Water Pollution

Ch. 14




W ater Pollution

[ ] contamination

rivers, lakes, oceans, or groundwater

terrestrial)

Pollution can come from either....

1. Point sources- distinct locations (i.e. particular factory or sewage treatment
plant) that pump waste into a waterway.

2. Nonpoint sources- diffuse areas such as an entire farming region that pollutes
a waterway (coming from multiple known/unknown sources - more difficult to

control)



1. Wastewater in bodies of water
naturally undergo decomposition by

bacteria that put a

2. Nutrients that are released from
wastewater decomposition can make the

water more fertile causing EUtfOphication:

(@ body of water becomes rich in
nutr 1'6’ Jols 5) Little oxygen, little life - -form algae

blooms...blocks sunlight, then algae die, sink to the bottom, and are decomposed by
bacteria — strips O, )

3. Wastewater can carry a P




Water pollution - chemical based

1. Oil Pollution

Consumption
of petroleum
33%

Extraction
of petroleum 1%

Transportation
of petroleum 4%

(a) North American marine waters

Exxon Valdez oil
spill of 1989 Spilled
of millions of crude
oil onto the shores of
Alaska....killing
thousands of
animals.

_’

pipe broke on ocean
floor (1 mile below

the surface) form of
underwater plumes

Consumption
of petroleum
38%

/

Transportation Extraction
of petroleum 12% of petroleum 3%

(b) Worldwide marine waters



https://youtu.be/zBKGxuxFn1E

Million Gallons Spilled

134.0 MG - Deepwater Horizon

Exxon Valdez - 1989 LargeSt Oil spills
® Affecting U.S. Waters
Tank Barge UMTB 283 - 1988

& 1969 - Present

75.0 MG
50.0 MG
10.0 MG
1.0 MG
0.5 MG

Tenyo Maru - 1991 > Schuylkill River Spill - 1972

USS General M.C. Meigs - 1972 Ashland Petroletii =1988 Corinthos - 1975
. — i Grand Eagle - 1985
Even relatively small oil spills can Kalamazoo River - 2010
cause major harm, depending on \.

North Cape - 1996
4/Argo Merchant - 1976
Hackensack Estuary Tank Farm,
Wellen Oil Company - 1976

Cibro Savannah - 1990
Exxon Bayway - 1990
Texaco Oklahoma - 1971

location, season, environmental
sensitivity, and type of oil. The
following spills are examples:

M/V Selendang Ayu - 2004 - AK

Oregon Standard - 1971 Citgo Refinery - 2006
}, Alvenus - 1984
Tank Barge DBL 152 - 2005

Puerto Rican - 1984

M/T Athos | - 2004 - NJ/PA Santa Barbara - 1969 —@ N
M/V Cosco Busan - 2007 - CA /' Eagle Gtome - 2010
M/V New Carissa - 1999 - OR Sansinena - 1976 Apex Barges - 1990
Burmah Agate - 1979 Reedy River - 1996
Mega Borg - 1990 /. Amazon Venture - 1986
Nord Pacific - 1988 .
Hawaiian Patriot - 1977 Tank Barge DM932 - 2008 Deepwater Horlzon . 2010
‘ Hurricane Katrina - 2005 Epic Colocotronis - 1975
Westchester - 2000
Vista Bella - 1991
Chevron Main Pass Block 41 - 1970 VLS
Ixtoc 1 - 1979 Hurricane Hugo - 1989
Santa Augusta - 1971
Zoe Colocotroni - 1973
N M/V Zannis - 1974 Peck Slip - 1978

Morris J. Berman - 1994




Number of spills
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ITOPF: Number of oil tanker spills in 1970-2023
=

Number of medium (7-700 tonnes) and large (>700 tonnes) tanker spills
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The International Tanker Owners Pollution Federation (ITOPF)
issued its oil spill statistics, noting a continuing decrease at the
frequency of oil spills from tankers. With one large and two
medium oil spills in 2019, the number in 2019 was the lowest in

S0 years, ITOPF notes.



Decline in Mumber of Tanker Spills

2500 Growth in Crude and l.‘_l-lt.:l-er Tanker Trade loaded 140
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M umeer of spills >7 tonnes —Total Crude Oil and other Tanker Trade loaded (million metric tons) (Data source: WNCTADSEaL)



Arsenic drinking
water standards
is 10mg/L

2. Arsenic - occurs naturally in Earth’s crust (mining), can
dissolve into groundwater (leading into drinking water)
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Probability that
arsenic levels
in groundwater
will exceed

£ 10 micrograms

per liter

[ -
Low High

Up to 220 million people may be at risk of s
arsenic-contaminated water V
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Heavy Metals & Other Substances|that can threaten

human Health and the Environment




3. Acids - industrial plants burning coal & releasing Sulfur dioxide & nitrogen dioxide
into air causing forests, lakes, streams and some bodies of water to become more acidic
(altering pH balance... buffers = acid rain)
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Figure 14.12
Environmental Science



. Global Pesticide



https://www.pinterest.com/pin/568649890425999319/
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Insecticides are the largest contributors to the global pesticide
footprints, contributing more than 80%, followed by herbicides that
contribute about 10% of the total footprints.

Global Developed and
b. Economies in transition

Empty calorie food products such as soft drinks, alcoholic drinks, chocolates, ice-creams, and sugars

Quter ring: or;l:’nal-based i:lggt-based %rggty—caloﬁe Textile, rubber, fibre |Services .Other
Inner ring: .Herbicides .Insecticides ﬁ;j Fungicides Multi-purpose pesticides




NO REDUCTION TO BE SEEN
Pesticide use in tonnes by continent in 2020 and change since 1999

468,431

486,732

North America
,

Central America

23 :

’!“ : Africa
A

&

South America

Kilogram per hectare
agricultural land
B more than5
M to4
to 3
to 2
tol

+119.4%

According to United Nations. Mere volumes do not reflect toxicity

Oceania

+88.4%

STAT

AN

© PESTICIDE ATLAS 2022/ FAO



NATURE IS NOT A LABORATORY
Standard approval tests only address a portion of the potential pesticide impacts on the environment

UKOM

v is being tested - oA -
X is not being tested Simplified laboratory conditions

o’ Effects of individual pesticides
v’ Effects on a few species

© PESTICIDE ATLAS 2022/ E

Complex real environment

X Effects of pesticide mixtures
X Effects on food webs & ecosystems

The results from approval tests with only a few species are subject to uncertainties. To compensate for these
uncertainties, safety factors are supposed to help. Before they are put on the market, pesticides go through an
approval process in ' which their impacts on human health and the environment are tested. But their indirect effects
on food chains and biodiversity receive little attention, neither do the effects of pesticide mixtures that are hard
to predict.



SUFFERING AND DYING MOSTLY OCCURS IN THE GLOBAL SOUTH
Global distribution of pesticide poisoning per year. study from 2020
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[ fatal poisonings
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@ PESTICIDE ATLASZUZZ/BNEKERETAL.

Pestititré" Atlas 20226 aVErdge... ~385 million people fall ill every year from pesticide poisoning.
People can be unintentionally exposed to pesticides in various situations: on the field, in the forest, through
food or drinking water...Farmers are at a higher risk of getting exposed to pesticides, but the substances can
also pose risks to people outside the agricultural sector as pesticides are mobile and difficult to control. They
often contaminate the environment and end up in our food.



Other Water Pollutants (Non-Chemical Baseq)

1. Noise pollution (receives least amt. of attention) Sound emitted by ships &
submarines can interfere with animal communication, growth & reproduction, &

prey/predator.

........

. PropeliersMachinery
Source Array

Growth and Reproduction

Communication Predator Prey Interactions

Y Mariti
| S S Péél Sgl‘::tiogft;gr'?:er




2. Solid waste pollution (garbage, mostly plastic, coal ash/slag)do not pose
any toxic hazard, generally disposed in landfills, but some cases ends up in

bodies of water.



https://www.youtube.com/watch?v=tLcnJEMnlTs

The pathway by which plastic enters the world’s oceans gt

Estimates of global plastics entering the oceans from land-based sources in 2010 based on the pathway from primary production through to marine plastic inputs.

Global primary plastic production:
270 million tonnes per year

Global {)i;'iS’Ll(, wasie 1 metric ton e 22051bs
275 million tonnes per year

It can exceed primary production m

a given year since il can incorporate

production from previous years

Coastal plastic waste:
99.5 million tonnes per
This Is the total of plastic waste generated

by all populations within 30 kilometres of a
coastline (therefore at risk of entering the ocsan).

Mismanaged coastal plastic Plastic in surface waters:
waste: 31.9 million tonnes per year 10,000s to 100,000s tonnes
This is the annual sum of inadequately managed and There is a wide range of estimates of the
lttered plastic waste from coastal populations quantity of plastics in surface waters.
Inadequately managed waste is that which It remains unclear where the majority of

is stored n open or msecure landfills plastic Inputs end up — a large quantity
(and therefore at risk of leakage or loss) might accurmuéate at greater depths or on

‘ Plastic inputs to the oceans: the seafioor.
> 8 million tonnes per year

‘The pathway by which plastic enters the world's oceans. | |
(Results were analyzed by Our World in Data (accessed on 18 June 2023) | e



North Pacific

-". Subtropical -
Convergence Zone

VAR PORTS
. T3 N

} "in éi: . I . < . A i
Kuroshio B = " .~ ‘California -
Western Garbage Patch Eastern Garbage Patch or

N. Pacific Subtropical High

North Equatorial

Due to circular ocean currents (global trade winds and forces
created by the Earth’s rotation) and weather conditions
Disproportionately large amounts of marine debris have been
found in these areas, including the North Atlantic and Great Pacific
garbage patches

www.MarineDebris.noaa.gov



Plastic Items Dominate
Ocean Garbage

The 1O most widespread vwaste items polluting
the world's oceans™

Plastic bags 14.1%2%26
Plastic bottles 1 1.-99%
Food Cont?::jlleerrs'; o a9
Wrappers OS.1%20
Synthetic rope I 7>

Fishing items

7 .6%06

Plastic caps/lids 6.1%206

INndustrial packaging 3.4%0

Glass bottles 3.4%0

Drinks cans 3B.2%906

* Based on waste iterms found in seven aquatic ecosystems globally.
Source: Carmen Morales-Caselles et al. (2021)

@S statista ZEa



How Much Single-Use Plastic
Waste Do Countries Generate?

Single-use plastic waste generated per person
in selected countries in 2019 (in kilograms)

Australia @
United States £

South Korea 3e;

United Kingdom £f

Japan @
France ()
Spain &
Germany -
China @
India & 4

Source: The Plastic Waste Makers Index by The Mindaroo Foundation

statista %a

Projected Increase in Global Plastic Production
(Million Metric Tons)
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The Countries Polluting The Oceans The Most 2013

Annual metric tons of mismanaged plastic waste in global waters

7 ] e Bl et -
indonesia ™= i 3.

Pifppines 3 [N 1 O

Vietnam |8 [ 1 5

Sri Lanka IED (N 1

Bangladesh [l [l 0.5m

Brazil K63 [ 0.5m
United States B . 0.3m

53kg = .053m ton

Mismanaged waste (plastic)
(littered or inadequately
disposed ‘not fully
contained’) could eventually
enter the ocean via inland
waterways, wastewater
outflows and transport by
wind or tides

1 ton = 1000 kg = 22051b statista G

Rank

Country

2 Philippines
o India

& Malaysia
@ China

* Indonesia
& Myanmar
Braz

@ Vietnam

@ Bangladesh
= Thailand

& Rest of the World

Total

For example, China generates 10 times the plastic waste that Malaysia does. However, 9% of
Malaysia's total plastic waste is estimated to reach the ocean, in comparison to China’s 0.6%.

Annual Ocean Plastic Waste (Metric tons)

356,371
126,513
73,098
70,707
36,333
40,000
31799
28221
24,640
22,806
176,012

1,012,500

According to a 2023
study, countries with
a smaller
geographical area,
longer coastlines,
high rainfall, and
poor waste
management
systems are more
likely to wash
plastics into the sea.



- PPlastic WWaste
Pollzazters

(annual estimation in Metric ton) .
~ . e

Highest Oceazze -

ﬁ»gaﬁglcdesh

P |

What to

do
about...

It is estiMmated that 1 miillion metric tons of plastic waste This is particulariy prevalent in tropical archipelago

enters the ocean every year, out of a total of 67.5 miillion regions, which have a higher waste emission due to their

metric tons. relatively small land surface compared to the length of
their coastline and high precipitation rates, which
increase the likelinocood of plastic waste being washed
into the ocean.

Graphic: Louis Lugas
Source: Move than 1000 rivers account for 80% of global riverine plastic emissions into the ocean, Lourens J. J. Meijer et al (202 1) via science.org



https://youtu.be/L8pEdHzQcik?si=ARWqAuLa7_BeZ70f
https://youtu.be/L8pEdHzQcik?si=ARWqAuLa7_BeZ70f
https://youtu.be/L8pEdHzQcik?si=ARWqAuLa7_BeZ70f

8. Sediment pollution| (sac/
silt and clay) carried by

moving water in streams and
rivers to another location
where water is slow moving
(natural process but humans
can increase the amt. by
sprawling - erosion
wind/rain)

Figure 14.18

Environmental Science
2012 W H Freeman and Companv



4. Thermal pollution= suman

activities causes substantial change in
temp. of water.

Most common cause occurs when
cold water is removed from a natural
supply, used to absorb heat (part of
industrial process)then returned as
heated water (fthermal shock to
organisms, kills organisms due to lack
of oxygen-warmer water does not
carry as much as colder water)




Water produced by human
activities such as human sewage
from toilets and gray water from

bathing and washing clothes or
dishes.

Figure 14.2
Environmental Science
©2012 W. H. Freeman and Company




Treatments for Human Wastewater:
2 systems for treating human waste are...

INSepticsystemsa large container that

receives wastewater from the house.

Leach field



20 Sewage TreatmentPlantss centralized plants in areas with large populations

that receive wastewater via a network of underground pipes (primary & secondary
freatments).

gi.:;;ircgarro.;.::’aste !r . Wastewater
to treatment plant. Sludge

@ Exposure to
chemicals or

ultraviolet light
kills pathogens.

i

® Large debris filtered out by
screens and sent to landfill.

Treated water
released into
river or lake.

Solid waste
(sludge) settles to
bottom of tanks.

@ Bacteria break down
organic material to CO,
and inorganic nutrients.
Settled particles added
to sludge.

[@ Sludge thickened

by removing water.
@ Thickened sludge taken to landfill
al =5 burned, or used for fertilizer.

e ——

Figure 14.6

Environmental Science _

© 2012 W. H. Freeman and Company



Treatments for waste from large livestock operation

Animal Wastewater |

SMERurelageonss large, human-made
ponds line with rubber to prevent the manure
from leaking into the groundwater. After the
manure is broken down by bacteria, it is
spread onto fields as fertilizers.

4“,__;._..__._._..- o 8
N

Similar to human waste contamination,
manure from the feeding lot operations

not only contain

Figure 14.7

Environmental Science
© 2012 W. H. Freeman and Company



BIClean Water Act-

Safe Drinking Water Act-

Maximum Contaminant Levels (MCL)


https://youtu.be/zBKGxuxFn1E

Mappmg Chicren's chances In 2020, 74% of the world population had

access to a safely managed water source (as
of 2000 was 61%) In 2022, 771 million (1 in
10~26%) people do not have access to safe
water.

As of 2023, around 2 billion ppl around the
world do not have access to clean and safe
drinking water.

Approximately 3.6 billion people — 46% of the
world's population — lack adequate sanitation
services, according to a new United Nations World
Water Development Report 2023

0% - 84%

HEXT
B o Furthermore, about 4 billion people,
e representing nearly one-half of the world

What proportion of the population has access to safe drinking water? population, experience severe water scarcity
during at least one month of the year

lLess than 50%
]


https://youtu.be/5vsgVqsZ3Po

Developed vs. Developing Nations

= Developed countries experienced industrialization for many decades and

(doing it in large

<cale in New York)


https://www.streamgo.ca/products/pfas

C

i
{

&
| o
'51.
S
(D
()
:
>

v
(
{\
$

~ Sub-Saharan Africa
has the largest

0 _ o number of water-

V\{Ith the existing stressed countries
climate change of any region.
scenario, almost half

the world's

\.-) By 2025, 1.8 billion |:.>0'pul.ation will be‘
people will be living living in areas of high
in countries or water stress by 2030,

regions with absolute including between
water scarcity, and 75 million and 250
® two-thirds of the million people in

Around 700 world's population Africa. In ac!dit.ion,
million people in  could be living under water scarcity in
43 countries water stressed some arid and semi-
suffer today from  conditions. arid places will
water scarcity. displace between 24

million and 700
million people. Source: UN, Water for Life
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