Prevention and remediation of
advanced (hyper)
eutrophication - A case for
Integrated watershed
management




NUTRIENT IMPACT - Eutrophication

= Photosynthesis is the driving
process for primary productivity
(euphotic zone)

In the profundal zone and during
night and cloudy days algae respire
and impose oxygen demand

Other important factors are
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Eutrophication
Characteristics*

Hyper-

Water Quality Oligotrophic Mesotrophic Eutrophic eutrophic**

Carlson TSI <40 40 — 50 50-70 >70
Total P (ug/L) <10 10-24 24-95 > 95
Chlorophyll — a 5-20 20 - 50

Summer Secchi disc

depth (m) 24 =2

Hypolimnetic oxygen
(% saturation)
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Doing Battle With the
Green Monster of Taihu Lake

r the last

PEA SOUP IN CHINA’ TAIHU

B Taihu area 2338 km?

Watershed 10000 km?
e Average depth 2 meters

: Population in the watershed 40







Suspected Causes of the Problem

= Green revolution in agriculture based
on unbalanced overuse of industrial
fertilizers

Monocultural agriculture fed by
industrial chemicals

Increased erosion by plowing up an
down the slope all the way to the
water bodies

= Lack of best ma ment practices

..
oo 2

0
T 20 2

F.T-Fa/ - 5
0 ‘ ] 0

1945 1953 1961 1969 1977 1985 1993 2001

YEARS
Zelivka River in Czech Republic
ultural erosion

onservation is
s of magnitud

natural erosio



Suspected Causes of the Problem

= Green revolution in agriculture based
on unbalanced overuse of industrial
fertilizers

Monocultural agriculture fed by
industrial chemicals

Increased erosion by plowing up an
down the slope all the way to the
water bodies

1945 1953 1961 1969 1977 1985 1993 2001 LaCk Of best manaement . raCticeS

YEARS

- 20
Ol Aimia

Inorganic N applications, Kg/ha-year

Zelivka River in Czech Republic

cultural erosion
conservation is

natural erosion



Suspected Causes of the Problem

= Serious problems with HABs
in Texas, Florida, California,
Great Lakes states, New York

AN " g State, Charles River in Boston
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Riparian wetland drainage

and upland erosion

Low land (alluvial and
plains) wetlands were
Pt drained
NV OETRCATION = change of the reduced
conditions of soll to

A) Water and nutrient regime before tile drainage Oxygenated Wh |Ch
l ll ll ggéé;;ﬂa%ﬁ)eposmom Converted IeSS mOblle

WET AND DRY DEPOSITION
l (PRECIPITATION)

______ -~

~

SATURATED ZONE TILE DRAINAGE WITH™ ~_
WATER CONTAMINATED, . _°

BY NITRATES AND R

SOLUBLE PHOSPHORUS — — ===

B) Water and nutrient regime after tile drainage

Source: Laxa at al (2008) Vodni
Hospodarstvi



Traditional views of factors affecting
cyanobacteria blooms (Kravchuk, 2006)
Temperature (affected by global warming)

Phosphorus concentration
N:P ratio

Hydraulic conditions
Light
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Research on Taihu changed the

control hypothesis (paerl et al. 2010)

= N fixing cyanobacteria rarely provide enough N, less than
50% is fixed from N,

* |n N limited hypertrophic water bodies the succession from
N,-fixing to non-N,-fixing taxa has not occurred and N:P
stochiometry does not apply to hypereutrophic lakes




VOLLENWEIDER'’s COMPLETELY MIXED
LAKE SCHEMATIC
W

W= loading




VOLLENWEIDER's C(]

In hypereutrophic water
LAKE SCHEMATIC 41X T V. is not one-
directional settling but two
directional net P exchange
between water and sediment
W= loading V. =K
(Mass/ti and o, =K

nnual mass




SIMPLE STEADY STATE
SOLUTION MAY NOT WORK

From Reckow (1979)
Ket=11.6 + 0.2 q,

net

1/p= Q/V
flushing
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= The hypothesis of constant K; or g,
IS simplistic and coincidental; other
factors such as P and sulfate loads
into sediments are more important
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Traditional eutrophication
model do not represent
hypereutrophic conditions

= Most models treat algal biomass as a

n
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Life cycles of cyanobacteria
(Four lives) _

P from water, N from TOXINS —
water and ﬁ —
atmosphere

CYANOBACTERIA

ZOOPLANKON ’
GRAZING . .
Trnggers of Metamorphosis:

WATER

-

Temperature, pH, Dissolved FORMATION OF
Oxygen, Phosphorus AKINETES & CYSTS
GERMINATION - '

DEATH AND SETTLING //

ENCAPSULATED
AKINETES & CYSTS

. DECAYING DEAD
BIOMASS




Internal loads of P (and N) from
sediments are significant

= In Lake Okeechobee (FL) the average annual
external load is about 500 tons/year during 2007-
2011 period. The P content in the upper 10 cm of
sediment is about 30,000 tons.




P and N redox holding in the

sediment and wet soils

. AEROBIC RESPIRATION
WATER Oxygen Reduction Zone
DOC+O, + CO,+ILO
Oxygen Reduction Zone _
WATER TKN+O, ~ NO,
LOGCED Eh=> 300 mV
SOIL OR Nitrate Reduction Zone FACULTATIVE ANOXIC
SEDIMENT ) RESPIRATION
+ ]
Mn Iie duction Zone DOC= CH, COOH+H, I CO,
Eh =100 to 300 ml” 2NO,” + CH,COOH+H,-
= : 2H,0+N,1 +2 (HCO, )
_ Fe’” Reduction Zone
— Mn*"+2¢~ Mn?'
_ Fe’ '+ ¢+ Fe**
E Eh = - 100 to 100 mV’ HR0, e (L0
- Sulfate Reduction Zone | SO, +CH,COOH-HS+ 2HCO,+H,
HS™ + Me*"~-MeS + H'
FEh=-200to-100ml
ANAEROBIC ZONE
Methanogenesis (Methane | . oy coomnm,co,
Formation Zone) CH,COOH- CH,+CO,
4H, + CO,- CH, + 2 H,0
FEh < -200mV




Effects of key parameters

= Dissolved Oxygen and Nitrate

= Hypolimnetic DO has little effect on P release from the
sediment controlled by mobile P in pore water

* |n the interstitial sediment-water layer sediment oxygen
demand (SOD) is created by oxidation of dissolved
methane and nitrification of ammonium emanating from




= Nitrate effects

= Higher nitrate loads and concentrations are
mostly anthropogenic

= If NO5 -N in the water column >1-2 mg/L,
anoxic interstitial nitrate layer will form that will
block reduction of Fe(lll) to Fe(ll) and prevents

igh N &
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More on Nitrate Effects

= Nitrate suppresses methanogenesis in the anoxic
sediments and wet solls

= Simultaneous nitrification and denitrification
occurs if both oxic and anoxic nitrate layers are
oresent. Nitrifying microorganisms are strict




= Mineralization (decomposition) of settled
microorganisms

= Sediments containing dead algae and organic
detritus are mostly anoxic and anaerobic .

* Mineralization rate is fast and is affected by
temperature.

* Mineralization releases phosphates and ammonium
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= Consequently and surprisingly
wetlands and impoundments with




SEDIMENT —-WATER MASS FLUXES ARE
RESTRICTED BY DIFFUSION LAYERS

FULLY
TURBULENT

ANOXIC SULFATE
ANAEROBIC ZONE

LAYERS Concentratios Nitrate




Svihov Reservoir (largest water
supply reservoir in Czechia)

DAM

Water

intake

Arable land

Meadawwnd pastur,
N



High nitrate levels in the Svihov (CZ)

and Okeechobee (FL) immpoundments

Both lakes have high
phosphate loads.

>90% of N in the Svihov

10 Wosen j;alvn;it 7 ron _

~  THypertrophic e DonghuL/ reservoir is NO; -N.
v 7 N W ‘%\3@ In 2006 N>9 mg/L and P>
0 @S“h"‘;,éb" s 100 pg/L in all major
v 1% Delavan./'/ ] tributaries
! + e i ()\>
g) _'Eufro@w Q/‘ In Lake Okeechobee NO
~ ] IVIesotropth___/@ TS s s load is about 50% of the
014 : WITH Cyano-HABs

10ligotrophic & HIGH EUTROPHIC
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Impoundment characteristics

Parameter

Lake/reservoir
surface area, km?

Volume, 10° m3
Average depth, m
Annual flow,

10% m3/year
Overflow rate q,

m/year

Total nitrogen,
tons/year
g/m?-year
% NO, - N
Total P load,

tons/year
g/m2-year

Trophic status

2,338

4,400
2

9667

4.13

24,160
10.4

<10
1020
0.43

Hyper-
trophic

34

Hype-
trophic

Svihov3

14.3

267
18.6

225.482

15.77

2,097
146.6
>90

24
1.8

Meso-

trophic to
B :

Orlik?

27.33

oy
27

2 602

95.2

12

Hyper-
trophic

Brno®

2.59

21

8.2
260.5

100,5

31
12

Hyper-
trophic

~0
62.4
0.5

Hyper-
trophic

Lake
Okeechobee’

3.2
~50

500
0.3

Eutrophic

Lake
Delavan®
R

55.24
7.62

27.6

3.81

89.0
12.3
<20

4.3
0.59

Hyper-
trophic

@stensj-
gvannet?®

3.19
9.38

Hyper-
trophic




Characteristic values of Cgy, In the monitoring
profiles of the direct tributaries of the Svihov

reservolr.
Data from the VItava Watershed (Povodt) Agency by Hejzlar at al. (2006)

Monitoring Profile

Zelivka | Martinicky p. | Blazejovsky p. | Sedlicky p.
42000 3000

Parameter

BODS: mg/ L
cm()phllulnnm

pH 8.0 7.9 7.9
N-NH,*, mg/L 0.37 0.17 0.20

N-NO;", mg/L 10.3 12.4 9.3

Total P, ug/L 170 180




Are high nitrate loads acceptable?

= The fact that Cyano-HABs are triggered by high N
and P loads in water column has not changed and
nitrate in the water column is a critical nutrient and
its high concentration or addition could reduce




= Nitrate Is a regulated pollutant both as a
nutrient (nitrate directive in EU) and a water
supply toxicant

* Nitrate content and nitrate layer in sediments




Role of sulfates

= The anthropogenic inputs of sulfates into surface
water bodies have increased significantly over the
last century
= Mining — oxidation of pyrite
= Drainage of wetlands (immobile sulfides oxidized to
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'




Sulfur reducing bacteria (SRBs) do
more than just reducing sulfates

Phosphate
PO, 3 release

DOC,
acetate |

A\

Hg?*
Cinnabar

(CH,00)

Sulfate

SO,* /

Hg?*

(HgS,)

SULFUR HST) pag. Pyrite
REDUCING = €52 (Fes)

BACTERIA
SRB T AlKalinity

ﬁ 2 HCO,
H2

IRON (3+) i
PHOSPHATE CH;Hg
COMPLEXES Methyl mercury




Methyl mercury formation
In Everglades

= Boaccumulative MeHg is
formed by SRBs

= Higher MeHg is formed only
Metig (ng/\) when sulfate is between 1-5

@ onommy mg/L and DOC between 10 to
[ EERTINE 20 mg/L ) (Goldilocks' effect)

DOC {mefl) |

42 ®
-3
° 051-075ngL"
Goldilocks
T 1




Implications (pitfalls) for TMDLs

The current mass balance models are inadequate and the
traditional algae models do not represent the cyanobacteria
The sediment processes, P accumulation and release are
very important

The biomass of cyanobacteria in sediments is alive and
nourishing on nutrients

nce Cya
ry comp
rderline
t enoug




Surprising findings
= Denitrification of nitrates and reduction of

sulfates in sediments of wetlands and

iImpoundments sequester GHGs methane
and CO,
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Alternatives to be developed for
nutrient control in the water body

Focusing on significant P controls and removal both
In inlet water and sediment. Dredging sediment has
been suggested and sometimes used.

Oxidized iron and aluminum in sediments are
important. Epilimnion aeration has been successfully
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Wetlands are natural sinks of
nutrients and could sequester
carbon




Buffers and soil erosion control




Developing watershed ecoregion

to combat hypertrophy

infectious i infectious 5 infectious e
disease PO " forest discase  Production forest Sane Hodocion
mediation production mediation B\ production mediation

forest
production

regional \R/ regional

preserving climate : preserving climate
habitats and and air habitats and ~ and air
biodiversity quality biodiversity quality
regulation regulation

regional
climate
and air
quality
regulation

preserving
habitats and
biodiversity

water carbon water carbon
flow sequestration flow sequestration
water  regulation water  regulation water  regulation
quality quality quality
regulation regulation regulation

carbon
sequestration

natural cropland with restored
ecosystem ecosystem services
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Final Conclusions

Prevention of hyper-trophic conditions in vulnerable
Impoundments requires a comprehensive watershed and
water body management and protection

Existing and increasing future occurrences of nuisance algal
blooms of blue green algae (cyanobacteria are a major
problem

Significant reductions of N and P loads are needed.
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