EAAHNIKH AHMOKPATIA

Edvikov kot KamodictpLakov
r ’
I[Tovemotnuov Adnvwv

Xnuikn Qkeavoypadla

Evotnta 1: O kUkAog Tou avBpoka

EppavounA Aacevakng
YXOAN OeTikwv Emiotnuwyv

Tunua Xnuetag



O KYKAOX TOY ANOPAKA




Carbonate chenustry 1s the most intensely studied subject of marine chenustry. It 1s
central to:

e The control of seawater pH;

e Regulation the CO; content of the atmosphere via the biological pump:
e Determining the ocean's influence on fossil fuel CO; uptake:

e Determuining the extent of burial of CaCO; 1n marine sediments.

What is it? The “carbon pump” refers to the biologically produced flux of carbon out of
the euphotic zone of the ocean
Why do we (and many others) study this?
e It regulates to some extent the pCO, content of the atmosphere.
e It determines the O; and nutrient content of the deep sea.
e If it changes in response to global warming, we should know this.
Some terminology:
Gross and Net primary production refer to the activity of plants:
(a) Gross primary production (GPP) — 1s the rate of organic carbon fixed by plant
photosynthesis.
(b) Net primary production (NPP) — 1s the rate of organic carbon fixed by plant
photosynthesis after accounting for respiration.
(¢) Net community production (NCP) — 1s the net organic carbon fixed by plant
photosynthesis after accounting for both plant and animal respiration.
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Atmosphere

, 750 x 10° tons
Terrestrial

2200 x 10° tons

Geological
5-10,000 x 10° tons

Oceans
39,000 x 10° tons

Sverdrup et al., An Introduction to the World’s Oceans, 7th edition, McGraw Hill
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Different Styles of Sediment Traps




Carbon uptake

(1 — Cprud
flux 0.0238z+ 0212

C prod = primary production rate at surface

C flux = organic tlux at depth of sediment trap

Thus. we can estimate C flux at any depth
below 50 m if the overlying surface water
production 1s known. Only about 10% of PP

remains at 400m and only 1% below 5000m.

Carbon flux
1000m

Carbon
burial



[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 (Ca2*] = 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 ENIHEPILETAI OE:
~19% dCO, + 88% HCO; + 11% C




1. CO,(g) + H,O =H,C 0, Ky = (H,C 03*) / Pcoo (Henry's Law)
(gas concentrations are given as partial pressure; e.g. atmospheric Pcor = 1077)

2. H,CO; =H +HCO; K= (HCO5)(H") / H,CO3")
3. HCOy =H" + COs* K> = (H")(COs*) / (HCO3)
4. H,0=H +O0H K= (H)(OH)

Representative values for these constants are given below. Equations are given in Millero
(1995) from with which you can calculate all K's for any salinity and T, P conditions. The

values here are for S = 35. 25°C and 1 atm.

Constant Thermodynamic Constant (K) Apparent Seawater Constant (K')
KH 10-1.4? l 0—1_53
KIT 10—5.35 .I. 0—5.[}{]‘
K 101033 10°9-10

Kw 10-14_[] 1 0—13.9
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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.




oAikn aAkaAikornra (A, total Alkalinity) Tou 6aAaoccivou vepouU opideTal n
OUYKEVTPWON OAWV TwV BACEWY TTOU NTTOPOUV va TTpocAdfouv H* éTav n

oykouEéTpnon yivetal pe HCl 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,).



The acids of Seawater. There are many acid/base pairs in seawater. However, very few
have a pK or a significant concentration in the pH range of seawater (pH 7-9). The
concentrations and apparent constants in the table below were taken from Edmond
(1970). Some elements form more than one acid.

SPECIES REACTION CONCENTRTION pK’
(moles / kg) -log Ct
H,0 H,0 & OH+H" 13.9
' CO,+H,0 < HCO; +H" 24x10° 2.6 6.0
HCO; < CO;> +H" 9.1
B B(OH); + H,0 < B(OH); +H™  4.25x10™ 3.37 87
Si H,S10; < HSiO; + H+ 1.5x10™ 3.82 9.4
HSi0y < Si0;" +H™
P H3;POs & H)POs +H 3.0x10° 5.52 1.6
HyPOy & HPC;f' + H+ 6.0
HPOs & PO; +H 8.6
Mg Mg+ H0 ¢ MgOH™ +H’ 5.32x 107 127 125
Ca Ca’" +H,O0 © CaOH™ +H" 1.03 x 107 1.99 13.0
S HSOsy & SO +H' 2.82x 107 1.55 1.5
F HF © F+H" 52x 107 4.28 2.5
Anoxic Water
N NH, ¢ NHj(aq) +H” 10x 10° 5.0 9.5
S H,S & HS +H™ 10-100 x 10°® 5.0-40 7.0
HS & S*+H' 13.4

The Most Important Acids in Seawater are Carbonic Acid and Boric Acid:




pH is controlled by alkalinity and DIC; therefore, on long time scales it is
controlled by the weathering (sources) and burial (sinks) of silicate and
carbonate rocks.

Internal (short time scale) variations of pH in the ocean are controlled by
Internal variations Iin DIC and alkalinity that are controlled by
photosynthesis, respiration and CaCO3 dissolution and precipitation.

ETUOANELIA

EYOQTIKH ZONH




9.00

8.80F

8.80

8.70

8.60%

Iapddelyua npeRNoIWY Kai EMOXIaKWY SIGKUUAVOEWY TOU

6.50r pH oe aPabr vepa.

!

8.40 A
oY
o1 I, }
8.30+ A
{ )
i
i
8.20F i H
1
¥ i
/ '
S R NN 1
’ol *vf ‘b----q
8.00 "“"cf‘ XEIMONAS het
L__ \ A 1
0 6 12 ¢) 12 PEZ

MEZHMEP]




|—*—DIC (umolk®)| Atlantic Carbon Parameters |—*- PCO2| [—a—;H

“B-TAlk (umol/kg)l NATL93: Sta 49, 25°W & 27°N |@ 20°C (patm) |
1900 2000 2100 _ . 2200 2300 2400
7.3 1.5 A 7.9 5.1
0 ”—";\‘\ — ; ree
S00 4 ‘ & ol
1000 - %y
- *
= 2000 -
B 2500 -
= 3500 - 4%
$000 - }

4500 - | ‘ , —
500 ) d , . . i | —e—DIC (umol Pacific Carbon Parameters [+ pcOs [ .
qn”o 400 2250 800 2300 1200 2350 1600 2||-@-TAlk umolkg)| P18: Sta 178, 110°W & 16°N |@ 20°C (uatm)

T 1900 2000 2100 _ 2200 _ 2300 2400
x.S 7.5 A lo/ R 7.9 2 8.1
“l e
A y
2 A . “u ._,.‘ ‘
- . >
~ 1500 + A .‘/_\ A
- w )
2000 - Ly A o Y
A o ‘#
2500 - \ 1
4 g ’h
A ¢
15"’20« 2250 .. 2300 2350 ... 2400 ____ 2450

400 500 1200 """ 1600 _2000




total dissolved carbon, £C0p (mol m—3)
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napayovreg nou ennpeadouv Tnv pCo, oto BaA.vepo

1. pwTOoOUVOEDN
(removal)

2. di1aAuon CaCoO,
(removal)

3. nAiakn OgppoTnTa
(removal)

4. ofcidWOoN OPYavikiG
UAnG (addition)

5. karapuBion CaCO;
(addition)

6. KAUOEIC OPUKTWOV
kaucipwv (addition)

34.8 35.0 35.2 354 35.6 35.8 36.0
SALINITY




A. Katakpiuvion i d1adAuon tou CaCOs
CO, + H20 + CaCOs -> Ca ?* + 2HCOs,

B. BakTtnpi1diakni O€1Kn avaywyn Kail oXNUATIopnog CO:
2 CH20 + SO4 2 -> S 2 + 2C02 +2H:20
S 2 +2C0O2 +2H20 ->H2S + 2HCOs-

. BakTnp1010KOG OXNMATICHOG appwVviag Kal CO:
CH2NH2COOH + 2(H) -> NHs3 + CH4 + CO2

NH3 + CO2 + H20 -> NH4* + HCOs3-
NH3 + HCO3- -> NH4* + CO3 ¢

A. AuBuyeving oXNUATIOHMOG TTUPITIKWYV
3Al2Si205(0OH)4 + 2K* + 2HCO3" ->
2K AI3Si3010(OH)2 + 2C0O2 +5




> KaBwg 1o CO, EICEPXETAI OTA ETTIPAVEIOKA UOATA NECW TNG
avTaAAayng aegpiwv aépa - OAaAaocooag, augavel TN
OUYKEVTPWOT TOU OAIkou CO, (Cr) Kal Tn HEPIKK TTIECH TOU
CO, (pCO,). Kabwg n pCO, oTto BaAaocoIvO VEPO OAUGAVEI
MEIWVETAI N €lopory CO, oTnv emi@avela TnGg BaAaocoag.
EmimrAéov, n pCO, €ival 1dia1Tépa guaioBnTn otnv auvénon
TNG Beppokpaciag (~ 4,3 % ava °C). ZUVETTWG, N au¢non TnG
OeppoKkpaciag oOTNV EMIPAVEIO KOl TnNG EIOCPONG TOU
avBpwITroyevoug avlpaka auéavouv TNV PCO,,
EAATTWVOVTOG TNV TTEPAITEPW EICPOIN TOU AVOPWITOYEVOUG
avlpaka oto OaAaocoIvo veEPO.
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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 (29°N, 15°W: (Gonzalez-Davila et al. 2003)), HOT (23°N, 158°W: (Dore et al. 2003)) and
BATS/Station S (31/32°N, 64°W: (Bates et al. 2002; Gruber et al. 2002)). pCO; and pH are directly
measured at ESTOC and calculated 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 pCO20f 1.9, 1.9, and 1.6 patm/yr and a
decrease m pH of 0.0018, 0.0019, and 0.0016 for ESTOC, HOT, and BATS respectively.



Ta mio Tmpoéoc@ara Oegdouéva TTou a@opouv Tnv odivion Tou BaAdooiou
mTePIBAAAoOvTOG 0T Meooyelo TrpoépxovTal atrd Tov mAéa 2008 BOUM, o otroiog
mpaypatotrroinOnke otn Meodyeio OdAaocoa o€ pia Toup 3000 km KATA 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.

- - 1110



Profiles for 8, S (conductivity), and O, were obtained using a Sea-Bird Electronics
911 PLUS CTD system. Each CTD cast was associated with a carousel of 24 Niskin
bottles to collect seawater samples used to perform the analysis of the other chemical
and biological properties. Concerning the nutrients (NO4, PO,, and SiO,), the descrip-
tion of the methods used for the analysis are explained in Pujo-Pay et al. (2011) and
Crombet et al. (2011). For Ay and C+ measurements, seawater samples were collected
into washed 500 ml borosilicate glass bottles, and poisoned with a saturated solution
of HgCl,. At the end of the cruise, the samples were sent back to the laboratory at the
University of Perpignan for analysis. The measurements of Ay and C; were performed
by potentiometric titration using a closed cell, as described in details in the handbook
of methods for the analysis of the various parameters of the CO, system in seawater
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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).

(a) Salinity (S);
(b) potential temperature (0C);

(c) Concentration of dissolved
oxygen (O2; umol kg-1).
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(a) Distribution of the total dissolved inorganic carbon (CT, pmol
(b) distribution of the total alkalinity (AT; pmol kg-1).
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Distributions of pH and acidification
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Distributions of

(a) pH estimated from the
2008 BOUM dataset;

(b) pre-industrial pH;

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




Anthropogenic CO, (C,;; pmol.kg")
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Distributions of anthropogenic CO, (Cpr; pmol kg"1): (a) using the MIX approach:; (b)
using the TrOCA approach.




> H oAk aAkaAikotnra (A;) TTou METPNONKE eival uywnAn
(~2600 pmol kg=1), yeyovog 1Tou atrodideTal OTNV £EATHION,
OTIG MEYAAEG €£10P0EC YAUKOU VEPOU UWNANG OAKOAIKOTNTOG
OTIC TTOPAKTIEG TTEPIOXEGC OTTO TA TTOTAMIO, KOI OTTO TN
Malpn OdAaococa (Schneider et al., 2007). H avaTtoAiki
Agekavn TnG Meooyeiou xapaktnpideral amo A > 2600 pmol
kg=1, evw oT1n duTIK Agkavn gival A; <2600 pmol kg

> Aedopevou OTI n Meooyeiog OAAaocoa £xel MEYOAUTEPN
OAKOAIKOTNTA OTTO TOV OVOIXTO WKEAVO UTTOPEI, MECO OE MIO
OUYKEKPIMEVN XPOVIKN TTEPIOOO, VA ATTOPPOWPNOEI OXETIKA
TEPIOCOOTEPO avOpwTToyeveég CO,. Etriong, Kabwg Ta vepa
TNG Meooyegiou gival BepuoTEPO ATTO AUTA TOU QVOIXTOU
WKEAVOU o0& OAn Tnv uddATIivl OTAAN, 6a TTOPAMEIV.
KOPEOMEVN OE aVvOPAKIKO aOBECTIO Ot OAn THV. ULA
OTAAN YIa TTOAAGQ OKOMO XPOVIA.




>Ta vepd TnGg Meooyegiou gival PUTTOOHEVO ME OXETIKA UWnAd eTTiTredQ
avBpwTtroyevoug CO, (C,y1)- Ol TIHEG TOU C, 7 KUMaivovTal atro 48.8 pmol
kg™! (2000m oTo 16vIo) péxpl Ta 94.7 umol kg ™(kdTw amd 10 OEPUOKAIVEG
otn OUTIKN AgekAvn). Ta evdiaueca Badn rapoucialovTal YEVIKA, AIlYOTEPO
puUTTaoMEVA ATTO C,\ 7 OTTO TA ETTIPAVEIOKA ] TO HEYAAa Ba6n.

>2ZTNV TrEPIOdO 7 €TwWV TTou pHeooAdaBnoe amd Tov mmA6a Tou METEOR
(2001) péxpr autov Tou BOUM (2008) Ta €0pn TIHWV TOU C,\¢r OUSHNONKOV
atré 37.5-84 ymol kg™ og 46.3-89.6 pmol kg™t. H adgnon tou C,,: €TNOCIiWG
avépxeral o€ 0.8-1.2 ymol kg™ y=t. AnAadn, mpokeiTal yia ofivion TTou
avTioToIXEl o€ pia péon eTRoia ApH peiwon 4.3* 104 — 1.8* 103/y.

>H Meooyeiog Oewpeital €va amd TA TrI0 OIVIOMEVO OIKOCUOTAMOTO
(0.061<ApH<0.148). MapoAa autd Ta veEPA TNG AVATOAIKNG AEKAvVNG gival
AlYyOTEPO PUTTOCHEVA ATTO AUTA TNG OUTIKAG (ouxva ApH>0.1).

>H utrotrepioxny Ailyaio — OdaAacoa Tng AgBavrivng emTnpeadeTal Ao Th
giopon OaAacoiwv palwyv atroé Tn Maupn OdaAacoa, evw n UTTOTTEPIOXN
I6vio-KevTpiky Meooyeiog OdAaococa emnpedleTal amdé TRV EI0pPON
uOATIVWY Halwyv aTtrdé TNV AdpPIATIKN.

>YTroAoyileTal OTI av 0 avOpwWITOYEVIG AVOPOKAG CUVEYXICEI VO aUGH
ME auToug Toug puBuoug (0.8 - 1.2 ymol/kg y), To pH Ba peIWBE!
MEoa pOVvo o€ 56 xpovia.
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Meipdpata o JEOCOKOOHOUG £0€ISaV aUENON Tou apIOuoU Twv
KOKOOXNMOTIOHEVWY KOKKOAIOWYV Kal aTeAN ETTIKAAUWN TWV
KUTTAPWYV TWV KOKKOAIBo@OpwV TTOU (OUV O£ OUVONKES UPnAou
CO,, OTTWG PAIVETAI OTIG PWTOYPAPIEG TTOU OKOAOUBOUV:

Mg Tn onpepivi cuykevrpwon CO,.
ME TN CUYKEVTPWON NOU Ng



EpeuvnTtég TnNG BpeTavikig ATTOoOTOARNG OTNV AVTAPKTIKNA, TOU
BaolAikou IvoTitoutou OaAdooiag Epeguvag tng OAAavdiag
Kal Tng EBvikAg Ymrnpeoiag Qkeavwyv kal ATu6o@AIpag Twyv
HIMA trpayparotroinoav peAéTeEG oTtov NOTIo Qkeavd T1ToU
O1aBpéxel Tnv AvTapkTIKh. AlamrioTwoav 0TI Ta KEAUQN O€
TMOAAG €idn OaAdocoiwv CcaAlyKapiwyv OSlafpwvovTal TTOAU
ypHyopa KaBwg Ta veEPA oOTnV £m@dveia Tng OdAacocag
yivovTal oAoéva Kal Tio 6§iva. Av Kal n aTTWAEIA TOU KEAUPOUG
Oev artroteAei dueon aitia Oavdrou vyia Ta ocoaAlykdapia,
EVTOUTOIG TO KOOIOTA ECAIPETIKA EUAAWTA ATTEVAVTI OTOUG
ex0poug TOoUG.Ta BaAdooia ocaAlykdpia gival Bacik TTNyR
TPOPNG YIa Ta YApIa AAAG Kal yIa OPICHEVA €idN TITNVWYV EVW
TTapdAAnAa atmroTeAoUv évav atrd Toug OEIKTEG TNG UYEIAG TwWV
BaAGOOIWV OIKOCUOTNHATWY. YEVIKOTEPO.
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Calcifying organisms, such as these sea urchins grow
seawater acidified with 400 ppm CO, (left)—the cu
level in the ocean—produce spines that are trun
dissolution when reared in seawater acidifie
ppm CO, (right), an extreme level for lab t
Numbered scale in centimeters



Few studies have examined

the effects of ocean e
acidification on fish. ~.a\"
Acidified seawater disrupts ’ .\ \
the homing ability of orange. . -

clownfish. | e
-~ 9'@




‘EXE&1 EKTIUNOEI OTI:

« H @uTomTAaykToviKi) Trapaywyrn 6a au¢nlei kara 40-200% av
dirAaoiacOei n cuykEvTpwon Tou artgooc@alpikou CO, (€tog 2100).
Ouwg o1 J1a@opol  @PUTOTTAAYKTOVIKOI OPYOVIOMOI €XOUuUV
dla@opeTIKN eguaioBnoia otnv auinon Tou CO, Kai dlaBETouv
OI1a@POPETIKOUG MNXAVIOHOUS YIO TNV OPOMNOoIiwOoN TOUu AvOpaKka ME
OTTOTEAECHO KATTOIO €i0N va &€UVOOUVTOl O£ OXEONn ME GAAa, HE
aTToTEAEOHO  METABOAEG O©OTn  OUVOEON  QUTOTTAAYKTOVIKWV
BioKoIVWVIWV.

H O&paoctnpiotTnta Ttwv Laktnpiwv (mapayouv CO,) Kol TOU
(woTTAayKTOU (kaTavaAwvel QUTOTTAQYKTO) pITOpPEl VA
ETTNPENACTOUV ATrd TIGC aAAayéG oTO pH ME aTTOTEAECHO OAAOyEG
oTn OO Kal AsITOUpYia TwV OOAACOIWY OIKOGUTNMATWY.

Mo TepiTTAOKa Ta TTPAYHATA AOYW TNG TAUTOXPOVNG aAUSNONS TS
Oepuokpaciag Tou OBa emwnpealel T™n OpacTnPIOTNTA T
QUTOTTAQYKTOU Kal T OIaAUTOTNTA KOI CUYKEVTpWON Tou CO
0aAacoa.
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Xpnuoatodotnon

* To mopov ekmaldeuTLKO UALKO EXeL avamtuxBel oto mAaiolo Tou
eKTIALOEVUTLIKOU €pyou Tou dtddokovTta.

* To £pyo «Avoiktd Akadnpaika Madnipata oto Maveniotipo ABnvwv»

EXeL Xpnuatodotioel povo tnv avadlapopdwaon Tou eKTTOLOEUTIKOU
UALKOU.

* To €pyo uhomoleital oto mAaiolo tou Emixelpnotakou MpoypAppatog
«Ekmaidsvon kot Ala Biou Madnon» kat cuyxpnuatodoteital ano tnv

Evpwraikn Evwon (Eupwmaiko Kowvwviko Tapeio) kol amo €Bvikoug
TTOPOUC.

ENIXEIPHEIAKO MPOrPAMMA
iy EKMAIAEYZH KAI AIA BIOY MAGHZH EZ"A

* *
* *
* *

J
2 ' . d
ERLEVOVON TTNY UOVWVId TNE YVWON,
it EE
YNOYPTEIO MAIAEIAXL KAl OPHEKEYMATAQON IATKO KOINQNIKO TAMEIO

EvpwnaikiiEvwon E!AIKH YMHPEZIIA AIAXEIPIZIHE
Evpwmaiké Koivwviké Tapeio . A
Me tn cuyxpnpatodotnon g EAAGSag kat tng Evpwmaikig Evwong
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2 NUELWLOTOL



>NUElwpa lotoplkovu Ekbooewv Epyou

To tapov €pyo amoteAel tnv €kdoon 1.0.

‘Exouv tponynOel oL kKatwOL ekbOOELC:

‘Exboon SaBeoun edbw http://eclass.uoa.gr/courses/CHEM162/

O KUKAOG Tou avBpaka
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>NUElwpo Avadopag

Copyright EBvikov kat Kamodiotplakov Mavernotiuov ABnvwy, MuxanA
2KOUAAOC, EppavounA Aaocevakng 2015. MuxanA 2koUAAoG, EppovounA

Aoocevaknc. «Xnuikn Qkeavoypadia. Evotnta 1: O kUKAo¢ Tou avOpaka».

‘Exboon: 1.0. ABriva 2015. AwaBeoipo amo tn diktuakn dtevBuvon:
http://opencourses.uoa.gr/courses/NOC83/

¢ O kUKAoG TOou avBpaka
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>NUelwpa Adelodotnonc

To apov LALKO SlatiBetal e toug 0poug tneg adestac xpnong Creative Commons
Avadopd, Mn Eumopwkn Xprion MNapopowa Atavopn 4.0 [1] A petayevéotepn, AleBvic
‘Ekboon. E&atpolvtal ta autoTeAn £€pya Tpitwy m.X. pwtoypadiec, dStaypappata
K.A.TT., TOL OTIOLOL EUTTEPLEXOVTOAL OE QLUTO Kall Ta oTtoia avadEpovtal pall Pe Toug
OPOUC XPrONG TOUC OTO «Xnuelwpa Xpnonc Epywv Tpitwv».

[@ocel

[1] http://creativecommons.org/licenses/by-nc-sa/4.0/

Q¢ Mn Epmopikn opiletal n xpnon:

* 1ou bev meplAapPavel AUECO 1} EUUECO OLKOVOULKO 0dEAOC ard TNV XpRon Tou €pyou, yLa
To SlovopEa Tou €pyou kot adelodoxo

* 1ou 6ev meplAapPaveLl olkovoLKr) cuvaAlayn we polnoBeon yla tn xpnon n npooBacn
OTO £pyO

* Tou bev nmpoomopilel oto SLavopEa Tou £pyou Kal adelodOX0 EUUETO OLKOVOULKO ODEAOC
(rt.x. Stadpnpuioelg) amo tnv npoBoAn tou Epyou o€ SLadIKTUAKO TOTO

O dwkatouxoc¢ pmopel va mapexel otov adelodoxo Eexwplotn adela va XpnoLUOTIOLEL TO £€pYyO yLa
TIopLKA xpron, epocov autod tou {ntnbeL.

P

O KUKAOG Tou avBpaka 52


[1] http:/creativecommons.org/licenses/by-nc-sa/4.0/

Alatpnon ZNUELWHATWVY

Ornoladnmnote avamapoywyn N SLooKeun Tou UALKOU Ba TtpeETmeL
va cupmeplAapBavet:

" 10 2nueilwpoa Avadopadc

" 10 2Znueilwpo Adelodotnong

= N 6nAwon Alathpnong ZNUELWUATWY

= 10 2Znueilwpa Xpriong Epywv Tpitwv (epooov umtdpyel)

noll e touc ouvodEVOUEVOUC UTIEPOUVOEGOUC.

¢ O kUKAoG TOou avBpaka
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>nueilwpo Xpnonc Epywv Tpitwv (1/8)

To Epyo aUTO KAVEL Xprjon Twv aKOAouBwv £pywv:
Ewkoveg/Zxnuata/Awaypappato/Pwtoypodieg

Ewkova 1: CO,. Copyrighted. http://1.bp.blogspot.com/-
pGxgFErBCdo/VBADNTDYWYyYI/AAAAAAAAAdc/UONC8yaFaP8/s1600/anakalipto.jpg

Ewkova 2: Electron micrographs of CO,. Copyrighted.
http://worldoceanreview.com/wp-content/uploads/2010/10/2 10 nature-fig.jpg

Ewkova 3: Copyrighted.

Ewkova 4: To mooooto tou CO, oto neptBaAlov puBuiletal amo pio Aemtn
LoopporTtia Kal €XeL pla tepaotia enidpaon oto kKAlpa tne M'c. Copyrighted.
http://rinnovabilienergie.it/wp-content/uploads/carboncycle.gif
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>nueiwpo Xpnonc Epywv Tplitwv (2/8)

Ewkova 5: A diagram of the chemical reaction that leads to ocean acidification with
the introduction of carbon dioxide, CO,, into the ocean. Copyrighted.
http://arcticocean.globaloceanexploration.com/wp-
content/uploads/2012/01/carboncycle.jpg

Ewikova 6: Sverdrup et al., An Introduction to the World's Oceans, 7th edition,
McGraw Hill. Copyrighted.

Ewikova 7: Aldypappa Tou «KUKAoU tou avBpaoka». Public domain.
https://commons.wikimedia.org/wiki/File:Carbon cycle-cute diagram.svg

Ewkova 8: looluylo wkeaviou avBpaka. Copyrighted.
http://mit.ucu.ac.ug/NR/rdonlyres/Earth--Atmospheric--and-Planetary-
Sciences/12-746Spring-2005/595F5A83-E669-460D-BFEE-
BF7A9AD59BD5/0/chp image.jpg
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http://mit.ucu.ac.ug/NR/rdonlyres/Earth--Atmospheric--and-Planetary-Sciences/12-746Spring-2005/595F5A83-E669-460D-BFEE-BF7A9AD59BD5/0/chp_image.jpg

>nueiwpa Xpnonc Epywv Tpitwv (3/8)

Ewikova 9: H BloAoyikn avtAia. Copyrighted.
http://www.nature.com/nature/journal/v407/n6805/images/407685aa.2.ipg

Ewtkova 10: O kUkAog tou avBpaka. Copyrighted.
http://www.jochemnet.de/fiu/CCycle.jpg

Ewkova 11: Copyrighted.
http://ocean.stanford.edu/courses/bomc/chem/lecture 08.pdf

Ewkovec 12-13: Different styles of sediment traps. Copyrighted.
http://ocean.stanford.edu/courses/bomc/chem/lecture 08.pdf

Ewkova 14: Copyrighted.
http://ocean.stanford.edu/courses/bomc/chem/lecture 08.pdf

Ewova 15: Katavoun tou cuotipatog CO, - HCO, - CO, oto kaBapo Baidacolo
VEPO o€ mieon latm, ouvaptrioel tou pH. Copyrighted.
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>nueiwpa Xpnonc Epywv Tpitwv (4/8)

Ewkova 16: Copyrighted.

Ewikova 17: Napddslypa NUEPROLWV Kol EMOXLAKWY SLAKUUAVOEWY Tou pH o€
afabn vepa. Copyrighted.

Ewkovec 18-19: The biological processes determine the internal distribution within
the ocean. Copyrighted.
http://ocean.stanford.edu/courses/bomc/chem/lecture 10.pdf

Ewkova 20: Total dissolved carbon/alkalinity diagram. Copyrighted.
http://ocean.stanford.edu/courses/bomc/chem/lecture 10.pdf

Ewova 21: Napayovteg nou ennpealouv tnv pCO, oto Bahaoowvo vepo.
Copyrighted.
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>nueiwpa Xpnonc Epywv Tpitwv (5/8)

Elkova 22: Change in partial pressure of carbon dioxide in the atmosphere and
ocean at Hawaii. Copyrighted.

http://www.ecoportal.net/var/ecoportal net/storage/images/objetos relacionad
os/imagenes/506-3-fig2/1856869-1-esl-ES/506-3-fig2.jpg

Ewova 23: Changes in surface oceanic pCO, (left in patm) and pH (right) from
three time series stations. Copyrighted.
https://www.ipcc.ch/publications and data/ar4/wgl/en/fig/figure-5-9-l.png

Ewkova 24: Xaptnc dedopevwy. Copyrighted. http://odv.awi.de/en/home/

Ewkova 25: MAolo L 'Atalante. Copyrighted.
http://www.eurofleets.eu/np4/%7BSclientServletPath%7D/?newsld=71&fileName
=| atalante.png

Ewkova 26: Sea-Bird electronics 911 plus ctd system. Copyrighted.
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http://www.eurofleets.eu/np4/%7B$clientServletPath%7D/?newsId=71&fileName=l_atalante.png

>nueiwpa Xpnonc Epywv Tpitwv (6/8)

Elkovec 27-28-29-30: Property distributions along the 2008 BOUM transect going
from Marseille to the Levantine Basin. Copyrighted.

Ewkova 31: Marine bivalves show a wide array of morphologies and life habits and
are a very important component of marine biodiversity. Copyrighted.
http://biology.ucsd.edu/news/images/100506tropics 2 l.jpg

Ewova 32: Phytoplankton (Coccolithofors). Right = with the current CO,
concentration and Left = with CO, concentrations forecasted for 2100.
Copyrighted. http://coconet-fp7.eu/children/TeachersBoi.html

Ewkova 33: KEAudoc calykaplov Baldoonc. Copyrighted.
http://www.hurrivetdailynews.com/images/news/201211/n 35496 1.ipg

Ewkova 34: Calcifying organisms, such as these sea urchins grown in seawater
acidified with 400. Copyrighted.
https://pubs.acs.org/cen/ img/87/i08/8708sci2 imgl.jpg
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>nueiwpa Xpnonc Epywv Tpitwv (7/8)

Ewkova 35: Adult orange clownfish Amphiprion percula form breeding pairs.
Copyrighted. http://photos.mongabay.com/09/0202clownfish.jpg
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>nueiwpa Xpnonc Epywv Tpitwv (8/8)

To Epyo aUTO KAVEL Xprjon Twv aKOAouBwv £pywv:
Nivakeg

Mivakag 1: Copyrighted.
http://ocean.stanford.edu/courses/bomc/chem/lecture 10.pdf

Mivakag 2: OAkn aAkaAwotnta (AT, total Alkalinity). Copyrighted.
http://ocean.stanford.edu/courses/bomc/chem/lecture 10.pdf

Mivakacg 3: The acids of seawater. Copyrighted.
http://ocean.stanford.edu/courses/bomc/chem/lecture 10.pdf
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