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Coastal Eutrophication in the world

» Enrichment of Nutrients (e.g. C, N,
P, Si) In coastal waters,

Eutrophication symptoms or impact:
» Harmful algal blooms

» Excess algal biomass

» Hypoxia/anoxia in the bottom layer
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In coastal oceans
nitrogen, phosphorus or silica
limits phytoplankton biomass

Sunlight ‘ | phytoplankton

r"—";‘;}
fivy A
P

i )

gu—

Euphotic = .

Z0Ne

s%‘“‘ Nutrients:
| Low

Nutrients:
Abundant

e
-
P 4
-
-
-
1
i’
_—
4
z
-



Sources of Nutrients:
Global population and fertiliers
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Environmental Impact from Nutrients

Nutrient Increase

Algal Biomass Increase
Sea

Sinking
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Global Harmful Algal Blooms
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Anthropogenic influenced “Dead zones™
IS expanding

Spreading Dead Zones and Consequences for Marine Ecosystems
Robert J. Diaz and Rutger Rosenberg

Science 321, 926 (2008);

DOI: 10.1126/science. 1156401 2008
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Fig. 1. Global distribution of 400-plus systems that have scientifically influence is expressed as a percent (41)] in the Northern Hemisphere. For
reported accounts of being eutrophication-associated dead zones. Their  the Southern Hemisphere, the occurrence of dead zones is only recently
distribution matches the global human footprint [the normalized human  being reported. Details on each system are in tables S1 and S2.
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Global Ocean Is Losing its Breath
Science 2018

OCEANS

Declining oxygen in the global ocean
and coastal waters




Mississippi River: Average annual concentrations “e=
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Northern Gulf of Mexico:

a large area of hypoxia “dead zone” (20,000 km?)
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Nitrogen,Phosphorus fertilizers in China
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Persistent Cyanobacterial Blooms In
Dianchi Lake in Kunming
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Doing Battle With the
Green Monster of Taihu Lake

In attempting to subdue a vicious algal bloom, scientists aim to restore the health of
amajorlake in China and hone strategies for heading off toxic soups elsewhers

TAIHU LAKE, CHINA—As the motorhoat
glides through a carpet of Telld algss, Han
Paer] leans gver the side and seoops wp some

of the fea-green muck witha plstic sampling
hatthe, In warly June, a bloom of eyanobect

That could pose & grave health fsk.
Some cyanobacieda, such as Microcystis
aeniginosa, make toxing that can damage
the lver, intestines, and nervous sysiem.

iz, also called blue-groon algse, fanned out
asnms Talo, China's dhird-largest lake. The
arowth was unchecked when 2 tesm lad by
Paerl, a eyanobactera expert at the Univer-
sty of North Carolina, Chapel HilL, arrived
last moath o help colleagues at the Nanjing
Instituie of Goography and Limnology com-
et the foal Moosm.

Much & #tatake. Tadhu, fod by the Yangize
Eiver, help dgate millions of hootares of
grain and cottonina lush sprical il regon
between Shanghai and Nanjing. When its
Il dhy, the lake ako provides deinking water
for mosethan 2 mil hon people, mdit sustain
ane of China's most important fisheras for
crabs, carp, and eak. The Moo m that has
turned Tadhu ik & toxie nightmare shows no
signs of abating and may ot untll wintes,
anperk aay.

The eeologiesl drams has far-reaching
consequences. “It's s fetosay that ith apretiy
sorons problem, and nod just in China,” says
Paerl Atonstimes villuin largely confined i
sml] lakes, alpal bloons have of ki gotien
s foothalds in berger water bodies. Paer
wiarns that lakes such &Victoria inAfrica and
Erie and Okeechobee in the Uniied States
ekl be on the brink of becoming perenntal
alga ] o

“Toxie cyanobacteda in drinking-water
supplies pose a direct threat to public
health,” says Brett Neikan of the University
of New South Wales in Sydney, Australis.
Microeyalis canges symploms including
diarrhea and liver failuse. Relning in the
algme st Taiho, Nodlan sys, could help pre-
vient disasters elsewhore.

It wasn't long ago that Taihn enjoyed &
cleaner repatation. A popular 19808 song,
“Taihu Beauty,” boastad of “white sadls
above the water, green reeds along the
water, fish and shrimp below the watar™
Back then, says Paerl, Tadho ranely suffened
blooms. Mow they arrive like elockwork
avery summer, foreing locals b resort
bottled drinking walker

The root cause of Tad's ills i3 & sceu-
i lation of muteent-rich sewape and sgricul-
] rumofl i the dhallow Lk, That resulied
insevere sulrophication: & surfeltof minersls
and organic nuidents that nourshes algal
growth. Unusually hot, dry conditions in
aarly summer appesr i have boon the spark
ihat ignited this year's bloom.

After the bloom reached nighimarish pro-
portions 2 months ago, cleanup crows
sbdmmed mone than 800 s of algss from
the lake and laid & polyvinyl chlofide barrer

o provent alase from pefing awepl indo ppes

that funnel water 1o 2 deinking-water plant.
But some organiams stll seep through, says
(in Bogiang of the institele in Manjing, and
curronts cannol flush away algss in water
enclosid by the barrier.

Simply “cleaning out the algae™ will not
aolve the problem, sz Cin. He emphaizes
the need to reduse nuitents, sspacial ly
phasphores and altsogen, in the agricultural
runoff and sewage. Peorl and (Hn are con-
ducting experiments to determing how much
nuirent concentratims must fall b arresta
bloom. They alio hope i meavel the dynam-
ies of bloom formation. “The readon we
developed this collaberative effort & that we
hae similar problems in the United State™
sayg Peerl. “We thought, “Why not combine
outexperiae? ™

Other reseanchens ane probing the molecn-
lar bology of eyanohactora toxins. With
wlohal temperatunes riding, warmes surface
wter lesds to lets mixing, which favers the
growih of toxde eyanobacterta, Doclphering
the texins' biokogkal role and how the envi-
ronment influences thetr production may sug-
pisit alrstopiod for making blooms leis ven-
o, Melln sy,

Cyanobacteda have a long hstory of
acquinng remarkable adsplations, such as
nitrogen fixation and gas veslcles that keep
them afloat and ensble them o cuteompete
diztoma and groen algge for lght nd aud-
ents. They can be dommant in extrems condi-
tions—surviving droughts and freasing—
then foar to life when conditions improve
Cyanohactera are “very ough” Paer] sy,
“They're the cockroaches of ke ™

Tor comtrol Tadhu's little green pests, the
government in the nesrhy ety of Wisd crafled
an aggreddive recovery strategy. The plan
promulgates wagh emisions standasds for
phosphorus and nitrogen for factores near
Tt nd requires the installation of facilites
that remove nulrienis Trom sewage. Nuident-
rich agricu sl ronafl would be stemmed by
banning chemiesl fertilizon, pesticiles, and
detergents that contain phosph of ndiro-
gen. Theamowmnt of clean waker pumped from
Taihu i3 projected o resch 1 milbon o per
day by the end of 2008, and industres in
Waxi must meet a waler-recyeling rate of
T8% by 2010,

“There's no doubt that Tadhu is going o
be a challengs” says Paerl. Degradation of
the lake's water quality was 2 slow-motim
train wreck that plaved out over several
decades. It may take many morne yoars b
bamdsh the boems and bring back the Talln
Besuty of yore.

=LKIE GUO
Lucie Gue ma freelance wite Based i Bosten.

3 AUGUET 2007 WOL 317 SCIENCE  www.stiencemad.org

Pt by AAAS

Tailhu Lake

Cyanobacterial
blooms shut down
the city water
supply for weeks

Downloaded from www.sciencemag.org on August 30, 2007

% Science 31 Aug
2007
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Scores of PLA soldiers remove masses of algae from a
beach in Qingdao, where the Olympic sailing events are
scheduled to take place from August 9. (Photo: Bloomberg)
(from SCMP, 4 July 2008)



A soldier walks through blue-green algae near a beach in Qingdao,
Shandong province. (Source: Bloomberg) (from SCMP, 4 July 2008)
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Flux of Nutrients in Changjiang
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Duan Shuiwang, 4 others . Seasonal changes in nitrogen and phosphorus transport
in the lower Changjiang River before the construction of the Three Gorges Dam.
Estuarine, Coastal and Shelf Science 2008, 79(2): 239-250.
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Large areas of harmful algal blooms and
hypoxia in Changjiang-East China Sea

w
-
7z
-
-
Summer o
S Z
-
<
7~ East China -
Sea x
shareghal

Dissolved oxygen
B - :ma
B < 3 mag/

< 3.5 mgy/ & WA 200

Lietal., 2002



Pearl River Watershed
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Population, GDP and Wastewater

Population (10%)

GDP(10%)

Waste (10%T)

9000
8000
7000
6000
5000

50000
40000
30000
20000
10000
800x103
600x10°
400x103

200x10°

In Guangdong

— A\ H
0000000"...
(X

o XX
— {5K 0e®0®
_ eo®®®°®

o
g0o0000°°

[ ettt
1985 1990 1995 2000 2005

i
P4
-
-
-
)

s
m
4
-
7z
-
=

r



Pearl River Estuary Pear| River

""-'.'-1_ =y 2 SR : i [ nd
el o The 2" largest
U Co river in China

o '« The 13t largest
™, o river in the world
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Zhujlang Estuarine Coastal Waters:
HAB and Hypoxia events :
Chl-a Hypoxia -3
Aug 10 2000 04:39 GMT Bottom
‘.\1\1;'1: " ndsn | e | ndm | ina | tida




Harbour Area Treatment Scheme
(HATS):

The Strategy of Sewage
Treatment In Hong Kong started
In 2001
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Hong Kong Sewage Effluent Outfalls

Major public sewage treatment works, outfalls, and pollution load in Hong Kong in 2007
(sources: Drainage Services Department and Environmental Protection Department)
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Strategic Sewage Disposal Scheme (SSDS) before

2001 |
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Harbor Area Treatment Scheme (HATS)

started in 2001

LEG END :

TR ERAGE | NFMEL

HATS
Catchment
Area

1.85 million m3
sewage effluent
of Hong Kong
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Harbour Area Treatment Scheme
(HATYS):
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Sewage treatment strategy

One of the most important coastal
Infrastructure in Hong Kong




Harbor Area Treatment Scheme (HATS): =

All 4 options require:
» Short outfalls

ISHOAIND NAS-LVA NS

» Upgraded treatment facility to tertiary
or biological removal of inorganic
nutrients, nitrogen or phosphorus

This triggers an important scientific
guestion: which nutrient should not be
added to the recipient water?



HATS: short outfalls with biological
treatment (Biological Aerated Filter)

An Important management decision:

removal of nitrogen or phosphorus?

Science-PoIic@/laking Interface

An important scientific question:

Which nutrient is the most limiting in the
recipient waters
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Environmental Impact Assessment
Ordinance, Hong Kong

Assessment Philosophy

Assessment should rely on the concept
of assimilative capacity of the
receiving water body and water
guality objectives
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Ecosystem Buffering
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Ecosystem Buffering Capacity:
The most limiting nutrient

determine phytoplankton biomass and O,
consumption

(Yin et al. 2000, 2001, 2004, 2008)
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The Most Limiting Nutrient

The Minimum Law: the nutrient that is the least by
elemental ratio is the first nutrient to limit cellular

biomass.
1/100,000
Fe
1 3 %}
T
16 N— <  Others

Cellular N:P=16:1
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How does a N/P ratio indicate
which nutrient iIs the most
limiting
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N:P <16:1, N Is limiting
N:P >16:1, P is limiting




In general,

Nitrogen iIs considered to be the
nutrient enrichment causing
eutrophication in the coastal waters

What about Hong Kong waters:

\
i
e
P
-
-
-3

1
s
™
s
-
Z
-
=
.



NO, at Humen (a river mouth of the Pearl Rivery==
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Monthly Average of total inorganic nitrogen duri
1991-2000 (Yin 2002)
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_ Yes, there Is
nitrogen over-enrichment in the Pearl
River estuary

» Nitrogen (N)

* High (100 uM) In the Pearl River

vs 30 UM In marine fertile waters
« Excess in HK southern waters in summer
* Low In winter
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» In fact, N concentration has increased
at least 3 times during the past 3
decades
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Monthly Average of Dissolved O, during 1991-20
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Findings:

» Algal biomass is not as high as expected
from high nitrogen;

» Dissolved O, remains above 2 mg/L
most of the time-no seasonal hypoxia
(low oxygen waters) has been found
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onthly Average of phosphate during 1991-2000 (vin(268ej
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y
onthly Average of Molar N:P ratio during 1991-2

(Yin 2002)
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Findings
> Nutrients are low In winter

» Phosphorus Is potentially the most
limiting nutrient in summer

* for phytoplankton biomass
 the amount of DO consumption
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High N:P ratios (>16:1) imply:

1) Phosphorus appears to be the
most limiting nutrient

2) There iIs excess N, and

therefore, removal of N does not help
reduce nutrient-caused impact
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Scenario 1-Dry Season:
large capacity, less concern
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Scenario 2-Spring:
N to P-limitation — P may be a concern
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Scenario 3-Summer:
P-limitation - P IS a concern
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HATS: short outfalls with
biological treatment (Biological
Aerated Filter)

Removal of N — IS not cost effective

An important management decision:
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removal of nitrogen or phosphorus?

0

Removal of P I1s more effective

An important scientific question:

Which nutrient is potentially the most
limiting in the recipient waters




ity

' HATS: Short outfalls-biological treatment &)

An important management decision:
removal of nitrogen or phosphorus?

120{Z, HK$ difference

B e SN

If P is the most limiting nutrient,
N removal Is not economic environmentally
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