
ENVIRONMENTAL GEOCHEMISTRY 
Geol. 641 3 Credit Course 

Instructor: Dr. Bruce Herbert: Rm 257 Halbouty 845-2405 

Classtime: MWF 9:10-10:00 

Classroom:  HALB 308 

Class Web Site:  http://geoexplorer.tamu.edu/geol641/ 

General Course Description: This course covers the chemical processes which affect the fate and transport of 
inorganic and organic pollutants in the terrestrial environment and present a chemical and physical description of 
that environment. The course will cover both equilibrium and kinetic descriptions of the processes which affect 
the fate of pollutants. 

Grading: The course grade will be based on performance on biweekly homework sets and on the scores on two 
tests. The tests will be in class exams. Overall grades will be based on 50% homework grade and 50% test grades 
or term paper. The final grade will be curved.  The following rules apply to completing the homework: 

1. You can use any written resource or computer program 
2. You can work together with other class members 
3. You cannot ask anyone outside the class for help with the problems 

Tests: Midterm: 10/06, in class. Final: Monday, Dec 11, Monday 8-10 a.m. in Halb 308. 
Class Textbook: Langmuir, Aqueous Environmental Geochemistry. Prentice Hall. 1997.  Please buy the book 
online at Barnes and Noble (http://www.barnesandnoble.com/) or Amazon (http://www.amazon.com/) books. 

ADA Statement: The American with Disabilities Act (ADA) is a federal anti-discrimination statute that provides 
comprehensive civil rights protection for persons with disabilities.  Among other things, this legislation requires 
that all students with disabilities be guaranteed a learning environment that provides for reasonable 
accommodation of their disabilities.  If you believe you have a disability requiring an accommodation, please 
contact the Department of Student Life, Services for Students with Disabilities in Room 126 of the Koldus 
Building.  The phone number is 845-1637. 

Plagiarism:  The handouts used in this course are copyrighted.  By ÒhandoutsÓ I mean all materials generated for 
this class, which include but are not limited to syllabi, quizzes, exams, lab problems, in-class materials, review 
sheets, and additional problem sets.  Because these materials are copyrighted, you do not have the right to copy 
the handouts, unless I expressly give permission. 

As commonly defined, plagiarism consists of passing off as oneÕs own the ideas, words, writings, etc., which 
belong to another.  In accordance with this definition, you are committing plagiarism if you copy the work of 
another person and turn it in as your own, even if you have permission of that person.  Plagiarism is one of the 
worst academic sins, for the plagiarist destroys the trust among colleagues without which research cannot be 
safely communicated. 

If you have any further questions concerning plagiarism, please consult the latest issue of the Texas A&M 
University Student Rules, under the section ÒScholastic DishonestyÓ. 



COURSE OUTLINE 
I. Introduction 

A. The scope of environmental geochemistry 
1. Relationship to other geologic and 

environmental disciplines 
2. Definition of environmental geochemistry 

B. Major processes affecting the fate of pollutants 
II. Contaminant Chemistry 

A. Overview of major contaminants classes 
B. Metal contaminant chemistry 

1. Electronic properties, polarizability, and 
chemical bonding 

2. Hard/soft acids and bases 
C. Organic contaminant chemistry 

1. Organic structure 
2. Electronegativity and Bond Polarity 
3. The structural backbone 
4. Organic functional groups 

D. Environmental regulations 
III.  Near-Surface Terrestrial Systems 

A. Geomorphic landscapes 
B. Hydrologic flow regimes 
C. Components of Near-Surface Environments 

1. Gaseous Phase in Near-surface 
Environments 

2. Solution Phase in Soils, Groundwaters, and 
Surface Waters 

3. Solid Phases in Soils and Sediments 
D. Near-surface environments 

1. Soils 
2. Aquifers and Aquitards 
3. Wetlands 
4. Watersheds 
5. Estuaries 

IV . Chemical Thermodynamics of Soils and Aquifers 
A. Thermodynamic systems 
B. Thermodynamic processes 
C. Fundamental equations 
D. Kinetics 
E. Geochemical modeling 

V.  Contaminant Reactions in Soil Solution and 
Groundwaters 
A. Sampling the solution phase 
B. Inorganic complexation reactions 
C. Thermodynamic speciation modeling of 

Inorganics 

V.  Contaminant Reactions in Soil Solution and 
Groundwaters, cont. 
D. Organic contaminants in aqueous systems 

1. Solubility in water 
2. Organic acidity 
3. Partitioning: Vapor pressure, Henry's Law 

and the Octanol-Water Partition Coefficient 
4. Nonreductive abiotic transformation of 

organics involving nucleophilic species 
VI. Mineral Solubility  

A. Precipitation-dissolution of trace metals 
B. Kinetics of precipitation-dissolution reactions 
C. Complexation and solubility 
D. Thermodynamic description of precipitation-

dissolution reactions and predominance 
diagrams and activity-ratio diagrams 

E. Aquifer remediation through precipitation-
dissolution 

First Test 
VII. Electrochemical Equilibria 

A. Oxidation-Reduction reactions and the electron 
activity in subsurface environments 

B. Kinetics of redox processes 
C. Thermodynamic description of redox reactions 

and pE-pH diagrams 
D. Redox reactions of inorganic contaminants 

1. Arsenic and selenium 
2. Chromium 

E. Redox reactions of organic contaminants 
1. Abiotic transformations 
2. Biotic transformation and bioremediation 

F. Redox chemistry, zero valent metals and aquifer 
remediation 

VIII.  Surface Chemistry and Contaminant Sorption 
Reactions 

A. Solid-liquid interface characteristics of soils and 
aquifer solids  

B. Kinetics of sorption reactions 
C. Inorganic and organic solute sorption reactions 
D. Thermodynamic description of sorption 

reactions 
E. Molecular adsorption models for metal sorption 

modeling 
F. Contaminant sorption to mobile colloids and 

facilitated transport. 
Final 

 


