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Are We Terrorists?
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“HOMO Sapiens transformed itself into
the master of the entire planet and
the terror of the ecosystem.

Unfortunately, the Sapiens regime on
earth has so far produced little that
we can be proud of.”

In “Sapiens: A Brief History of Humankind”
by Yuval Harari (2011)



Top 10 Problems for the NeXt o0 Years

Professor R. E. Smalley,
Energy & Nanotechnology Conference, Rice University, May 3, 2003.

. Energy

. Water

Food

. Environment
Poverty

. Terrorism & war
. Disease

. Education

. Democracy

10. Population
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Water-Energy-Food Nexus
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Water Needed to Produce 1 kg
\sscof Plant.Material (Dry Weight)....

Sorghum 250 Liter
Corn 350 Liter
Clover 460 Liter
Wheat 500 Liter
Potatoes 636 Liter
Cucumber 713 Liter

Alfalfa 900  Liter

Rule of thumb:
For 1 kg of bread 1 m3 water is needed
For 1 kg of beef 15 m3 water is needed

Partially from Muller, 1974



Environmental Engineering

v What is Environmental Engineering?

Environmental engineering is the solution of problems of environmental
sanitation, notably in the provision of:

e Safe, palatable, and ample public water supplies
* The proper disposal or recycle of wastewater and solid wastes
* The adequate drainage of urban and rural areas for proper sanitation

 Control of water, soil, and atmospheric pollution



Environmental Engineering

V' Mission of Environmental Engineering

To improve or sustain the quality of life by protecting or restoring
environmental quality.

* Driven mainly by public health concerns
» Also by aesthetics and environmental protection.




Environmental Engineering

v What do Environmental Engineers do?

* Water and wastewater treatment plants/processes
* Air pollution control
» Solid/Hazardous waste management

design of treatment and disposal facilities
 Industrial ecology and safety compliance

— materials and energy flow
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Environmental Engineering

v What do Environmental Engineers do? (Cont’d)

Contaminated site assessment and remediation

Mathematical modeling
— Risk analysis

— Fate and transport of priority pollutants

Environmental law and regulations

Water resources management

Research

“An ounce of prevention is worth a pound of cure”

Pollution prevention is also what environmental engineers do?



Environmental Engineering

v Environmental \
Engineering for [ Pollution Control Technologies

Pollution Control
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What Environmental Engineering Has Brought Us

v Environmental Engineering for the extension of human lifespan

* Medical Milestones
From 5-14 January 2007, the British Medical Journal conducted an online poll to
decide the most important medical advance since 1840.
From a list initially suggested by our readers, an expert panel chose the top 15,
which formed the basis for the vote.

Sanitation (clean water and sewage disposal) emerged as the winner.

1. Sanitation (clean water and sewage disposal)
2. Antibiotics

3. Anaesthesia

4. Vaccines

5. Discovery of DNA structure




What Environmental Engineering Has Brought Us

v We have made considerable progress in the last few decades
(Really?)

* Less emissions per capita/economic activity

* Most cities have cleaner air

* Most lakes and rivers are more “fishable and swimmable”



What Environmental Engineering Has Brought Us

v Some problems were solved. Particles?

* The situation of particle (22 1] MSAl A DMEXIYL ZOMAX| SE Ha)
pollution is now better than
the past? %
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* The levels of PM10 and s
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decrease.
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Particulates

Atmospheric aerosol particles
— also known as

atmospheric particulate matter,
particulate matter (PM),
particulates, or suspended
particulate matter (SPM)

Coarse particles(0| Al & XI), PM10
Fine particles(Z0| Al 2 X]), PM2.5
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What Environmental Engineering Has Brought Us

\ Some problems were solved? Point Source Discharge:

* The development and
widespread supply of wastewater
treatment facilities have cleaned
the point source discharge.

 Miracle of the Taehwa River
“EfsH2el I =




Pollution Sources

 Point Source

A single identifiable localized source

e.g., Wastewater discharge outlet from chemical plants
Sewage pipes

« Nonpoint Source

Diffuse source or many smaller point sources
Automobiles

e.g., Fertilizer on fields
Urban runoff



http://en.wikipedia.org/wiki/File:Runoff_of_soil_&_fertilizer.jpg

What Environmental Engineering Has Brought Us

v Some problems were solved? Lake Erie:

» Lake Erie (one of the five great
lakes in North America) was
“dead” but we modeled the
problem, working with the 1JC
(International Joint
Commission), passed the
Clean Water Act, and removed
P from detergents.

* Now, POPs, invasive species
and climate change hypoxia
threaten again.




What Environmental Engineering Has Brought Us

v Some problems were solved? R | ((((g

DDT, PCBs...: af 8 ITh B
‘ v CAKE -
' ",
« DDT provided great benefits for Ly »SILENT

malaria control but it was killing . UR ¥ A’. bP:RIN(T
eagles and other birds. - vy 1), \l '31
Silent Spring galvanized people | a \‘1(,“1L

and EPA passed FIFRA & STk & ( .ATSOIN
banned many POPs.

« Now, new chemicals cause
other problems (e.g., endocrine
disruption).

DDT: Dichloro-Diphenyl-Trichloroethane

PCB: Polychlorobiphenyl



Remaining Problems

v But, we still face some old environmental problems

* Smog (& particles)

* Oil spills

« Sewage contamination

 Soil & groundwater contamination

» Waste disposal

Direction of Groundwater Flow -3



New Problems

v And, we have new problems of a different nature

» More intractable and less visible pollutants
- CO,
— CFCs : Chlorofluorocarbons
— Rn
— Micropollutants

» More global; transcending international boundaries
— Acid rain
— Ozone depletion
— Greenhouse gases
— Micro- & nano-plastics

 Longer response times
— Surface water vs. groundwater contamination
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\ Main Emitters
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//upload.wikimedia.org/wikipedia/commons/0/0e/Carbon_dioxide_emissions_due_to_consumption_in_China.png

The Earth's Atmosphere

v The Earth’s atmosphere 100 km

 Relatively small compartment
(0.3% of the ocean’s mass)

» Easy to contaminate (little dilution)

» Greenhouse gases CO,, CFCs, CH,, N,O
affect global climate changes.

* Largely made up of N, (79%) and O, (21%)

» Other gases present in small concentrations
(trace gases)

* Human's activities much more likely to affect
trace gas concentrations than O, and N,




Concentrations of Greenhouse Gases
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Global Warming and Climate Change

v Effects of global climate change

* What can we do about it? SPECIAL REPORT GLOBAL WARMING
» Adaptation Og =+ 223 &He?
(manage the unavoidable)
- Move people BE

- Build protective systems

WORRIED.
BE

WORRIED

hangsnso e vague
pfoblem

A

* Prevention 2 = 2™ 1ldliet?
(aVOid the unman ag eab|e) EARTH AT THE TIPPING POINT

HOW IT THREATENS YOUR HEALTH
HOW CHINA & INDIA CAN HELP

- Reduce emissions SV WO 0RDETRY
- Reforestation



http://www.time.com/time/magazine/0,9263,7601060403,00.html

Climate Change and Water Problems

e Climate change increases the frequency of extreme weather events.

e Frequent droughts and floods make water quality management difficult and complicated.
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Emerging Contaminants

Engineered Nanoparticles 60 ltemsaare - - =
N \ being regulated in |

drinking water

e The CAS (Chemical
Abstracts Service)
registered 55 million
chemicals.

Microplastic
rom Nanotechnology to Nanotoxicity 1S

e More than 100,000
chemicals are mass-
produced &
commercially used
worldwide.

Source: CNN




Occurrence and Fate of Water Contaminants
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PPCPs in Wastewater Effluent
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Evolution of Microbial Contaminants

e The development of antibiotics caused the occurrence of super-bacteria

e [ronically, wastewater treatment processes have been good incubators of super-bacteria

1910 1920 771930 , 71940 > 1950 >~ 1960 , 1970 > 1980 ,— 1990 ,—2000 ,—72010 ,_ ==
@ Bacitracin Cephalosporin Vancomycin Metronidazole Fosfomycin
Nitrofurans Pleuromutilin Streptogramin  Nalidixic acid Mupirocin
Penicillin Sulfonamide Chloramphenicol  Erythromycin Cycloserine Trimethoprim Carbapenem
Polymyxin Isoniazid Novebiocin Lincomycin Oxazolidinone
[Streptomycin Chlortetracycline Rifamycin Fusidic acid Monobactam

What albout
disinfectant-resistant
bacteria?




Great Pacific Garbage Patch and Plastic Pollution

e There is an estimated 200 million
tons of plastic littering our oceans.

The majority of this plastic debris ultimately finds
way to one of these massive swirling gyres.

the oceanic gyres is the

rbage Patch. microplastics from food,

GREAT PAEIFIE y many animals starve to

arbage Patch, there are over death, their bellies choked

square mile of ocean. GARB AEE FAT[:H v«{it:tplalastlc; othehrs tosurvlve
! just long enoug
7/ EAST contaminate our
* While plastic is not biodegradable, it
is photodegradable. Sunlight breaks WEST PACIFIC food chain ALl

it down into ever-smaller pieces 13 E PACIFIC GYRE GYRE
own as micro '. BYRE

e Hindered by a stale way of thinking, gyre
cleanup has been virtually nonexistant.
Thanks to recent innovations in science and
technology, hope is on the horizon.

J = DECOMPOSITION RATES
INDIAN Bananna peel: 2-3 wks
OCEAN , Paper: 5-10 wks

2 o Cigarette butt: 10-15 yrs
GYRE S Aluminm can: 200-500 yrs|

Glass bottle: 1,000,000 yrs
Styrofoam: never *

T Plastic bottle; never *
.A Eishing line: never *
o\ Plastic bag: never *

* Plastic is not biodegradable




Micro and Nano-Plastics

e Fate & Transport

e Production
(Physical/Chemical/

Global plastic production since 1950

450 tons ) . o
Biological Processes) 2 27|
DM SatAEl
300 . . < 5mm
(microplastic)
EPTEEEIENS
150 <0.1Tum
(nanoplastic)
0
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BIOLOGICAL

Higher order consumers
heavily affected due
to biomagnification

Floating microplastics
encounter persistent
organic pollutants (POPs)

e \Vaste

Global primary plastics waste generation, 1950 - 2015*

0] 300 million tons of plastic
waste was generated in 2015

250

200
Ongoing increase in

plastic waste generation

150 over the last 60 years

100

Global primary plastic waste
generation (million tons)

50

1975 | 1980 | 1985 | 1990 | 1995 | 2000 | 2005 | 2010 | 2015
Polymers used for single-use plastics
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Total additives Other PPEA PUR PET PVC PS PP HDPE LD,LDPE

Source: Adapled from Geyer, Jambeck, and Law, 2017

Plastics absorb and

form smaller dissolved in seawater

> Degradation to | concentrate chemicals

particle sizes

Chemical additives
leach from plastic and
equilibrate in water

Biofouling, sinking
and sedimentation ==

Bioaccumulation of
pollutants via food
chain transfer

»—|
I
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Ingestion of plastic and
leaching of additives
into marine organisms




Paradigm Shift

v The most pressing problems have changed and are more complicated

 Problems in the past

- Streams were “on fire” due to point
source discharges

- Fish kills, eutrophication
- Fecal contamination

- Rampant air pollution (sulfur,
particles, smog)

- Pesticides

Problems in the present

Climate change (mitigating and
adapting)

Biodiversity losses

Nonpoint sources; hypoxia
Shale gas; energy/water
Water reuse; water/energy
Micropollutants

(EDCs, PPCPs)



