Introduction



Course guide

e Instructor: Z|- &3, 35-307, ychoi81@snu.ac.kr
e TA: BfA A 35-517, sy1216@snu.ac.kr

e Course material

— Lecture notes: uploaded on eTL prior to the class
(go paper-less!)

— Textbook: Principles of Environmental Engineering
and Science, 4% ed.



Textbook

[ENG]

Mackenzie L. Davis and Susan J.
Masten, Principles of Environmental
Engineering and Science, 4t ed.,
McGraw-Hill, 2019

Principles of =% = 0o
Environmental Engineering
and Science

i

-

ﬁ;ﬁ* susan J. Masten and Mackenzie L. Davis

[KOR]




Office hour

* 5:00-5:30 pm Mon & 9:00-9:30 am Fri
 Via Zoom
 With the instructor

— Announcement will be made for cancellation; use
emails for Q&A when office hour is cancelled

Zoom link:
https://snu-ac-kr.zoom.us/j/8675573197
(Meeting ID 867 557 3197)



Evaluation

Midterm [30%] / Final [30%]
Homework assignments [15%]
Team project [15%]
Attendance [10%]

— Not showing up for >1/3 of class dates 2 F
— Not showing up for >5 class dates = BO or lower
— 3 lates = 1 absence

Plagiarism & cheating: no credit



Team project overview

e Solution design for current environmental
problems

* Can be either institutional or engineering
solution (or both)

 Team of 4-5 students
* Select a specific topic

* Begin on Week 13, includes in-class “advised”
discussion

 Presentation on Week 15



In this course...

We will focus on principles of environmental
chemistry and biology and their engineering
applications that help improving human health
and environmental soundness

But.. then..

why Department of Civil and Environmental
Engineering?




Environmental engineering

* |t stems from civil engineering!

 Mid-1800s to mid-1900s: sanitary engineering
(focused on providing safe drinking water and
drainage of wastewater)

S Roman waterway system
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Environmental engineering

Application of engineering principles to improve
and maintain the environment for the

protection of human health and at-risk
ecosystems

 Then, what is the engineering principle?
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Course objectives

* General background on environmental science
and engineering

 Understand principles of environmental
science

* Understand causes, effects, and engineering
solutions for environmental problems

* Local to global scale
 Water, air, soil, waste, noise, ...
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Pioneers of environmental sci. & eng.

e Dr. John Show

— Frequent cholera outbreaks in =
Europe on 19t century: foul air | |
was commonly believed as a
reason

— Studied Cholera outbreak in
London (1853)
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* Tracked 83 victims:
most of them
obtained water from
a hand pump |
located on Broad St. _»

* Low incidence at a
workhouse and the
Lion Brewery: own
water supply

/.
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Great medical advances in modern age

1. Sanitation (clean water and sewage disposal)
—15.8%

2. Antibiotics —15%

3. Anaesthesia — 14%

4. Introduction to vaccines —12%

5. Discovery of the structure of DNA — 9%

(British Medical Journal, 2007)
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Environ. Eng. history in Korea

e Rapid economic growth
since 1960

e Before 1980: most sewage
and wastewater ran
directly to rivers
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Nakdong-river phenol outbreak
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Hebei Spirit oil spill
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Environ. Eng. history in Korea
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Is it enough?
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Suggested readings

[ENG] pp.3-13
[KOR] pp. 3 —-13

Next class

Basic Chemistry concepts |
 Chemistry — basics of basics
 Chemical reactions

e Equilibrium chemistry

25



Basic Chemistry Concepts |



Basic chemistry concepts

* Chemistry — basics of the basics
* Chemical reactions
* Equilibrium chemistry



Mole & molarity

* Mole = Avogadro’s number (6.02x10%3) of
molecules

* Molarity (M) = number of moles per liter of
solution (mole/L)

cf) molality (m) = number of moles per kg of
solvent




Other concentration units for water

 Weight percent, P

14
P = X 1009 W = mass of substance (g)
W+ W, W, = mass of solute (g)

* Mass concentration: g/m3, mg/L, ug/L, ng/L, ...
* ppm, ppb, ppt

* Normality, N (acid-base reaction)
N =nM

n = no. of protons transferred



Activity

 Determines the tendency for a reaction to occur
 Represented by { } (cf. molarity by [ ])

* |In dilute aqueous solutions, the ions do not
significantly interact with one another:

{i} = [i]
* As concentration increases, the ion-ion interaction
becomes more significant:

{it =il where vy, = activity coefficient



Balancing chemical reactions

Ca(HCO,), + NaOH = Ca(OH), + NaHCO,



Types of chemical reactions

* Precipitation-dissolution reactions

precipitation
ex) CaCl, + Na,CO; | > CaCO4(s) + 2Na* + 2CI-

dissolution

Usage: softening, phosphorous removal, heavy metal
removal, ...



Acid-base reactions

* Brgnsted-Lowry acid: any substance that can
donate a proton (i.e., proton donor)
HA + H,O > A + H,0

conjugate conjugate
base acid

* Brgnsted-Lowry base: any substance that can
accept a proton (i.e., proton acceptor)
B+ H,0* —— HB + H,0

base acid conjugate conjugate
acid base

acid base




cf) other definitions of acid & base

 Arrhenius definition

— Arrhenius acid: a substance that dissociates in
water to release protons (H)

— Arrhenius base: a substance that dissociates in
water to release hydroxide ions (OH")

* Lewis definition
— Lewis acid: electron pair acceptor
— Lewis base: electron pair donor



Water as both acid & base

e Water is amphoteric — can be either an acid or
a base
H,O + H,0 > OH + H,0

acid base conjugate conjugate
base acid

 pH = -log{H*} (“p” denotes “-log”)

10



Complexation reactions

 Coordination of two or more atoms,
molecules, or ions resulting in the formation
of a more stable product

ex) Fe3* + 6H,0 = Fe(H,0)>* *‘P‘)\T

Cu* +4CN- = Cu(CN),*> Hf\)ﬁfiﬁ‘?

?

H

H~
[Fe(H20)]3+  ~
Octahedral

e Complexion = a metal ion (Lewis acid)
coordinated with ligands (Lewis bases)

11



Complexation reactions - implications

* Many metal ions exist as complex ions in
water (metal aquo complex)

ex) [Cr(H,0)]%, [Cr(H,0).]**, [Fe(H,0)(]%,
[Fe(H,0)¢]**, [Co(H,0)]%*, [Cu(H,0)]**

* Environmental significance: complexation of
metals affects the uptake, biodegradability,
toxicity, and mobility of the metal

12



Oxidation-reduction (redox) reactions

* [nvolves changes in the oxidation state

e Essential for life: photosynthesis and respiration
are redox reactions!

respiration using glucose:
C:H,,0¢ + 60, - 6CO, + 6H,0 AG °=-2880 kJ/mol C.H,,0,

photosynthesis of glucose:
6CO, + 6H,0 + sunlight - C,H,,0, + 60,
AG °=+2880 kJ/mol C.H,,0,

13



Balancing redox reactions

e Have to consider electron balance in addition
to atom balance!

ex) SO, + O, + H,0 - H,SO,

14



Chemical equilibrium

 For areversible reaction
aA+bB — cC+dD
at chemical equilibrium,

rate(forward reaction) = rate(reverse reaction)

e Equilibrium constant, K

{C}{D}*

{A}a { B }b For pure solid, activity = 1

For gases, activity = partial pressure

K =

15



Chemical equilibrium: solubility

* For a precipitation-dissolution reaction
A_B (s) —— aA** +bBY

{A**}4{BY~}
{AaBb}

K =
note {A,B,} = 1 (pure solid)

* Solubility product, K, = {A**}2{BY~}b

16



lonic strength

e We can measure [ ], not { }. How to correlate { } with [ ]?
* Recall {i} = yi[il:

Ks = {A"3BY7} = (yalA** D - (vs[B”]D"

* v, significantly smaller than 1 in highly concentrated
solutions because of ion-ion interactions

* lonic strength, I : measure of interaction among ions
in a solution

1
I = Ez CiZi2 C; = molarity of the it ion
L z; = charge of the it ion 17



Calculating activity coefficients

e Davies equation (for / < 0.5):

i
logy; = —Az;* <1 Yy, — O.ZI)

A=0.5 for water at 25°C There are many approximations
' available, verified at different ranges
Zi = charge Of the ion of ionic strength. Let’s use Davies

equation for this class.

18



lonic strength & activity coefficient

Q: For the following solutions, calculate i) the ionic
strength of the solution and ii) activity of each ion using

the Davies equation (A=0.5).

a) 1 mM NacCl
b) 1 mM CacCl,

19



Selected solubility products (@ 25°C)

Substance Equilibrium Reaction pK; Application

Aluminum Al[OH)3 (s) == APt + 30H 32.9 Coagulation
hydroxide

Aluminum AlpCE, (sl = A L PO 22.0 Phosphate removall
phosphate

Coalcium Cotis s == Co®* + €O 8.34 Softening, corrosion
carbonate control
(aragonite)

Ferric hydroxide Fe[OH)s (s) == Fe®* + 30H- 38.57 Coagulation, iron

removall

Ferric phosphate FePOy (s) = Fe3* + PO3~ 219 Phosphate removal

Magnesium Mg(OH); (s) == Mg?* + 20H~- 25 Removal of calcium
hydroxide and magnesium

Dolomite CaMg(CO3); = Ca?* + Mg?* 17.09 Weathering of
(CaMg(CO3)2) + 2CO%5~ dolomitic minerals
(ordered)

Kaolinite Al,SioO5(OH)4 + 6H 7.44 Weathering of

== DA+ & 9SHOH), + HO kaolinite clays
Gypsum CaSOy - 2H;0 = Ca?* 4 SO~ 4.58 Weathering of

+ 2H0O

gypsum minerals

20



Chemical equilibrium: solubility

Q: You added 30 g of CaCO, in water of make 1.00 L
solution containing 0.01 M NaCl. Assuming Ca%* in
solution is at equilibrium with CaCO,(s), what would be
the Ca?* concentration?

(T =25°C, pK, for CaCO, = 8.48)

21



Suggested readings

[ENG] pp.41-54,71-74
[KOR] pp.35-49,68-71

Next class

Basic chemistry concepts Il

* Equilibrium chemistry — acid-base reaction, Henry’s law
* Reaction kinetics

e Carbonate system and alkalinity

22



Slide#5 solution

Basic rule: conservation of matter (atoms)
aCa(HCO,), + bNaOH = cCa(OH), + dNaHCO,

Ca:a=c (1)
Na: b =d (2)
H:2a+b=2c+d (3)
C:2a=d (4)
O:6a+b=2c+3d (5)

Four unknowns 2 three equations needed (obtain the ratio of each)
e.qg., use (1), (2) & (4): 2a = 2c = b = d (satisfies (3) & (5) as well)

= Ca(HCO,), + 2NaOH = Ca(OH), + 2NaHCO,



Slide#13 solution

Basic rule: conservation of matter (atoms + electrons)
aSo, + b0, + cH,0 - dH,S0O,

S:a=d (1)

O:2a+2b+c=4d (2)

H:2c=2d (3)

e: (0,[0] +4e 220%)xb;, (S* 2>S°*+2e)xa
4b = 2a (4)

e.qg., use (1), (2) & (4): a = 2b = c = d (satisfies (2) as well)

- 250, + 0, +2H,0 - 2H,SO,



Slide#18 solution

a) 1 mM =0.001 M NaCl
I =2 [(Cyat)@ya+)? + (Cam)(za-)?]
= %[(0.001 M) - (1%) + (0.001 M) - (12)] = 0.001

Ji
log ¥ g+ = —Azya+? (5= — 0.21)

_ ] 2 0.001 _ ]

= —05- (1) (H“ S — 0.2 0.001)
— 0.0152

Vot = 0.966

(Na*} = yy +[Na*] = 0.966 - 0.001 = 9.66 x 10~
Likewise,{Cl"} = 9.66 x 10~*



b) 1 mM =0.001 M CaCl,
1
I =2 [(Coqet) (Zeq2)? + (Cor) (Zei)?]
Because 0.001 M CaCl, dissolves in water to form 0.001 M Ca?* & 0.002 M Cl
= %[(0.001 M) - (22) + (0.002 M) - (12)] = 0.003

Ji

logy g2+ = —Azp 2+° (T\/T — 0.21)

a2 (V0003

= —05-(2) (1+ == 02 0.003)

= 0.1027

Yozt = 0.789, {Ca?*} =y 2+[Ca’?t] =7.89 x 104
J/5:003

logye- = —0.5 + (1)? (1+ = _0.2- 0.003) = —0.0257
Yer- = 0943, {ClI"}=y¢-[ClI7] =189 x 1073



Slide#20 solution

i) Assume ionic strength is negligible (activity = molarity)
[Ca?*] = [CO,7]

K, = 10848 = [Ca?*][CO.>] = [Ca?*]?

[Ca?*]=5.75x10° M

ii) Without the assumption
Let’s assume NaCl is a sole contributor of ionic strength

I = %[(0.01 M) - (12) + (0.01 M) - (12)] = 0.01

logycaz+ = l0gy o, = —0.5 - 2% (Fm=—0.2-0.01) = =0.175

Yca?+ = Veo,2- = 107%17° = 0.664
{Ca?*} =y q2+[Ca?t] =575 x 107>

[Ca?*] =8.66 x 10° M
- the assumption for i) is not valid (34% underestimation)




Now, let’s check if the assumption that “NaCl is the sole contributor of ionic
strength” is valid

Corrected ionic strength (include Na*, Cl, Ca?*, & CO,%):
I = %[(0.01 M) - (12) + (0.01 M) - (12) + (8.66 x 1075 M) - (22) + (8.66 X
10™> M) - (22)] = 0.01035

logyca2+ = lOgyCO 22— = _0.5 . 22( \/m
’ 1+10.01035

Yca?*t = Vco,2~ = 1079181 = 0.659
Yeq2+[Ca?t] =5.75 X 107> M
[Ca?*] =8.73 x 10> M (0.8% error — assumption is valid if we accept <5% error)

—-0.2- 0.01035) = —0.181

cf) accurate solution = 8.84 x 10 M. This solution can be obtained by iterative
calculations (in other words, by repeating updating [Ca?*] and calculating new
I, and then again updating [Ca?*] and calculating new I, and so on until the
values converge).
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