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SY N O PSIS: This study consisted o f  an exam ination o f  the potential for contam ination o f  groundw ater from  the land application o f  agricultural 

slu rries on shallow  unsatu rated  so ils w hich  overlie  fissu red  lim estone and w here there is ev idence  that g roundw ater pollu tion  occurs. 

Instrum entation consisting  o f  tensiom eters, neutron probe access tubes and pore w ater ceram ic sam plers w ere installed in four experim ental 

plots at a  se lected  test site. A gricultural s lu u y  w as applied  to the plots on five occasions over a th irteen  m onth period. R esults from  the 

instrum entation and the pore w ater sam ples indicated that leaching o f  nitrate-nitrogen into the underlying geological strata can occur. Results 

from  a finite difference m odel, w hich was used to predict the leaching effects from  the application o f  the slurry, com pared favourably with the 

field results.

IN T R O D U C T IO N

In the  W est o f  Ire land , g ro u n d w ater is the  source  fo r m any 

drinking w ater supplies. In the recent past, som e o f  these supplies 

have been found to be contam inated.

This paper presents details o f  a study on the contam ination o f  soil 

pore w ater from  the land application  o f  agricultural slurries at a 

selected test site in East G alw ay. The study w as carried out w here 

there are shallow  so ils overly ing  fissured  lim estone and w here 

there is evidence that groundw ater pollution occurs, resulting in the 

contam ination o f  the local d rinking w ater supplies. The geological 

stratification at the test site is com m on in the W est o f  Ireland . The 

study area has. high rainfall.

The objectives o f  the study were:

1) T o  assess , on an  ex p e rim en ta l b as is , the  p o ten tia l fo r 

con tam ination  o f  g ro u n d w ater from  the  land app lica tio n  and 

subsequent leaching o f  agricultural slurries at the selected test site .

2) To m odel the solute flow under unsaturated conditions in order 

to predict contam inant concentration  in the soil pore w ater a t the 

selected test s i t e .

S IT E  C H A R A C T E R IS T IC S

T he test site w as a t A thenry  A gricultural C ollege Farm  w hich  is 

located  abou t 20km  east o f  G alw ay C ity . T he farm  consists o f 

app rox im ate ly  290  hectares, m ost o f  w h ich  is g rassland . T he 

agricultural facilities a t the farm  include dairy  and p ig fattening 

units. T hese units generate large quantities o f  agricultural slurries 

w hich  are spread on the land betw een A pril and O ctober o f  each 

year.

T he depth  o f  soil overburden a t the farm  varies from  0.3m  to 3m 

and overlies B urren lim estone rock w hich  has ex tensive fissures 

that facilita te the rapid  flow o f w ater th rough the rock. T he site 

w ater table is well below  the bottom  o f the soil overburden.

At the selected test site, four experim ental plots, each  m easuring 

3m by 3m approxim ately, w ere located and fenced off. Tw o o f  the 

four plots w ere m ade fallow  by a  herbicide and the rem aining two 

had grass as a  crop. One fallow  and one grass p lo t w ere used as a 

control set. N o application o f  slurry or fertilizer o f  any description 

w as m ade on these  co n tro l p lo ts d u rin g  the co u rse  o f  th e  

experim ent. The o ther fallow and grass plots w ere treated w ith pig 

slurry on five separate dates throughout the thirteen month duration 

o f  the experim ent.

T he surface soil a t the test site is a  dark  brow n loam  w ith a well 

developed  g ran u la r struc tu re . T he subso il is a  g rey  lim estone 

g lacial d rift. The bedrock  is about 3m  below  the soil su rface . 

Details o f  the soil characteristics are given in Table 1.

T a b le  1. C haracteristics o f  the Soils

Depth(m) 0 .0 -0 . 1 0 . 1-0 .2 0.2-0.5 0.5+

C oarse sand(% ) 2 0 20 2 1 2 1

Fine sand(% ) 25 26 23 26
Silt(% ) 39 38 38 34

Clay(% ) 16 16 18 19

pH 7.0 7.5 7.5 8 .0

C .E .C * 15.8 10.9 6 .1 2 .6

O rganic Carbon(% ) 4.1 2.5 1.5 0 .2

N itrogen(% ) 0.4 0.3 0 .2 0 .0

*C.E.C is the cation exchange capacity in milli-equivalents/lOOg
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F IE L D  E Q U IP M E N T

In o rd e r  to ex am in e  the b eh av io u r o f  so il pore w ater and 

contam inants in the soils, field instrum ents w ere installed in all o f 

the plots. T hese instrum ents consisted  o f  je t  fill tensiom eters , 

m u lti-po in t m ercury m anom eter tensiom eters , pore w ater 

sam plers and neutron probe access tubes and w ere inserted  at 

random  positions in each plot.

T ensiom eters provide a m easure o f  the soil hydraulic potential 

w hich  can be used to com pute the soil w ater flux. The essential 

parts o f  a  tensiom eter include a porous ceram ic cup, placed in 

contact w ith the soil at depth, through w hich w ater m ovem ent can 

take place and a pressure m easuring device w hich can be a vacuum  

Bourdon gauge, a m ercury m anom eter o r an electrical pressure 

transducer. In this study, Bourdon gauge and m ercury m anom eters 

w ere used. Tensiom eters w ere installed carefully at selected depths 

at the test site (H osty, 1991) and these w ere m aintained in good 

w orking order for the duration o f  the study.

Ceram ic w ater sam plers w ere installed at selected depths at the test 

site so that pore w ater sam ples, w hen available, could be obtained 

for analysis. It was decided to exam ine the presence o f  nitrogen in 

the soil pore w ater since the effects o f  som e o f  its com pounds are 

dam aging to  the environm ent and hum an health and since soluble 

n itrogen  can  flow  th rough  the ceram ic  cup in to  the sam pler 

(M orrison, 1983).

A neutron probe w as used to provide estim ates o f  the m oisture 

content o f  the soil. O ne neutron probe access tube w as installed at 

each  o f  the  ex p erim en ta l p lo ts. T he neu tron  p robe has the 

a d v a n ta g e  th a t it p ro v id e s  q u ic k  so il m o is tu re  c o n te n t 

m easurem ents w ith no soil d isturbance once the access tube is in 

place.

Bentonite seals were placed around all o f  the instrum entation tubes 

at ground surface so that rain or slurry did not flow dow n along the 

tubes.

Rainfall data for the duration o f  the experim ent w ere available from  

a meteorological station w hich is located at the A thenry Agricultural 

College Farm.

F IE L D  A N D  L A B O R A T O R Y  T E S T S

This typically happens in practice with the more m odem  application 

techniques o f  band spreading  and soil injection w hich are used to 

minimize volatilization and smell.

M easurem ents from  the tensiom eters and neu tron  p robe w ere 

frequently taken during the lest period. The je t fill tensiom eters had 

an accuracy o f  0 .1 m to 0 .2 m o f w ater and the m ercury m anom eters 

had an accuracy o f  10mm to 20m m  o f w ater. The neutron probe 

enabled the soil volum etric moisture content to be determ ined. High 

energy neutrons are em itted from a radioactive source in the probe. 

T hese neu trons are reduced  in energy  and rebound w hen they 

collide w ith the atom ic nuclei in the soil pore w ater. The resulting 

low energy or therm alized neutrons are then counted and recorded 

by the probe. C alibration  charts for a range o f  soils are available 

which relate  the num ber o f counts per second o f  the therm alized  

neutrons to the volum etric m oisture content o f  the soil and these 

charts w ere used throughout the study.

W ater sam ples w ere obtained by creating a vacuum  in the ceram ic 

soil w ater sam plers w hich  induced the soil pore w ater to flow into 

the sam plers . T he accum ulated  pore w ate r sam ples w ere then 

w ithdraw n th rough  access tub ing  fo r analysis. T he volum e o f  

sam ples ob tained in a  g iven tim e depended on the soil m oisture 

conditions. The w ater sam ples w ere analysed in the laboratory for 

the presence o f  a num ber o f  chem icals w hich  included n itrate 

nitrogen (N O 3 -N).

R E S U L T S

R e s u lts  F ro m  T h e  F a llo w  P lo ts

Figure 1 show s N O 3 -N  concen tra tions w ith  tim e in the fallow 

control plot at the three depths 0.2m , 0.3m , and 0.6m.

0-2m

Five applications o f  pig slurry w ere m ade on the test plots during 

the th irteen  m onth test period, w hich started  on June I St.. 1990. 

The slurry had the follow ing characteristics: pH -7.4; b iochem ical 

oxygen dem and (B O D )-9330m g/l; am m onium  nitrogen (NH4-N )- 

1826m g/l; n itra te  n itrogen  (N 0 3 -N )-3 .1 m g /l; phosphorus (P)- 

89mg/l. The slurry was applied as show n in Table 2.

T A B L E  2. D ates and R ates o f  A pplication o f  Slurry

Dates D ay N um ber Rate(m 3/hectare)

14th Ju n e , 1990 14 10 0

27th. July, 1990 57 50

1 lth .S ep t., 1990 103 50

13th.M arch, 1991 286 30

24th.M ay, 1991 358 30

In Irish agricultural p ractice the  rate o f  30m 3/hectare is a typical 

value o f  slurry application but the high rate o f  lOOm^/hectare could 

occur w here there is excessive o r  non-uniform  application rates. In 

the experim ents, the slurry w as spread m anually  from  buckets to 

ensure an even d istribu tion  over the  plot. S ince there w as little 

vo la tiliza tion , there  w as little  o r  no  loss o f  am m onia, so that 

virtually all the nitrogen in the slurry reached the crop and soil.

N O j-N
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0 -6m

NO3 -N  8 0

(mg/I)
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F ig u re  1. N itrate n itrogen concentrations on the fallow  control 

plot.
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These curves show a steady translation o f  the peak concentration to 

a later tim e w ith  increase in depth. This corresponds to a steady 

dow nw ard m ovem ent o f  a p lum e o f  high N O 3 -N  concen tra tion  

starting at 0 .2m  in the topsoil at the end o f  June and progressing to 

0 .6m  at the end o f  Septem ber over a period o f  about 93 days. The 

rate  o f  dow nw ard  m ovem ent is about 1.5m per annum  for the 

above depths and tim e period. A sim ilar dow nw ard progression o f 

the plum e o f  N O 3 -N was found in the treated plot. S ince the Zero 

F lux  P lane w as at o r near ground surface for practically  all the 

sum m er season, as a resu lt o f  high rainfall and low evaporation  

(Figure 2), soil m oisture w as alw ays drain ing  in the unsaturated  

sta te  to the ground w atertable  . T his drainage brings w ith  it the 

plum e o f  high N O 3 -N  concentrations w hich  continues dow nw ards 

unless it is o therw ise transform ed or a ttenuated . T his dow nw ard 

m ovem en t o f  N O 3 -N is consisten t w ith  th e  repo rt o f  T inker 

(1988).

A fter m id-O ctober there w as a  decline in N O 3 -N levels to about 

10mg/l or less at all depths until early  June w hen levels began to 

build up again at the 0 .2 m depth .

W hile peak levels in the treated fallow plo t w ere h igher by up to 

50 m g/i than in the control plot and persisted  for a  longer tim e, 

nevertheless, the bulk  o f  the N O 3 -N in the pore w ater cam e from 

m ineralization o f  organic nitrogen. In order to m inim ise leaching of 

N O 3 -N , it is advan tageous to m aintain a crop cover and active 

grow th as long as possible throughout the grow ing season.

kPa

level o f  5m g/l o r less a f te r  the  end  o f  Sep tem ber. T here  was 

evidence o f  som e dow nw ard m ovem ent to deeper depths over the 

season but w ith losses to plant uptake, levels at 0 .6 m w ere never 

more than 8 mg/l throughout the test period.

O n the treated  p lots, slurry applications resulted  in high N O 3 -N 

levels (F igure  3). E ven at the 0 .8m  dep th , levels o f  N O 3 -N  

exceeded  30m g/l during  th ree tim e periods. T h is level greatly  

exceeds the W orld Health O rganisation lim it o f 10mg/l N O 3 -N in 

drink ing  w ater. A plum e o f  N O 3 -N w as m oved dow nw ards by 

drainage w ater as in the case o f  the fallow  plots. H ow ever, there 

was attenuation w ith depth. High rates o f  slurry application in the 

m iddle o f  the grow ing season and norm al rates applied in early  or 

late season and follow ed by heavy  rainfall caused  substan tial 

leach ing  o f  N O 3 -N into the underly ing  layers. From  the field 

m easurem ents the tensions in the grass plots w ere m uch greater 

than in the fallow plots and this was due to transpiration (Figure 4).
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F ig u re  2. Field results from a fallow control plot at 0.3m  depth
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R e su lts  F ro m  T h e  G ra s s e d  P lo ts

In the g rassed  con tro l p lo ts, N O 3 -N lev e ls  only  reached  a F ig u re  3. N itrate n itrogen concentrations on the treated  grass

m axim um  o f 20m g/l in m id-June at 0 .2m  depth and declined to a pl°t-
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C O N C L U S IO N S

NO3 -N  30 

( m g /1 )  20

F ig u re  5. C om parison o f  field  and m odel results a t 0 .6m  depth 

on a  treated grass plot.

F ig u re  4. F ield results from  a. treated  grass plot a t 0 .3m  depth.

S im u la t io n

A finite difference m athem atical m odel nam ed LEA C H M , which is 

an  acronym  fo r L each in g  E stim ation  A nd C H em istry  M odel 

(W agenet and H utson, 1989), w as used to  sim ulate the  w ater and 

so lu te  m ovem ent tran sfo rm atio n s , p lan t u p take  and chem ical 

reactions in the  unsaturated  zone. T he LEA C H N  version  o f  the 

m odel w as used to sim ulate w hat happened to n itrogen over the 

entire  study period from  June 1st., 1990 to Ju ly  1st., 1991. D ates 

fo r ou tpu t resu lts w ere  specified  co rrespond ing  to dates w hen 

sam ples w ere retrieved from  the  field  for analysis and w hen soil 

m oisture readings w ere recorded. The results from  the m odel and 

from  the field  for the treated  grass p lo t at a  depth  o f  0 .6 m  are 

presen ted  in F igure  5. T he soil tension  values p roduced by the 

m odel com pare w ell w ith  the actual recorded values. T he N O 3 -N 

levels produced by the m odel are sim ilar to the field  data  bu t the 

m odel results do no t fluctuate  as m uch as the field  results. The 

fluctuations in the field data could be due to preferential flow.

1) Shallow  unsaturated  so ils sim ilar to  those in th is study, w ith a  

grass crop, m ay perm it the leach ing  o f  n itra te-n itrogen  from  the 

land  ap p lica tio n  o f  s lu rries  and  slu d g es in to  the  u n d erly in g  

geological strata. This is m ost likely to  occur if  the land application 

takes place outside the h igh  n itrogen dem and period fo r the  grass 

crop and if  the soil m oisture tensions are low.

2) Shallow  unsaturated  soils w hich  are fallow , sim ilar to those in 

th is study, m ay experience an accum ulation  o f  n itrate-nitrogen by 

m ineralization . T his accum ulated  n itra te -n itrogen  m ay then  be 

leached into the underlying geological strata.

3) T h e  re su lts  from  th e  f in ite  d iffe re n c e  m odel co m p ared  

favourab ly  w ith  the  field  data. D ifferences betw een  the  m odel 

results and the field data could be attributed to preferential flow.

4) T he m ethodology used in th is study is applicable to the study o f  

land sp read ing  o f  any type o f  liqu id  w astes, inc lud ing  sew age 

sludge, in order to  establish the feasibility o f  such practices.
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