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Ciclo do Carbono

Fluxo e estoques de carbono na Terra

Ha dois “ciclos do carbono”:

e Ciclo Rapido — troca "rapida” entre atmosfera, oceanos, camada
superior do solo e

* Ciclo Lento — conversao em carbonatos (rochas), eventos geoldgicos
(movimento de placas tectonicas, erupcdes vulcanicas, etc) — escala
de milhares a milhdes de anos
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Table 1. Carbon pools in the major reservoirs on

Earth.
Quantity
Pools (Gt)
Atmosphere 720
Oceans 38,400
Total inorganic 37,400
Surface layer 670
Deep layer 36,730
Total organic 1,000
Lithosphere
Sedimentary carbonates >60,000,000
Kerogens 15,000,000
Terrestrial biosphere (total) 2,000
Living biomass 600-1,000
Dead biomass 1,200
Aquatic biosphere 1-2
Fossil fuels 4,130
Coal 3,510
Oil 230
Gas 140
Other (peat) 250

Reservatorios de Carbono

The Global Carbon Cycle: A Test of Our Knowledge of Earth as a
System

BY P. FALKOWSKI, R. J. SCHOLES, E. BOYLE, J. CANADELL, D.
CANFIELD, J. ELSER, N. GRUBER, K. HIBBARD, P. HOGBERG, S.
LINDER, F. T. MACKENZIE, B. MOORE Ill, T. PEDERSEN, Y.
ROSENTHAL, S. SEITZINGER, V. SMETACEK, W. STEFFEN
SCIENCE13 OCT 2000 : 291-296

http://science.sciencemag.org/content/290/5490/291
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Ciclo do Carbono
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CO, + H,0

hv
9

{CH,0} +0,(g)

Eficiéncia ao redor de 3 a 6%

Renewable biological systems for alternative sustainable energy
production (FAO Agricultural Services Bulletin - 128)
http://www.fao.org/docrep/w7241e/w7241e05.htm#1.2.1

photosynthetic efficiency
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Respiracao

Respiragao: Aerébica

{CH,0} + O,(g) - CO, + H,0
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Mudang¢as Mensais na [CO,]

Monthly Change in Carbon Dioxide, 1959-2010
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Ciclo do Carbono

’(C O, in the atmosphere)

Solubilization and chemical processes
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Manahan, S. E. Environmental chemistry; 7th ed.
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Ciclo do Carbono

Major Reservoirs and Natural Fluxes of Carbon 475

Atmosphere 780

(Annual increase 3.2)

Respiration—59 ? ‘ Photosynthesis—120 22 K ~92 ‘ 1 -90

Vegetation 550 Land use

Decomposition ~58

Surface ocean

) Dissolved inorganic 36,300
25 (Annual increase ~0.1) s Dissolved organic 975

(Annual increase—1.4)

o . change
‘© (Annual increase 0.7) Dissolved inorganic 700
E Dissolved organic 25
m .
_g * 60 (Annual increase ~0.4)
< Primary production ~48 Respiration and
© 5558 Litter 300 42 decomposition —37 33
S _
S | Surface biota 3 |
S ‘ 2-5 itus ~
o] Detritus ~1 1
I .
- Intermediate and deep ocean
o Soil 1200
Vo)
—
—
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Fossil fuels 15
Land < coal, oil, gas Ocean Peta (10 )

5,000-10,000 /

Figure 1 The contemporary global carbon cycle. Units are Pg C or Pg C yr—'.

13 Holland, H. D.; Turekian, K. K., Treatise on geochemistry. 1st ed.; Elsevier/Pergamon: Amsterdam ; Boston, 2004; Vol. 8
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Ciclo do Carbono

Table 1 Stocks and flows of carbon.

Carbon stocks (PgC)

Atmosphere 780
Land 2,000
Vegetation 500
= Soil 1,500
£ Ocean 39,000
3 Surface 700
5 Deep 38,000
g Fossil fuel reserves 10,000
CI’ Annual flows (Pg C yr™ ")
= Atmosphere-oceans 90
i Atmosphere-land 120
g

Net annual exchanges (Pg C yr ')
Fossil fuels
Land-use change
Atmospheric increase
Oceanic uptake
Other terrestrial uptake

W N WA

0 Holland, H. D.; Turekian, K. K., Treatise on geochemistry. 1st ed.; Elsevier/Pergamon: Amsterdam ; Boston, 2004; Vol. 8
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Ciclo do Carbono

Table 2 Area, carbon in living biomass, and net primary productivity of major terrestrial biomes.

Biome Area Global carbon stocks Carbon stocks NPP
(10” ha) (Pg C) (MgCha (PgCyr Y
WBGU MRS WGBU MRS IGBP WBGU MRS IGPB Ajtay MRS

Plants Soil Total Plants Soil Total Plants Soil Plants Soil

£ Tropical forests 176 175 212 216 428 340 214 553 120 123 194 122 137 219
2 Temperate forests 104 59 100 139 153 @ 5796 134 147 65 8.
g Boreal forests 37 1.37 88 471 55 57 338 64 344 42 247 32 26
. Tropical savannas @ 276 66 264 @ 79 247 @ 29 117 29 90 177 149
k= and grasslands
3 Temperate grasslands 1.25 1.78 9 205 304 23 176 199 7 236 13 9 53 70
| and shrublands
= Deserts and semi-deserts  4.55 2.77 8 191 199 10 159 169 2 42 4 57 1.4 35
= Tundra 095 056 6 120 127 2 115 117 6 127 4 206 10 05
T Croplands 160 135 3 128 131 4 165 169 2 80 3 122 68 4.l
Wetlands 0.35 IS 225 240 43 643 43
Total 1512 1493 466 2011 2477 654 15567 2221 599 62.6

Source: Prentice et al. (2001).

15 Holland, H. D.; Turekian, K. K., Treatise on geochemistry. 1st ed.; Elsevier/Pergamon: Amsterdam ; Boston, 2004; Vol. 8
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Ciclo do Carbono

Table 3 The distribution of 1,000 CO> molecules 1n
the atmosphere—ocean.

= Atmosphere 15
: Ocean 985
3 CO» 5
5 HCO5 875
: CO3~ 105
Total 1,000

Source: Sarmiento (1993).

Holland, H. D.; Turekian, K. K., Treatise on geochemistry. 1st ed.; Elsevier/Pergamon: Amsterdam ; Boston, 2004; Vol. 8
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Ciclo do Nitrogénio
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Ciclo do Nitrogénio

4 ? ? ¢ Atmosphere
i L] -
v i Soil or water
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N, i
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Figure 1 The processes of nitrogen fixation, assimilation, nitrification, decomposition, ammonification, and
denitrification (after Karl, 2002).

19 Holland, H. D.; Turekian, K. K., Treatise on geochemistry. 1st ed.; Elsevier/Pergamon: Amsterdam ; Boston, 2004; Vol. 8
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Ciclo do Nitrogénio

Fixacdo de Nitrogénio:

N, + 8H*+8 e~ —— 2 NH3 + H,

©
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é’ Genus Phylogenetic Affiliation Lifestyle

= Nostoc, Anabaena Bacteria (Cyanobacteria) free-living,acrobic,

S phototrophic

| . . . .

- Pseudomonas, Azotobacter, Bacteria free-living, aerobic,

= Methvlomonas chemoorganotrophic

i » » » . . . . .

_ Alcaligenes, Thiobacillus Bacteria free-living, aerobic,

[ . .

g chemolithotrophic
Methanosarcina, Methanococcus Archaea free-living, anaerobic,

chemolithotrophic

Chromatium, Chlorobium Bacteria free-living, anaerobic, phototrophic
Desulfovibrio, Clostridium Bacteria free-living, anaerobic,

chemoorganotrophic
symbiotic, aerobic,
chemoorganotrophic

Rhizobium, Frankia Bacteria

-

20 http://www-nature.ez67.periodicos.capes.gov.br/scitable/knowledge/library/the-nitrogen-cycle-processes-players-and-human-15644632
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Ciclo do Nitrogénio

Nitrificacdo (oxidacdo aerdbia da aménia por bactérias gerando nitrito e nitrato)

1)NH3 + O + 2 @ =3 NH>0H + H,0 Enzima amdnia mono-oxigenase

2) NHo,OH + HoO ==—> NO, + 5 H* + 4 ¢~ Enzima hidroxilamina oxidoredutase

Bactérias dos géneros Nitrosomonas, Nitrosospira, e Nitrosococcus

QFL 1601 — Quimica Ambiental |

NO>™ + %02 — NO3~

Bactérias dos géneros Nitrospira, Nitrobacter, Nitrococcus, and Nitrospina

21 http://www-nature.ez67.periodicos.capes.gov.br/scitable/knowledge/library/the-nitrogen-cycle-processes-players-and-human-15644632
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Ciclo do Nitrogénio

Anamox (oxidagGo anaerobia da amoénia)
“perda” de nitrogénio em ambientes aqudticos

NH4" + NO™ =——> N> + 2 Hy0

Bactérias do filo Planctomycetes

QFL 1601 — Quimica Ambiental |

22 http://www-nature.ez67.periodicos.capes.gov.br/scitable/knowledge/library/the-nitrogen-cycle-processes-players-and-human-15644632
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Ciclo do Nitrogénio

Desnitrificacdo (nitrato é convertido em nitrogénio gasoso, passando
por intermedidrios) — processo anaerdbio

1) NO3~ == NO3~ =—> NO + N2O =—> N>

2)2NO3 +10e + 12H* =3 N2 +6 HO

Bactérias dos géneros Bacillus, Paracoccus, and Pseudomonas
Necessitam de C organico também!

QFL 1601 — Quimica Ambiental |

23 http://www-nature.ez67.periodicos.capes.gov.br/scitable/knowledge/library/the-nitrogen-cycle-processes-players-and-human-15644632
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Ciclo do Nitrogénio

Amonificagdo (nitrogénio orgdnico é convertido em aménia)

QFL 1601 — Quimica Ambiental |

24 http://www-nature.ez67.periodicos.capes.gov.br/scitable/knowledge/library/the-nitrogen-cycle-processes-players-and-human-15644632
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Ciclo do Nitrogénio
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Figure 1.6. The nitrogen cycle.

Holland, H. D.; Turekian, K. K., Treatise on geochemistry. 1st ed.; Elsevier/Pergamon: Amsterdam ; Boston, 2004; Vol. 8

Reinaldo C. Bazito



QFL 1601 — Quimica Ambiental |

26

Ciclo do Nitrogénio

Tera (101?)

~

Table 2 N amounts in global reservoirs (TgN yr ).

Reservoirs Amount Percentage
of total

Atmosphere, N, 3,950,000,000 79.5
Sedimentary rocks 999,600,000 20.1
Ocean

N, 20,000,000 0.4

NO; 570,000 0.0
Soil organics 190,000 0.0
Land biota 10,000 0.0
Marine biota 500 0.0

Source: Mackenzie (1998) except ocean, N, from Schlesigner (1997).

Holland, H. D.; Turekian, K. K., Treatise on geochemistry. 1st ed.; Elsevier/Pergamon: Amsterdam ; Boston, 2004; Vol. 8
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Ciclo do Nitrogénio

Table 4 Global creation and distribution rates of Nr (TgN yr™').

Reactive nitrogen

~ 1970 1970 ~1980 1990 1990s
(Delwiche, (Svensson and (Rosswall,  (Galloway et al., (Schlesinger,
/ 1970) Soderlund, 1976) 1983%) 1995) 1997)
Natural Nr CI.eation/Biological nitrogen fixation
Terrestrial BNF 30 140 44-200 90-130 100
Marine BNF 10 30-130 1-130 40-200 15
Total lightning 7.6 ? 0.5-30 3 5
Anthropogenic Nr creation
Haber—Bosch 30 36 60 78 80
BNF, cultivation 14 89 43 40
Fossil-fuel combustion 19 10-20 21 24
Total terrestrial 74 194 255 249
Total global 174 274 375 264
Atmospheric emission
NO,, fossil-fuel combustion 19 10-20 21 24
NO,, other 21-89 0-90 14.5 24
Terrestrial NH; 113-244 36-250 53 62
Marine NH; 0 13 13
Total emissions 253 102 123
Atmospheric deposition
Terrestrial NO,, 32-83 110-240 26.5 30
Marine NO, 11-33 12.3 14°
Terrestrial NH, 91-186 40-116 52 40
Marine NH, 19-50 17 16°
Organic N 10-100
Total deposition 253 173-496 110 100
Riverine flux to coast 30 13-24 13-40 76¢ 36¢
Denitrification®
Continental N,O 16—-69 16—-69 9.1 11.7
Marine N>O 20-80 9-90 2 4
Continental N, 43 91-92 43-390 130-290 13-233
Marine N, 40 5-99 0-330 150-180 110
Total denitrification 83 236 386 249

 Deposition values for land plus ocean; NH; emissions include marine. ® Wet. © Total. ¢ Dissolved.

with the realization that N>O is also produced during nitrification.

¢ N,O emissions are included

Holland, H. D.; Turekian, K. K., Treatise on geochemistry. 1st ed.; Elsevier/Pergamon: Amsterdam ; Boston, 2004; Vol. 8
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Ciclo do Nitrogénio

Table 5 Global Nr creation and distribution in 1890
and 1990 (TgN yr ).

1890 1990
Natural Nr creation
BNF, terrestrial 100 89
BNF, marine 120 120
Total lightning 5 5
o Anthropogenic Nr creation
= Haber—Bosch 0 85
= BNF, cultivation 15 33
g Fossil-fuel combustion 0.6 21
<E( Nr creation
© Total terrestrial 121 233
= Total global 241 353
czj Atmospheric emission
I NO,, fossil-fuel combustion 0.6 21
— NO,, other 6.2 13.0
§ NH;, terrestrial 8.7 43.0
" NH;3, marine 8 8
"ch Total emissions 24 85
Atmospheric deposition
NO,, terrestrial 8 33
NO,, marine 5 13
NH,, terrestrial 8 43
NH,, marine 12 14
Total deposition 33 103
Riverine flux to coast (DIN) 5 20
Source: Galloway and Cowling (2002). N,O emissions are included
here with the realization that N,O is also produced during nitrification;
deposition values are for land plus ocean.
28
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Ciclo do Nitrogénio

QFL 1601 — Quimica Ambiental |

Figure 3 Global nitrogen budgets for: (a) 1890 and (b) 1990, Tg N yr ! Emissions to the (left) NO, box from (first

29
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Processo Haber-Bosch

nitrogen
from the air

nitrogen and hydrogen

hydrogen
from natural gas

S,
\‘ _ we !

Fritz Haber

QFL 1601 — Quimica Ambiental |

1:3 by volume T

400 - 450°C
200 atm
iron catalyst

unreacted
gases
recyded ¥
| gases are cooled
and ammonia tums
to liquid

Nog) + 3Hzq —————= ©2NH3yq 4AH =-92kJmal!

-_—

30 https://www.britannica.com/biography/Fritz-Haber https://www.britannica.com/biography/Carl-Bosch

http://www.chemguide.co.uk/p

'

liquid ammonia

hysical/equilibria/haber.html

Reinaldo C. Bazito



QFL 1601 — Quimica Ambiental |

31

Oxidos de Nitrogénio na Combustdo

NO, (NO e NO, — maiores contribuicdes) e N,O (menor contribui¢ao)

Formagao de NO, em processos de combustao:
1) N, do ar (NO, térmico e NO, “imediato” - prompt NO, )

2) Compostos com N presentes no combustivel (NO, de combustivel)
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Oxidos de Nitrogénio na Combustdo

NO, térmico (mecanismo de Zeld’ovich):

N,+O > NO+N
N+O,>NO+0O
N+OH—->NO+H

NO, prompt (mecanismo de Fenimore):

CH+N, > HCN+N
HCN + 0O - NCO + H
NCO+H - NH+CO
NH+H->N+H,




Oxidos de Nitrogénio na Combustdo

NO, de combustivel

HOCN +H >, HNCO /
+OH /
+0
*0 *

HCN —bnco—b NH == *

Nea

QFL 1601 — Quimica Ambiental |

FiG. 11. Reaction path diagram illustrating the major steps in prompt NO formation and conversion of
fuel nitrogen (FN) to NO. The bold lines represent the most important reaction paths.

http://www-sciencedirect-com.ez67.periodicos.capes.gov.br/science/article/pii/0360128589900178

33
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Oxidos de Nitrogénio na Combustdo

NO, de combustivel
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https://upload.wikimedia.org/wikipedia/commons/9/91/Phosphorus_Cycle_copy.jpg
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Ciclo do Fosforo

LHE GLOBAL FHOSEHOKUS CYCLE

Characteristic deep-sea
dissolved phosphate
profiles
for three
ocean basins

H =12,000m
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1 2 3 4
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Ciclo do Fosforo

Loss rom o

The Phosphorus cycle

Atmospheric

Crop deposition
harvest (dust)

A

Animal
manures
and biosolids

Mineral
fertilizers

Plant
residues

Organic Phosphorus:
- Microbial
- Plant residues
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Mineral surfaces

(clays, Fe and
Al oxides,
carbonates)

Soluble P
- H,PO, :
- HPOZ ' Secondary
compounds
(CaP, FeP, MnP, AIP)

37 https://upload.wikimedia.org/wikipedia/commons/9/91/Phosphorus_Cycle_copy.jpg
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Ciclo do Fosforo

Soluble inorganic phosphate)
as HPO >, H,PO,", and
polyphosphates J
T {

A — Precipitation
Assimilation by ( Fertilizer runoff, waste- J P

g organisms water, detergent wastes
2 Biodegradation
& 1 Dissolution
S 'S
= Xenobiotic
S organophosphates
- ~
LO°. h 4 4 v
z Biological phosphorus, Insoluble inorganic phosphate,
predominantly nucleic acids, such as Ca(OH)(PO,);
ADP, ATP or iron pflosphates
l v

Biological organic and morganic
phosphates in sediments

re 1.7. The phosphorus cycle.

38
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Ciclo do Enxofre

Elementary Issues 647
Gas and particulate
transport Sea spray > 26
4

70 90 68 26
= = A o 4A4 71 85 30
= A gg < 1P
c ~ = B = | 2, = ARe
o Q 2|2 2= = A = =«
'g 2 S| &> 5 > =8 «»|.S S -

S| i ) S| = s 3| & =1k S|
> . — s 5172 =38 = g, a8 3l & 2| =
@ Soil application = o |2 RS 2 2 551 N z|2 =18
2 o 3 &[S % £ 3 2ls Ol Ao
[ < S e
= Rock - T
= weathermg
= .
g ” River
g 95

////////////////// 000 =

Figure 1 A generalized geochemical cycle for sulfur of the early 1970s. Note the large emissions of hydrogen
sulfide from the land and oceans and that volcanic sulfur emissions are neglected (units: Tg (s) a l).
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Ciclo do Enxofre

Grazer DMSP / Demethylatlon\\ Bacteria

3-Methiolpropionate

Assimilated S |"Ww.

. . Demethiolati Bacteria
= ~| Bacterial DMSP cmethiofation \
Elimination + Methanethiol Bacteria

(osmotic uptake?)
Fecal or detrial A/A/ \Assimilation

Sulfur in Seawater 661
\\ | Vs /
~ -
— —
7 | N\
DMS ’
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S
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£ Sea DMS
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S DMSP / Bacter
§ Grazi + Lysis or (Dissolved) Bacterial or algal acteria
=) razing
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+ Complexes i I B Methionine
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Sinking/export

Figure 11 The biogeochemical cycles of DMSP and DMS in surface waters of the oceans (source Kiene
et al., 2000).
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Ciclo do Enxofre

A rve NJrvuovwr vy s e
.

Continental - Marine
atmosphere
atmosphere < p
™ 1.6 3.2
T A A
@ Volcanoes
%
< A
g '
=
= Soils and Lakes and N
[ land biota ! TIVETS 7
= A3x 10° #
S ..... | ................ I -
1 [ L R e I I I I A I B I I A I Y Ocean M;.lrlne
é oooooooooooooooooooooooooo 9 blota
................................ 1.3x 10 30
oooooooooooo 'o ® o e o & o e e e v e e v e o N/ o e o .OCCaI'l Sedimentsc o o o o‘n
... ...... Lithosphere T Tttt TN L 3x 108 I R
........... 2% 1010 L e e

Figure 15 Major reservoirs and burdens of sulfur as Tg(S) (source Charlson et al., 1992).
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