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Marine pollution means the introduction by man, directly or indirectly,
of substances or energy to the marine environment resulting in such
deleterious effects as harm to living resources; hazards to human
health; hindrance of marine activities including fishing; impairment of
the quality for use of seawater; and reduction of amenities.
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QS X

Runoff and discharges
from land Airborne emissions from land

Shipping and
accidental spills

Ocean dumping

1% Offshore mining, oil and gas drilling

Figure 18.1 Sources of marine pollution. (Source: Joint Group of Ex-
perts on the Scientific Aspects of the Marine Environment, The State
of the Marine Environment, UNEP Regional Seas Reports and Studies
No. 115, Nairobi: U.N. Environment Programme, 1990).
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Ficure 16-5 A simplified model of the pathways and processes that can affect pollutants.

11



~N =
O T

23 o

&

of & &

(PO,)

<l

=
o

|, PCBs, TBT

i

RO
o

LT

—

jod
~NO

-t

11

ol
<

4r
Klo

of

~ oI
|
= ol OF
N ol
— <
F = <
uoF
A i o
m = ol
T
n Ol
<o
o3 ikl oj
ﬂ H__._._ E_
= ®
T R
N XU g
H| = ol
S ol T
o & X
ol
oF
. ol
Ol k{0
~ .. O
= o0 X0
80 O wT
H 3l of
\VARR VAR v/

12



A

JE sHY FH A3
FLH: E24HH(NO,), 2ALHE(PO,)
ol FA=2 g0 oM, sHL/HENA2| 7FX[o] 2+H 240]|C}.
gLt 250 HF B50] ExHoLH FE U=t (eutrophication) HEH 7} E L.
of FEL=Hot =M A7L?
FLHo| gehds 5o A= EFA =2 tiS 4 (bloom)S el BiCt.
d=2| &2 So{LL T2 A 2010 EEiAIL] »Fo| MEICE.
CiSAl0] dojt EFIAES YENA HOJALSHAM X2 + |iCt.
=0 72t 2 EY3ES 0[4=0| EdlotH E=44(DO)E 2o}
+50| S5=E 342 H7I2REQ e I50| 22E= FE EF01X|
xot0 M3 =2 flita(hypoxia) EN 7t ECL
242 (DO<2mg/l) SEfOM = D]’ S=S H|2lst2 H=0| &% Xstrt.
atest AFEFIAEL S AHS H=X(red tide)ct FELL-

13



Water
Quality

Good

ppm of DO at 20°C

Slightly
polluted

Moderately
polluted

Heavily

polluted below 4.5
Gravely
polluted below 4

Figure 11-21 Water quality and dissolved oxygen (DO) content
in parts per million (ppm) at 20°C (68°F). The solubility of oxy-
gen decreases as the water temperature increases. Only a few
species of fish can survive in water with fewer than 4 ppm of
dissolved oxygen.
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<l Oxygen sag:

point of waste or heat discharge:

e

Decompaosition

Clean Zone Zone Septic Zone Recovery Zone Clean Zone
A A A A A
By VE T
normal cleanwater trash fish fungi, trash fish normal cleanwater
arganisms {carp, gar) sludge worms, (carp, gar) organisms

bacteria

-

-———G:B

‘( (anaerobic)

types of
organisms

i

dissolved oxygen

concentration

biological oxygen
demand

time or distance downstream

igure 11-22 Dilution and decay of degradable, oxygen-demanding wastes and heat, showing the oxygen sag
Jrve (orange) and the curve of oxygen demand (blue). Depending on flow rates and the amount of pollutants,
reams recover from oxygen-demanding wastes and heat if they are given enough time and are not overloaded
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. Atmosphere
Spreadlng Wind Oxidation in . Rainall
T T atmosphere ' L and
Advective transport Wind spray - fa"fut
Broken tanker Evaporation _.
Eva pO I‘atiO n T T ﬁ (Spreads and moves downwind)

-——— e

Photochemical oxidation
Solution

Emulsification

Tar-lump formation

Sedimentation

Microbial degradation

Figure 20.3 Some of the possible pathways that an oil spill may travel.
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Figure 12.9

Figure 20.4

Cleaning up the March 1989 Exxon Valdez oil spill, Prince William Sound, Alaska.

27



NSERINLLE=E

o,

0%

(2) X|=-80]

100

X
~

(4) £72| Ol =1t E|

of

<

295 3 "X 0|52 = U719 =2 2=

LAE[O EAY| Ols= &

28



NESERINLE=E

< Stockholm Convention on POPs:
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4[X|7HCH 2 Aldrin, Chlordane, Dieldrin, Endrin, Heptachlor, Mirex,
Hexachlorobenzene(HCB), Toxaphene, PCBs
[ tCH 2] DDT
[Unintentional Production] PCDD/PCDF, HCB, PCBs

29



e 1940-50s
= 1944
= 1951
e 1950s
e 1960s
= 1962
« 1960-70

« 1970s
« 1980s
= 1982
= 1985
« 1990s
= 1996
« 2001

2t 0|5

Production of DDT (malaria and agricultural pests)
DDT in human fat

DDT in human milk

DDT toxicity to birds of prey (populations declined)
DDT and PCBs in Arctic and Antarctic organisms
Silent spring (by Rachel Carson)

Use of Agent Orange

(herbicide and defoliant during Vietnam War)

Ban on DDT and PCBs: Continuing concern?

OCs toxicity to human

PCBs in human milk

Dioxins in human mink

Great research efforts since 1990s — Korea as well..
Our stolen future (by Theo Colborn et al.)
Stockholm Convention on POPs
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<] Rachel Carson?| ‘Silent Spring’
< DDTe| d==H1} d==0h
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* \fish (needlefish), | L AR
o2 ppmicc ) ;

Concentration b Tt et
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10 million times o 4\ i —+— fish (minnows),

8197 19624 C $1KR *H20| 'S K28 Rachel Carson, Carsong] MM
0j=0M #2 258 HATCD BtEr,

DDT in
zooplankton,
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DDT in water,
0.000003 ppm

Figure 20.5 The concentration of DDT in the fatty tissues of organisms was biologically amplified approximately
10 million times in this food chain of an estuary adjacent to Long Island Sound, near New York City.
Dots represent DDT, and arrows show small losses of DDT through respiration and excretion.
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<] Trace elements in relation to human life:
- Essential : Cr, Co, Cu, Fe, Mn, Mo, Se, Zn
- Likely to be essential : Ni, Si, Sn, V
- Contaminants : Al, As, Cd, Hg, Pb
- Others : Sb, Ba, Be, B, Li, Rb, Ag, Sr, Ti

< Metal toxicity:
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FIGURL 20.17 A deadly necklace. Marine biologists estimate that
castoff nets, plastic beverage yokes, and other packing residue kill hun-
dreds of thousands of birds, mammals, and fish each year.

Figure 12.6

The impact of plastics on the marine environment. (a) Persistent litter
includes plastic nets, floarts, and containers. (b) A common murre
entangled in a six-pack yoke. (c) A young gray seal caught in a trawl net.

(1) A sea turtle with a partially ingested plastic bag. Photos (a), (b), and

(¢) are from Sable Island in the Notth Atlantic, approximately
240 kilometers (150 miles) east of Nova Scotia, Canada
More information: # v
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(Exotic species):
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Rate of Invasions

This graph shows the rate of invasions of marine invertebrates and
seaweeds based upon the number of new invasions occurring in the U.S.
coastal zone from 1790 to 1999, For example, there were 150 new
invasions from 1970-1999. The total number of invasions plotted on this
graph is 374 species.
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Source: Ruiz et al, 2000.
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Some Recent Bioinvasions in
U.S. Coastal Waters

ATLANTIC SALMON

JAPANESE MAHOGANY CLAM
Nuttaltia obscurata
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CHINESE MITTEN CRAB
iocheir sinensis
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ASIAN KELP
Undaria pinnatifida
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MEDITERRANEAN GREEN SEAWEED
Caulerpa taxifolia
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PACIFIC RED SEAWEED
Grateloupia doryphora
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ASIAN SHORE CRAB
Hemigrapsus sanguineus
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Rapana venosa
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PACIFIC SPOTTED JELLYFISH
Phyllorhiza punctata
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Perna perna
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A Wall Poster Seen at EPA*
The ABCs of Waste Disposal

NIMBY...Not In My Back Yard -
NIMFYE...Not In My Front Yard Either
- PIITBY...Put It In Their Back Yard
NIMEY...Not In My Election Year
NIMTOO...Not In My Term Of Office
LULU...Locally Unavailable Land Use
NOPE...Not On Planet Earth

*Environmental Protection Agency
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