MEA/CE 779: Advanced Air Quality

Department of Marine, Earth and Atmospheric Sciences

Department of Civil, Construction and Environmental Engineering

Spring 2004

Class Time:       Tuesday/Thursday, 1:05-2:20 pm
Instructor:
Dr. Yang Zhang


Class Location: Room 1109 Jordan Hall 

Office:

Room 5151 Jordan Hall

Office Hours:    1:30-3:00 pm Fridays 

Phone:

919-515-9688


 
   (or by appointment)


Fax:

919-515-7802



Email:

yang_zhang@ncsu.edu

______________________________________________________________________________
Objectives

This graduate level course in air quality focuses on the chemistry and physics of the atmosphere and offers an up-to-date examination of important atmospheric chemical processes.  Upon completion of this course, the students should have a knowledge of which air pollutants are of concern from an environmental, health and climate standpoint. They should know the sources, fate, atmospheric transport and transformation of these pollutants, as well as the policies developed to help manage them.  The students will gain a solid understanding of the science underlying a variety of atmospheric processes and will be introduced to advanced topics in each subarea of air quality research.
Textbook
Atmospheric Chemistry and Physics: from Air Pollution to Climate Change, J.H. Seinfeld and S.N. Pandis, ISBN 0-471-17816-0, Wiley Interscience, 1997, $88.95.
Course Description
[image: image1.emf]The course provides a detailed description of the formation, growth, dynamics and meteorology of air pollutants, the interaction of atmospheric chemistry and climate, the radiative and climatic effects of gases and particles, and the formulation of mathematical chemical / transport models for the atmosphere.  Important publications in leading journals will be reviewed.  Students will be given an opportunity to conduct a term project either individually or as a team member.  Course topics will include:
● Atmospheric photochemistry and chemical kinetics 

● Chemistry of the stratosphere and troposphere 
● Formation, dynamics and chemistry of aerosols 

● Formation and chemistry of clouds 

● Meteorology of air pollution 

● Atmospheric transport, diffusion, and removal
● Interaction of atmospheric chemistry and climate 

● Radiative and climatic effects of gases and particles 

● Air quality models: formulation, applications and evaluation
Prerequisites


CH201 and CE/MEA 479 or consent of instructor.
Grading

Letter grades, on the +/- scale, determined by:
Mid exam:

20%



Final:


30%



Homework:

20%



Project:

30%

Homework

(1) It must be neat and easily understood in terms of writing and presentation.  It will be graded as a final report to the client and returned without grading if it does not follow this requirement. 
(2) Homework will be handed out on Tuesdays and collected on the following Thursdays at the beginning of the class.  Missed assignments and exams cannot be made up without an official university excuse.  From 3PM on the due date until noon one day after the due date there will be an automatic deduction of 25 points from the grade.  For the next 24-hour period (noon-to-noon) another 25 points will be deducted.  This process will continue.  Once a graded homework set has been returned, late homework will not be accepted.  If you are sick or some special condition arises, please contact me.
(3) “Bonus” problems may be given for some topics, they are optional homework

for students who are willing to spend more time on this course.  Your grade will be upgraded by working on those additional problems.  

(4) Reading assignments should be completed within the assigned schedule.  
Some test problems will be based on reading assignments.
Tests

One midterm (March 4) and one final exam (May 4) are planned.  
Project 
The term project accounts for 30% of your grade.  Each team member/individual should spend 15-20 hours on the project.  The term project will be assigned by mid-March and should be handed in by the last day of class (Thursday, April 29).  You can pick up a suggested topic or choose your own upon my approval.  The final report should be prepared as a report to a client.  It should be typed with a font size clear and readily legible (≥ 12-point).  In addition, each student is required to give a 10-minute oral presentation (including questions) on their course projects (April 27).  Several MEAS faculty members will be invited to attend and evaluate your presentations in terms of technical quality, clarity and organization.  
Class Absences
If you miss (or plan to miss) a class, contact me as soon as possible to identify the materials to be covered during your absence.  You are expected to make up the materials by reading the appropriate sections(s) in the textbook, doing the home assignments and meeting with me as necessary to discuss the materials. See the university attendance regulation at   http://www.ncsu.edu/policies/academic_affairs/pols_regs/REG205.00.4.php)

Academic Integrity:

The university provides a detailed policy on academic integrity (see http://www.ncsu.edu/policies/student_services/student_discipline/POL11.35.1.php

It is understood that when you sign and submit your homework, term project and exams, you are implicitly agreeing to the university honor pledge: “I have neither given nor received unauthorized aid on this test or assignment.”

Students with Disabilities:

Reasonable accommodations will be made for students with verifiable disabilities.  In order to take advantage of available accommodations, students must register with Disability Services for Students at 1900 Student Health Center, Campus Box 7509, 515-7653. See http://www.ncsu.edu/provost/offices/affirm_action/dss/.
Additional Reading Materials (reserved in Natural Resources Library):
1. Seinfeld, J., “Rethinking the Ozone Problem in Urban and Regional Air Pollution,” National Academy Press, 1990.

2. Aneja, V.P., Ed., “Environmental Impact of Natural Emissions,” Air Pollution Control Association, 1984.

3. Finlayson-Pitts, B.J. and J.N. Pitts, Jr., “Atmospheric Chemistry,” Wiley-Interscience, 1986.

4. P. Warneck, “Chemistry of the Natural Atmosphere (Second Edition),” Academic Press, 1999. 

5. Jacobson, M.Z., “Fundamentals of Atmospheric Modeling,” Cambridge University Press, ISBN 0521637171, 1998.

6. Jacobson, M.Z., “Atmospheric Pollution,” Cambridge University Press, ISBN 0521010446, 2002.

7. Jacob, D.J., “Introduction to Atmospheric Chemistry,” Princeton Univ Pr., 1999.

8. Hanwant, B. S., “Composition, Chemistry and Climate of the Atmosphere,” Van Nostrand Reinhold, ISBN 044201264-0, 1995. 

9. Hutzinger, O., Ed., “The Handbook of Environmental Chemistry,” Vol. 1, Part A, Springer-Verlag, 1980.

10. Hutzinger, O., Ed., “The Handbook of Environmental Chemistry,” Vol. 2, Part A, Springer-Verlag, 1980.

Lecture Topics and Schedule:
	Class, Date
	Topic
	Lecture content
	Reading*

	1, 01-13
	Intro.
	Introduction, history, overview of current status, air quality standards and management
	S&P 1.1-1.3, 2.10, LN

	2, 01-15
	Composition/
sources
	Air pollutants of interest, sources, and impacts
	S&P 1.7-1.8, 2.2-2.4, 2.7, 13.2-13.4, LN

	3, 01-20
	Chem
	Photochemistry and chemical kinetics
	S&P 3.3-3.5, LN

	4, 01-22
	Chem
	Ozone chemistry
	S&P 5.1, 5.2, 5.6, 5.7, LN

	5, 01-29**
	Chem
	Organic Chemistry
	S&P 5.8-5.11, LN

	6, 02-03
	Chem
	Sulfur Chemistry
	S&P 5.15, LN

	7, 02-05
	Chem
	Stratospheric chemistry
	S&P 4.7-4.8, LN

	8, 02-10
	Chem
	Aqueous-phase chemistry
	S&P 6.1-6.5, LN

	9, 02-12
	Aerosol
	Properties
	S&P 7.2-7.4, 8.5, 8.8, LN

	10, 02-17
	Aerosol
	Thermodynamics and secondary inorganic aerosol formation
	S&P 9.1, 9.4, LN

	11, 02-19
	Aerosol
	Dynamics
	S&P 10.1, 10.6-10.7, 12.1-12.3, LN

	12, 02-24
	Meteorology
	Air pollution meteorology
	S&P 14, 16, LN

	13, 02-26
	Transport
	Atmospheric diffusion
	S&P 17, LN

	14, 03-02
	Transport
	Gaussian plume equation
	S&P 18, LN

	15, 03-04
	Mid-term
	Test of all of the above topics
	

	16, 03-16
	Removal
	Dry and wet deposition
	S&P 19, 20, LN

	17, 03-18
	Modeling
	Overview of air quality model types, scales, history, and status
	S&P 23.1-23.5, 24.1,  LN

	18, 03-23
	Modeling
	Model coordinates and formulation
	S&P 23.3, 23.6, LN

	19, 03-25
	Modeling
	Model applications and evaluation
	S&P 23.7, 23.8, LN

	20, 03-30
	Advance
	Probing tools for AQMs 
	S&P, Appendix 4, 24.2, 24.3, LN

	22, 04-01
	Advance
	Advanced aerosol dynamics 
	S&P 11.1-11.2, 12.4-12.6, LN

	23, 04-6
	Advance
	Secondary organic aerosol formation 
	S&P 13.5, LN 

	24, 04-13
	Advance
	Cloud/fog  formation and its interactions with aerosols
	S&P 15.3, 15.6, 15.7, LN

	25, 04-15
	Advance
	Heterogeneous chemistry
	LN

	26, 04-20
	Advance
	chemistry and climate
	S&P 21, LN

	27, 04-22
	Advance
	Radiative and climatic effects of gases and particles
	S&P 1.9, 22, LN

	28, 04-27
	Course project
	Class Presentations
	

	29, 04-29
	Advance
	Topics to be determined (e.g., Fine scale air quality-human exposure modeling)
(Course project report due)
	LN

	30, 05-04
	Final Exam
	Test of all of the above topics
	


* S&P- Readings are from Seinfeld and Pandis, 1997; LN-lecture notes prepared by the instructor.

** It was originally scheduled on Jan. 27, but the class was cancelled due to adverse weather conditions.
Course outline

1. Introduction

a. History

b. Air quality standards

c. Overview of current status
d. Air quality management

2. Composition/sources
a. Air pollutants of interest (criteria and non-criteria; gases and particulate matter)

b. Residence times

c. Sources and impacts of gases

d. Sources and impacts of PM species (primary and secondary, biogenic and anthropogenic)
3. Photochemistry and chemical kinetics

a. Absorption coefficient and cross section

b. Actinic Flux

c. Atmospheric photochemistry

d. Chemical kinetics

4. Ozone chemistry

a. Basic NO2, NO and O3 photochemical cycle

b. Background tropospheric chemistry

c. Chemistry of CH4, CO and NOx
d. Radical chemistry (NO3, OH)

5. Organic/NOx chemistry

a. Chemistry of nonmethane organic compounds

b. Chemistry of biogenic hydrocarbons

c. Role of VOCs/NOx in O3 formation

6. Sulfur chemistry

a. Sulfur oxides

b. Reduced sulfur compounds

7. Stratospheric chemistry

a. HOx, NOx  and ClOx cycles

b. Ozone hole

c. Heterogeneous stratospheric chemistry

d. Stratospheric-tropospheric interactions
8. Aqueous-phase chemistry

a. Aqueous-phase chemical equilibria and Henry’s Law

b. Aqueous-phase kinetic reactions of sulfur compounds
c. Aqueous-phase nitrite and nitrate chemistry
d. Aqueous-phase organic chemistry

e. Aqueous-phase oxygen and hydrogen chemistry

9. Aerosol properties

a. Major aerosol types

b. Size distributions: observations and modeling approaches
c. Chemical compositions

d. Single particle dynamics (Stokes’ Law, Brownian motion and phoretic effects)

10. Aerosol thermodynamics and secondary inorganic aerosol formation

a. Thermodynamic principles

b. Aerosol liquid water content

c. Kelvin effect

d. Formation of secondary inorganic aerosol

11. Aerosol dynamics
a. Classical binary nucleation of H2SO4 and H2O

b. Experimental measurement of nucleation rates

c. Condensation

d. Coagulation

12. Air pollution meteorology

a. Temperature in the lower atmosphere

b. Atmospheric stability

c. Turbulent transport

d. Pasquill stability classes

13. Atmospheric diffusion

a. Eulerian vs. Lagrangian approaches

b. Atmospheric diffusion equation

c. Turbulent diffusion
14. Gaussian plume equation

a. Point source Gaussian diffusion formulas

b. Dispersion parameters in Gaussian models

c. Mean wind speed and eddy diffusivities

d. Solutions of the steady-state atmospheric diffusion equation

15. Dry and wet deposition

a. Dry deposition theory: Resistance transfer approach vs. revised flux approach 

b. Dry deposition measurements

c. Wet removal processes
d. Acid deposition: effects and processes
16. Overview of air quality model types, scales, history, and status

a. Major air quality model (AQM) types and scales
b. History of AQM development

c. Current status of 3-D AQMs: gas-phase chemistry, aerosol and cloud treatments

17. Model coordinates and formulation

a. Coordinate system
b. Initial and boundary conditions

c. Numerical solution of chemical transport model

18. Model applications and evaluation

a. Retrospective applications of historical pollution episodes on urban smog
b. Regional applications: acid deposition
c. Urban/regional Air quality forecasting

d. Global air quality modeling

e. Model evaluation: operational, diagnostic, mechanistic and probabilistic

19. Probing tools-I

a. source apportionment: O3 source apportionment method
b. Process analysis: integrated reaction rate and integrated process rate
c. sensitivity analysis: brute force method and advanced numerical techniques
20. Probing tools- II

a. uncertainty analysis: first-order uncertainty analysis, Monte Carol analysis
b. data assimilation: Kalman filter method and variational adjoint approach
21. Advanced aerosol thermodynamics and dynamics

a. Ternary nucleation that involves NH3 or VOCs

b. Gas-to-particle mass transfer

c. Thermodynamic modules used in major AQMs

d. Modules for aerosol dynamics 

22. Secondary organic aerosol formation
a. Overview of pathways for SOA formation
b. Absorption theory

c. Dissolution theory

d. Interactions between inorganic and organic compounds

23. Cloud/fog formation and its interactions with aerosols

a. Cloud/fog formation

b. Cloud condensation nuclei

c. Cloud processing of aerosols

24. Heterogeneous chemistry

a. Heterogeneous mass transfer theory
b. Important heterogeneous chemistry in condensed phases
c. Evidence from laboratory and field studies
d. Chemistry and climate

e. Global warming and its potential effects

f. Green house effects: CO2
g. White house effects: aerosol direct and indirect forcing

h. Radiative effects of clouds

25. Radiative and climatic effects of gases and particles
a. Absorption of radiation by gases

b. Visibility, scattering, absorption and extinction coefficients

c. Direct and indirect effects of aerosols

26. Fine scale AQ-exposure modeling

a. Technical challenges at neighborhood scale
b. Application of a 3-D AQM for final scale modeling

c. Linkage between fine scale AQ modeling and human exposure studies

PAGE  
4

