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CO, in the atmosphere

1

Biodegradation Solubilization and chemical processes
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Photosynthesis ~—— Soluble inorganic carbon,
I predominantly HCO,"
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{CH,0} and xenobiotic
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carbon Dissolution with Chemical precipitation
' dissolved CO, and incorporation of
1 mineral carbon into
Xenobiotics manu-

factured with petro-  Biogeochemical shells of organisms

leum feedstock processes
Fixed organic fossil Insoluble inorganic carbon
hydrocarbon, C,H,, predominantly CaCO4 and
and kerogen CaCO4;.MgCO,

The carbon cycle. Mineral carbon is held in a reservoir of limestone,
CaCQO,, from which it may be leached into a mineral solution as dissolved hydrogen
carbonate ion, HCO; formed when dissolved CO,(ag) reacts with CaCO,. In the
atmosphere carbon is present as carbon dioxide, CO,. Atmospheric carbon dioxide
is fixed as organic matter by photosynthesis, and organic carbon is released as CO,
by microbial decay of organic matter.




KYKAOZ TOY ANOPAKA

CO2 in O Lo ) Fossil Fuel
Atmosphere e 7 Buming

b ]
o

i
Diffusion Photosynthesis

\ Biomass
Decompasition -—_

and |
Respiration Biomass &%

COs in Aquatic

0O Biomass
ceans Coal & Qil
ggﬁ%ﬁ{gﬁés P imestone & Dolomiter=y

CaCOs - MgC@3 SeREEEEIIDEEE



Atmosphere 750

(=)

Yegetstion 610

e _ 3 ,' nt Production

60

e

Storage n GtC
Fluxes in GtCiyr
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I2OPOIMNIEZ ANOPIANOY ANOPAKA

Atmosphere

CO, (gas)

H* + CO5 ~— H™+ HCO;~—H,CO,—CO, (aq) + H,O

HCO; HCO;
Ocaan / \
Ca2++C02- H' s
3 Cast + CO5~

Sediment
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ISOPPOMMIEL (H*][HCO, ]
ANOPAKIKON IONTON BRI reToN B

the acid dissociation constant of HCO,:

[H*][CO,*]
[HCO;]

K, = — 4.69 x 10"

and the solubility product of calcium carbonate (calcite):
K, = [Ca**][CO] = 4.47 X 107
The reaction between calcium carbonate and dissolved CO, is
CaCO,(s) + CO,(aq) + H,O & Ca** + 2HCOy

for which the equilibrium expression is the following:

[Ca>*][HCO | _ KK, N
= Zsal = 424 x 107
[CO,]

K B Ka?.




[2CO,]= [CO,]5,0x. + [H,CO5] + [HCO5] + [CO5*]

To summarize, for water in equilibrium with solid calcium carbonate and
atmospheric CO,, the following concentrations are calculated:

(CO,] = 1.146 x 10°M [Ca>*] = 4.99 x 10 M
[HCO,] = 9.98 X 10 M [H*] = 5.17 x 10°M
[CO.2] = 8.96 X 10° M pH = 8.29

Zuvnowg 1o ZCO, OTOV WKEAVO EMHEPICETAI OE:
~1% dCO, + 88% HCO; + 11% CO;*



Mepikég OIEPYOTiIES TTOU ETTNPEALOUV
TIG ICOPPOTTIEG TWV AVOPAKIKWV

A. Katakpniuvion i d01adAuon tou CaCOs
CO, + H20 + CaCOs -> Ca ?* + 2HCOs,

B. Baktnpi1diakni O€1IKn) avaywyn Kal oXNUATICpNog CO:
2 CH20 + S0O4% ->S 2 + 2C02 +2H20
S %+ 2C02 +2H20 ->H2S + 2HCOs

. BakTnpI1010KOG OXNMATICNOG aupwVviag Kal CO:
CH2NH2COOH + 2(H) -> NH3 + CH4 + CO2

NHs3 + CO2 + H20 -> NH4" + HCOz3-
NHs + HCO3- -> NH4* + CO3 ¢

A. AuBuyeving oXNUATIOHMOG TTUPITIKWYV
3Al2S1205(0OH)4 + 2K* + 2HCO3 ->
2KAl3Si3010(OH)2 + 2C0O2 +5 H20
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> KaBwg 1o CO, EICEPXETAI OTA ETTIPAVEIOKA UDATA MECW TNG
avTtaAAayng aegpiwv aépa - OaAacooag, augavel TN
OUYKEVTPWON TOUu OAIKoUu CO, (Cr) Kal Tn HEPIKN TTIECH TOU
of CO, (pCO,). KaBwg n pCO, oTto BaAacoIVO VEPO AUSAVEI
MEIWVETAlI N €lopory CO, otnv emi@aveia TnGg 6aAaocoag.
EmitrAéov, n pCO, eival 1I010ITEPA guaioONTn oTNV AUSNON
TNG Beppokpaciag (~ 4,3 % ava °C). ZUVETTWG, N au¢non TnG
OeppoKpaCiag OTNV ETMIPAVEIO KOOI TNG EICPONG TOU
avBpwITroygvoug avlpaka auéavouv TNV pPCO,,
EAATTWVOVTAG TNV TTEPAITEPW E10PON TOU avOpwITOYEVOUG

avBpaka oto OaAaocoIvO VEPO.



NMapayovreg nou ennpeadouv Tnv pCoO, oTto BaA.vepo

1. pwToouvOeon
(removal)

2. di1aAuon CaCoO,
(removal)

3. nAilakn OeppoTnTa
(removal)

4. oEeidwon opyaviking
UANnG (addition)

5. karapuBion CaCO;
(addition)

6. KaUGEIC OPUKTDV
kauoipwyv (addition)
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If water were removed from the ocean, the ocean floor
would look like snow-capped mountains. The “snow line”,
the level below which there Is no calcium carbonate
preserved Iin the sediment iIs called the Calcite
Compensation Depth (CCD). At the CCD, the rate of CaCO:s
Input equals the rate of dissolution.

CaCO, accumulates above CCD
B CaCO, dissolves below CCD
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For calculations such as CO; gas exchange or CaCOj solubility. we need to know the
concentrations of HyCO3 or CO3”. We cannot measure these species directly. The four
parameters that can be measured are used to define all other variables in the carbonate
system these are: pH. Total CO,. Alkalinity and Pcoo.

Measurements

pH is defined in terms of the activity of H' or as pH = -log (H"). The historical approach
was to measure pH using a glass electrode calibrated with buffer solutions prepared by
the National Bureau of Standards. Thought the precision can be quite good (+0.003) the
accuracy 1s no better than about +0.02. New colorimetric methods have been developed

where the ratio of the acid to base is determined using a H' sensitive dye. See Millero

(1995) for discussion and references.

Total CO; (expressed as Cp or DIC or £C0O5) 15 defined as the sum of the concentrations
of the three carbonate species: Cp = [H,CO;] + [HCO;] + [CO57]

It 15 determuned by acidifying a seawater sample to about a pH of 2. This converts all the
carbonate species to HyCOj3, which 1s essentially equivalent to CO;(aq). which can be
driven off with an inert carrier gas (e.g. He) and analyzed with an infrared (IR.) detector.

Pco3 1s defined as the partial pressure of CO, that a water mass would have if it were in
equilibrium with a gas phase. It 1s determined by equilibrating a known volume of water
with a known volume of gas and measuring the CO; 1n the gas phase, again by IR
detection.
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oAikn aAkaAikornra (A, total Alkalinity) Tou 6aAaocci1vou vepouU opideTal n
OUYKEVTPWON OAWV TwV BACEWYV TTOU NTTOPOUV va TTpocAdfouv H* éTav n

oykouEéTpnon yivetal ye HCI péxpil 1o 1000UVANO ONHEIO TWV OSIVWYV
avOpaKIKWYV

Species -log C Concentration % of Alkalinity
mmol / kg meq / kg

HCO5 2.87 1.960 1.960 84
COs™ 3.84 0.144 0.288 12
B(OH)4 4.19 0.064 0.064 3

HS105 5.3 0.005 0.005 0.2
HPO,~ 5.68 0.002 0.004 0.2
OH 6.00 0.001 0.001 0.0

Total Alkalmity (TA) = 2.322 meq/ kg

I Generally: TA (or Alk) =[HCO;]+2[COs” ] + [B(OH),] + [HSiO57] + [HPO, ] + [OH]

Since alkalinity 1s defined as the amount of acid necessary to titrate all the weak bases 1n
seawater (e.g. HCOj3", CO 32 B(OH),) 1t 1s determined using an acid titration. The
concentration is expressed as equivalents kg™, rather than moles kg™, because each
species 1s multiplied by the number of protons 1t consumes. For example, when acid 1s
added HCO” consumes one proton as 1t 1s converted to H;CO;. CO ;¥ consumes two
protons, thus its concentration 1s multiplied by two (CO;~ +2H — H,CO,).



H ol oAikolikomTo LETPATOL IE OVKOUETPNOCT TOL OEIYUUTOS LE 10YLPO0 oL HEYPL v
KOTOVOA®BEL OAN 1] pLOOTIKI) IKOVOTITA TOV. Zav TEAKO GIUED TNC OYKOUETPN NS Be®@pPOoVLE CVTO
omov 10 pH &yel kutéfer oto 4.5. 10 onUeio avTd OAEC O1 0VLGIEC MOV Opovv M Pacelc &xovv
TPOTOVICDOEL 0OTOTE OV DILAPYEL TAEOV OAKUAKOTITO.

O1 avT1OpaoEelS TOv ACUPAVOLY ¥OPU KUTE TNV Tpoctnkn 0céoc o osiyo Boiucoivol vepol eival
o1 eCN¢:

HCO; +H - CO, + H,O
CO;” +2H - CO, + H,0
B(OH)y +H - B(OH); + H,O
OH +H - H,0

PO,” +2H - H,PO;

HPO,” + H™ - H,PO,
[SIO(OH);] + H = [Si(OH),]’

Onm¢ TUPUINPOVUIE ON0 TIC OVIIOPUOEIC OULTEC. O1 MEPICCOTEPEC PUCEIS KUTUVUAGVOLY &V

. . . . o - . 7. o o~ . .
TPOTOVIO Ovd [LOp10 TPOoKEIEVOL v eCovoetepmBolv. To CO5™ dume ypeldleToul OVO TPMTOVIC OTOTE

TPOGOETEL OLO HOVAOES UAKUAMKOTNTUS avd povaoa COs™.
To [H] ka1 [HSO4'] pei@vouy v dAKCAMKOTNTO 0@OD TUPEYOLV TPMOTOVIH GTO OtdAva. ITToAkES

POPEC TO YPTGILOTOI0VLE OC GOVOLo e copufoiiond [H]T.
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Figure 5.4.1. Changes in surface oceanic pCO; (left; in patm) and pH (right) from the time-series stations at
ESTOC (28°N. 15°W; (Gonzalez-Davila et al. 2003)), HOT (23°N. 1538°W: (Dore et al. 20037) and
BATS/Station 5 (31/32°N, 647W: (Bates et al. 2002: Gruber et al. 2002)). pCO4 and pH are directly
measured at ESTOC and caleuwlated from Dissolved Inorganic Carbon and alkalinity at HOT and BATS. The
mean seasonal cycle was removed from all data. The thick black line filters variability less than 5 years. The
thin black line is a linear fit to the data, and give an increase in pCOzo0f 1.9, 1.9, and 1.6 patm/yr and a
decrease in pH of 0.0012, 0.0019, and 0.0016 for ESTOC, HOT, and BATS respectively.
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‘Exel emmrwosic n
‘o§uvian’ - psiwaon rou pH
TOU WKEAVOU?

Mépa amrodé karroio 6pio
outntag (pH), ol
OPYOVIOHOI TTOU
TTEPIEXOUV aVOPOAKIKO
aoBEOCTIO, OTTWG
KopdaAAia, dibupa,
MOAGKIO Kol
QUTOTTAQYKTOV
KIVOUVEUOUV.

H o¢Uvion Twv wKeavwy
ETTOMEVWG ATTOTEAEI
aTTeIAN yia TNV emIfiwon
MEYAGAoOU apiOuou
BaAaocoiwv 10wV Kai
OAOKANpN Tn 6aAaocoia
TPOWYIKN aAucida.




KOKKOAIOOQOpPG: HOVO-KUTTAPIKA  MIKPOPUKN nou
KaAunTtovral ano nNAdKeEC avOpakikou aofeocTiou
(xokkOA1I001). Eival o1 nmi0 napaywyikoi Ot avOpakiko
aoB£0TIO OPYAVIOHOI NAV® OTOV NAAVATN.




AUO (POPEC AIlYOTEPOGC OXNHATIOHOG avOpakikoU aoBeoTIioOU
OE HEOOKOOHOUG TEXVNTA EUNAOUTIONEVOUG o€ CO,
NeipapaTa o HECOKOOHOUC £0€iEav auénon Tou apiOpou
TWV KAKOOYXNHATIOHEVWV KOKKOAIOWV Kal ateAn emkaAuwn
TWV KUTTAPWV TWV KOKKOAIOOPOpwV nou (OUV O CUVONKEC

uypnAou CO,, onNwG PpaivETal OTIC PWTOYPAPIEG :

s S
Me Tn ouykévrpwon CO, nou

Me Tn onpepivi ouykevTpwon CO,.
npoBAEneTar 10 2100.
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Calcifying organisms, such as these sea urchins grown in
seawater acidified with 400 ppm CO, (left)—the current

level in the ocean—produce spines that are truncated by
dissolution when reared in seawater acidified with 2,850
ppm CO, (right), an extreme level for lab tests.



EpeuvnTtég TnNG BpeTavikig ATTOoOTOARG OTNV AVTAPKTIKNA, TOU
BaolAikou IvoTitoutou OaAdooiag Epeguvag tng OAAavdiag
Kal TG EBvikAg Ymrnpeoiag Qkeavwyv kai ATHOo@AIpAG TWV
HIMA tpaypartotmroinoav peAéETEG oTov NOTIO QKkeavd T1Trou
O1aBpéxel Tnv AvVTapKTIKR. AlamrioTwoav 011 Ta KEAUQN O€
TOAAG €idn O6aAdocoiwv CaAlyKapiwyv OSlafpwvovTal TTOAU
ypHyopa KoBwg Ta veEPA oOTnV £m@dveia Tng OdAacocag
yivovTal oAoéva Kal Tio 6giva. Av Kal N atTwWAEIa TOU KEAUPOUG
Oev artroteAei dueon aitia Oavdrou vyia Ta ocaAlykdapia,
EVTOUTOIGC T KOOIOTA ESQIPETIKA EUAAWTA OATTEVOAVTI OTOUG
ex0poug TOoUG.Ta BaAdooia ocaAlykdpia gival Bacik TTNyNR
TPOPNG YIa Ta YApIa AAAG Kal yia OPICHEVA €idN TITNVWYV EVW
TTapdAANnAa atrotTeAoUv évav atrd Toug OEIKTEG TNG UYEIAG TwWV
BaAGOOIWV OIKOCUOTNHATWY. YEVIKOTEPO.

In.gr 26/11/2012




"Exel eKTIUNOEI OTI:

H utonAaykTovikn napaywyn 6a au&inbsi kara 40-200% av
OInAaciacOei N CUYKEVTPWON Tou atHoo@aipikou CO, (€Tog
2100). OuwG o1 31aPpopol (PUTONAAYKTOVIKOI OPYaVIOHOI EXOUV
dlagopeTikn guaicOnoia ornv avgnon Tou CO, kai diIaBeToUV
OIaOPETIKOUC HNXAVIOHOUC Yid THV apoHoi®won Tou avlpaka
HE ANOTEAEOHA KAMola €i0n va EUVOOUVTAdlI OE OXEON HE AAAq,
ME AnoOTEAECHA HETABOAEC oTh ouvoeon TV
(PUTONAAYKTOVIKQV BIOKOIVOVIQV.

H dpaotnpiotnta Twv Baktnpiov (napayouv CO,) kai Tou
(wonAayktou (kKaravaAwvel @UTONAAYKTO) HNOOPEI va
ENNPEacToUV ano TiG aAAayec oto pH HE anoTEAECHA AAAAYEC
oTn doun ka1 ASITOUPYIQ TV OIKOCUTNHATWV.

Mo nepinAoka yivovral Ta npayHara AOy®w TNG TAUTOXPOVNG
avénonc TnC ©Oeppokpaciac nou Oa ennpealer TN
dpaoTnpIOTNTA TOU (PUTONAAYKTOU Kal TN OIaAUTOTNTA KAl
ouykevTpwon Tou CO, oTn 6aAacoa.



Ta mio Tmpoéoc@ara Oegdoupéva TToU a@opouv Tnv odivion Tou BaAdooiou
mTePIBAAAoOvVTOG 0T Meooyelo TrpoépxovTal atrd Tov mAéa 2008 BOUM, o otroiog
mTpayparotroinOnke otn Meodyeio Oalaocoa og pia Topurp 3000 km KaTd MAKOG
TnG Meooyeiou, atrdé Tnv Kutrpo péExpl Tn Maocoalia
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The BOUM cruise (Biogeochemistry from the Oligotrophic to the Ultra oligotrophic
Mediterranean Sea; http:/www.com.univ-mrs.fr/BOUM/) occurred during summer
2008, from 20 June to 22 July, on board the R/V LAtalante.
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Property distributions along
the 2008 BOUM transect
going from Marseille (France;
Station 27; distance is 0 km)
to the Levantine Basin (south
of Cyprus Island; Station C;
Distance from Marseille is
3200 km).
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(a) Salinity (S);
(b) potential temperature (oC);

(c) Concentration of dissolved
oxygen (02; umol kg-1).

Distance from Marseille (km)



(a) Distribution of the total dissolved inorganic carbon (CT, umol kg-1);
(b) (b) distribution of the total alkalinity (AT; pmol kg—-1).
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Distributions of pH and acidification

Distance from Marseille (km)

Distributions of

(a) pH estimated from the
2008 BOUM dataset;

(b) (b) pre-industrial pH;

(c) acidification (ApH) for
the year 2008.



> H oAk aAkoAikotnta (A;) TTou METPNONKE eival uywnAn
(~2600 pmol kg=1), yeyovog 1Tou atrodideTal OTNV £EATHION,
OTIG MEYAAEG €£10P0EC YAUKOU VEPOU UWNANG OAKOAIKOTNTOG
OTIGC TTOPAKTIEG TTEPIOXEGC OATTO TO TTOTAMIO, KOOI OTTO TN
MalUpn OdAaococa (Schneider et al., 2007). H avaTtoAiki
Aekavn Tng Meooyeiou xapaktnpideral amo A > 2600 pmol
kg=1, evw oT1n OuTIK Agkavn gival A; <2600 pmol kg

> Atdopeévou OTI n Meooyeiog OaAacoa £xel HeEYOAUTEPN
OAKOAIKOTNTA OTTO TOV OVOIXTO WKEAVO UTTOPEI, MECO OE IO
OUYKEKPIMEVN XPOVIKN TTEPIOOO, VO ATTOPPOWPNOEI OXETIKA
TTEPICOOTEPO avBpwTtToyeveg CO,. ETiong, kabwg Ta vepda
TNG Meooyeiou gival BepuoTEPO ATTO AUTA TOU QVOIXTOU
WKEAVOU O0&€ OANn Tnv uddTtivn OTAAN, 0a TTapapEIVEl
KOPEOUEVN OE OVOPOKIKO OORBECTIO O OAn TNV UOATIVN
OTAAN YIa TTOAAGQ OKOMO XPOVIOA.



>Ta vepd TnGg Meooyeiou gival PUTTOOHEVO ME OXETIKA UWnAd etTireda
avBpwTtroyevoug CO, (C,py7)- Ol TINEG TOU C, 7 KUMAivovTal a1ro 48.8 umol
kg™t (2000m oTo 16vIo) péxpl Ta 94.7 umol kg ™(kdTw amd 10 OEPUOKAIVEG
otn OUTIKN AekAvn). Ta evdiaueoca Badn Trapoucialovral YEVIKA, AlYyOTEPO
pUTTAOHEVA ATTO C,\; OTTO TA ETTIPAVEIOKA N TA HEYAAA BAON.

>2TNV TrEPIOdO 7 €TwWV TTou pHeooAdaBnoe amd Tov mmA6a Tou METEOR
(2001) péxpr autov Tou BOUM (2008) Ta g0pn TIHWV TOU C,\r OUSHNONKOV
atré 37.5-84 ymol kg™ og 46.3-89.6 pmol kg=t. H adgnon tou C,+ €TNOCiWg
avépxeral o€ 0.8-1.2 ymol kg™ y=t. AnAadn, pokeiTal yia ofivion TTou
avTioToIlXEl o€ pia péon eTiola ApH peiwon 4.3* 104 — 1.8* 103/y.

>H Meooyeiog Oewpeital €va amd TA TrI0 OIVIOCMEVO OIKOCUOTAMOTO
(0.061<ApH<0.148). MapoAa autd Ta veEPA TNG AVATOAIKNG AEKAvNG gival
AlYyOTEPO PUTTOOHEVA ATTO AUTA TNG OUTIKNAG (ocuxva ApH>0.1).

>H utrotrepioxny Ailyaio — OdaAacoa Tng AgBavrivng emTnpeaceTal Ao Th
giopon OaAacoiwv palwyv oo Tn Maupn OdaAacod, Evw n UTTOTTEPIOXN
lovio-Kevtpikl Meooyeiog OdaAaocoa emnpedadeTal amd TNV €10PON
UOATIVWYV Halwyv aTtrd TNV AdpPIATIKN.

>YT1roAoyideTal OTI av 0 avOpwWITOYEVNG AVOpOKAG OUVEXICEI VO OUSAVETAI
ME auTOoUG TOUuG PpuUBuOoUG (0.8 - 1.2 ymol/kg y), To pH Ba peiwlei kata 0.1
MEoa pOvo o€ 56 xpovia.
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