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Summary 
Sediment cores from different depths of three separate boring profiles are objects in a physical 
investigation and appraisement. Parameters determined in the cores are: Particle size distribution, 
particle and bulk densities of soil, hydraulic conductivity of water, and water retentivity of soil. 
From this, we have drawn conclusions about the suita:bility of the soil layers as physical sur
roundiings for chemical interchanges between soil water and soil matrix, especially with respect to 
the chemical reduction of nitrate. 

The three sediment types may be described as follows: 1. Herlufmagle; homogenous, compact 
clay with extremely low hydraulic conductivity and large water retentivity, 2. Bramminge; strati
fied, compact sand with moderate to extensive conductivity and small water retentivity, and 3. 
Skælskør; compact, but fissured and cracked sandy clay with varying hydraulic conductivity and 
large water retentivity. 

Within the depths of which the borings. were done, we demonstrate the following: Soils like the 
Herlufmagle profile are suitable as physical environment for chemical nitrate reduction, but are 
impermeable towards ground water establishment. A determination of a tritium profile supports 
in some degree the conclusion on soil permeability. Soils like the Bramminge profile are disad
vantageous as physical environments, but are good as basis for the ground water formation. 
Soils like the Skælskør profile have advantages and disadvantages in both relationships, but a 
weak leaching of oxygen containing compounds, e.g. nitrate, is to be expected because of the 
fissured structure. 

Introduetion 
When soil water penetrates a soil layer, the 
physical and chemical properties of this layer 
determine the quality of the ground water for
med. The physical structure of the soil Jayers 
is the determining factor as to rate af vertical 
drainage, and consequently the time in which 
the chemical interchange between the soil ma
trix and the soil water may occur. This inter
change may take place both ways, but espe
dally the chemical reduction of nitrate by the 

soil ferrous compounds is of interest (Lind & 
Pedersen, 1976b). 

Concerning the nitrate reduction in the sub
soil, the significant physical soil parameters are 
the hydraulic conductivity of water and the 
water retentivity. Some other parameters of 
the soil matrix, such as the partic1e size distri
bution, the soil particle density, the bulk den
sity, and the soil structure, which broadly de
termine the above mentioned, are of interest. 
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Materials and methods 
The soils investigated were the same as,. descri
bed by Lind & Pedersen (1976a). Six to ten 
cores, distributed in the entire depth of each of 
the 15-20 m deep borings, were studied in the 
laboratory. The three boring profiles Herluf
magle, Bramminge and SkælskØr are, for prac
tical reasons, described in parallel and later is 
given a general discussion. 

Partide size distribution 
The soil particle size distribution was deter
mined on the bulk sample using a hydrometer 
method, and the results for the three profiles 
are shown in Table 1. 

Texturally the profiles are relatively homo
genous. Herlufmagle may be characterized as 
clay, Bramminge as sand, and Skælskør as 
sandy clay. In Bramminge and SkælskØr some 
layers diEfer from the main impression. In 
Bramminge the uppefmost 2.5 m is a hetero
genous mixture, in which the clay content is 
about 15-20 per cent, Figure 1. The under
lying part of the profile consists of horizontal 
stratified, graded coarse sand in centimeter 
thick layers, but some times there are millimeter 
thin layers of very fine materiaIs. In some of 
the coarse layers, brown coloured precipitations 
of ferric and manganic compounds occur, Fi
gure 2. In the SkælskØr profile we found a 
diverging layer in 2.5 m's depth, containing 
more than 35 per cent clay, and below 15.5 m 
layers of coarse sand. 

The particle size distribution is determined 
without removing calcium carbonate. The lime 
content in Skælskør is near 30 per cent and in 
Herlufmagle near 45 per cent, but the chalk 
particles are mostly completely mixed with the 
soil and form a natural part of the soil matrix. 
Particle size distribution af ter the calcium car
bonate was removed from some of the samp
les from Herlufmagle is shown in Table 2. 

SoU densities 
The soil particle densities are determined using 
a pycnometer method and the bulk densities by 
volume weight determinations. The results are 
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Table 1. Particle size distribution in samples from 
the borings Herlufmagle, Bramminge and Skælskør. 

CaCOs not removed 

Sample 

depth 
m clay 

Herlufmagle: 
0.2 10.0 
1.6 
2.0 
4.9 
6.4 

10.2 
12.9 
14.9 
18.9 

18.0 
22.6 
24.8 
22.8 
20.6 
21.8 
16.2 
17.0 

Bramminge: 
0.4 11.4 
1.8 16.8 
3.1 1.6 
4.8 1.9 
7.5 2.4 
8.8 1.2 

11.3 1.3 
13.5 1.6 
14.4 1.6 
16.7 1.9 
SkælskØr: 
0.1 19.0 
0.9 23.6 
2.4 35.6 
3.9 17.2 
5.3 17.2 
8.4 17.2 

11.0 20.0 
14.3 20.2 
15.7 8.4 
)7.6 13.8 

Per cent af dry matter 

silt 

13.4 
19.2 
23.8 
22.6 
24.6 
25.0 
26.2 
20.8 
19.8 

10.2 
7.0 
0.8 
0.3 
0.1 
0.2 
0.2 
0.5 
0.5 
0.2 

17.0 
16.6 
30.8 
20.0 
20.2 
20.0 
20.2 
19.2 
9.6 

14.0 

fine caarse 
sand sand humus 

46.2 
43.7 
36.1 
34.2 
33.6 
37.2 
34.0 
37.9 
39.4 

11.0 
35.2 
74.5 
21.6 
11.5 
13.4 
36.3 
59.1 
11.6 
33.7 

44.0 
42.5 
30.2 
45.3 
44.2 
42.6 
41.8 
37.0 
59.2 
43.0 

28.4 
19.0 
17.4 
18.0 
18.6 
17.0 
17.6 
24.8 
23.4 

65.7 
40.6 
22.8 
76.1 
85.8 
85.0 
62.0 
38.6 
86.1 
64.0 

18.0 
17.0 
3.0 

17.4 
18.0 
19.8 
17.6 
23.2 
22.6 
29.0 

2.0 
0.1 
0.1 
0.4 
0.4 
0.2 
0.4 
0.3 
0.4 

1.7 
0.4 
0.3 
0.1 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 

2.0 
0.3 
0.4 
0.1 
0.4 
0.4 
0.4 
0.4 
0.2 
0.2 

Table 2. Particle size distribution in samples from 
the Herlufmagle boring, af ter removing af CaCOs 

Sample 

depth 
m 

1.6 
2.0 
6.4 

10.2 
18.9 

clay 

15.8 
13.0 
15.4 
14.2 
11.8 

Per cent af dry matter 

silt 

30.8 
14.4 
17.4 
18.4 
16.0 

fine 
sand 

39.9 
46.5 
40.0 
45.6 
40.8 

coarse 
sand humus 

13.4 0.1 
26.0 0.1 
26.8 0.4 
21.6 0.2 
31.0 0.4 



Figure 1. Photograph of the upper soil showing the inhomogemity of thc Bramminge 
pro file. 
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Figure 2. Photograph showing the dark precipitations in the lower part of the Bram
minge profile. 
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shown in Table 3. The partic1e densities for the 
SkælskØr have values of about 4 per cent above 
the normal in mineral soils. The bulk densities, 
1.5-1.6 g/cm3 in Bramminge, and about 2.0 
g/ erna in Herlufmagle and SkælskØr, are what 
one might expect. From this, the porosity is 
calculated, Table 3. Avalue of about 30 per 
cent in the fine textured soil like Herlufmagle 
and Skælskø'r indicates small pores, and a low 
hydraulic conductivity is to be expected. 

Table 3. Particle density, bulk density, and porosity 
of samples from the three borings Herlufmagle, 

Bramminge, and SkælskØr 

Sample particle bulk porosity, 
depth, m. density, density per cent 

g/erna g/ern3 

Herlufmagle: 
1.8 2.66 1.76 33.8 
4.7 2.65 2.00 24.5 
7.9 2.66 1.96 26.3 

10.1 2.65 1.90 28.3 
14.2 2.70 1.91 29.3 
15.9 2.71 1.86 31.4 
19.1 2.68 1.88 29.9 

Bramminge: 
0.8 2.64 1.54 41.7 
2.0 2.64 1.77 33.0 
4.7 2.64 1.52 42.4 
6.7 2.64 1.52 42.4 

10.4 2.57 1.51 41.2 
11.8 2.61 1.52 41.8 
15.5 2.64 1.55 41.3 

Skælskør: 
0.9 2.76 1.81 34.4 
2.4 2.75 1.43 48.0 
4.4 2.75 1.88 31.6 
7.8 2.82 1.98 29.8 

12.9 2.78 1.96 29.5 
16.1 2.72 1.76 35.3 
17.6 2.71 1.99 26.6 

Hydraulic conductivity 
The measurements were carried out on undi
sturbed cores, and only the saturated hydrau
lie conductivities were determined. The me,thod 
llsed is given by Klute (1965), and the results 
are shown in Table 4. Two samples from Her
lufmagle were measured, in principle by ano-

112 

ther method (Lundgren & Brinch-Hansen, 
1958), and the results are like the first in order 
of magni tude. 

In the Herlufmagle profile we found extre
mely low conductivities. The values indicate 
that only a few cm of water are able to pene
trate annuaIly. The conditions found in the Skæl
skØr profile shows a high degree of inhomo
genity. The variation of the dete'l'mined values 
is great, and one of the layers is practically 
watertigth. In the Bramminge profile the con
ductivities are moderate to high. 

Water retentivity 
To get more information about the pore size 
distribution, the water retentivity in a number 
of natural s{ructured cores were measured. The 
determination was performed with sintered 
glass filter funnels at pF 1.5, with pressure pla
te apparatus at pF 3.0-4.25, and with water 
vapor pressure measurements at pF 6.5-7.0. 
The results of four determinations of each pro
file are shown as wa,ter retention curves in Fi
gure 3. 

The four Herlufmagle and the three upper 
SkælskØr curves are typical, representing com
pressed clayey soils. They indicate no large 
pores in the soils, and it is seen that the chief 
part of the desorption occurs through pores 
with equivalent radii smaller than 5 ,um. The 
amount of water in the earlier mentioned fissu
res in the SkælskØr profil e is small in relation 
to the total amount, and it has no influence on 
the curves. 

The curves determined on samples from the 
Bramminge profile and on Skælskør, depth 16.1 
m, are likewise typical for sand. The desorp
tion is nearly complete at pF 3.0 and most of 
the pores have equivalent radii greater than 
5/-tm. 

Tritium profile determination 
A description of the velocity with which the 
water has penetrated vertically through the soil 
within the last 15 years, may be given by a 
tritium profile determination (Andersen, 1966). 
The use af this method is based on the increa-



sed content of tritium in the precipitation eau· 
sed by test~bursting of nuclear bombs. 

In the Herlufmagle boring, where the me· 
thod was used, the conditions were unfavou· 
rable for the method. Firstly, the area was drai· 
ned and as a consequence of the very imper. 
meable subsoil, near 100 % af l1he percolating 
water were lost through the drain. Secondly 
the pressure, caused by the rise of water from 
the underlying glauconitie ehalk to about 1 m 
below the drain, prevents ground water estab· 
lishment. Therefore, the additional information 
from this method is relatively poar. 

Discussion 
From the soil water retention curves and from 
the hydraulic conductivities it is possibie to 
calculate the soil water diffusivity in the single 
samples. This eharacteristic of the soil includes 
both mass transport and pure molecular diffu· 
sion of water, and it is, like the soU water po. 
tential and the hydraulic conductivity, a fune
tion of the soil water content in a given soil 
(e.g. Klute, 1952). 

In the tight soils like Herlufmagle, the mea· 
sured saturated hydraulic conducHvities are ve
ry low, and the mass transport will be without 
importance even under saturated conditions. 
This is supported of the facts, that it was im
possible, in any depth, to find tritium eontents 
larger than the precipitation to day contains. 
The main transport of water and ions will occur 
as molecular diffusion. In sandy soils, on the 
other hand, the conductivities of water are so 
high that the importance of diffusion as trans· 
port mechanism of water is negligible. From 
tbis, we conclude that the term soU water dif
fusivity is outside interest in this connection. 

It is evident, however, that the molecular 
diffusion has a funetion as distributor of the 
solute compounds, e.g. nitrate, to domains with 
lower concentrations. But it is also evident that 
the quantitative significance of this diffusion 
will be smaller, if the soils are fissured, or if 
they have changing water potentials from do
main to domain. 

In the folIowing the single soil profile will be 
discussed. 

Herlu/magle 
Itappears from the Tables 1, 2, and 4 that this 
profile was homogenous with respect to the 
parameters determined. The velocity of the 
downmoving water and eonsequently of the 
dissolved nitrate is very low and the nitrate 
reduction processes have sufficient time to take 
place. The basis of thi s conclusion is thai 
around the oxidation limit the nitrate content 
drops, and below this limit wc did not find ni· 
trate (Lind & Pedersen, 1976b). 

However, the amount of ground water for· 
med through soils of this type, is insignificant. 
Figure 4 shows a sample from the profile, and 
it gives an impression of the lack of structure 
and the high content of lime. With respect to 
ground water formation, areas with a similar 
geological structure are without interest, but 
they have good ability to prevent leaching of ni
trate. 

Bramminge 
The saturated hydraulic conductivity in the 
measured points of this profile were high, and, 
as mentioned above, the withdrawal of water 
mainly took place at pF value below 3. The 
uppermost sample differs in some degree, espe
dally with regard to water retention. This is 
caused by the higher content of clay, Table L 
In soils af this constitution, ane might regard 
the soil water diffusivity as a good descriptive 
parameter. However, an immediate visual in
spection shows that the mass transport, directed 
of the soil water potenl:'ials, followslimited spe· 
cifie routes in the soil, Figure 5. Furthermore 
it may be se en that the moleeular diffusion of 
oxygen containing compounds in the water has 
not made the soil homogenous with respect to 
oxidation status. The boundaries between oxidi· 
zed and redueed areas are very sharp, and this 
must be caused by a lack in interehanges of 
water and oxygen containing solutes. 
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In the deeper layers, where the Bramminge 
profile is weak stratified, and where very thin 
layers of fine particles in some way may pre
vent a vertical transport, there is a horisontal 
water and solute transport. This may be seen by 
the reddish brown precipitations in the most 
coarse layers, Figure 2. Nitrate were deter
mined down to the oxidation limit at 13.5 m's 
depth (Lind & Pedersen, 1976a), and therefore 
nitrate containing ground water exists between 
4.5 and 13.5 m. Because of the horizontal mo
ving water, it is not possibIe to determine from 
where the nitrate is leaehed. 

The physical conditions in the Bramminge 
proEile are quite good for a fast ground water 
establishment. Because of ,the quick leaching, 
the imperfect flow through the soil matrix, and 
the relative small amount of ferrous iron in this 
soil, the risk of nitrate leaching to the upper 
ground water is extensive. 

Table 4. Hydraulic conductivity of samples from 
the three borings Herlufmagle, Bramminge, and 
SkælskØr. Values in parenthesis atter a method ot 

Lundgren & Brinch-Hansen (1958). 

Sample 
depth,m 

1.0 
2.5 
4.8 
5.5 

10.0 

11.0 

12.0 
14.5 
15.5 
17.5 

19.0 

SkælskØr 

Values in cm/sec. 

Herlufmagle Bramminge 

5.5·10-4 
2.3-10-4 

5.7,10-8 

6.4.10-3 

9.7.10-3 

9.7,10-8 

(2.6,10-8) 

5.0.10-7 9.3.10-3 

9.2.10-8 

(4.8,10-8) 

SkælskØr 

7.6·10-6 
Tight 

6.5.10-6 

4.3.10-8 

5.6.10-5 

1.2.10-3 

9.8.10-3 

With respect to the textural conditions and the 
porosity, this profile is equal to Herlufmagle, 
Table 1 and 3. Sample 15.7 m is quite different 
from the other, since it represents a layer of 
sand in the lowest part of the profi1e. 
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The measurements of the hydraulic conduc
tivity show an inhomogenous profile, Table 4. 
Even exc1uding the sandy layer, the determina
tions show very large variations. This must be 
explained by the structure of the profi1e. In the 
entire depth the SkælskØr profile has cut
throughs of small fissures and cracks, and they 
appear filIed up with oxidized matter, Figure 6. 
Through these breaches most of the water is 
moving down, and a random number of these 
cause the variation in the measured conduc
tivity. A very small amount of nitrate were 
determined in the whole profile below the ge
neral oxidation limit (Lind & Pedersen, 1976a). 
This indicates the incomplete chemical inter
change under these physical circumstances. As 
earlier mentioned, the boundaries between che
mical oxidized and reduced domains are very 
sharp. Another example of this is shown in 
Figure 7, where the large crack is filled up 
with sand. In sIQil profiles of this type, a 20 ru 

thick layer IQf till (unsorted mIQraine) will be in
sufficient to protect the ground water against 
nitrate leaching. 

General discussion and conclusion 
Taking the three examined soil profiles toge
ther, it is evident that the physical environ
ments are of great importance for the chemical 
nitrate reduction. The parameter of greatest 
inportance, determined by the SQil physical 
properties, would be the time in which the 
soil water is in contact with the chemical ac
tive soil layers. The influence on the time is 
seen by comparing the hydraulic conductivities 
in the profiles (assumed the soil matrix is hQ
mogenous). Then the nitrate reduction will be 
carried out just around the oxidatiQn limit in 
the tight soils, while penetrating water and 
80lutes will be quickly mixed in the ground 
water in Qpen, Coarse textured soils. 

In soils with fissures and chacks, the nitrate 
reductiQn will be imperfect, cf. the earlier men
tioned. Christensen (1974) has expressed that in 
thi s way: Under some conditions, at least 95 
per cent of the penetrating water and the sol ute 



Figure 4. Example af the campaet soil from the Herlufmagle profiIe. 

Figure 5. Photagraph showing the sharp boundaries between oxidized and reduced areas. 
Bramminge. 



Figure 6. Photagraph af same of the very Iinc fissures. They are seen in the center af the 
core. Skælskør. 

Figure 7. "Packet« ar large crack in the blue clay filled up with axidized sand. Lcngth 
about 1 D1. Faxe Limstone quarry. 



ions wiUbe transported in not more than 10 
per cent of the horizontal area. The SkælskØr 
profile is just the type of sediment, where this 
mayoccur. 

Every of the three boring profiles represents, 
with respect to nitrate reduction ability (Lind 
& Pedersen, 1976b), different types of soil, 
which is rather common in Denmark. There
fore, the extension of the different soil types is 
one of the important factors determining where 
in the country we find nitrate in the ground 
water, where we will get it within a foreseenable 
future, and where the proteetion against nitrate 
pollution of the ground water is near complete. 
A maximum proteetion against nitrate leaching, 
in areas where ground water establishment oc
cur, therefore is a balance between the chemical 
and the physical conditions in the soil. The 
thickness of the soil layer above the gro und 
water reservoirs, is e.g. a parameter ofvery 
great importance. 

An exact geological mapping of Denmark in 
connection with getting nitrate free ground wa
ter is beyondthe scope vf this paper, but we 
have some a priori knowledge about this (Chri
stensen, 1970). The thin till layers (0-10 m) 
above the limestone and chalk in the South
eastern Sjælland and in North Jylland give on
ly a weak protection against leaching of nitrate 
(Figure 2, 3, and 4, Pedersen & Lind, 1976). 
The coarse melt water deposits in West Jylland 
give likewise a relative large possibility of 
leaching nitrate to the upper ground water lay
ers (5-25 m). 

We have from this investigation no facts 
about a down moving nitrate< front. It is possibie 
that the pumping of the ground water reservoirs 
will accellerate the nitrate leaching owing to the 
lowering of the ground water table. It is also 
possibie that the amount and especiaIly the site 
of the reducing ferrous compounds, in time will 
be unfavourable for the nitrate reduction. The 
agricultural supply of nitrogen fertilizer may 
have increased the oxidation of ferrous to ferric 
compounds in the subsoil. To follow and solve 
this problem, a systematic collection and ana
lysing of ground water samples is required. 

Sammendrag 
JordprØver fra forskellig dybde fra tre boringer 
foretaget i forbindelse med projektet »Nitrat
reduktion i undergrunden« er genstand for en 
fysisk underSØgelse og vurdering. Der er be
stemt tekstur, massefylder, hydraulisk lednings
evne og retentionskurver på fysisk uforstyrrede 
prØver, for derved at kunne sige noget om jord
lagenes egnethed som miljØ for kemiske reak
tioner, specielt den kemiske nitratreduktion. 
De tre jorde kan kort betegnes som fØlger: l. 
Herlufmagle, let homogen, kompakt ler med 
ekstrem lav hydraulisk ledningsevne og stor 
vandholdende evne; 2. Bramminge, svagt lag
delt, kompakt sand med moderat til hØj led
ningsevne og ringe vandholdende evne og 3. 
Skælskør, kompakt, men sprækkestruktureret, 
let sandet ler med varierende ledningsevne og 
stor vandholdende evne samt grovsandlag i pro
filens· dybeste del. 

Gældende for de dybder, hvortil der er boret, 
kan generelt siges: Lerjorde, der repræsenteres 
af Herlufmagle profilen, er velegnede som fy
sisk miljø for nitratreduktion, men så tætte at 
nogen egentlig grundvandsdannelse ikke fore
går. Denne sidste konklusion støttes tildels af 
resultatet af en tritiumprofilbestemmelse. Jorde 
som Bramminge er ikke velegnede som fysisk 
miljø, men til gengæld sker dannelsen af de 
øverste grundvandslag hurtigt. De mere hete
rogene lerjorde, der repræsenteres af SkælskØr 
profilen, har fordele og ulemper overfor både 
grundvandsdannelsen og nitratreduktionen, og 
man må forvente en svag nedvaskning til en 
anselig dybde på grund af sprækkestrukturen. 
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