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ABSTRACT 

Nitrate contamination of groundwater in Michigan is becoming an 
increasing public concern. Fertilizer N, animal manures and rural septic 
systems have been implicated as possible nonpoint sources of contamination. 
A state wide program of monitoring nitrate N in soil and well water was 
initiated. In the spring of 1989 and 1990, 74 nitrate testing clinics were 
conducted. Over 3,600 soil samples and 1,900 water samples were analyzed 
for nitrate N using the nitrate ion-specific electrode. More soil nitrate 
N was found in 1990 than in 1989. Adjustment in N fertilizer recommen- 
dations were based on the amount of nitrate N found in the 60 cm profile 
samples. The average adjustment for these fields was 37 lb N/A in 1989 
and 70 1 b N/A in 1990. 

Fifteen to 20 percent of the farm wells sampled in these clinics 
exceeded the Public Health Department drinking water standard of 10 ppm 
nitrate N. Wells less than 50 feet deep had more nitrates than those 
greater than 50 feet deep. Wells located less than 50 feet from livestock 
facilities had more nitrate than wells further away. No correlation was 
found between nitrates in water and distance from septic systems. 

OBJECTIVES 

The objectives of the program were to: (1) offer soil and water 
nitrate N analysis to farmers and rural residents, (2) provide a quick 
turn-around time and interpretation of the analysis and (3) provide farmers 
with reduced N fertilizer recommendations based on the nitrate N found in 
two foot soil profile samples. 

METHODS 

A mobile nitrate testing van was equipped with an electrical 
generator, a nitrate ion-specific electrode, a soil grinder for grinding, 
mixing and screening dry soil samples, an electronic balance for weighing 
soil samples, a mechanical sample shaker, a computer and a printer for 
printing the report. 

Farmers were asked to bring in two dry soil samples, 0-10 and 10-24 
inches deep, from each field representing no more than 20 acres. They were 
instructed to air dry the samples before bringing them to the clinic. 
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Water samples were c o l l e c t e d  t h e  day o f  t h e  c l i n i c  o r  r e f r i g e r a t e d  i f  t a k e n  
b e f o r e  t h e  c l i n i c .  

The n i t r a t e  e x t r a c t i o n  and a n a l y s i s  p rocedure  f o r  s o i l  samples i s  
d e s c r i b e d  by N o r t h  C e n t r a l  Reg iona l  Publ i c a t i o n  No. 221, "Recommended 
Chemical S o i l  Tes t  Procedures f o r  t h e  N o r t h  C e n t r a l  Region" ( B u l l e t i n  No. 
499 October 1988).  S u l f a m i c  a c i d  was n o t  used i n  t h e  s o i l  e x t r a c t  because 
no i n t e r f e r e n c e  problems w i t h  c h l o r i d e s  o r  n i t r i t e s  were a n t i c i p a t e d .  
N i t r a t e  a n a l y s i s  o f  t h e  s o i l  e x t r a c t  was made on t h e  decanted b u t  
u n f i l t e r e d  s o i l  - w a t e r  s l u r r y .  N i t r a t e  a n a l y s i s  of  w a t e r  was made on a  50 
m l  sample a f t e r  add ing  0.5 m l  o f  2M ammonium s u l f a t e  t o  o b t a i n  a  c o n s t a n t  
i o n i c  s t r e n g t h  i n  a l l  samples. A Hach A g r i - T r a k  n i t r a t e  i o n - s p e c i f i c  
e l e c t r o d e  was used t o  de te rm ine  the  n i t r a t e  N  i n  b o t h  s o i l  and wa te r  
samples. 

RESULTS AND DISCUSSION 

I n  t h e  s p r i n g  o f  1989, 38 n i t r a t e  t e s t i n g  c l i n i c s  were h e l d  i n  36 
c o u n t i e s .  Over 2,200 s o i l  samples and 1,500 w a t e r  samples were ana lyzed  
f o r  n i t r a t e  N. I n  1990, 36 s p r i n g  c l i n i c s  were conducted where a  t o t a l  o f  
1,492 s o i l  samples and 349 w a t e r  samples were ana lyzed.  

S o i l  N i t r a t e  A n a l y s i s  

The f requency  o f  d i s t r i b u t i o n  f o r  n i t r a t e  N  i n  s o i l  samples i s  shown 
i n  F i g .  1 and 2. I n  1989, more than 50 p e r c e n t  o f  t h e  samples c o n t a i n e d  
l e s s  than  30 l b / A - 2 f t  o f  n i t r a t e  N ( 4  ppm). No c r e d i t  was g i v e n  f o r  
samples t h a t  c o n t a i n e d  l e s s  t h a n  30 l b  N/A-2 f t .  Thus, o n l y  35 p e r c e n t  o f  
t h e  1,100 f i e l d s  sampled i n  1989 were g i v e n  a  N  c r e d i t .  The average 
ad jus tment  f o r  t h e s e  f i e l d s  was 37 I b  N/A. 

I n  1990, a  much l a r g e r  number o f  f i e l d s  (79%) c o n t a i n e d  g r e a t e r  t h a n  
30 1b  N /A-2 f t .  N e a r l y  50 f i e l d s  had more t h a n  150 l b  N /A-2 f t .  N i t r o g e n  
c r e d i t  i n  1990 was based on a l l  o f  t h e  n i t r a t e  N found i n  t h e  2  f o o t  
p r o f i l e  samples. More t h a n  50 pe rcen t  o f  t h e  f i e l d s  r e c e i v e d  an ad jus tmen t  
o f  g r e a t e r  t h a n  55 l b  N/A. 

Manured f i e l d s  i n  b o t h  yea rs  c o n t a i n e d  s i g n i f i c a n t l y  more n i t r a t e  
than  non-manured f i e l d s  ( F i g .  3 ) .  I n  1989, s i g n i f i c a n t l y  more n i t r a t e  N  
was found i n  t h o s e  f i e l d s  where manure was s p r i n g  a p p l i e d  compared t o  f a l l  
a p p l i e d  ( F i g .  4 ) .  No d i f f e r e n c e s  were observed i n  t h e  1990 d a t a .  The 
d i f f e r e n c e  between 1989 and 1990 i s  p r o b a b l y  due t o  t h e  wet fa1  1  o f  1988 
compared t o  a  r e l a t i v e l y  d r y  f a l l  and m i l d  w i n t e r  o f  1989-90. 

I n f o r m a t i o n  on t h e  amount o f  N f e r t i l i z e r  used i n  t h e  p r e v i o u s  y e a r  
was o b t a i n e d  f o r  each f i e l d  t e s t e d .  There was a  p o o r  r e l a t i o n s h i p  i n  b o t h  
y e a r s  between t h e  amount o f  N  a p p l i e d  i n  t h e  p r e v i o u s  y e a r  and t h e  amount 
o f  s o i l  n i t r a t e  found i n  t h e  s p r i n g .  

Water N i t r a t e  A n a l y s i s  

The d a t a  f o r  w a t e r  samples i s  shown g r a p h i c a l l y  i n  F i g .  5-10. I n  
1989, 20 p e r c e n t  o f  t h e  samples exceeded t h e  10 ppm U. S. Publ i c  H e a l t h  



Department standard. I n  1990, 15 percent  o f  t h e  w e l l s  were above the  10 
ppm standard.  These percentages a re  probably  b iased  upward because those 
peop le  who suspect n i t r a t e s  t o  be a problem o r  those  who have p r e v i o u s l y  
found n i t r a t e s  i n  t h e i r  water,  con t i nue  t o  t e s t .  Those people who have 
t e s t e d  and found l i t t l e  o r  no n i t r a t e s ,  do no t  r e t e s t  t h e i r  w e l l s .  

I n f o rma t i on  on we1 1  depth was obta ined f o r  567 we1 1  s  i n  1989 and 290 
i n  1990. The e f f e c t  o f  w e l l  depth on n i t r a t e  con ten t  o f  water  i s  shown 
g r a p h i c a l l y  i n  F ig .  7  and 8.  H igher  l e v e l s  o f  n i t r a t e  contaminat ion were 
found i n  sha l low we1 1  s  (1  ess than 50 f e e t  deep).  

In 1989, t he re  were 407 w e l l s  assoc ia ted w i t h  1  i v e s t o c k  farms. The 
number i n  1990 was 204. The l o c a t i o n  o f  l i v e s t o c k  f a c i l i t i e s  i n  p r o x i m i t y  
t o  t h e  w e l l  head and t h e  assoc ia ted  l e v e l s  o f  n i t r a t e  i n  t h e  water  i s  shown 
g r a p h i c a l l y  i n  F ig .  9  and 10. Wel ls  l oca ted  l e s s  than  50 f e e t  f rom a  
l i v e s t o c k  f a c i l i t y  c o n t a i n  more n i t r a t e  than those w e l l s  l o c a t e d  more than 
50 f e e t  f rom a  l i v e s t o c k  f a c i l i t y .  

Well d i s tance  f rom s e p t i c  systems was a l s o  ob ta ined  i n  
t h i s  study, bu t  t h e r e  was no s i g n i f i c a n t  c o r r e l a t i o n  between n i t r a t e  N 
concen t ra t i on  and d i s t ance  f rom s e p t i c  systems. 



DISTRIBUTIOK OF SOIL NITRATE 
1103 FIELDS - SPRING 1989 
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Figure 1. Distribution of soil nitrate in 1103 
fields tested in the spring of 1989. 

DISTRIBUTION OF SOIL NITRATE 
698 FIEIDS - SPIUNG 1990 
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Figure 2. Distribution of soil nitrate in 698 
fields tested in the spring of 1990. 



SOIL NITRATE vs. MANURE APPLICATION 
619 FEI.I)S - SPRING 1990 
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Figure 3. Soil nitrate content of manured and non- 
manured fields tested in the spring of 1990. 
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Figure 4. Soil nitrate content of 285 manured 
fields tested in the spring of 1989 as affected by 
time of manure application. 



NITRATE NITROGEN IN WATER 
512 FARM WELTS - 1989 
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Figure 5. Percentage of farm wells tested in 1989 
with various levels of nitrate N. 

NITRATE NITROGEN IN WATER 
328 FARM WELLS - 1990 
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Figure 6. Percentage of farm wells tested in 1990 
with various levels of nitrate N. 



NITRATE N vs. IYELL DEPTH 
567 FARM lVlLIS - 1989 
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Figu re  7 .  N i t r a t e  N c o n t e n t  of  567 farm w e l l s  
t e s t e d  i n  1989 a s  r e l a t e d  t o  w e l l  d ep th .  

NITRATE N vs. WELL DEPTH 
290 FARM WELlS - 1990 
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F i g u r e  8. N i t r a t e  N c o n t e n t  of  290 farm w e l l s  
t e s t e d  i n  1990 a s  r e l a t e d  t o  w e l l  d ep th .  



NITRATE N vs, I,WfBTOCK 
407 FARM YELLS - 1989 
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Figure 9. Nitrate N content of 407 farm wells 
tested in 1989 as related to distance from 
livestock facilities. 

NITRATE N vs. LIVESTOCK 
204 FARM WELIS - 1990 
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Figure 10. Nitrate N content of 204 farm wells 
tested in 1990 as related to distance from 
livestock facilities. 
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