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The variation of pH of pasture soils across the Tellus and Tellus Border survey area has
been analysed. Geostatistical methods allow us to quantify the uncertainty in mapped
soil pH and its implications for the health and management of pasture soils. Soil pH indi-
cates that there is a widespread requirement for liming of pasture soils across the area. We
exemplify how the uncertainty in statistical predictions can be communicated to a general

audience using a verbal scale.

INTRODUCTION
Land managers and their advisers require information on soil chemistry for various impor-
tant decisions. These may concern the management or control of nutrient supply, the con-
centration of potentially harmful elements and soil pH. The pH of soil is an important
property, influencing the development and functioning of root systems, the availability of
micronutrients and potential toxicity of other trace elements and the viability of the soil
microflora and fauna, including important invertebrates such as earthworms which them-
selves affect nutrient cycling, drainage and aeration. Soils all tend to acidify because of the
presence of dissolved carbon dioxide in the soil water, and agriculture may accelerate this
process through nitrification by nitrogen fertilisers. For this reason land managers should
pay attention to the pH of their soils and take remedial action to keep it in an appropriate
range (Coulter and Lalor, 2008; Defra, 2010).

Soil pH is measured as part of regional geochemical survey, not least because of its
importance in the interpretation of information on metals with pH-dependent mobility

and bioavailability. In this chapter we consider whether these pH data are useful for the
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agricultural sector and how appropriate analysis can address difficulties with their use and
facilitate effective communication of uncertain information. We use the Tellus and Tellus

Border survey data sets to map the risk that pasture soil pH falls below target values.

THE VARIABLE AND TARGET VALUES

Soil pH was measured on soil collected in both the Tellus and Tellus Border surveys. We
do not repeat details of the surveys here, but the key information is that each soil analysis
was undertaken on a subsample of material aggregated from five cores at the corners and
centre of a 20 x 20 m square centred at a sample site. The sites were selected as close as
possible to the nodes of a systematic grid of density one site per 2 km? in the Tellus survey
and one site per 4 km? in the Tellus Border survey.

Land managers make decisions on the remediation of soil pH by comparing estimates
for their land with target values. They may also consider the risk, in some settings, of
creating deficiencies of certain micronutrients such as cobalt or excesses of others such as
molybdenum by over-liming the soil. Target values of soil pH are published by agricultural
extension organisations on the basis of field experiments. In this chapter we are concerned
with pasture soils. We examine two soil pH target values. Coulter and Lalor (2008) state
that pH of pasture soils should not be allowed to fall below 6.3, and propose pH 6.5 as a
target pH for the manager. Defra (2010) propose pH 6.0 as a minimum for pasture soils.
We examine both the 6.5 and 6.0 targets in this study. The larger target value is probably
most appropriate for clover-based production systems. We also examine a minimum pH
threshold for earthworms. Edwards and Lofty (1974) found that no earthworm species in
the Park Grass experiment at Rothamsted could tolerate pH less than 4.0, and that other
species including Allolobophora spp. were not found if the pH was less than 5.0. We there-
fore consider pH 5.0 as a target for maintaining earthworm activity.

One problem must be addressed before we can use the pasture soil thresholds. Both
the Coulter and Lalor (2008) and Defra (2010) target values are based on pH measured in
water. However, the Tellus and Tellus Border soil pH values are measured in 0.01 M CaClz,
which is good practice in geochemistry and soil science (Schofield and Taylor, 1955). The
pH of soil measured in CaCl, may be appreciably lower than the pH of the same soil
measured in water. To resolve this problem for the present study we extracted topsoil
pH measurements made in both water and CaCl, from soil profiles across the North of
England presented by Jarvis ez al. (1984). A linear regression line was fitted to predict pH
in CaCl, from pH in water. We used ‘bootstrap resampling’ of the North of England data
to estimate the regression, sampling with equal probability from subsets of values defined
by the quartiles of the data on pH in CaCl, of the Tellus and Tellus Border soils. This was
to mitigate the effect of not having an unbiased sample of data from the study region itself
to estimate the regression. The regression was then used to transform the target values of
6.5 and 6.0 to values of pH in CaCl, comparable with the geochemical data. The respec-
tive target values were 5.9 + 0.05 (95% confidence interval) and 5.4 + 0.04. The pH data
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Figure 15.1. Histogram of
6368 observations of pasture
soil pH in Tellus and Tellus

Border data sets.

Soil pH: information for agriculture

Frequency
1000 1500 2000 2500 3000
| | | |

500
1

l T T T T T 1
2 3 4 5 6 7 8

pH cacl,

presented for the Park Grass experiment by Edwards and Lofty (1974) were measured in
CaCl,

In the following two sections we outline how the variability of the soil pH data is
described statistically, and how spatial prediction is then done with geostatistical proce-

dures to map the variable across the study region.

TABLE 15.1. SUMMARY STATISTICS OF PASTURE SOIL PH MEASURED
IN CaCl2 IN THE COMBINED TELLUS AND TELLUS BORDER DATA SETS

Mean ‘ Median ‘ Min. ‘ Max. ‘ cS{taI}dz.ird Skewness
eviation
495 | 4.90 | 2.88 | 7.68 | 0.54 | 0.59

VARIABILITY IN SPACE
We extracted the Tellus and Tellus Border pH data for all sites in CORINE Land Use
class 231, Pasture (CORINE, 2006). There were 6368 observations. Figure 15.1 shows
their histogram and Table 15.1 presents some summary statistics. Note that about 84% of
these values were smaller than the target value of 5.9 (6.5 in water) for clover-based pasture
production.

These data appear reasonably symmetrical in their distribution. However, for our anal-
yses we require strong assumptions of normality, and so we use a method called Hermite

polynomials to transform the data to a variable that can be assumed to be normal.
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Figure 15.2 shows the variogram of the transformed variable. The variogram shows
how variability of some property is spatially dependent. It is a plot of half the statistical
expectation (mean) of the squared difference between two observations of the variable as a
function of the distance in space between them, and as such it is a variance (Webster and
Oliver, 2007). One can see in Fig. 2 how the variogram increases with distance; in general
two observations close together are more similar than two that are further apart. There are
two key features of the variogram in Fig. 2. First, note that there is a pronounced break of
slope at a distance of about 5000 m and that the variogram flattens out at about 40,000 m.
These distances represent key scales in the spatial variation of soil pH. It is likely that the
longer of the two corresponds to broad variations in solid geology. The shorter scale may
represent variations in the composition of superficial deposits, and climatic factors that
affect soil pH. The second feature is the apparent intercept of the variogram at a value of
about 0.75. Empirical variograms have an apparently non-zero intercept because of short-
range variation of the variable which is not resolved at the scale of sampling. In this case
the intercept, or nugget variance as it is called, will arise from factors such as differences in
management between fields (some may have been limed recently at the time of sampling)
and farms as well as short-range variations in topography, organic carbon content and
other factors.

A farmer may well wonder whether sampling at the scales of regional geochemical
surveys can provide useful information for management. The large nugget variance in
the variogram in Fig. 2 puts into statistical terms the data user’s intuitive sense that, even
when sampling at one sample per 2 or 4 km?, substantial sources of variation may not
be resolved. When geostatistical predictions are made, however, they have an associated

quantification of uncertainty, as described in the next section. This includes the effect of
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the short-range variation described by the nugget variance. Short-range variations remain

unknown, unless further local sampling is done, but in the geostatistical setting we can

quantify their effect on our uncertainty about local soil conditions.

PREDICTION

The objective of geostatistical prediction is to obtain interpolated values of a variable at
unsampled locations. In geostatistics the interpolation is done by the kriging predictor
which forms a linear combination of local values of a variable to obtain the prediction
that is optimal in the sense that the expected squared prediction error is minimised. In
this study we used the disjunctive kriging (DK) predictor. More details on this method
are given by Webster and Oliver (2007). DK provides a predicted value at an unsampled
location. In addition it allows one to compute the probability that the true value at that
location exceeds some threshold, conditional on the observations. Thus, for example, if the
predicted value of soil pH at some location is 6.0, this suggests that it is within an accept-
able range for pasture (larger than the target value of 5.9). However, there is uncertainty in
the prediction, because of the spatial variability of soil pH, and particularly because of the
substantial short-range variation that is represented by the nugget variance. The value of
DK is that one can also compute the probability that the true pH at the location of interest

is less than 5.9 and remediation is required. This probability may be substantial.
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Figure 15.3 shows the DK predictions of soil pH across the study region at locations  Figure 15.4. Probability that
on a 500 m grid which are in CORINE land cover class Pasture (class 231) according to true pH ls.less.th,an 59 in
pasture soil. Liming indicated

the CORINE data (CORINE, 2006). Non-pasture nodes of the grid are coloured green —  for clover-based pasture
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Y ghtg

largely areas of peat deposits, moorland, large urban areas (e.g. Belfast) or arable farming s bond
other la use.

(e.g- County Louth). Soils adjacent to the extensive peat deposits in counties Sligo and
Leitrim have the lowest pH values (<4.3) of the pasture soils. It is likely that these soils are
also very organic-rich and have a naturally very low pH, but do not meet the criteria of
‘peat’ in the CORINE mapping classes. Lower pH values (<5) are also found in the uplands
of the Sperrin Mountains, and County Donegal. These uplands are generally formed of
rocks with limited amounts of calcium and magnesium, which restricts the capacity of the
soil to buffer acidifying processes. Uplands also have the largest rainfall, which contrib-
utes to the physical and chemical erosion of pH-buffering soil minerals. In contrast, soils
formed over the Antrim basalts typically have a higher pH. This is because the minerals
forming the basalt contain a lot of calcium and magnesium, which increases the buffering
capacity of the soils formed over them. The exception to this is over the north-east Antrim
uplands, where thick peat deposits are found, giving rise to acid soils in their immediate
periphery. The Carboniferous limestone rocks of the more southerly counties in this area
also typically have a higher pH in soil, as the primary rock mineral is calcium carbonate.
County Louth has larger pH values than much of the region, resulting in part from the
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larger calcium and magnesium concentrations in the underlying Lower Palacozoic rocks,
but also from lime inputs in this more intensively managed agricultural landscape.

Figure 15.4 shows the probability that soil pH in pasture soils falls below the 5.9 target
(6.5 in water) that Coulter and Lalor (2008) advise for pasture. Note that at all locations
this probability is larger than 0.5. Figure 15.5 shows the same probabilities for the 5.4 target
(6.0 in water). Figure 15.6 shows the probability that soil pH in pasture soils falls below the
value of 5.0 which was a minimum for various earthworm species on Park Grass.

Figure 15.7 shows probability distributions obtained by DK for soil pH at two loca-
tions. These plots show the probability that the true value at each site falls in each discrete
range of values; they are not histograms. At both the predicted value is about 4.5, but at
location A there is less uncertainty in the prediction; the distribution is much narrower
than at B. This partly reflects the difference in sampling density between the Tellus Border
(B) and Tellus surveys (A). However, even at location A the prediction distribution is 2
pH units wide. This reflects the uncertainty of any point prediction due to the substantial

short-range ‘nugget’ variability of pH.
COMMUNICATION

Given the substantial short-range variation of soil pH, illustrated in Fig. 15.7, it is not,

in general, advisable to make local decisions as to whether or not to remediate without
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local sampling. However, for strategic or policy purposes it may be useful to consider the  Figure 15.6. Probability
general spatial pattern of the expected pH and probability that pH is less than the target fr}:t;;ti ep ilis :flsds;zgiigso
value, perhaps to form overall estimates of the limiting effect of soil on pasture productiv-  limitations on sensitive

ity at regional scale, or to target extension work. Users of these data must understand the ;;i“l’sgz:i escéi;el;‘lil; :i e
associated uncertainties. In particular, farm managers need to understand the information
on the probability that their land has a pH below the target so as to make informed deci-
sions on whether to undertake further sampling. In this way the regional data can facilitate
decision making, although local sampling is also required.

The geostatistical analysis that we undertook allows the uncertainty about local pH
values to be expressed in terms of probabilities, including probabilities that the local pH
falls below a threshold at which an intervention is indicated. These probabilities reflect
general trends in soil pH and also the uncertainty introduced by short-range spatial vari-
ability. Thus, for example, at a location where the predicted value of soil pH is above the
target value, the probability that the true value is below the threshold may still be large.
This will depend on the local density of sampling and the local variation. While prob-
ability maps such as Figs 15.4-15.6 are an effective means to represent the uncertainty in
geostatistical predictions, they are not necessarily effective for communication to non-
specialists (Spiegelhalter ez a/., 2011). For this reason we have used ‘calibrated phrases’

to communicate the uncertainty that the probabilities represent. Specifically we use the
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Figure 15.7. Probability
distributions for pH at two
locations, A and B. The
expected values at the two

locations are very similar

(about 4.7).

scale that the Intergovernmental Panel on Climate Change (IPCC) stipulates for use in
scientific reports aimed at a general audience (Mastrandrea ez 4/., 2010). If some outcome
has probability Po and Po > 0.66 then it is described as ‘Likely’ on the IPCC scale. This is
intensified to “Very likely” if Po = 0.9 and to “Virtually certain’ if Po > 0.99. The outcome
is described as being ‘About as likely as not” if 0.33 < Po < 0.66. If Po < 0.33 then the
outcome is described as ‘Unlikely’, intensified to “Very unlikely” if Po < 0.1 and to ‘Excep-
tionally unlikely’ if Po < 0.01.

In a previous paper (Lark ez al., 2014a) we used the IPCC scale to convey uncertainty
about geochemical information. We took account of some recent research on the efficacy
of the scale to modify how we presented it, in particular including some numerical infor-
mation along with the verbal phrases. Figures 15.8 and 15.9 use these principles to convey
the probability that soil pH indicates, respectively, that liming is required on clover-based

pasture systems and that soil pH is a limitation on sensitive earthworm species.

CoNcLUSIONS
The most immediate practical conclusion from this study is that most pasture soils across
the north of Ireland appear to be in need of liming. In terms of the verbal scale it is /ikely
that liming is required at all pasture sites across the region, and this can be intensified to
very likely across 64% of the study region (Teagasc-recommended threshold for clover-
based pasture systems) and virtually certain in some places, particularly in the west (consti-
tuting 5% of the study region). On this basis farmers should be advised to test their soil pH
and to seek advice on lime requirement. This is particularly urgent in areas where the pH
is likely to be limiting on activity of certain earthworms (23% of the study region), given
their important role as ‘ecological engineers’.

Soil pH is more subject to temporal (decadal) change at broad spatial scales than most

geochemical variables (e.g. Kirk ez 4/, 2010) due to land use change, management and
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changes in acid inputs, both anthropogenic and natural. For this reason it is necessary to
monitor change in soil pH to detect emerging problems and ensure that advice is based
on current information. Our results show that soil pH exhibits substantial short-range
variation. The design of a robust sampling scheme requires further investigation of this
short-range variation to ensure that monitoring is sensitive and fit for purpose (e.g. Lark
et al., 2014b).

This study exemplifies some general lessons about the use of regional geochemical
surveys as a basis for advice to farmers. First, it is clear that substantial local variability
can contribute to uncertainty about local predictions. Appropriate statistical treatment
and communication can ensure that the results are not misleading, but there is also scope
for further work on how, for example, the regional survey might be used to indicate to

producers the potential value of additional soil information, and guidance on appropriate
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sampling to collect it. Second, the study illustrated the fact that the data in a geochemi-
cal survey are not necessarily directly appropriate for agricultural use. Here we had to
convert pH values measured in CaCl, to expected values in water, because this is the
variable on which advice is based. Similarly the total concentrations of elements in geo-
chemical surveys are not, in general, comparable to the ‘available’ concentrations on which
agronomic advice is based. Available nutrients (such as nitrogen, phosphorus, potassium,
magnesium and sulphur) could be added to the suite of analyses in further geochemical
surveys. Further work on the potential value of standard geochemical variables as predic-
tors of agronomically useful properties such as soil pH buffering capacity or exchange

isotherms for key nutrients would also be useful.

203



Lark ez al.

ACKNOWLEDGEMENTS

This chapter is published with the permission of the Executive Director of the British
Geological Survey (NERC).

REFERENCES

CORINE, 2006 CORINE Landcover 2006 seamless vector data (version 17, 12/2013). Copenhagen.
European Environment Agency. Available at http://www.eea.europa.eu/data-and-maps/data/cl
c-2006-vector-data-version-3.

Coulter, B.S. and Lalor, S. (eds), 2008 Major and Micro Nutrient Advice for Productive Agricultural
Crops. Third edition. Johnstown Castle, Co. Wexford. Teagasc.

Defra, 2010 Fertiliser Manual (RB209). Norwich, UK. The Stationery Office. Available at
hetp://www.ahdb.org.uk/projects/CropNutrition.aspx.

Edwards, C.A. and Lofty, J.R.L., 1974 The Invertebrate Fauna of the Park Grass Plots. I. Soil Fauna,
Rothamsted Experimental Station Report for 1974, Part 2, 133—54. Harpenden, UK. Rotham-
sted Experimental Station.

Jarvis, R.A., Bendelow, V.C., Bradley, R I, Carroll, D.M., Furness, R.R., Kilgour, I.N.L. and King,
S.J., 1984 Soils and Their Use in Northern England. Soil Survey of England and Wales Bulletin
No. 10, Harpenden, UK.

Kirk, G.J.D., Bellamy, P.H. and Lark, R.M., 2010 ‘Changes in soil pH across England and Wales
in response to decreased acid deposition’, Global Change Biology, 16, 3111-19.

Lark, R.M., Ander, E.L., Cave, M.R., Knights, KV,, Glennon, M.M. and Scanlon, R.P.,
2014a ‘Mapping trace element deficiency by cokriging from regional geochemical soil data:
a case study on cobalt for grazing sheep in Ireland’, Geoderma, 226-7, 64-78. Available at
http://nora.nerc.ac.uk/506984/. http://dx.doi.org/10.1016/j.geoderma.2014.03.002.

Lark, R.M., Rawlins, B.G., Robinson, D.A., Lebron, I. and Tye, A.M., 2014b Implications of
short-range spatial variation of soil bulk density for adequate field-sampling protocols: meth-
odology and results from two contrasting soils’, European Journal of Soil Science, 65, 803—14.
Available at http://nora.nerc.ac.uk/509424/. http://dx.doi.org/10.1111/ejss.12178.

Mastrandrea, M.D., Field, C.B., Stocker, T.F., Edenhofer, O., Ebi, K.L., Frame, D.J., Held,
H.,Kriegler, E., Mach, K.J., Matschoss, P.R., Plattner, G.-K., Yohe, GW. and Zwiers, EW.,
2010 Guidance Note for Lead Authors of the IPCC Fifth Assessment Report on Consistent Treatment
of Uncertainties. Geneva. Intergovernmental Panel on Climate Change (IPCC).

Schofield, R.K. and Taylor, A.W., 1955 “The measurement of soil pH’, Proceedings of the Soil Science
Society of America, 19, 164-7.

Spiegelhalter, D., Pearson, M. and Short, 1., 2011 ‘Visualizing uncertainty about the future’, Science,
333, 1393-1400.

Webster, R. and Oliver, M.A., 2007 Geostatistics for Environmental Scientists. Second edition.
Chichester, UK. John Wiley and Sons.

204



Unearthed: impacts of the Tellus surveys of the north of Ireland
First published in 2016 by the

Royal Irish Academy

19 Dawson Street

Dublin 2

www.ria.ie
Copyright © 2016 Royal Irish Academy
ISBN: 978-1-908996-88-6

The articles in this book are open access and distributed under the terms of the Creative
Commons Attribution 4.0 licence, which permits unrestricted use, distribution and repro-
duction in any medium, provided the original authors and source are credited. To view a

copy of this licence, visit https://creativecommons.org/licenses/by/4.0/

Except where noted:
Geological mapping for Northern Ireland / Tellus data are provided by the Geological
Survey of Northern Ireland.
Geological mapping for Ireland / Tellus Border data are provided by the Geological
Survey of Ireland.
Topographic mapping for Northern Ireland is derived from Land and Propery Services
Open Data and contains public sector information licensed under the Open Gov-
ernment Licence v3.0. (http://www.nationalarchives.gov.uk/doc/open-government-
licence/version/3/).
Topographic mapping for Ireland is derived from Ordnance Survey of Ireland Open
Data (https://creativecommons.org/licenses/by/4.0/legalcode).

While every effort has been made to contact and obtain permission from holders of copy-
right, if any involuntary infringement of copyright has occurred, sincere apologies are

offered, and the owner of such copyright is requested to contact the publisher.

British Library Cataloguing-in-Publication Data. A catalogue record is available from the
British Library.

Design: Alex Donald, Geological Survey of Northern Ireland.
Index: Brendan O’Brien.
Printed in Poland by L&C Printing Group.

(©MOM



Table of Contents:

Prelim

DOI: heeps://doi.org/10.7486/DRI.b851k323d

Chapter 1
The Tellus geosciences surveys of the north of Ireland:
context, delivery and impacts

DOI: https://doi.org/10.7486/DRI.st74s528d

Chapter 2
The Tellus airborne geophysical surveys and results

DOI: https://doi.org/10.7486/DRI.t148tx96z

Chapter 3
The Tellus geochemical surveys, results and
applications

DOI: https://doi.org/10.7486/DRI.t722wq645

Chapter 4

Stakeholder engagement for regional geoscientific
surveying: the Tellus Border communications
campaign

DOI: https://doi.org/10.7486/DRI.w0891r763

Chapter 5
Mineral resources and Tellus: the essential balance

DOI: https://doi.org/10.7486/DRI.wd37kb12s

Chapter 6

Gold exploration in the north of Ireland: new targets
from the Tellus Projects

DOI: https://doi.org/10.7486/DRI.wh24m696v

Chapter 7

Using soil geochemistry to investigate gold and base
metal distribution and dispersal in the glaciated north
of Ireland

DOI: https://doi.org/10.7486/DRI.wm11n3806

Chapter 8
Critical metals for hightechnology applications:
mineral exploration potential in the north of Ireland

DOI: https://doi.org/10.7486/DRIL.wp98p0649

Chapter 9
A natural laboratory for critical metals investigations in
the Mourne Mountains granites

DOI: https://doi.org/10.7486/DRI.ccO8ww45f

Chapter 10
Geothermal potential of granitic rocks of the Mourne
Mountains

DOI: https://doi.org/10.7486/DRI.ff36jm09f

Chapter 11
Shape and intrusion history of the Late Caledonian

Newry Igneous Complex, Northern Ireland
DOI: https://doi.org/10.7486/DRI.2v248822m

Chapter 12

Using Tellus data to enhance targeting of volcanogenic
massive sulphide mineralisation in the Tyrone Igneous
Complex

DOI: https://doi.org/10.7486/DRI.5x226w262

Chapter 13

The geological significance of electrical conductivity
anomalies of the Ordovician- Silurian Moffat Shale
Group, Northern Ireland

DOI: https://doi.org/10.7486/DRI.6m31{4149

Chapter 14
Faults, intrusions and flood basalts: the Cenozoic
structure of the north of Ireland

DOI: https://doi.org/10.7486/DRI.90205h306

Chapter 15

Information for agriculture from regional geochemical
surveys: the example of soil pH in the Tellus and Tellus
Border data

DOI: https://doi.org/10.7486/DRI.dv14c8060

Chapter 16

An ecohydrological investigation of wetlands in the
border counties of Ireland: a framework for a holistic
understanding of wetland systems

DOI: https://doi.org/10.7486/DRI.hd775d90j



Chapter 17
Assessing nutrient enrichment risk to groundwater-
dependent ecosystems in the border counties of Ireland

DOI: https://doi.org/10.7486/DRI.k356pk138j

Chapter 18
Mapping the terrestrial gamma radiation dose

DOI: https://doi.org/10.7486/DRI.k930rb86z

Chapter 19
Soils and their radiometric characteristics

DOI: https://doi.org/10.7486/DRI.mp495t62g

Chapter 20

Modelling in-house radon potential using Tellus
data and geology to supplement inhouse radon
measurements

DOI: https://doi.org/10.7486/DRI.ns06hm86z

Chapter 21
Determining geochemical threshold values from the
Tellus data sets: the examples of zinc and iodine]

DOI: https://doi.org/10.7486/DRI1.r2087418g

Chapter 22

Identification of the geochemical signatures of diffuse
pollution in the Tellus Border soil data set, using
source apportionment

DOI: https://doi.org/10.7486/DRIL.wh24m698d

Chapter 23

Stream sediment background concentrations in
mineralised catchments in Northern Ireland:
assessment of ‘pressures’ on water bodies in fulfilment
of Water Framework Directive objectives

DOI: https://doi.org/10.7486/DRI.x633tf86g

Chapter 24
Mapping metallic contamination of soils in the Lower
Foyle catchment

DOI: https://doi.org/10.7486/DRI.9k42bv355

Chapter 25
Refining the human health risk assessment process
in Northern Ireland through the use of oral

bioaccessibility data
DOI: https://doi.org/10.7486/DRI.9p29¢r199

Chapter 26

Combining environmental and medical data sets to
explore potential associations between environmental
factors and health: policy implications for human
health risk assessments

DOI: https://doi.org/10.7486/DRI.9s16dn03n

Chapter 27
Mapping a waste disposal site using Tellus airborne

geophysical data
DOI: https://doi.org/10.7486/DRI.9w03th87q

Chapter 28

The use of aero-magnetics to enhance a numerical
groundwater model of the Lagan Valley aquifer,
Northern Ireland

DOI: https://doi.org/10.7486/DRI.9290gd711

Chapter 29
Carbon sequestration in the soils of Northern Ireland:
potential based on mineralogical controls

DOI: https://doi.org/10.7486/DRI.b277h9556

Chapter 30
Spatial distribution of soil geochemistry in geoforensics

DOI: https://doi.org/10.7486/DRI.b564j6392

End matter
DOI: https://doi.org/10.7486/DRI.bc38m007j





