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PREFACE

The author is both a soil scientist and a chemist. He has taught courses in all
areas of chemistry and soil science, analyzed soil, for organic and inorganic
compounds, in both soil solids and extracts, using various methods and instru-
ments, for 44 years. Introduction to Soil Chemistry, Analysis and Instrumenta-
tion, 2nd Edition, is the result of these 44 years of experience in two distinct
climatic zones in the Philippines, four countries in Africa, and one in Central
and one in South America. In the United States, this experience includes
analysis of soils from all sections of the country.

This book is intended as a reference for chemists and environmentalists
who find that they need to analyze soil, interpret soil analysis, or develop
analytical or instrumental analyses for soil. Soil scientists will also find it valu-
able when confronted by soil analyses that are not correct or appear to be
incorrect or when an analysis does not work.

There are two themes in this work: (1) that all soil is complex and (2) that
all soil contains water. The complexity of soil cannot be overemphasized. It
contains inorganic and organic atoms, ions, and molecules in the solid, liquid,
and gaseous phases. All these phases are both in quasi equilibrium with each
other and are constantly changing. This means that the analysis of soil is
subject to complex interferences that are not commonly encountered in stan-
dard analytical problems. The overlap of emission or absorption bands in
spectroscopic analysis is but one example of the types of interferences likely
to be encountered.

Soil is the most complicated of materials and is essential to life. It may be
thought of as the loose material covering the dry surface of the earth, but it
is much more than that. To become soil, this material must be acted upon by
the soil-forming factors: time, biota, topography, climate, and parent material.
These factors produce a series of horizons in the soil that make it distinct from
simply ground-up rock. Simply observing a dark-colored surface layer overlay-
ing a reddish layer shows that changes in the original parent material have
taken place. The many organisms growing in and on soil including large, small,
and microscopic plants, animals, and microorganisms also make soil different
from ground-up rock.

There are physical changes constantly taking place in soil. Soil temperature
changes dramatically from day to night, week to week, and season to season.
Even in climates where the air temperature is relatively constant, soil tempera-
tures can vary by 20° or more from day to night. Moisture levels can change
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from saturation to air dry. These changes have dramatic effects on the chemical
reactions in the soil. Changes in soil water content change the concentration
of soil constituents and, thus, also their solubility and reaction rate.

Not only are soil’s physical and observable characteristics different from
ground-up rock, so also are its chemical characteristics. Soil is a mixture of
inorganic and organic solids, liquids, and gases. In these phases, inorganic and
organic molecules, cations, and anions can be found. Inorganic and organic
components can be present as simple or complex ions. Crystalline materials
occur having different combinations of components, for example, 1:1 and 2:1
clay minerals, leading to different structures with different physical and
chemical characteristics with different surface functionalities and chemical
reactivities.

Organic components range from simple gaseous compounds, such as
methane, to very complex materials such as humus. Included in this mix are
gases, liquids, and solids, and hydrophobic and hydrophilic molecules and ions.
All organic functional groups are included in soil organic matter, and it is
common to find polyfunctional organic molecules as well as simple and
complex biochemicals. Humus is an example of a complex molecule that con-
tains many different functional groups. Both polyfunctional organic molecules
and biochemicals coordinate and chelate with inorganic materials in soils,
particularly metals.

The fact that soil always contains water, or more precisely an aqueous solu-
tion, is extremely important to keep in mind when carrying out an analytical
procedure because water can adversely affect analytical procedures and instru-
mentation. This can result in an over- or under-determination of the concentra-
tions of components of interest. Deactivation of chromatographic adsorbents
and columns and the destruction of sampling tools such as salt windows used
in infrared spectroscopy are examples of the potential deleterious effects of
water. This can also result in absorbance or overlap of essential analytical
bands in various regions of the spectrum.

This Second Edition continues the basic approach of the first with the addi-
tion of four chapters. Chapter 1 is an outline of the development of soil chem-
istry with specific reference to the development of instruments that have been
essential to the present understanding of soil chemistry. Chapter 7 is a new
chapter dealing with soil sampling, both in the field and in the laboratory, soil
water sampling, sample transport, and storage. Chapter 8 discusses direct,
modified, and indirect methods of soil analysis. Chapter 15 covers the recent
development of hyphenated instrumental methods and their application to soil
analysis.

Chapters 11 and 12 are the result of separating Chapter 7 from the First
Edition into two chapters. Chapter 11 deals specifically with the extraction of
inorganic analytes and Chapter 12 deals with organic analyte extraction.

All physical and chemical characteristics of soil have a pronounced effect
on its analysis. The intention here is to first investigate some of the most
important characteristics of soil and its extracts that impact its analysis, as well
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as the instrumentation applied to its analysis, and to elucidate those interfer-
ences that may be most troubling.

Chapters conclude with a list of references followed by a bibliography. The
bibliography lists general sources for the material covered in the chapter, while
the references give some specific examples illustrating the application to soil.
These provide the reader with additional resources and examples of how the
material in the chapter is actually used in soil analysis and research. These also
provide a source of standard methods and procedures of soil analysis and
provide the reader with pitfalls and interferences that may be encountered in
the particular analysis being discussed.

The Internet references given have been checked and were found accurate
at the time of writing. However, Internet addresses are subject to change. If
unable to find an address, try accessing the parent organization and looking
for the desired information through its home page. For instance, if the Internet
address for a USDA (United States Department of Agriculture) site is not
found, one can access the USDA home page and find the needed information
from there.

The author wishes to thank D. Meinholtz, J. Bigham, N. Smeck, H. Skipper,
B. Ramos, T. Villamayer, J. Brooks, M. Goldcamp, M. Anderson, T. Stilwell, M.
Yee, N. Gray, L. Baker, J. Shumaker, Audrey McGowin, and E. Agran for their
help in reviewing this manuscript. I would also like to thank M. Vitha for his
help in preparing the manuscript.

ALFRED R. CONKLIN, JR.



INSTRUMENTAL METHOD ACRONYMS

AA Atomic Absorption

DTA Differential Thermal Analysis

FID Flame Ionization Detector

FT-IR Fourier Transform Infrared (spectroscopy)

GC Gas Chromatography

HG Hydride Generator

HPLC High-Precision Liquid Chromatography or High-Pressure
Liquid Chromatography

ICP Inductively Coupled Plasma

LC Liquid Chromatography

MS Mass Spectrometry

NMR Nuclear Magnetic Resonance (spectroscopy)

TA Thermal Analysis

TCD Thermal Conductivity Detector

TLC Thin-Layer Chromatography

UHPLC Ultra-High-Pressure Liquid Chromatography

UV-Vis Ultraviolet-Visible (spectroscopy)

XAS X-ray Spectroscopy

XANS X-ray Near-Edge Spectroscopy

XRD X-ray Diffraction

XRF X-ray Fluorescence
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Common Hyphenated Instrumental Method Abbreviations

Hyphenated Identification

Method Separation Method Modification Method

GC-MS Gas chromatography None Mass spectrometry

HPLC-MS High-precision liquid None Mass spectrometry
chromatography

LC-ICP Liquid None Inductively
chromatography coupled plasma

LC-AAS Liquid Hydride Atomic absorption
chromatography derivatization spectroscopy

TA-MS Thermal analysis None Mass spectrometry

DTA-MS Differential thermal None Mass spectrometry
analysis

LC-ICP-MS Liquid [nductively Mass spectrometry
chromatography coupled plasma

GC-IR-MS Gas chromatography Infrared Mass spectrometry

spectroscopy
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