e tric  

a n a l y s i s , w hereas a l l  t e s t  s i t e s  were u sed  in  n o n -p aram etric  a n a l

y s i s .
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CHAPTER I I I

ANALYSIS OF DATA

G eneral D is t r ib u t io n  o f  N itr a te

N it r a te  c o n c e n tra tio n s  i n  159 sam ples o f  ground w ate r ta k e n  

th ro u g h o u t Antwerp Township ranged  from  le s s  th a n  1 m g/l to  I k , 6  

m g/l NO^-N. The mean n i t r a t e  c o n c e n tra tio n  f o r  a l l  w e lls  was 3 «1 

m g/l NO^-N and th e  median n i t r a t e  c o n c e n tra tio n  was 1 .8  m g/l NO^-N. 

As seen  in  F ig u re  5> th e  d i s t r i b u t io n  o f  n i t r a t e  c o n c e n tra tio n s  i s  

skewed to  th e  r i g h t  ( lo w ), w ith  on ly  32 o u t o f  159 w e lls  t e s t e d  

h av in g  n i t r a t e  c o n c e n tra tio n s  h ig h e r  th a n  3 . 1  m g/l NO^-N.

6 0

55  •

5 0  ■

45

</) 4 0

-1UJ 35  •
3
Ii. 3 0
O
o 2 5
z

2 0

15

10

5 ■

0  I 2 3 4  3 6 7 8 9 10 II 12 13 14 15
NITRATE CONCENTRATION (MG/L)

F ig u re  5 . D is t r ib u t io n  o f  N itr a te  C o n cen tra tio n s  i n  Antwerp 
Township, Van Buren County, M ichigan
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N itr a te  le v e ls  f o r  o n ly  4 .4  p e r  cen t o f  159 w e lls  t e s t e d  con

ta in e d  n i t r a t e  le v e ls  e q u a lin g  o r  exceeding  th e  N a tio n a l In te r im  

D rink ing  W ater S tan d a rd  l i m i t  o f  10 m g/l NO^-N, and 21 .4  p e r  c en t 

co n ta in ed  l e s s  th a n  1 m g/l NO^-N. Although th e  159 sample s i t e s  

were s c a t t e r e d  th ro u g h o u t a l l  s e c t io n s  o f  th e  tow nsh ip , o n ly  w e lls  

on t i l l  and outwash p la in s  co n ta in ed  10 m g/l o r  more n i t r a t e .

There was no incidence of elevated nitrate levels in morainal areas. 

On moraines, wells are deeper than on the till and outwash plains. 
Because of the increased depth to water greater opportunity exists 

for nitrate dispersion and denitrification than in till and out

wash plains. Also, drillers records for Antwerp Township indicate 

a higher clay content in moraines compared to till and outwash 

plains, which are predominately sands and gravels, rendering the 
nitrate ion less mobile.
Soil Type in Relation to Nitrate Levels

Soil types at each sample site were identified from soil maps 
provided by the U .S. Department of Agriculture, Soil Conservation 

Service. Figure 6 shows the percentage distribution of each soil

4 0
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Figure 6. Percentage distribution of soils in Antwerp Township, 
Van Buren County, Michigan.
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ty p e  co n sid e re d  in  th e  s tu d y .

The S o i l  C o nservation  S e rv ic e  c o n s id e rs  s o i l s  to  have sev e re  

l im i ta t io n s  f o r  s e p t i c  d ra in a g e  f i e l d s  i f  th e  p e rm e a b ility  exceeds 

2 in c h es  p e r  h o u r. The ra p id  p e rm e a b ility  does no t a ilow  f o r  ad

eq uate  re n o v a tio n  o f  s e p t i c  e f f lu e n t  and nearby  shallow  w e lls  a re  

s u s c e p t ib le  to  co n tam in a tio n .

A ll s o i l s  co n s id e red  i n  th e  s tu d y  have sev e re  l im i ta t io n s  f o r  

s e p t i c  d ra in a g e  f i e l d s  as d e f in e d  by th e  S o i l  C onserva tion  S e rv ic e , 

as p e rm e a b il i t ie s  o f  a l l  s o i l s  range from 2 in c h e s /h o u r  to  g r e a te r  

th a n  20 in c h e s /h o u r  (T able l ) .  W ells lo c a te d  on Spinks Sand had a  

s ig n i f i c a n t l y  h ig h e r  average n i t r a t e  l e v e l  th a n  w e lls  i n  any o th e r  

s o i l  ty p e  ( 90#  confidence l e v e l ) .

TABLE 1

Analysis of Soil Type in Relation to Nitrate Concentrations

S o i l  Type
P ercen tage

C lay
P e rm e a b ili ty  
( i n c h e s / h r . ) n

Mean
N0--N SD

Boyer Sand 5 - 5 0 # 2 - 2 0 6
j

2. 9 2 . 6

Brems Sand 5 - 2 5 # more th a n  20 9 2 .3 2 .1
C helsea  Sand 5 - 1 9 # 6 - 2 0 37 2. 8 2 . 9
Kalamazoo Loam 0 1 J'” V

I 2 - 2 0 3 3 . 2 1. 8
Oshtemo Sandy Loam

$-3-lo

2 - 2 0 5 1. 9 1. 2

P la i n f i e l d  Sand 1 -. 4# 6 - 2 0 35 3. 1 2 . 6
Sp inks Sand 5 - 3 0 # 6 - 2 0 4 10.1* 4 .6

Tedrow Loamy Sand 3 - 4 0 # 6 - 2 0 1 2. 8 -----

* S ig n i f i c a n t ly  h ig h e r  th a n  r e s t o f  v a lu es  a t  90# co n fid en ce .
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There was no s ig n i f i c a n t  d if f e r e n c e  i n  n i t r a t e  c o n c e n tra tio n s  

from  w e lls  lo c a te d  on o th e r  s o i l s .

Land Use in  R e la tio n  to  O bserved N it r a te  C o n cen tra tio n s

Land u se  i n  Antwerp Township was d iv id e d  in to  fo u r  c a te g o r ie s :  

(1 ) dense r e s id e n t i a l  a re a s  c o n s is t in g  o f  s u b d iv is io n s ,  t r a i l e r  

• p a rk s ,  and v i l l a g e  re s id e n c e s ;  (2 ) s p a rs e  r e s i d e n t i a l  a re a s  c o n s is t  

in g  o f  r e la te v e ly  i s o la te d  re s id e n c e s ;  (3 ) b u s in e ss  a re a s  c o n s is t 

in g  o f  com mercial b u i ld in g s ,  government b u i ld in g s ,  sch o o ls  amd 

chu rch es; and (4 ) crop  o r  l iv e s to c k  fa rm s . The d i s t r i b u t io n  o f  

w e lls  and n i t r a t e  c o n c e n tra tio n s  w ith  re g a rd  to  lan d  u se  i s  p re s e n t 

ed i n  T able 2 .

TABLE 2

Distribution of Nitrate With Respect to Land Use

Land Use
N itra te

Range Dense S parse B usiness Farm T o ta ls

0 - 1 .9  m g/l 50 48 7 4 109

2 - 3 - 9  m g/l 8 14 3 0 25
4 - 5 . 9  m g/l 7 4 1 0 12

6- 7 .9  m g/l 2 2 1 0 5

8 - 9 - 9  m g/l 0 0 0 0 0

10-11 .9  m g/l 2 1 0 0 3

12-13 .9  m g/l 0 0 0 2 2

14-15*9 m g/l 2 0 0 0 2

T o ta l n 71 69 12 6 158

Mean NÔ 3 .2  m g/l 2 .6  m g/l 3 .1  m g/l 9 .1  m g/l

S.D . 3 .2  m g/l 2 .0  m g/l 2 .0  m g/l 6 .8  m g/l
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S t a t i s t i c a l  a n a ly s is  o f  159 w a te r sam ples in d ic a te s  t h a t ,  a t  a  

% confidence le v e l ,  th e re  i s  a  c o r r e la t io n  between la n d  u se  and 

n i t r a t e  co n c e n tra tio n s  (Table 3 )•  Farm w e lls  have a  s ig n i f i c a n t l y  

h ig h e r  average n i t r a t e  l e v e l  th a n  r e s i d e n t i a l  o r  b u s in ess  w e lls  

w hile  no s ig n i f i c a n t  d if f e re n c e  ( 90% co n fid e n ce ) e x i s t s  between 

mean n i t r a t e  le v e ls  f o r  sp a rse  r e s i d e n t i a l ,  dense r e s i d e n t i a l ,  and 

b u s in ess  w e lls  (Table 3 )  •

TABLE 3

X Values and t-Statistics With Regard to Land Use

Dense Sparse

,NS

25 .50*** 24.80***
NS

Dense
Sparse  4 .8 0 J

Farm

B usiness 3*24'

NS = Not s ig n i f i c a n t  a t  .90 . 

**  .05  p r o b a b i l i ty .
*** .01 p ro b a b i l i ty .

1.09.NS

1 .4 0,NS

Farm 

-2 .90***  
- 4 . 60***

6 .50**

B usiness
0 .00(NS

,NS.81* 
2.42***

D e p th 'to  S t a t i c  W ater W ith R espect to  O bserved N it r a te  C o n cen tra tio n s  

D ata was g a th ered  from  d r i l l e r s  re c o rd s  f o r  156 sample s i t e s .  

D is t r ib u t io n  o f  n i t r a t e  c o n c e n tra tio n s  w ith  re g a rd  to  dep th  to  s t a t 

i c  w ater le v e l  i s  p re se n te d  i n  T ab le  4 .  D epth to  s t a t i c  w a te r ran g 

ed from 3 f e e t  (0 .9  m) to  160 f e e t  (4 8 .8  m ), w ith  a  mean d ep th  o f  

27 f e e t  (8 .2  m ), a  median dep th  o f  20 f e e t  (6 .1  m ), and a  s ta n d a rd  

d e v ia tio n  o f  22 .7  f e e t  ( 6 ,9  m). A l i n e a r  r e g re s s io n  curve f i t  to

th e  d a ta  has th e  fo llo w in g  eq u a tio n : y = 1 .7  + .08x -  . 0006x  , w ith
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TABLE 4

j r -

N itr a te
Range

Depth to  S t a t i c  W ater (no . w e lls )  

0-19  f t .  20-160 f t .
0-  1.9  m g/l 61 48
2-  3*9 m g/l 10 14
4 -  5 .9  m g/l 2 9
6-  7-9  m g/l 1 4
8-  9 .9  m g/l 0 0

1 0-11 .9  m g/l 1 2
12-13 .9  m g/l 0 2
14-15 .9  m g/l 1 1
T o ta l  n 76 80
Mean NO a 2 .7  m g/l 3 .5  m g/l
S .D .a 2 .6  m g/l 10.8  m g/l

a  V alues axe based on sam ples w ith  m easurable n i t r a t e  ( g r e a te r  th a n  • 
1 m g/l N03-N ).

a  c o r r e la t io n  c o e f f i c ie n t  o f  r  = .250 (F ig u re  7 )•

S t a t i s t i c a l  a n a ly s is  o f  sample n i t r a t e  c o n c e n tra tio n s  i n  r e l 

a t io n  to  s e le c te d  f a c t o r s ,  p re se n te d  in  T ab le  5 i in d ic a te s  a  s i g 

n i f i c a n t  c o r r e la t io n  between observed  n i t r a t e  le v e ls  and th e  dep th  

to  s t a t i c  w a te r , w ith  n i t r a t e  c o n c e n tra tio n s  in c re a s in g  as s t a t i c  

w a te r d ep th  in c r e a s e s . However, none o f  th e  fo u r  w e lls  w ith  s t a t i c  

w a te r le v e ls  d eeper th a n  70 f e e t  (21 .3  m) has n i t r a t e  c o n c e n tra t

io n s  i n  excess o f  1.4- m g/l NO^-N.

A p lo t  o f  th e  re g re s s io n  curve (F ig u re  7) shows an in c re a s e  in  

n i t r a t e  as  s t a t i c  w a te r dep th  in c re a s e s  up to  6k  f e e t  ( 19*5 ni), th e n  

a  d e c re a se  f o r  s t a t i c  w ate r d ep th s  g r e a te r  th a n  6 k  f e e t .
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S t a t i c  W ater D epth . ( f e e t )

F ig u re  7 .  S t a t i c  w a te r  d e p th  I n  r e l a t i o n  t o  o b serv ed  n i t r a t e .
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The d i s t r i b u t io n  has a  k u r to s is  o f  13*78 and a  skewness o f

2 .72 .

TABLE 5

A naly sis  o f  S e le c te d  F a c to rs  i n  R e la tio n  to  
N i t r a te  C o n cen tra tio n s  i n  Antwerp Township

C ontingency S tu d en ts  C o rre la tio n
A n aly sis  t - S t a t l s t i c  C o e ff ic ie n t

F a c to r  n a  X^ ^ n c x« -  x0 r

104

X  ̂1 *

- 1.62  * .25 ***

104

67

2.63  *** 

-  . 4 8 ®
.25 *** 
. 0 8 ®

87 1.03 ® . 0 6 ®

104 -  . 8 1 ® .J40 ***

S ta t i c  W ater
Depth 156 11 .85  *
W ell Depth Below
S t a t i c  W ater 156 15*75 ***
C lay T h ickness 110 1 .63 ®
D is tan ce  Between
W ell and S e p tic  133 13*87 ***
S e p tic  System
Age_________________ 154___ 10282_*__
Si A ll sam p les .

^ Chi Squared v a lu e  based  on d a ta  groupings p re se n te d  in  T ab les 4 ,  
and 6-9*

c Samples w ith  m easurable n i t r a t e  ( g r e a te r  th a n  1 m g/l NO^-N).
= mean f o r  a l l  sam ples below f a c t o r  median.

Xg = mean f o r  a l l  sam ples above f a c t o r  median.

NS = n o t s i g n i f i c a n t .

* .90 s ig n i f ic a n c e .

** .95 s ig n i f ic a n c e .
*** .98 s ig n i f ic a n c e .

Depth o f  W ell Below S t a t i c  W ater i n  R e la tio n  to  N i t r a te  C o n cen tra tio n  

Sampled w e lls  ranged  from  10 f e e t  (3 m) to  212 f e e t  (64 .6  m) 

below s t a t i c  w a te r l e v e l ,  w ith  a  mean o f  3 4 .9  f e e t  (1 0 .6  m), a  med

ia n  o f  31 f e e t  (9*4 m), and a  s ta n d a rd  d e v ia tio n  o f  26 .4  f e e t  (8 m).
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D is t r ib u t io n  o f  n i t r a t e  c o n c e n tra tio n s  w ith  re g a rd  to  w e ll dep th  i s  

p re se n te d  in  T ab le  6 . The d i s t r i b u t io n  i s  h ig h ly  skewed to  th e  

r i g h t  and peaked, w ith  a  skewness o f 4 .3 4  and k u r to s is  o f  2 6 .4 2 .

A r e g re s s io n  curve has th e  fo llo w in g  e q u a tio n : y = 5-34 -  «09x +
2

,0004x , w ith  a  c o r r e la t io n  c o e f f i c ie n t  o f  r  = .254 . A p lo t  o f  th e  

d a ta  p o in ts  and r e g re s s io n  curve (F ig u re  8 ) shows a  d i s t i n c t  down

ward tre n d  i n  n i t r a t e  c o n c e n tra tio n s  as w e ll dep th  in c re a s e s .

S t a t i s t i c a l  a n a ly s is  o f  w e ll .d e p th  below s t a t i c  w ate r i n  r e l 

a t io n  to  n i t r a t e  c o n c e n tra tio n s  (Table 5 ) in d ic a te s  a  s ig n i f i c a n t  

d eg ree  o f  c o r r e la t io n  between w e ll d ep th  below s t a t i c  w ate r and 

n i t r a t e  c o n c e n tra tio n s  i n  Antwerp Township, w ith  n i t r a t e  concen-

TABLE 6

D is t r ib u t io n  o f  N0_ With R espect to  
W ell D epth Below S t a t i c  W ater

N03
Range

W ell Depth (no . w e lls )

(m g /l) 0-30 f t . 31-202 f t .

0-  1 .9 46 61

ON•C'N1CM 14 10
4 -  5-9 6 6

6-  7-9 5 0

8-  9 .9 0 0
10-11 .9 4 0

12-13.9 2 0
14-15.9 2 0
T o ta l n ?8 77

Mean 3>7 m g/l 2 .2  m g/l
S .D .a  3*6 m g/l 1 .2  m g/l

A ll sam ples w ith  m easurable n i t r a t e  ( g r e a te r  th a n  1 m g/l NO^-N).
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R e g re s s io n  l i n e

W ell D epth  Below S t a t i c  W ater ( f e e t )

F ig u re  8 . W ell d e p th  below  s t a t i c  w a te r  i n  r e l a t i o n  to  n i t r a t e .
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t r a t i o n s  d e c re a s in g  as w e ll dep th  "below s t a t i c  w a te r in c r e a s e s . 

T h ickness o f  Clay in  S u b su rface  in  R e la t io n  to  N i t r a te  C o n cen tra tio n

T o ta l  th ic k n e s s  o f  c la y  i n  th e  su b su rfa c e  f o r  110 w e ll s i t e s  

ranged  from 0 f e e t  (0 m) to  78 f e e t  (23.8  m ), w ith  a  mean th ic k n e s s  

o f  5*4 f e e t  ( 1 .6  m), a  median o f  0 f e e t  (0  m) and a  s ta n d a rd  dev

i a t i o n  o f  12 .2  f e e t  (3 .7  m ). Only 44 w e lls  (40 p e rc e n t)  were i n  

a re a s  where c la y  was p re s e n t i n  th e  s u b s u r fa c e , th e  dom inant sub

s u r fa c e  m a te r ia l  be ing  sand  and g ra v e l .  C lay b a r r i e r s  th roughou t 

Antwerp Township c o n s is t  o f  le n se s  o f  c la y  and s i l t ,  w ith  th e  th i c k 

e s t  le n se s  be in g  found i n  m ora ina l a re a s  (F ig u re  9) •

TABLE 7

D is t r ib u t io n  o f  N i t r a te  i n  
R e la tio n  to  S ubsurface  C lay

n?°2C lass
(m g/l)

No. o f  W ells

No Clay C lay
0-  1.9 46 30

2-  3 .9 9 9
4 -  5 .9 7 3
6-  7-9 3 1

8-  9 .9 0 0

10-11 .9 0 0

12-13 .9 0 0

14-15 .9 1 1
T o ta l n 66 44

Mean NO a 2 .83  m g/l 3 .1 8  m g/l

S .D .a 2 .4 2  m g/l 2 .79  m g/l
a  A ll sam ples w ith  m easurable n i t r a t e  ( g r e a te r  th a n  1 m g/l NO^-N).
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F ig u re  9* SW-NE and NW-SE c ro ss  s e c t io n s  o f  g l a c i a l  d r i f t  (se e  F ig . 4 )
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The d i s t r i b u t io n  o f  su b su rfa ce  c la y  i n  r e l a t i o n  to  observed  

n i t r a t e  i s  shown i n  T ab le  7» based on d a ta  c o l le c te d  from d r i l l e r s  

r e c o r d s . The d i s t r i b u t io n  i s  h ig h ly  skewed to  th e  r i g h t  and peaked , 

w ith  a  skewness o f  4 .3 4  and a  k u r to s is  o f  17*39* A r e g re s s io n  curve

f i t  to  th e  d a ta  has th e  fo llo w in g  equations y = 2.88  + . 06x  -
2

. 00x , w ith  a  c o r r e la t io n  c o e f f i c ie n t  o f  r  = . 076.

A p lo t  o f  th e  r e g re s s io n  curve (F igure  10) shows an ap p a re n t 

d rop  in  n i t r a t e  le v e ls  as su b su rfa ce  c la y  th ic k n e s s  exceeds 14 f e e t  

(4 .3  m ). However, s t a t i s t i c a l  a n a ly s is  in d ic a te s  t h a t  th e re  i s  no 

s ig n i f i c a n t  r e la t io n s h ip  between th e  p resence  (o r  la c k )  o f  c la y  in  

th e  su b su rfa c e  and n i t r a t e  c o n c e n tra tio n s  on a  r e g io n a l  b a s is  

(T able 5 ) .

D is tan ce  Between W ell And S e p tic  System in  R e la tio n  to  N i t r a te  

C o n cen tra tio n s

D is ta n c e s  between w e ll and s e p t i c  system  were o b ta in ed  from  

w e ll re c o rd s  f o r  each t e s t  s i t e  and ranged  from  10 f e e t  (3 m) to  

500 f e e t  (1 5 2 .4  m), w ith  a  mean o f  69*2 f e e t  (21 .1  m), a  median o f  

60 f e e t  (1 8 .3  m), and a  s ta n d a rd  d e v ia t io n  o f  27.2  f e e t  ( 8 .3  m ).

The d i s t r i b u t io n  o f  d is ta n c e s  between w e ll and s e p t i c  system  in  

r e l a t i o n  to  observed  n i t r a t e  i s  p re se n te d  in  T ab le 8 . The d i s t 

r ib u t io n  i s  h ig h ly  skewed and peaked, w ith  a  skewness o f  106.75  and 

a  k u r to s is  o f  6 .8 4 .

A re g re s s io n  curve f i t  to  th e  d a ta  has th e  fo llo w in g  eq u a tio n :
2

y = 5*49 -  -06x + . 0003x , w ith  a  c o r r e la t io n  c o e f f ic ie n t  o f  r  = . 06 .

A p lo t  o f  th e  r e g re s s io n  curve (F igu re  11) shows a  d ec re a se  i n  n i t 

r a t e  c o n c e n tra tio n s  as th e  d is ta n c e  between w e ll and s e p t i c  system
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F ig u re  11 • D is ta n c e  betw een w e ll  and s e p t i c  sy stem  i n  r e l a t i o n  
to  n i t r a t e  c o n c e n tr a t io n s .
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in c r e a s e s , le v e l in g  o f f  f o r  d is ta n c e s  g r e a te r  th a n  90 f e e t  (27 .^  m ). 

C ontingency a n a ly s is  confirm s t h i s  t r e n d .  There i s  a  s ig n i f i c a n t  

r e la t io n s h ip  between n i t r a t e  c o n c e n tra tio n s  and th e  d is ta n c e  be

tw een w e ll and s e p t i c  system  (Table 5 )•  T - s t a t i s t i c  a n a ly s is  i n 

d ic a te s  no s ig n i f i c a n t  r e la t io n s h ip  between w e l l / s e p t ic  d is ta n c e  

and observed  n i t r a t e ,  b u t th e  h ig h ly  skewed n a tu re  o f  th e  sam pling  

d i s t r i b u t io n  red u ces  th e  v a l i d i t y  o f  t h i s  p a r t i c u la r  s t a t i s t i c a l  

t e s t .

TABLE 8

D is t r ib u t io n  o f  N itr a te  i n  R e la tio n  to  
D is tan ce  Between W ell and S e p tic  System

NCL No. W ells
Range
(m g/l) 0-60 f t . 61-107 f t .

0-  1 .9 k z 53
2-  3 -9 15 8
4 -  5 -9 7 1

6-  7 .9 k 0

8-  9-9 0 0

10-11 .9 1 0

12-13 .9 0 1

1 ^-15 .9 1 1
Total, n 70 &+

Mean NO a 3 . 1^  m g/l . 2.31  m g/l

S.D .a 2.56  m g/l 2 .85  m g/l
a  Based on sam ples w ith  m easurable n i t r a t e  (g r e a te r  th a n  1 m g/l NO^)

Septic System Age in Relation to Nitrate Concentrations

S e p tic  system  ages were determ ined  from s e p t i c  system  p erm its  

and ranged  from  1 .2  y ea rs  to  I Z . k  y ea rs  i n  ag e , w ith  a  mean o f  6.2
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y e a r s ,  a  m edian o f  6.1  y e a r s ,  and a  s ta n d a rd  d e v ia t io n  o f  10.3 

y e a r s .  The d i s t r i b u t i o n  o f  s e p t i c  system  ages w ith  re s p e c t  to  n i t 

r a t e  c o n c e n tra tio n s  i s  shown in  T ab le 9* The d i s t r i b u t io n  i s  n e a r

norm al and s l i g h t l y  peaked w ith  a  skewness o f  .40 and a  k u r to s is  

o f  2 .59 *

A r e g re s s io n  curve f i t  to  th e  d a ta  has th e  fo llo w in g  equations
2

y = 5*5 -  1 . 15x + . l l x  , w ith  a  c o r r e la t io n  c o e f f i c ie n t  o f  r  = .369 .

A p lo t  o f  th e  r e g re s s io n  curve (F igu re  12) shows a  downward tre n d  

i n  n i t r a t e  l e v e l s  as s e p t i c  system  age in c r e a s e s , up to  about 6 

y e a rs  o f  a g e . Beyond t h i s  p o in t ,  n i t r a t e  c o n c e n tra tio n s  r i s e  sh a rp -

TABLE 9

D is t r ib u t io n  o f  S e p tic  System Ages 
i n  R e la tio n  to  N i t r a te  C o n cen tra tio n s

NCL
Range
(m g/l)

No. w e lls

0- 6 .0  y ea rs 6 .1 -1 2 .4  y ea rs

0-  1.9 51 55
2-  3 .9 14 10
4 -  5 .9 6 6
6-  7 .9 5 0
8-  9 .9 0 0

10-11 .9 0 3
12-13 .9 0 2
14-15 .9 1 1

T o ta l  n 77 77
Mean N0„a 2.86  m g/l 3 .33  m g/l
S .D .a 2 .4 0  m g/l 3*48 m g/l

samples w ith  m easurable n i t r a t e  ( g r e a te r  ■

ly  as s e p t i c  system  age in c re a s e s .

C ontingency a n a ly s is  confirm s th a t  th e re  i s  a  s ig n i f i c a n t  r e l 

a t io n s h ip  betw een s e p t i c  system  age and observed  n i t r a t e  concen-
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t r a t i o n s . T - s t a t i s t i c  a n a l y s i s , on th e  o th e r  hand , f a i l s  to  e s ta b 

l i s h  any r e la t io n s h ip  between s e p t i c  system  age and observed  n i t 

r a t e  . The r e g re s s io n  curve reac h es  a  minimum, f o r  a  s e p t i c  system  

age o f  6 y e a r s ,  and th e n  in c re a s e s  (F ig u re  1 2 ) . A ll t - S t a t i s t i c  

an a ly se s  co n sid ered  n i t r a t e  v a lu e s  on e i t h e r  s id e  o f  th e  median 

v a lu e  f o r  w hatever f a c t o r  was b e in g  e v a lu a te d . For s e p t i c  system  

ag e , n i t r a t e  v a lu es  averaged  o u t th e  same e i t h e r  s id e  o f  th e  med-. 

i a n .  However, com paring n i t r a t e  c o n c e n tra tio n s  above and below a  

s e p t i c  system  age o f  7 y e a r s , which i s  a  b reak  p o in t  where n i t r a t e
i

c o n c e n tra tio n s  in c re a s e  s h a rp ly ,  th e r e  i s  a  s ig n i f i c a n t  (.90  con

f id e n c e )  in c re a s e  i n  n i t r a t e  le v e ls  as  s e p t i c  system  age in c re a s e s .  

C ontingency a n a ly s is  .-.also su p p o rts  th e  h y p o th e s is  t h a t  .s e p t ic  s y s 

tem age i s  r e l a t e d  to  observed  n i t r a t e  c o n c e n tra t io n s .

O v e ra ll ,  th e re  seems to  be a  r e l a t io n s h ip  between s e p t i c  s y s 

tem age and observed  n i t r a t e  c o n c e n tra t io n s ,  p a r t i c u l a r ly  f o r  s e p 

t i c  system  ages g r e a te r  th a n  7 y e a r s .
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CHAPTER IV

INTERPRETATION OF DATA

In fo rm atio n  re g a rd in g  s e v e ra l  p o s s ib le  so u rces  o f  n i t r a t e  

con tam ina tion  o f  ground-w ater s u p p lie s  i n  Antwerp Township was 

g a th e re d  from f i e l d  o b se rv a tio n s  and th ro u g h  c o n v e rsa tio n s  w ith  

p ro p e rty  ow ners. They in c lu d e  anim al w astes from fa rm y a rd s , crop  

f e r t i l i z e r s ,. lawn and garden f e r t i l i z e r s , and s e p t i c  system  e f f l u e n t .

The la c k  o f  w e lls  c o n ta in in g  e x c e ss iv e  n i t r a t e  c o n c e n tra tio n s  

( g r e a te r  th a n  1 m g/l NO^-N) in d ic a te s  t h a t  g round-w ater contam

in a t io n  by n i t r a t e  i s  n o t a  w idespread  problem , b u t r a th e r  a  lo c 

a l iz e d  problem  w ith  s e v e ra l  in d iv id u a l  n i t r a t e  so u rces  a f f e c t in g  

sm all a r e a s .

A s tu d y  done by W alker, e t  a l .  (1973) in d ic a te s  t h a t  s e p t i c  

system  e f f lu e n t  can be a  m ajor c o n t r ib u to r  o f  n i t r a t e  to  th e  ground 

w a te r . S im ila r ly ,  s tu d ie s  by B a ie r  and Rykbost (1976) and S ingh 

and Sekhon (1976) in d ic a te  t h a t  h ig h  c o n c e n tra tio n s  o f  n i t r a t e  de

r iv e d  from  f e r t i l i z e r s  and anim al w astes can  be leach ed  down to  

th e  w a te r  t a b le .

Lawn and garden f e r t i l i z e r  can be e l im in a te d  as  a  m ajor con

t r i b u t o r  o f  n i t r a t e  to  th e  ground w ate r i n  Antwerp Township. Pew 

people i n  th e  tow nship re p o r te d  f e r t i l i z i n g  t h e i r  lawns o r  g a rd e n s , 

and th e  w e lls  o f  th o se  t h a t  d id  f a i l e d  to  show e le v a te d  le v e ls  o f 

n i t r a t e  i n  th e  ground w a te r .

The fo llo w in g  f a c to r s  were found to  be s ig n i f i c a n t  i n  r e l a t i o n
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to  observed  n i t r a t e  le v e ls  i n  Antwerp Township: (1 ) la n d  u se ; (2)

w e ll dep th  below s t a t i c  w a te r l e v e l ;  (3 ) d is ta n c e  between w e ll and 

s e p t i c  system ; and (*f) s e p t i c  system  ag e .

As a  g roup , farm  w e lls  had s ig n i f i c a n t l y  h ig h e r  n i t r a t e  con

c e n t r a t io n  th a n  d id  o th e r  w e lls  (Table 1 ) .  Two o f  th e  farm  w e lls  

t e s t e d  had. n i t r a t e  c o n c e n tra tio n s  i n  excess o f  10 m g/l NO^-N. At 

one o f  th e s e  two s i t e s ,  la rg e  q u a n t i t i e s  o f  an im al w aste from  c a t t l e  

was p re se n t a d ja c e n t to  th e  house. The second farm  s i t e  used  f a l l -  

a p p lie d  manure to  f e r t i l i z e  c ro p s . No farm s were i r r i g a t e d .  Both 

farm  s i t e s  w ith  e le v a te d  n i t r a t e  le v e ls  ( g r e a te r  th a n  10 m g/l NO^-N) 

had w e lls  l e s s  th an  25 f e e t  below s t a t i c  w a te r l e v e l .  T h is f a c to r  

in c re a s e s  th e  r i s k  o f  n i t r a t e  con tam ina tion  as w e lls  c lo s e r  to  th e  

w a te r ta b le  ex perience  l e s s  re n o v a tio n . ■ Thus, i t  appears l i k e ly  

t h a t  manure c o n tr ib u te d  s u b s t a n t i a l l y  to  th e  e le v a te d  n i t r a t e  le v e ls  

found a t  th e  two farm  s i t e s .

Because seven  w e lls  i n  Antwerp Township were found to  c o n ta in  

e le v a te d  n i t r a t e  l e v e l s , and on ly  two o f  th e s e  seven  w e ll s i t e s  were 

farm  w e l l s , o th e r  f a c to r s  were re s p o n s ib le  f o r  observed  n i t r a t e  con

c e n tra t io n s  a t  th e  o th e r  f iv e  w e ll s i t e s . A side from  farm  w e l l s , 

o th e r  ty p e s  o f  land  u se  had. no s t a t i s t i c a l l y  s ig n i f i c a n t  e f f e c t  on 

n i t r a t e  c o n c e n tra t io n s , due perhaps to  th e  r e l a t i v e l y  i s o la te d  n a t

u re  o f  most re s id e n c e s  i n  th e  s tu d y  a r e a .  The m a jo rity  o f  dense 

r e s i d e n t i a l  a re a s  a re  r e l a t i v e l y  new, and i t  i s  perhaps to o  soon f o r  

th e se  a re a s  to  show a  s ig n i f i c a n t  im pact on g round-w ater q u a l i ty .

I t  i s  i n t e r e s t i n g  to  n o te  t h a t  even though th e re  i s  no s t a t i s t i c a l l y
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s ig n i f i c a n t  d if fe re n c e  i n  n i t r a t e  le v e ls  "between dense r e s i d e n t i a l  

a re a s  and o th e r  land  u s e s , th e  average n i t r a t e  c o n c e n tra tio n  f o r  

dense r e s i d e n t i a l  a re a s  was n u m erica lly  h ig h e r  th a n  a l l  o th e r  a re a s  

ex cep t fa rm s .

As m entioned e a r l i e r ,  dep th  to  s t a t i c  w a te r appeared  to  be a  

s ig n i f i c a n t  f a c t o r  w ith  n i t r a t e  c o n c e n tra tio n s  in c re a s in g  as  s t a t i c  

w a te r  dep th  in c re a se d  (F ig u re  7)* C lo se r  in v e s t ig a t io n  re v e a le d  

th a t  a t  w e ll s i t e s  where th e  s t a t i c  w a te r le v e l  was c lo se  to  th e  

s u r f a c e ,  w e ll dep ths were w e ll "below s t a t i c  w a te r l e v e l ;  M ichigan 

codes r e q u ir e  t h a t  a  w e ll  be a t  l e a s t  25 f e e t  i n  d e p th . However, 

as d ep th  to  s t a t i c  w a te r in c re a s e d , th e  d is ta n c e  between s t a t i c  

w a te r le v e l  and w e ll s c re e n  d ecreased  as w e lls  ten d ed  to  rem ain  

a t  sha llow  d e p th s .  Because n i t r a t e  te n d s  to  rem ain  c o n c e n tra te d  

i n  upper le v e ls  o f  an a q u i f e r  (G ardner, 1965)» w e lls  d r i l l e d  to  

d ep th s  c lo se  to  s t a t i c  w a te r  le v e ls  a re  more s u s c e p t ib le  to  n i t r a t e  

co n tam in a tio n  th a n  w e lls  d r i l l e d  d eep e r in to  th e  a q u i f e r . The 

a p p a re n t r e la t io n s h ip  between s t a t i c  w a te r dep th  and n i t r a t e  con

c e n t r a t io n  becomes in s te a d  a  r e la t io n s h ip  between th e  d ep th  o f  a  

w e ll below s t a t i c  w a te r l e v e l  and n i t r a t e  c o n c e n tra tio n . Beyond 

s t a t i c  w a te r dep ths o f  6 k  f e e t ,  th e re  were i n s u f f i c i e n t  d a ta  p o in ts  

to  make any v a l id  in fe re n c e s ,  so th e  re g re s s io n  curve i s  e x t r a p o l-  

a te d  as a  broken l in e  (F igu re  7 )•

W ell d ep th  below s t a t i c  w ater was th e  most s ig n i f i c a n t  f a c t o r  

i n  r e l a t i o n  to  n i t r a t e  co n c e n tra tio n s  (Table 5 ) i w ith  n i t r a t e  de

c re a s in g  as w e ll dep th  below s t a t i c  w ate r le v e l  in c re a se d  (F ig u re  8 ) .  

Any n i t r a t e  p re se n t would ten d  to  rem ain c o n c e n tra te d  i n  th e  upper
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p o r tio n s  o f  th e  a q u i f e r ,  and no t mix downward to  any g re a t  d e p th .

The d is ta n c e  between w e ll and s e p t i c  system  was a lso  a  h ig h ly  

s ig n i f i c a n t  f a c t o r  (T able 5)» w ith  n i t r a t e  c o n c e n tra tio n s  d e c re a s in g  

as  d is ta n c e  in c re a s e d . T h is  tr e n d  i s  expected  as d i l u t i o n  and l a t 

e r a l  d is p e r s io n  o f  n i t r a t e  would have th e  e f f e c t  o f  low erin g  n i t r a t e  

c o n c e n tra tio n s  w ith  in c re a s in g  d is ta n c e  away from th e  so u rc e .

A lthough th e re  i s  no s t a t i s t i c a l  s ig n if ic a n c e  i n  su b su rfa c e  

c la y  th ic k n e s s  i n  r e l a t i o n  to  n i t r a t e  c o n c e n tr a t io n s , a  r e g re s s io n  

curve shows a  d ecrease  i n  n i t r a t e  c o n c e n tra tio n s  as su b su rfa c e  c la y  

th ic k n e s s  in c re a s e s  (F ig u re  1 0 ). The la c k  o f  a  s ig n i f i c a n t  r e l a t i o n 

s h ip  between c la y  th ic k n e s s  and n i t r a t e  c o n c e n tra tio n s  i s  p robab ly  

due to  th e  n a tu re  o f  th e  g la c ia l  se d im e n ts . C lay i s  found p r im a r i ly  

as  le n se s  o f  v a ry in g  e x te n t  (F igu re  ^ ) ,  and no t as a  con tinuous 

la y e r  th roughou t th e  tow nsh ip . As su ch , th e  c la y  does n o t a c t  as 

a  b a r r i e r  to  n i t r a t e  movement to  any g re a t  e x te n t .

S e p tic  system  age was s t a t i s t i c a l l y  s ig n i f i c a n t  i n  r e l a t i o n  to  

n i t r a t e  c o n c e n tra tio n s , w ith  n i t r a t e  c o n c e n tra tio n s  in c re a s in g  as 

s e p t i c  system  age in c re a s e d  p a s t  6 y ea rs  (F ig u re  1 2 ) . T here were 

a ls o  r e l a t i v e l y  h igh  n i t r a t e  c o n c e n tra tio n s  f o r  v e ry  young s e p t i c  

system  a g e s , d e c re a s in g  as  s e p t i c  system  age in c re a se d  to  abou t 5-5  

y e a r s .  I t  i s  p o s s ib le  t h a t  th e  d is ru p t io n  o f  th e  s o i l  system  in 

v o lved  in  i n s t a l l i n g  a  d ra in a g e  f i e l d  allow ed la rg e  amounts o f  n i t 

r a t e  to  be leach ed  to  th e  ground w ate r u n t i l  th e  system  s t a b i l i z e d .  

F or o ld e r  sy s te m s , i t  i s  p o s s ib le  t h a t  th e  s o i l  su rro u n d in g  a  s e p t i c  

system  has become s a tu r a te d  w ith  n i t r a t e  and th a t  g r e a te r  amounts 

a re  be ing  leach ed  to  th e  ground w a te r . I f  th e  amount o f  n i t r a t e
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"being added to  th e  ground w a te r exceeds th e  c a p a c ity  o f  re n o v a tio n  

th rough  d is p e r s io n  and d i l u t i o n ,  an in c re a s e  i n  n i t r a t e  c o n c e n tra t

io n s  i s  to  be ex p ec ted .

The com bination o f  s ig n i f i c a n t  f a c t o r s , coupled w ith  th e  f a c t  

t h a t  a l l  s o i l s  encoun tered  in  th e  s tu d y  have sev e re  l im i ta t io n s  f o r  

s e p t i c  system s due to  t h e i r  h ig h  p e r m e a b i l i t i e s , in d ic a te s  t h a t  

s e p t i c  sy s tem .e f f lu e n t  i s  th e  m ajor cause o f  observed  n i t r a t e  con

ta m in a tio n  o f  g round-w ater s u p p lie s  i n  Antwerp Township.
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CHAPTER V

CONCLUSIONS

A v a ilab le  ev idence shows t h a t  n i t r a t e  con tam in a tio n  o f  ground 

w a te r  i s  n o t w idespread  in  Antwerp Township. Of 159 w e lls  t e s t e d  

th ro u g h o u t th e  tow nsh ip , 3^  co n ta in ed  le s s  th a n  1 m g/l n i t r a t e  and 

o n ly  7 w e ll s i t e s  had n i t r a t e  c o n c e n tra tio n s  i n  excess o f  th e  In te r im  

D rin k in g  W ater S tan d a rd  o f  10 m g/l n i t r a t e .

W ells w ith  e le v a te d  n i t r a t e  le v e ls  ( g r e a te r  th a n  10 m g/l NO^-N) 

were s c a t t e r e d  th ro u g h o u t th e  tow nship w ith  n i t r a t e  o r ig in a t in g  from  

s e v e r a l  so u rces  a f f e c t in g  sm a ll a r e a s .  S ig n if ic a n t  f a c to r s  r e l a t i n g  

to  n i t r a t e  occurence in  Antwerp Township a re s  ( l )  s o i l  ty p e ; (2 ) 

la n d  u se ; (3 ) w e ll d ep th  below s t a t i c  w a te r; ( k )  th e  d is ta n c e  be

tw een w e ll and s e p t i c  system ; and (5 ) s e p t i c  system  a g e . A ll  s o i l s  

i n  th e  tow nship  have sev e re  l im i ta t io n s  f o r  s e p t i c  sy s te m s , a s  d e f 

in e d  by th e  U .S . Departm ent o f  A g r ic u ltu re ,  S o i l  C onservation  S e r 

v ic e ,  due t o  h ig h  p e r m e a b i l i t i e s .  W ells lo c a te d  on S p inks Sand 

showed s ig n i f i c a n t l y  h ig h e r  n i t r a t e  c o n c e n tra tio n s  th a n  w e lls  lo c 

a te d  on o th e r  s o i l s .  However, on ly  fo u r  w e ll s i t e s  were lo c a te d  on 

Sp inks Sand so  th e  s t a t i s t i c a l  s ig n if ic a n c e  i s  s u s p e c t .  I t  i s  c o in 

c id e n ta l  t h a t  two Sp inks Sand s i t e s  were a ls o  farm  s i t e s , w ith  la rg e  

q u a n t i t i e s  o f  an im al w aste p r e s e n t .  Land u se  was a  s ig n i f i c a n t  f a c 

t o r  w ith  farm  w e lls  hav ing  s ig n i f i c a n t ly  h ig h e r  n i t r a t e  c o n c e n tra t

io n s  th a n  o th e r  ty p e s  o f  lan d  u s e .  Dense r e s id e n t i a l  a r e a s ,  though 

no t s t a t i s t i c a l l y  s i g n i f i c a n t ,  had a  n u m erica lly  h ig h e r  n i t r a t e  mean
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th a n  a l l  o th e r  lan d  u se  a r e a s , exc lud ing  fa rm s . As w e ll dep ths be

low s t a t i c  w ater in c re a s e d , n i t r a t e  c o n c e n tra tio n s  d e c re a se d , due 

to  in c re a s e d  d i l u t io n  and d is p e r s io n  o f  n i t r a t e .  As th e  d is ta n c e  

between w e ll and s e p t i c  system  in c re a s e d , n i t r a t e  c o n c e n tra tio n s  

d e c re a se d , a g a in  due to  in c re a se d  re n o v a tio n  o f  s e p t i c  system  d e

r iv e d  n i t r a t e .  As s e p t i c  system  age in c re a se d  p a s t 7 y e a r s ,  n i t 

r a t e  c o n c e n tra tio n s  in c re a s e d , due perhaps to  accum ulated lo a d in g  

o f  n i t r a t e  in to  th e  ground w a te r exceeding  i t s  c a p a c ity  f o r  r e n 

o v a tio n  .

E lev a te d  c o n c e n tra tio n s  o f  n i t r a t e  ( g r e a te r  th a n  10 m g/l NO^-N) 

were found on t i l l  and outwash p la in s ,  w ith  no in c id e n c e  o f  e le v 

a te d  n i t r a t e  c o n c e n tra tio n s  i n  m orainal a r e a s .  M orainal a re a s  i n  

Antwerp Township have a  h ig h e r  p ercen tage  o f  c la y  i n  th e  su b su rfa ce  

as shown by d r i l l e r s  r e c o rd s , th a n  do t i l l  and outwash p l a i n s , which 

a c t s  as a  b a r r i e r  to  n i t r a t e  movement tow ards th e  w a te r t a b l e .  W ell 

s i t e s  i n  m orainal a re a s  were a ls o  deeper th a n  th o se  on th e  p la in s  

due to  th e  in c re a s e d  dep th  to  th e  w ater t a b l e .  The th i c k e r  zone 

o f  a e r a t io n  p ro v id es  added re n o v a tio n  b e fo re  e f f lu e n t  reac h es  th e  

w a te r t a b l e .

E lev a ted  n i t r a t e  c o n c e n tra tio n s  found i n  seven  w e lls  appear 

t o  be th e  r e s u l t  o f n i t r a t e s  d e r iv e d  from  s e p t i c  system  e f f lu e n t  

b e in g  leach ed  to  th e  ground w a te r , and from  n i t r a t e  d e r iv e d  from  

an im al w astes i n  farm  a r e a s .

A lthough n i t r a t e  from  dense r e s id e n t i a l  s e p t i c  system s i s  n o t 

p re s e n t ly  a  problem , c o n tin u in g  development o f  h ig h e r  d e n s i t ie s  

u s in g  sh a llo w e r w e lls  i n  a re a s  o f  h ig h e r w a te r  ta b le  i n  th e  town
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s h ip  could  le a d  to  s ig n i f i c a n t l y  h ig h e r  le v e ls  o f  n i t r a t e  in  

ground w a te r .
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APPENDIX

The fo llo w in g  pages c o n ta in  in fo rm a tio n  on each w e ll c o n ta in 

in g  g r e a te r  th a n  10 m g/l NO^-N in  Antwerp Township. L ocations o f  

sample s i t e s  a re  shown i n  F ig u re  4 and P la te  1 . N i t r a te  v a lues  f o r  

a l l  w e lls  a re  shown in  P la te  1 .

W ell S i t e  l*f:

L o ca tio n : SW-SE-SW, S e c tio n  2 .

E le v a tio n : 832 f e e t .

Land Use: dense r e s i d e n t i a l .

NO3-N: 11 ppm N03-N .

S o i l  c l a s s i f i c a t i o n :  3B; se v e re  l im i ta t io n s  f o r  s e p t i c  system s (S .C .S .)

S o i l  p e rm e a b ility : g r e a te r  th a n  6 in ch es  p e r  hour (S .C .S .) .

Depth t o  s t a t i c  w a te r: 30 f e e t .

Depth o f  w e ll below s t a t i c  w a te r: 20 f e e t .

D is tan ce  between w e ll and s e p t i c  system : unknown.

Age o f  s e p t i c  system : 11 y e a r s ,  5 m onths.

G la c ia l  d r i f t :
T h ickness Depth 

s a n d /c la y  ...............    5CV 40 '

w a te r/sa n d  .............................................  10 ' 50 '
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5 2

NOy 15 .6  ppm NO^-N.

S o i l  c l a s s i f i c a t i o n :  2B; se v e re  l im i ta t io n s  -  s e p t i c  sy stem s(S .C .S . ) .

S o i l  p e rm e a b il i ty :  6 in ch es  p e r  hour (S .C .S .) .

Depth t o  s t a t i c  w a te r : 15 f e e t .

Depth o f  w e ll below s t a t i c  w a te r: 20 f e e t .

D is tan ce  between w e ll and s e p t i c  system : 80 f e e t .

Age o f  s e p t i c  system : 9 y e a r s , 8 m onths.

G la c ia l  d r i f t :
T hickness Depth 

sand  ...................................................................... T5 l5

re d  c l a y ...............   5 18

f in e  s a n d ...........................................................  10 28

c la y  ......................................................................  2 30

w a te r sand  ......................................................... 5 35

W ell S i t e  3 9 :

L o ca tio n : SE-SW-NW, S e c tio n  8 .

E le v a tio n : 782 f e e t .

Land Use: farm .

NO3 : 13 ppm NO3-H.

S o i l  c l a s s i f i c a t i o n :  12A; se v e re  l im i ta t io n s  -  s e p t i c  system s (S .C .S .) .

S o i l  p e rm e a b il i ty :  6 in ch es  p e r  hour (S .C .S .) .

Depth to  s t a t i c  w a te r: 50 f e e t .

Depth o f  w e ll below s t a t i c  w a te r: 23 f e e t .

D is tan ce  between w e ll and s e p t i c  system : unknown.

Age o f  s e p t i c  system : 11 y e a r s , 10 m onths.

G la c ia l  d r i f t :  T hickness Depth
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W ell S i t e  15:

L o ca tio n : SW-SE-SW, S e c tio n  2 .

E le v a tio n : 831 f e e t .

Land. Use: dense r e s i d e n t i a l .

N O y  1 0  m g / l  N O y N .

S o i l  c l a s s i f i c a t i o n :  3Bj se v e re  l im i ta t io n s  f o r  s e p t i c
system s (S .G .S .) .

S o i l  p e rm e a b ility : g r e a te r  th a n  6 in ch es  p e r  hour (S .C .S .) .

D epth to  s t a t i c  w a te r: 25 f e e t .

Depth o f  w e ll below s t a t i c  w a te r: 25 f e e t .

D is tan ce  between w e ll and s e p t i c  system : unknown.

Age o f  s e p t i c  system : 11 y e a r s ,  5 m onths.

G la c ia l  d r i f t :  T hickness Depth

h ard  sand  and c la y  ..................................   40 40

w a te r sand  ....................................    10 50

W ell S i t e  2 7 :

L o ca tio n : SW-NW-SW, S e c tio n  4 .

E le v a tio n : 800 f e e t .

Land Use: farm .

N O y N :  1 3  m g / l  N O y N .

S o i l  O la s s i f ic a t io n :  12B; sev e re  l im i ta t io n s  f o r  s e p t i c
system s ( S .C .S .) .

S o i l  p e rm e a b ility : g r e a te r  th a n  6 in ch es  p e r hour (S .C .S .) .

Depth to  s t a t i c  w a te r: 50 f e e t .

Depth o f  w e ll below s t a t i c  w a te r: 21 f e e t .

D is tan ce  between w e ll and s e p t i c  system : 100 f e e t .
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Age o f  s e p t i c  system : 7 y e a r s ,  4 m onths.

G la c ia l  d r i f t :  T h ickness Depth

g ra v e l and h a rd -p an  ....................................  53 53

c la y /sa n d  ........................................................... 2 55

sand  ...............................................................  6 61

sand  and ta n  c la y  ......................................... 3 64

medium sand ......................................................  6 70

b lu e  c la y  .........................................................    71

Well S i t e  3 0 :

L oca tio n : SW-SW-SW, S e c t io n  5*

E le v a tio n : 765 f e e t .

Land u se : s p a rs e  r e s i d e n t i a l .

N0^: 11 m g/l NO^-N.

S o i l  c l a s s i f i c a t i o n :  12A; sev e re  l im i ta t io n s  f o r  s e p t i c
system s (S .C .S .) .

S o i l  p e rm e a b ility : g r e a te r  th a n  6 in ch es  p e r  hour (S .C .S .) .

Depth to  s t a t i c  w a te r: 18 f e e t .

Depth o f  w e ll below s t a t i c  w ate r: 25 f e e t .

D is tan ce  between w e ll and s e p t i c  system : 60 f e e t .

Age o f  s e p t i c  system : 12 y e a r s , 5 m onths.

G la c ia l  d r i f t :  T hickness Depth

c la y /sa n d    37 37

g ra v e l   8 43

W ell S i te  3 7 :

L oca tio n : NE-SE-NW, S e c tio n  7*

E le v a tio n : 750 f e e t .
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Land u se : dense r e s i d e n t i a l

G la c ia l  d r i f t : T hickness Depth

sand  and g ra v e l 18 18

s i l t y  sand  and brown c la y 47 65

co a rse  sand 8 73

W ell S i t e  130:

L o ca tio n : NE-SE-NW, S e c t io n  28.

E le v a tio n : 805 f e e t .

Land u se : dense r e s i d e n t i a l .

NOy 14 m g/l NO^-N •

S o i l  c l a s s i f i c a t i o n :  9B; sev e re  l im i ta t io n s  f o r  s e p t ic
system s ( S .C .S .) .

S o i l  p e rm e a b il i ty :  g r e a te r  th a n  6 in ch es  p e r  hour (S .C .S .) .

D epth to  s t a t i c  w a te r: 25 f e e t .

Depth o f  w e ll below s t a t i c  w a te r: 18 f e e t .

D is tan ce  between w e ll and s e p t i c  system : 50 f e e t .

Age o f  s e p t i c  system : 5 y e a r s ,  6 m onths.

G la c ia l  d r i f t :  T hickness Depth

sand 25 25

43w ate r sand 18
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