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“LANDFALL” (2014)

Erik Johansson
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https://environmentaldefence.ca/2022/08/15/lake-erie-algae-bloom-2022/
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EUTROFIZACION

CAUSA

* Aumento de la carga interna de nutrientes
* Nutriente limitante?



cNutriente limitante?

copper
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Zinc
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manganese
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Calcium

sulfur

olassium

phosphorus

* aquel que controla la maxima cantidad de biomasa
* el que primero se consume

num



ESTADO TROFICO

* Enlineas generales un sistema acuatico puede clasificarse como:

» oligotrofico (pobre en nutrientes)
* mesotrofico (estado intermedio)

* eutroéfico (rico en nutrientes)
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Lago Rivera
(Montevideo)



Lago Rodo
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La adicion de pequenas cantidades de fosforo a
una de las secciones del lago, causo un bloom
superficial de cianobacterias.
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ESTADO TROFICO

4 Y4 )

* oligotrofico (pobre en nutrientes)

* mesotrofico (estado intermedio)

* eutrofico (rico en nutrientes)

CONDICION DE ESTADO : .
\ / \ ¢ PROCESO DE CAMBIO? /




ESTADO TROFICO

EUTROFIZACION
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* oligotrofico (pobre en nutrientes)

* mesotrofico (estado intermedio)
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* eutrofico (rico en nutrientes)
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ESTADO TROFICO

EUTROFIZACION OLIGOTROFIZACION
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* oligotrofico (pobre en nutrientes)

* mesotrofico (estado intermedio)
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* eutrofico (rico en nutrientes)
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EUTROFIZACION

CAUSA

* Aumento de la carga interna de nutrientes
 Particularmente del nutriente limitante

P






¢ De donde proviene el P?

* Enlosanos60’s-70’s, los detergentes poseian un 16% de su peso en fésforo
(tripolifosfato sddico como quelante de cationes)

« 1973 Canada fue el primero en prohibir detergentes con elevados niveles de
fosforo (mas de un 2,2%).

La eterna puja entre la ciudad y el campo...
Fuente puntuales vs fuentes difusas...

<
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HUBBARD BROOK
ECOSYSTEM STUDY

1955 al presente (1)
http://www.hubbardbrook.org/




Home Overview

Overview...
Homepage
Introduction
Historical Perspective
Research Philesophy
Attributes of HBEF
Site Description
Watersheds

Mirror Lake
Research Activities
Facilities

Site Administration

Contact Us

H “ b ba rd B roo k DOperated by the USDA Forest Service since 1855,
and a member of the National Science Foundation's

Ecus’stem st“dy Long-Term Ecological Research (LTER) Program since 1588,
R o T T : _ .

i P

People Documents Research | Data | Publications | Education Events HB Resesarch Fdn.

Watersheds
There are nine gaged watersheds at the Hubbard Brook Experimental Forest, four of which have been
freated experimentally. & tenth ungaged watershed was also treated. All are shown in the map below.

The table of Hubbard Brook Watersheds provides summary data. Detailed information on each watershed
can be found below the table.

Weather stations
Pierce Ecosystem Laboratory

== - [ Experimental watersheds
220m 1,015 m Ele ==== Roads

A
.
a

http://www.hubbardbrook.org/




BIOGEOPHYSICAL TEMPLATE FUNCTIONAL

DESHCRBARNICES Changing due to legacies of past disturbances RESPONSES

=
Changing &/
Atmospheric 3 _
ChEmiStr? .'.r" L .} e W I.. : . p . - ‘-r‘_...r’.’.’ Ulaiﬂtﬂﬁﬂll

Changing | — g | - -
Climate — - -

Changing
Biota

https://hubbardbrook.org/conceptual-model/
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(1 WP hidrologia define los limites del sistema de una forma natural
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® Las actividades en la cuenca van a repercutir, tarde o temprano,
directa o indirectamente, aguas abajo.

Fuerte acoplamiento d€l ciclo

biogeoquimico de diferentes
elementos al del agua

| http://www.hubbardbrook.org/




® Las actividades en la cuenca van a repercutir, tarde o temprano,
directa o indirectamente, aguas abajo.
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Gruber, N., & Deutsch, C. A. (2014). Redfield's evolving legacy. Nature Geoscience,
7(12), 853-855. doi:10.1038/ngeo2308



Generacion de la mezcla Generacién de amoniaco

Vapor

Humboldt (guano)

l 802 S| Sserpentin de enfriamiento
Aire deflogisticado
1772 '
1910
7 El proceso Haber
6 - + 120 produce mas de 100
5 - + 100 millones de toneladas
4 - + 80 de fertilizante de
3 - 1 &0 nitrégeno al ano.
5 1 a0 EL8,27% del consumo
Haber-Bosch Process o .
-l @5 iogical N Faton Il total de energia mundial
i i s ulnent ~ .
0 k 5":5‘:""“‘:‘ | ' : . ’ en un afo se destina a
1750 1800 1850 1900 1950 2000 2050 este proceso.
—— Humans, billions Haber-Bosch, Tg N

Figure 1. Global population trends (36, 53) with key dates for the
discovery of N as an element in the periodic table and its role in
various biogeochemical processes. Also shown is an estimate of the
annual production of Nr by the Haber-Bosch process.

Galloway, J. N. and E. B. Cowling (2002). "Reactive Nitrogen and The World: 200 Years
of Change." AMBIO: A Journal of the Human Environment 31(2): 64-71.
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Table 2. Examples of human interventi ; ical cycles of carbon, nitrogen,
phosphorus, sulfur, water, and sediments| Data are for the mid-1900s.

Magnitude of flux (millions
of metric tons per year) % change due to

Mt Flanx human activities
Natural Anthropogenic
c Terrestrial respiration and decay CO, 61,000
Fossil fuel and land use CO, 8,000 +13
N Natural biological fixation 130
Fixation owing to rice cultivation, 140 +108

combustion of fossil fuels, and

production of fertilizer

P Chemical weathering 3
Mining 12 +400

) Natural emissions to atmosphere at 80 \/\[
Earth's surface
Fossil fuel and biomass burning 90 +113
emissions

Oand H Precipitation over land 111 X 102
(as H,0) Global water usage 18 X 102 +16

Sediments Long-term preindustrial river 1X 10"
suspended load
Modern river suspended load 2X 10" +200

Falkowski, P., Scholes, RJ., Boyle, E., Canadell, J., Canfield, D., Elser, J., Gruber, N., Hibbard, K., Hogberg, P.,
Linder, S., Mackenzie, F.T., Moore lll, B., Pedersen, T., Rosenthal, Y., Seitzinger, S., Smetacek, V., Steffen,
W., 2000. The Global Carbon Cycle: A Test of Our Knowledge of Earth as a System. Science 290, 291-296.
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[ ] Reservair
B Pathway affected by humans

P Natural pathway

Nitrogen
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storms
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Nitrogen oxides
from burning fus
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decomposition
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loss to deep
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a. ™
N Fertilizer | N Fertilizer N N N N
Produced Applied inCrop  Harvested in Food | Consumed
6 47 16 5 12
b.
N Fertilizer | N Fertilizer N N N N
Produced Applied in Crop in Feed in Store | Consumed
\ -6/ -47 -16 -24 -3

Figure 2. The fate of fertilizer N produced by the Haber-Bosch process

from the factory to the mouth for (a) vegetarian diet, and (b)
carnivorous diet.

Galloway, J. N. and E. B. Cowling (2002). "Reactive Nitrogen and The World: 200 Years
of Change." AMBIO: A Journal of the Human Environment 31(2): 64-71.
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An Earth-system perspective of
the global nitrogen cycle

Micalas Gruber & ke B Gallowsy

Wiith humans having an incressing impact on the planet, the int eracti ons betw een the nitrogen cycle, the
carban cy cle and clim ste ane e xpected bo becom ean inorea singly important determinantof the Earth system.

The mas dvasccaleration of the nitrogm oyck e a ek of fha prodic-
I:nu.lm.:hnu.rh:l:lu of artiicial nitrogen friltizars wocklwide has
enabled gmably naasafood production, bt H has alss
Ledd to & bast of environmetal magng bom siropitortion
of berrestrlal and aquatic sysbans bo ghobal acdification. The fndogs
of many national and iobemational ressacch progrmmes lovestigat-
Log the manifadd consequancas of heman albartion of tha obrogen
cydabae kad 1o 2 mech fmpeoved underra nding oftha scope ofthe
mnthropoganic nirogen probiem and possihiz strotegles for manag-
Ing k. Considarahly Less amphasts e been placed on the study of the
|oiemactions of olirogen with tha other major biogecchemlcal cypdes,
particularly that of carb oo, aod how Ehess cpcles Inbaract with tha cil-
malesyshan nﬂuFmd“' Infervention
In theEarih sysbam’”. With Ehe ndassa of carbaon m.u.n[c:c:,] from the
nbo uncharted barel-
mmmnmmm:;mynm
harving o crucil rola ln combmThng
kayaspacts of b cycle, questions sbowt the natire and tmportance
of Tt mgen- carhon- dimata interactions are becoming Lncraastog)y
prassing. Tha central question ks how the mrllabity of mtmgen wil
affectEhe capacity of Earths o oot carbon
from the atmcaphicns {526 page 295), and hence ¢ ootioss b halp in
mitigating cTmate changa ddidressng firisand other op2a Bsoas wih
cagand bo nitrogen- carton -dimark Lrersdtions neguine 1o Eacth -sys-
e perspeciva that movestigees thedypamlcs of e 1irogen cpoen
the cnbart of o changing carbon oy, 3. changing dbm eteand charges
Lo human gctkons.

Theanthrepegenic p orturbation of the nitregen opde
Pliresgan 18 o furla mankal component of g oraanems: t o
shiort supply 0 forms that can be sstmilated by pants Inboth marne
ani lan: 2 coeysiems. A5 @ resilt, mitrogen has o critical rolen oo -
g primary purm desction in the Mlirogen s gl & Lmiing
Eactor for tha plants grosm by bumans for food. Withot theavallabitty
of nitrogroous friftizer produced by tha Indsstrial process known as
thi Habar-Baosch pro cess, Hi e0ormous moosass i foo d pooduction
orwer {1 st carTury, witkch ' burn s sastamce e Lo ores s Lo global
poplatinn, wosild niot heva teen possiia. Al thi nitrogen s o fod
pradiction i=addsd to theanvimonant, @ i tha nircgen embted b
thie atmesphers during foaxl-Tod combustion Tnthe 19005, Ehem tws
SORLTCES of arrihrop ogenlc mkm gen to Eha enyronmant amountad bo
mare than 160 teragrams (Tg) ¥ per year (Fig. 1) On.a global basks,
this ls more than bt supplisd by nriucal bic ogical olirogen fxation
on and {1 10T g K par yaar) orlo the ocean {140 T B par year(Flg. 13
Gven expacted trands in population, demand for fod,

practices and energy use, anthropogenic nliroge o fuxas aoa fabad bo
Increasy; that i, humans ace Ukaly to be respoms (e fir doubling the

burnovar ratas not ooly of the ernesicel oknogen cpck but aso of the
nitrogen cycle of the antine Barth.

Tha nagathie oo gien s of thass o rogen additions ara sub-
stantial aod manlfivd, fron sutrophictionof tecrastrial and
1quatic systems o global addifmton and sratospheric ozone kss',
Of particular concern |s thefact that chemloal transformations of
nirogen aloogis tmmport pathway o theeoviroomant oftan leasd
boa camcada of effects. For exanyple, ao emtied ndeoile
oridecan Ot omise phoinchanoal s mog and than, after it hae been
omlitteadt in Tha st i mhrk s o and deposdted on the ground,
can Laad to socsrpsrtem ackl 'k atvom and sudmophication Although
tharg s st much bo undanstand ab out tha Imphications of oltmogen
socummlation in the ervronmaent, there 1s gl much bo understand
about how tha Incosased avallabilty of oo gen tobaacts with othar
blogeochan’cal dlamant < Toles and how thess mbenctions affid glo-
bal dimabe Changs.

INEtFEgen ad e perturbation of ot ebement Oycles
Tha human sccelaration of the mtmgen ¢ yole el not oo cur Lo ol -
Eiod, s b ans b gharad tha cyckes of sy

muet nobabity thoss ofphosphurs, silphur and caman’ O fparticular
relrvance i the ioceleration of the globtal mrkon oycl, berausa of e
cantral ok of strenspherks CO, In controll g dimate®. A remttof
e beralngrof fossl] fics and carbon anlssdons from laod-uss changs
abmospharic OO0, has increas ed to baved s that e mone than 3586 ghove
Ehica i Industial times. This incraes In atmopheric OO0 hes

1Hrogan and carbon Cycks caisad by
s wctheity o dn pat Unked i sach othar This b nostly o reskof
th.d atr epheres balng very afficlent o sp @0 el
and armmenls amitted i o Tesk of enecEy and foo o and
numm:m:-:gu: nq::nm»mmnpunﬂ Inaform that is
Fproducthdty

Lugﬂutptlknnftﬂ.tnm‘ﬂnquﬂm‘n.

Theaxlstancs of ¢ Largdy unacplaimad, bt substantial, carbon stk

0. the Morthern terrestrial binsphare” (thatLs, in exactly
tha paginn that Teceiwes most oftha ngenlc nikmgen fom e
Atmusphiad) woeld seem o support tis

comjaciira. Howarar, nhnogen-
it o ared mcitng stuilcs sipgeat that th e contefbation of nitregan
Garti'ration. to the Mortha rn Hamisphers carbonland siok has been
Small. This bsug newds to b resolved, e g Th e dlTerent proces s
thak are belngconsixerad boaxplam the cument Morthern Hembphare
carbon stak hawe very diffecaat Fuburs tra eciorkes. OO, Geciilization ks
respursibla — that Ls, the deect efect of davatad CO, oo plant growth
— oo could expact this poocess to umm.nmp;-mm:m the
fiure. [Kotirogen Griifeation i i expect
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Gruber, N. & J. N. Galloway, 2008. An Earth-system perspective of the
global nitrogen cycle. Nature 451(7176):293-296.
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Figure 1| Depiction of the global nitrogen cycle on land and in the

ocean. Major processes that transform molecular nitrogen into reactive
nitrogen, and back, are shown. Also shown is the tight coupling between
the nitrogen cycles on land and in the ocean with those of carbon and

Burial

‘Biclogical’

o hasm
phosphorus. Blue fluxes denote ‘natural’ (unperturbed) fluxes; orange
fluxes denote anthropogenic perturbation. The numbers (in Tg N per year)

are values for the 1990s (refs 13, 21). Few of these flux estimates are known
to better than +20%, and many have uncertainties of +50% and larger™*'.

1 Tg =1 Teragramo = 1.000.000.000.000 gramos

Gruber, N. & J. N. Galloway, 2008. An Earth-system perspective
of the global nitrogen cycle. Nature 451(7176):293-296.
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Reducing Phosphorus to Curb Lake Eutrophication is a Success
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ABSTRACT: As homan populitions increse and lnd-we
inenaies, taric and unsightly misane bleoms of alge e
ecoming karger and more frequent in freshwater lakes
In meet cases, the Hooms are Hue green algae
(Cyanabacteria), which are Gvored by low rafios of nittogen to
phosphorus In the past half cenmry, aquatic scientists havwe

devoted mnch effart to understinding the cmes of spch |_

Hooms and how fhey can be prewented or redoced Here we
review the sadenoe, i that mmerons long term stodies
af laks ecosysems in Furope ind Norh Amenca show that
cantrolling alg] bloams and ofher symptams of sutraphicaion
depends an redusing inputs of 3 single nuttent phosphorus.
In contrast, small-scale experiments af shart dnration, whee
nutnerts are added rather than remaved often giw

spurions
and candusing results that bear bitle relownar to sobving the proflem of cynotactena blooms in kkes

B INTRODUCTION

Eutrophiztion, the scientific term that describes algal Boams
and msaciatad poblems that are camsed by the response of
matmal waterns © ewessw inputs of numents, is one of the
gpretest mmh.‘ldpum
human popuktions produce incresang volumes of wasts and
Tequire Icreming areas and intemsity of land we to fed the
growing populafion. The effeds of higher water temperatunes
under glabad warming act in @ with Increasing nuTients,
wlnm!a&aifumehxa;mlhnm:sdmd.}-m'
The scientfic smdy of alpal booma dite from the exlist
days of the scene of Emnalogy (the study of inland waters).
ueed quantitzne methads to obeerve mcreases m
the size and doration of algal blooms in Zarichsee, Switterdand
25 early 25 1890 The term eutrophic, derived fram Gresk
s in foad, was first applied & lakes with algd Hoams
by Finar Nanmann in the eady years of the Hith centary. The
e europ hisafon was cained ta descrbe the process by which

lzkes bemme mtrient enniched which was believed to oour

natnrally  lke dowly filled with sediment, mnentating

numents in less and less water.

By the mid-2th century it was dear that homan activity
was acceleramg the entrophiction process. The problem was
foand to be mare widespread and to have ocumed mwuch
u:buﬂmha.dhmpmnﬁymtzd.mﬂunumm
af homan actuty. Hutchinsan ot d were dle 0 deduce fom
lake sediments that algad blooms developed in Lago di

o ACS Publicationg @ 2018 Amecici chemical Sacmey E e

Momterosi as the Romans ikt and osed the adjacemt Va
Appia. Even i the high arctic. enrophication ocomrred & sites
where prehistoric Inut whalers butchered ther prey on the
shores of feshwater likes® As human populitions increased
and modem inteneve agncolinre devedaped in
Enmpe and Narth Ameria in the eardy Kith eenry, the problem
reached epdemic propartians. The term aultural eutophicstion
was meed to refer to the accderation of bloam development ad
othe sympoms of by homan oty
Uil the mid Xth cenrury, the camses of entrophication wes
& mystery. By comparing the chamizl composition of algas
with water chemidry, kendogists wee able © deduce that
the problem had something to do with nument snnchment
hﬁ::jp_&enmnﬂthmﬂtmudmmnm
algae relatiw to mnentation in Lke water were supeded
wh&mlpnn.md.dmhdhmnﬂyi:mmplmhm
and cxrbon. Later smdies sggested that the
abandance of trace daments, and even myjor ins alo mighr
play 2 rale. Indeed, speakers atz 1967 symposiom on the topic
spansated by the LIS Nationd Academy of Sciences [NAS)
presented 3 wide variety of opinimns on the camses of sutro
yimhmzndd.ﬂmtmdlammuhﬁu:nmh
mﬂhmﬂdﬁdwmmﬂu;m
The rapd dewdopment of modern water chemistry in the
Ltier half of the 20th entury dlmwed bmnologists to quckly
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It Takes Two to Tango: When and Where Dual Nutrient (N & P)
Reductions Are Needed to Protect Lakes and Downstream
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ABSTRACT: Preventing harmé algal blooms (HABs) i neded &
Traditionally, r

mm[ﬂmmﬂemm'nhlﬂﬂ.m
&!mmytmﬂﬂpmmlr!nmlmfommmndp

input has decreased HARs in many hikes, but was not sucesful in others
hﬁe'?—nﬂnﬂy’;ﬂn@n averpeneralized. Whale-lke sxperiments
indicate that HARs ire often stimnlied morse by combined P and nitragen
that the dymamics of
bath norrients are important for HAE mntral chaging paradigm
ﬁmPoﬂpbmﬂmu}Mmthuswpmwdbj

lakes ‘md downstream  emsystems

(M) emichment mther than N ar F done,

Gan

A0

F&

r

200

Mean % Abowe Conirol

P +h +ME
that (1) bidlogical N fazton cannot dways mest L= (% lakes) {4 lakas) {12 lakes)

emmN:uds,ud[ﬂﬂ:xan&:wicNmeaﬁtgm:
imgeased dramatically in recent decades Sediment P acommmbition

While-Lake: Nulrign! Treatment

supparnts long-term internal loading, whie N may escaps wvia
denstrification. kading to perpema N deficm. Hence, controlling both N and P inpues will hdp control HABs m some lukes
and absa reduce M export i downstream Nosmaitive ecosystems. Managers should consider whether halanced catrol of Nand P
will most affectively reduce HABs along the freshwatermarine continunm.

B INTRODUCTION

The need © reduce nutient inpus © the warlds smrhee
waters & inensfying a3 water quality detenorates and clean
water demande mcresse along the feshwater to marne
continmm (Pigme 1).In hkes, the problem is aften addressed
hy.l\ed.n:msyinqlhnmﬁ (P) inputs based an the premise that P
universally lmits primary produdvity, a]pl hiomass, ad
harmful all bloam (HAR icrmal:l: This practice was
suocmsfnl i some but not all lakes 37 Therefore, we argne that
genemalizing the “Poonly” paradigm is not @ppropriae, nos is o
responsile to shift the hicsion borden to volnerable
scosystems downstream (e, the Golf of Menca, Balic 5ea)
by only mnwvallng P upstream. HAB-impacted lakes and
resewins indude some af the warld’s lagsst and culturally
mast impartant waterbodies (25, Lakes Ens and Odeechobes,
MWorth America; Lake Vidona, Afrcs; Lakes Tathu and DHanchi,
Chinay Lakes Falion and Maggiore, Enrope; Laks Rotorna

e ACS Fubllications e onstamean Commical sccmey

and Rotwit, New Zealand | Thass ldkes avhibit varying nutrient
and pmmﬂﬂjng 'm"mtk ui‘Pmmthn
() limitation, as well = periods of lalineed grawth, where W
and P a% in onaert to simulse biomass ;:mdu.d:iunm_‘
Based on geographically diverse aidence pressnted below,
soientists and resource. managers should ke i mare habistic
MWPM]}-HNWPNTI:@&PU&MM&
laket md mastd smepstems
The increasing uses of anthropogenic and bioavailble Mand
P with increasing population size, intensifying agnanitoral nd
nse, and asaciged apphicbons of chemical fertivers are
stressing aquatic resowrces. This trend has led fo increased
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