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Engineering Solutions for Water Pollution

* Instructor: Prof. Yongju Choi
Associate professor, Civil and Environmental Eng., SNU
Office: 35-307
Email: ychoi81@snu.ac.kr

e Office hour
via Zoom (https://snu-ac-kr.zoom.us/j/8675573197,
meeting ID 867 557 3197)
Tue 5:00-5:30pm & Fri9:00—-9:30am

* No TA (ask everything to the instructor)



History

[~2012]

T2 A0 B AT water Pollution Control and Lab.

[2015] =2 L H X[ & A=A water Pollution Control and Lab.

[2016~2017] =25t 3 =% @ HX| O] water Quality and Water
Pollution Control

[2018~2020] =& 2 & X| O] Water Pollution Control
[2021~] =R 2 HOo| Z&tH | A
Engineering Solutions for Water Pollution
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Class objectives

How do we decide if water is polluted?

— Physical, chemical, and biological characteristics that determine water
quality
— Methods of water quality analysis

How do we deal with the polluted water?

— Planning, design, and maintenance of wastewater collection and treatment
systems

— Principles and practices of unit processes used for wastewater treatment

How do we open a new era of (waste)water engineering?

— Current issues and potential future issues

— Innovative techniques that have potentials to deal with the issues

— Capstone design exercise 4



Course material & textbook

* Lecture notes

 Metcalf, Eddy, AECOM, Wastewater Engineering:
Treatment and Reuse, 51" ed., McGraw-Hill

- 2013 (U.S.) / 2014 (International)




Textbook available online!

https://primoapac01.hosted.exlibrisgroup.com/permalink/f/116eo07m/82SNU
_INST51808890060002591

or
https://bit.ly/3pYTt8P A& BYEN 2@ -

SEOUL NATIONAL UNIVERSITY LIBRARY

=AY - AR HHlA - s - EMgony - opo| 2toj=zq2| -

22Hd A7 2| AE Cxgg=d Citation Z4 YA alae 520

Huo|Z YHBIHR... szzy ~ b 234

Hag L
Wastewater Engineering: Treatment and Resource Recovery (5th ed.)

Metcalf & Eddy, Inc

McGraw-Hill, 2013
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Schedule & relevant references

Week1 Introduction T 1-1, 1-2
= /HEEEAEH
Week2 Physical characteristics of water T2-3,2-4
Chemical characteristics of water | T2-3,2-4
Week3 Chemical characteristics of water Il T 2-6, 2-7
Biological characteristic of water T2-9, 7-2,7-3
Week4 Water quality problem: case study -

Wastewater management: collection & masterplan T Ch 3
s E A7) E

Week5 Wastewater treatment overview T1-4,1-5
Reactions and reactors T1-7 ~1-10

Week6 Physical unit processes | T 5-1, 5-2, 5-4, 5-5, 5-6
Physical unit processes Il T 5-3,5-8,11-10

Week?7 Physical unit processes Il T11-4,11-5,11-7,11-9, 11-11

Innovative physical unit process example -

*Textbook (Wastewater Engineering: Treatment and Reuse)

™ http://law.go.kr
*+ $17 9 TA| H2022-2708 [H]]; 27HE T H B ME 0|8 AM S 122 E 7|

or



Week8

Week9

Week10

Week11

Week12

Week13

Week14

Week15

Chemical unit processes
Innovative chemical unit process example

Fundamentals of biological treatment |
Fundamentals of biological treatment |l

Biological nutrient removal
Practical application of biological treatment

Water-energy nexus
Wastewater reuse & Intro to SNU-CEE-EnvGroup

Decentralized wastewater management systems
Final review

Final exam
SNU-CEE-EnvGroup labtour

Term project discussion

Term project presentation

T6-1~ 6-8
T7-1,7-5
T7-6

T7-9,7-10,7-12, 7-13
T 8-1, 8-3, 8-6, 8-7, 8-8,
Ch9

T7-11,Ch 10

T18-1




Term project

Design a novel wastewater treatment system for
enhanced performance and/or sustainability



Necessity of water quality management

Rapid industrialization & urbanization caused (is causing)...

 Garbage thrown on streets, human waste stacked in backyards
* Liquid wastes thrown to gutters or drywells

* Hydrogen sulfide gases (odor problems), methane accumulation
(explosions)

e Transmission of diseases

0 | |;h
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The “Great stink”

e Serious odor problems in central London in the summer of
1858

* Partially because of the introduction of flush toilets

 Human waste and wastewater generated from factories,
slaughterhouses, etc. all drained into the Thames river
without any treatment (and people pumped back the river
water to drink!)

e The odor was so bad that it affected the work of the House of
Commons

* A bill to construct new sewers and embankment along the
Thames was rushed through Parliament and became law in 18
days

1"



FROF. ol B IS REY CRLTIraRE e v T1, LAY,

“I| traversed this day by steam-boat the space
between London and Hangerford Bridges...The
whole of the river was an opaque pale brown
fluid. In order to test the degree of opacity, |
tore up some white cards into pieces,
moistened them so as to make them sink
easily below the surface, and then dropped
some of these pieces into the water at every
pier the boat came to; before they had sunk an
inch below the surface they were
indistinguishable, though the sun shone
brightly at the time; and when the pieces fell

edgeways the lower part was hidden from FARADAY GIVING HIS CARD TO FATHER THAMES:
firel Wi Bope the DRy Pelkow wil comelt the liaroed Peefiumr.

sight before the upper part was under water ...”

(The Times, 1855)
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River that caught fire

* QOily waste released to the river
from industry

* Floating pieces of oil slick debris
on the river

e Spark caused by a passing train
on the bridge put on fire on the
river

e (Caused significant damages
including the destruction of
bridge

[Cuyahoga River, Ohio, USA; 1950s & 60s]
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Wastewater management goals (2)

So, the goal of wastewater management is, in general:

— Minimize the human contact to wastewater and its constituents
(usually by sewer and pipe network)

— Treat wastewater before discharge so that natural waters can
maintain good quality and aesthetic value

* We want the water quality to be
* Good enough for human health
* Good enough for aquatic ecosystem & organisms that live on water

* Potential secondary goal: water, resource and/or energy recovery
from wastewater

18



Korean water regulations

- =EE|7|2%M (20 18 6. 13): =&t2|2| 7| 20| H 1t =2t
Hxo| 7| 2utsk 22| 0 “'ROP 71280l Atat2 1A

, o
- = 3lo] = 0| & ﬂﬂlﬂif O|F 213 2lgls} 3 28| WAL 1}
- %7|- X| X|-X-|| A|-O-IX|-O| kH D ©% 2018-05-28 11:28 | =% 2018-05-28 11:32
= Ol N |
— &2— oo

- =/t=dd| e 24 &
=/t=E|7 242 &

O{OF YILHCHE 7+ 182 =8|joid X257 | 2 BrolE S22 Y st 2 wWeot 3710] 28 W Ak 9I#
¥|S SaaLict

23| YALPHE 2=(28%) TH 210l S0 R ENY YSUNEYEC 232| 7|2y, SR 7lg wH Al
B TEol et YEHS 32 HEH A FWGLICE
L]

H
()
(=]
T

IEDETA HYLIILER0| HYUT S 22| YR E YT R YHSHSIT K WX IO o
E50f| ExX|A|IZALICL

|5 ot
JEERE
Ol ol ol e Bl %LHLHB = "ST2| YL OFLIZ} Ol HEF2"BIA "HRASIIA o i=ofsioret
C" D Sf20 ckshe 2401248 HAGLIC



Korean water quality regulations
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How do we maintain the water quality?

in wastewater (25T H|)
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Korean water quality regulations
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o= BOD TOC SS BOD TOC SS
ESESPNRS: <30 <25 <30 <40 <30 <40
7HX|4 <60 <40 <60 <80 <50 <80
LIX| S <80 <50 <80 <120 <75 <120
Egf XA <30 <25 <30 <30 <25 <30
* Biochemical Oxygen Demand, 4ztst& LA~ Q T &F

™

** Total Organic Carbon, 77| Bt &
*** Suyspended Solids, £/ =%
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HE5E7|=] 2021.12.10. 1Q); +E2HLLYE=%E

Aol 7 [ A3 Z v} 53
2 5 7)o} %) o} A o} #) o]
Fhol2FE 5.8 ~ 8.6 |58 ~ 8.6|58 ~ 8.6 5.8 ~ 8.6
A RE 375 (me/L) 1 olst 5 olst 5 olé&t 5 ol st
AR3 i;jﬂz]ﬁ 5 o| &} 30 ol &} 30 o| &}t 30 o]t
H =587 (me/L) 1 o|st 3 olst 3 olst 5 o] s}
# & (mg/L) 0.1 ol 1 o|st 1 ol|s} 1 ol&}
HeE 2 2 9% (ng/L) 0.001 °l&t | 0.01 el&t | 0.01 °l3t 0.01 °ls}
Al k- (me/L) 0.2 o|&} 1 olg} 1 ol&t 1 o|&}
18 A2 (me/L) 0.5 |3t 2 o|&t 2 ols} 2 o]}
834 AR (mg/L) 2 o]a} 10 elst | 10 ol&t 10 ola}
obl g (me/L) 1 ol&t 5 ol&t 5 o|a} 5 o] s}
72 (5) 72 (ng/L) 1 olat 3 olst 3 olst 3 o] &}
FHE B 7% (me/L) 0.02 ol&gt | 0.1 olat | 0.1 ol&k 0.1 olst
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&3 (me/L) 0.001 °l&t |0.005 °l&t|0.005 °la} 0.005 °|&t
71 AR (mg/L) 0.2 o]} 1 o|st 1 olst 1 ol&t
H] A oHf- (me/L) 0.05 elst | 0.25 °l&} | 0.25 o]&t 0.25 o]t
o7 (mg/L) 0.1 °olst | 0.5 °lst | 0.5 olat 0.5 ola}
67k &2 /2 (me/L) 0.1 olst | 0.5 olat | 0.5 ola} 0.5 °lst
Sl e 72 (ne/L) 2 olst 10 ol 10 o|&t 10 ol&t
Z902 (¥4) T2 (ng/L) 3 ol&t 15 elak | 15 |8} 15 ol&t
PCB% -2 (me/L) 7% [0.003 °l&}|0.003 °l&t 0.003 °|&t
f;q;i#;‘;i;(mw 100 ol& |3,000 °lst|3,000 &t 3,000 ol st
ME (%) 200 ol&t | 300 ol&t | 400 ols} 400 ols}
25(T) 40 o|&t 40 olst | 40 olst 40 olst
34 2 (mg/L) 30 ols} 60 &t | 60 olst 60 ol &t
< (mg/L) 4 ol&t 8 ola} 8 ols} 8 olst
Egjgeeolel (ng/L) 0.06 olst | 0.3 &t | 0.3 ol&t 0.3 ol&}
HE 3 2 2o e 9 (ng/L) 0.02 ol&t | 0.1 ol&k | 0.1 ol&t 0.1 o]&}
S0l & 7| 84 Al (me/L) 3 o|a} 5 o|a} 5 ol&t 5 ol &t
2l (mg/L) 0.01 elst | 0.1 ol& | 0.1 ol&} 0.1 ol&}
o) & 2 2.0 & (mg/L) 0.02 ol&t | 0.2 ol& | 0.2 ol&} 0.2 ol&t
AE 54 (TU) 1 olst 2 ol&} 2 ol&t 2 o] s}
A5 -2 (me/L) 0.1 ol&} 1 ol 1 °lst 1 o]t
A+ 84 (me/L) 0.004 °l&t | 0.04 °l&t | 0.04 ol&t 0.08 ol&t
1L,1-tE221E W (mg/L) 0.03 ol&t | 0.3 °l&t | 0.3 °ol&t 0.6 olst
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What if...
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Korean domestic WW (sewage) regulation
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SHZ 8 Al TA

[E&otrMElAMEe S/ +E7IF] (2022. 12.9. 7078)

Mol ™ MAL T2 (mg/L) <5 <5

E Q7| EbAZE** (mg/L) <15 <15
BER=H (mg/L) <10 <10
= ZA (mg/L) <20 <20
= 2l (mg/L) <0.2 <0.3
S &= (21/mL) <1000 <3000
HEf =8 (Tu) <1 <1

«* M 2| 22F 500 m3/d O| &0 Clist 7| =Y.
*x 2021HEH otet8 At A Q A2HCOD) 7| &0
CH |

87|

<10

<20

<0.5

<3000

<10

<20

<2

<3000

<1
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Industrial vs. domestic wastewater
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Korean water reuse regulations
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- X5 5 i o il
Xl glo B3t HE —_——
a1 —=I AL A WA 2= _ ge =83
G EXSEES FARLLSF| s | LO0O | 1,000 | yoo | 1000 | 48
(A O SHYA (71/100mé) o] & o| &} olat | +d | 200
H 'I I'I' x = HT 28 | o]&t
IHI‘I EI_¢_9'I %EHE:I Andids 2 ol Al - o ol Al s —
AKX 7] = (ne/L) 0.2 o} 0.1 ¢]%
TEjl_I'__] (2019 A7 | 2 o
JHX " g | =
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48 | &
TR A
diae T R FUT - I —— =&
Bopy | 8Os |5l |selat | selst| sls| golst | CF
(mE/L) _ _ _ _ _ _ é,\}’ g_u,”
" Bt [t | EAGHA | EAGHA| BN | B |
N | wez |wezlwsn|wed|aen| wea |9 FA
ME(X) 20 o| s} — - 10 o|&t - - HE 1o u
FAx g vge
(T-N) - - - 10 ©|&H| 20 o) &t - TAHANEE
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Other water regulations
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Key references

Textbook sec 1-1, 1-2
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Next class

Physical characteristics of water

— Solid content, turbidity, color, light absorption, taste and odor,
temperature
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