EAAHNIKH AHMOKPATIA

Edvikov kot KamodictpLakov
r ’
I[Tovemotnuov Adnvwv

Xnuikn Qkeavoypadla

Evotnta 1: Mopdec - cupmepLpopa oTOLXELWV OTO
BaAaoolo meptaiiov

EppavounA Aacevakng
2XOAN OeTikwv Emlotnuwyv

Tunua Xnuetag



e I¥e wB W¥EB YIBE ——¥Il—




Classification of Substances in Seawater

Type Particle Size

Example Constituents

Solution <107 cm

Colloidal dispersion 10~7 to 107 cm
(submicroscopic)

10-° to
5 x 1073cm

Fine particulate
dispersion (visible
under the
microscope)

Coarse dispersion
(visible to the
naked eye)

=5 % 107%em

Inorganic simple and complex ions, molecules,
and polymeric species; polyelectrolytes; or-
ganic molecules; undissociated solutes, small
aggregates.

Mineral substances, hydrolysis and precipita-
tion products, magromolecules, biopolymers,
detritus

Mineral substances, precipitated and coagulated
particles, detritus, bacteria, plankton, and
other microorganisms

Mineral substances, precipitated and coagulated
particles, detritus, macroplankton, organisms
of all types including the largest fish, cepha-

lopods, and mammals



Free Inorganic ion Organic complexes, Metal species Metal species in Metal species
metal pairs; inorganic chelates bound to the form of highly sorbed on
ions complexes high molecular dispersed colloids colloids
wt. org. material
Diameter range: +—10 A 100 A 1000 R
Examples:
Cu.?2*aq.| Cu,(OH)3" Me-SR Me-lipids FeOOH Me,(OH),
Fe.* *aq.| Pb(CO,)° Me-OOCR Me-humic-acid Fe(OH), MeCO,, MeS
polymers etc. on clays,
Pb.2 'aq.| CuCO, H,—C=0 Mn(IV) oxides FeOOH or
AgSH / N “lakes” Mn,O,,.5H,0 Mn(IV) on
CdcCI* 0 “Gelbstoffe" ! Na,Mn, O,, oxides
CoOH* Me-polysaccharides| Ag.S
Zn(OH) \ / .
A9253H§~ / \

;




Compound
Type

Composition

Humus

Fats, resins, and
waxes

Saccharides
AlaAUTA opYavikr UAN o
899, N-containing
organics
Phosphorus
compounds

ZworAaykTtov 0.2%
Ix6eic 0.02%

AlwpOoUHEVT OpYAVIKT UAN — OUTOMAQYKTOV 2%
9%

Degradation-resistant residue
from plant decay, largely
C, H, and O

Lipids extractable by organic
solvents

Cellulose, starches,
hemi-cellulose, gums

Nitrogen bound to humus,
amino acids, amino
sugars, other compounds

Phosphate esters, inositol
phosphates (phytic acid).
phospholipids




Xnuikn avédivon DOM ce empaveiokd (<100m) ko fadia (>1000m) vepd

DOM Emeavewo BaBog

DOC (umolC/L) 60-90 35-45

DON (umolC/L) 3.5-7.5 1.5-3.0

DOP (umolC/L) 0.1-0.4 0.02-0.15

YoatavOpakes (umolC/L C woodvvapo 10-25 5-10
YAOKOENS)

OMké Yopoivopéva Ovoétepa Taxyapo (NM) 200-800 20-170

(% DOC) 2-6 0.5-2.0

OMké Yopoivpéva Apvo&éa (NM) 200-500 80-160

(% DOC) 1-3 0.8-1.8

Olka Yopoivpéva Apvo Xaxyapo, (NM) 4-9

(% DOC) 0.04-0.07

Auriowe (NM)

(% DOC)




Xouuika ogea
Ta XOUMIKA o&Ea aTToTEAOUVTAI KUPIWG ATTO APWHATIKA OPYAVIKA 0&Ea, TTOU
EXOUV TTPOKUWEI OTTO ATTOOUVOECH OPYAVIKOU UAIKOU atrd BaKTRPIa Kol
gviupa. Eival auop@o UAIKO, XPWHATOG KA@E 1| paupou, udpo@IAo Kal
6¢ivo. H dopyn Tou Popiou TOug gival TTOAUTTAOKN KOl TO HOPIOKO TOUG
BAPOC KUMHAIVETAI OTTO MEPIKEG EKATOVTAOEG MEXP!I OtkAdeg XIAIGdeg. Ta
XOUMIKA o&€a €ival TOAU OUOKOAO VO UTTOOTOUV TTEPAITEPW

ATTOIKOOOUNOT, a@oU BewpouvTal TO TEAEUTAIO OTADIO TNG MIKPORIAKAS
ATTOIKOOOMNONG TWV QUTWV Kol TwV JWIKAG TTPOEAEUONG TTPOIOVTWYV
METABOAICHOU. TO HEYOAUTEPO TTOOOOTO TWV XOUMIKWV OEEWV TTou
gM@avifovral oTn BaAaocoa TTpoEPXOVTAl ATTO TN ENPA MECW TWV TTOTAMWYV
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Binding of a metal ion, M**, by humic substances (a) by chelatio
between carboxyl and phenolic hydroxyl, (b) by chelation between two carboxy
sroups, and (¢) by complexation with a carboxyl group.



Settling Velocity of Quartz Spheres in Distilled Water at 20°C
(From Sverdrup, Johnson, and Fleming, 1942, with permission of Prentice-Hall, Inc.)

Diameter Settling Velocity Time To Fall 10 ¢cm Settling

y Velocity
mm microns Stokes’ Law Wadell Days Hours Min Sec m/day
Boulder 256 256,000 -_— — — -
Cobble 64 64,000 —- - —_ — —
Pebble 4 4,000 - : : —_ - — —
Granule 2 2,000 — : - - - - -
Very coarse sand 1 1,000 (89.2 cm/sec) 16.0 cm/sec - — 0.6 -
Coarse sand 1/2 500 (22.3 ecm{sec) 1.7 cm/sec — 1.2 -
Medium sand 1/4 250 (5.58 cm/sec) 3.4 cmfsec — — - 2.7 -
Fine sand 1/8 125 (1.39 cm/sec) 1.2 cm/sec — - - 8.3 1040
Very fine sand 1/16 62.5 3482 microns/scc - — — - 29 301
Silt 1/32 31.2 870 —- — - 1 55 75.2
1/64 156 218 — - — 7 40 18.8
1/128 1.8 54.4 - — — 30 38 4.7
1/256 39 13.6 —- - 2 2 32 1.2
Clay 1512 1.95 3.4 — 8 10 —- 0.3
171024 0.98 0.85 —- 1 8 41 - 0.074
1/2048 0.49 0.21 — 5 10 42 - 0.018
1/4096 0.25 0.052 - 21 18 50 - 0.004
1/8192 0.12 0.013 - 87 3 19 — 0.001




Mineral Group

Examples

Formula

Silicates

Oxides

Carbonates

Sulfides

Sulfates
Halides

Native elements

Quartz
Olivine
Potassium feldspar

Corundum
Magnetite

Calcite
Dolomite

Pyrite
Galena
Gypsum

Halite
Fluorite

Copper
Sulfur

S10,
(Mg,Fe),Si0¢
KAIS1,0q

Al O,

Fe,O,

CaCoO,
CaCO3°M pCR
FeS,

PbS |
CaSO,2H. O
NaCl
CaF,

Cu
S
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SURFACE SORPTION BY SOLIDS

Many of the properties and effects of solids in contact with water have to do
with the sorption of solutes by solid surfaces. Surfaces in finely divided solids
tend to have excess surface energy because of an imbalance of chemical forces
among surface atoms, ions, and molecules. Surface energy level may be lowered
by a reduction in surface area. Normally this reduction is accomplished by
aggregation of particles or by sorption of solute species.

Some kinds of surface interactions can be illustrated with metal oxide sur-
faces. (Such a surface,.its reaction with water, and its subsequent acquisition of
a charge by loss or gain of H* ion were shown in Figure 5.5 for MnO,.) Such a
surface may sorb metal ions, Mt**, by complexation to the surface,

M-OH + Mt** & M-OMt*-! + H* (5.7.1)

or chelation with a metal ion:

;—OH z+ % D\M z-2 + 2H"
é . é L / (5.7.2)

A metal ion complexed with a ligand, L, may bond by displacement of either H*
or OH":

M-OH + MtL** & M-OMtL“-" + H* (5.7.3)

M-OH + MtL** & M-(MtL)**" + OH- (5.7.4)




The sorption of anions by solid surfaces is harder to explain than the sorption
of cations. Phosphates may be sorbed on hydroxylated surfaces by displacement
of hydroxides (ion exchange):

%_GH HPO, " ﬁ \/ 20H-
% % A\

7

M—OH

The degree of anion sorption varies. As with phosphate, sulfate may be
sorbed by chemical bonding, usually at a pH less than 7, Chloride and nitrate are
sorbed by electrostatic attraction, such as occurs with positively charged colloi-
dal particles in soil at a low pH. More specific bonding mechanisms may be
involved in the sorption of fluoride, molybdate, selenate, selenite, arsenate, and
arsenite anions.




Mt**(sorbed) < Mt**(aq)
Ty T
MtL** (sorbed) « MtL**(aq)

Ty Ty
L(sorbed) < L(ag)

Some hydrated metal oxides, such as manganese(IV) oxide and iron(III)
oxide, are especially effective in sorbing various species from aquatic solution.
The sorption ability is especially pronounced for relatively fresh metal hydrox-
ides or hydrated oxides such as colloidal MnO,. This oxide usually is produced in
natural waters by the oxidation of Mn(II) present in natural waters from the
bacterially-mediated reduction of manganese oxides in anaerobic bottom sedi-
ments. Colloidal hydrated manganese(II) oxide can also be produced by the
reduction of manganese(VII), which often is deliberately added to water as an
oxidant in the form of permanganate salts to diminish taste and odor or to
oxidize iron(II).
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— e
Accumulated |
R > 100,000 yr
depth
— [X] =
Recycled |
iR = 1,000 — 100,000 yr
depth
= [X] =~

Scavenged |

R < 1,000 yr
The vertical profiles of elements in the oceans are usually classified into three main dep
classes in a way that is related to their residence times (Figure 9). The classification .
given here comes from J. R. Donat & K. W. Bruland (1993) Trace Elements in the '

Oceans. In Trace Metals in Natural Waters. B. Salbu & E. Steinnes (eds). CRC Press. I




“Accumulated” or “conservative” elements have a uniform
vertical profile with identical concentrations in surface and
deep waters. They assumed to have no interaction with the
particle cycle e.g. Mo, W.

“Recycled” elements are intimately involved in the
biologically driven particle cycle. They are removed into
particulate material in the surface ocean and regenerated at
depth in a simple first order process.

“Scavenged” elements are rapidly removed by adsorption
onto particle surfaces. The particles then sink through the
water column, and even though the elements are released at
mid-depth through recycling processes, they are rapidly
removed again onto those particles that remain. As a result
of this rapid removal, these elements typically have short
residence times (<103 yr).



The elements colored in green are ’2’
{ considered conservative (accumulating) He
2 the hatched green marks elements that 13 ’75 s 17 ‘-:’83
2 Be | | have minor non-conservative behavior. ,r? N Ne
9.012 12.01} 14.01 20.18
13 14 15 18
3 Transition Elements Al | Si | P Ar
$ 4 8 8 r & 8 10 1 12 |26.98]28.09|30.97| % 39.95
S j20 21 22 58 [ 28 [25 [ 26 |27 (28 |29 [ 30 | 81 | 52 | 33 | 34 36
f‘ Ca|Sc|Ti [V |Cr|[Mn|Fe|Co|Ni|[Cu|2Zn|Ga|Ge|As|Se Kr
44.98|47.87|50/94|52.00|54.94|55.85|58.03|58.69|63.55|65.39| 69.72| 72.61|74.92| 78 .06 83.80|
| 39 | 40 | 41 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 52 |+53¢] 54
5 Y | Zr | ND Tc (Ru|Rh |Pd [Ag[Cd| In |Sn|Sb| Te «"»;{f Xe
' 88.91|91.22|92.91 (99) |101.1/102.9(106.4{107.9]112.4| 114.8)| 116.7]|121.8]127.6[126.8] 131.3
56 | 57 (| 72| 73 7 | 77 | 8| 70 |8 B2 | 63 | 84 | 85 | 66
6 Ba | La [| HI | Ta Os| Ir | Pt | Au | Hg Pb | Bi | Po | At | Rn
137.3[138.9||1785|181.0 190.2|192.2/195.1]197.0/200.6 07.2]200.0] (210) | (210) | (222)
87 | 88 | 89 ||[ 104 | 105 | 106 | 107
7| Fr | Ra | Ac
(223) | (226) | (227)

Lanthanides
58 | 59 | 60 | 61 | 62 | 63 | 64 | 65

£l Ce | Pr [Nd [Pm|Sm|Eu|Gd| Tb
140.1]1140.9|144.2 (147)]150.4|152.0|157.3|158.9]1

Actin
80 | 91 83 | 94 | 95 | 96 97 98 | 99 | 100 | 101 | 102 | 103
7| Th | Pa Np|Pu|[Am |Cm | Bk | Cf | Es |Fm|Md | No | Lr
232.01231.0 (237) | (239) | (241) | (244) | (249) | (252) | (252) | (257) | (258) | (259) | (262)

67 | 68 | 68 | 70 | 71

Ho | Er [Tm| Yb | Lu
5/164.9/167.3|168.9/173.0(/175.0

RZ 3




Scavenged Elements

6 7 8
26

Fe
55.85
44

Ru
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Group 1 18
4 ;, Biologically Required Elements t-|2e
1.008| 2 (H also needs to be included) 18 14 15 15 17 |4.003
10
Ne
20.18
18
Transition Elements Ar
¢ 5 3 7 5 9 10 11 12 39.95
3 22 24 28 31 | 32 35 | 36
’é:: Ti Cr Ni Ga | Ge Br | Kr
47.87 52.00 58.69 69.72|72.61 79.90|83.80
40 | 41 43 | 44 | 45 | 48 | 47 | 48 | a3 | 50 | 51 | 52 54
Zr | Nb Tc |Ru|Rh |Pd |Ag [ Cd| In [ Sn | Sb| Te Xe
B5.47)|87.62|68.91/91.22|92.91 (99) |101.1]102.9]106.4]|107.8|112.4|114.8|118.7|121.8| 1276 131.3
55 | 56 | 57 [[72 [ 73 | 74 | 75 | 76 | 77 | 78 | 79 | e0 | 81 | 82 | 63 | 84 | 85 | 86
6|Cs |Ba|Laf|H |Ta|W |Re |Os| Ir | Pt |[Au|Hg| TI |Pb| Bi | Po | At | Rn
132.9/137.3|138.9]||178.5{181.0{183.8|183.2| 180.2| 192.2|195.1{197.0|200.6|204.4| 207.2 | 209.0| (210) | (210) | (222)
87 | 88 | 89 ||| 104 | 105 | 106 | 107 ’ :
7| Fr | Ra | Ac
(223) | (226) | (227)
Lanthanides
58 | 59 | 60 | 61 [ 62 [ 63 [ 64 [ 65 [ 66 | 67 | 68 | 69 [ 70 | 71
£l Ce | Pr|Nd|Pm|Sm|Eu|Gd |Tb |[Dy|Ho | Er | Tm| Yb | Lu
140.1]/140.9{144.2| (147) | 150.4|152.0|157.3|158.9]|162.5/164.9|167.3/168.9/173.0{175.0
Actinides
90 | 81 | 92 [ 93 [ o4 [ 95 [ 96 [ o7 [ o8 | @3 [ 100 [ 101 | 102 | 103
7/l Th|Pa| U |Np|Pu|Am|Cm | Bk | Cf | Es | Fm|Md | No | Lr
232.0]231.0{238.0| (237) | (238) | (241) | (244) | (249) | (252) | (252) | (257) | (258) | (259) | (262)




Vertical Profiles of Elements
S LA (compiled by Y. Nozaki, 1996) ‘
in the North Pacific Ocean 1
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Synuatiopog £YMMAOKOY IONTOZ
(Fe(H,0)¢™ + CI” = Fe(H,0)5CI** + H,0)







2TaBepec oxnuatiouou (ekppacueves we logK otouc 25°C)
yla [oVIKa {euyn O€ £va HECO TO Onoio va unv npokalAel

ouunAeEn, lovIKNG 1OXUOG ouolac Ue authiv Tou Baidooiou vepou

(Sillén, 1964)

Y mokataotamg OH"- F- (o] Br- S0~ Cco03 , , —
Ot OUVTEAECTES evePYOTNTAG TWV SIAAUMEVWVY IOVTWYV,
log ¢ (unok/Tou) -89 —-4,2 -0,3 -3,1 -1,8 -3, pI@V Kat 1oVIKdv Jeuydv oTo BaAdooto veps
og Beppokpacia 25°C kat xAwpldtnta = 19%.
3 2 6 50 ’ 07 (tovikn 1oxuc = 0,7) (Riley kat Chester, 1971)
et - ’ = ' *
o4 16v, Pila ZuvTeEAEOTNG
Mg - 12 1’3 0'2 - .'Ifﬂ 2 N ovTIKO Lelyog evepyoTnTag
2+

Ga — 13 015 - = 1lﬂ 2 Na* ) 0,68
Sc? -5 6,2 1,1 1,2 . o IS 064
" - 9 3,9 0,4 0,5 2 . Mg?* BlAPOPEG EKTINTELG { 2‘22
La3®* - 10 2,7 0 1,5 7 | ca* 0,21
Thé - 4 756 03 3.3 3 el o

Cco%- 0,022
Uos* - 6 4.5 0 -0,3 1,8 * HCO;3 0,56
Fed+ - 3 52 0.6 0 ’ 23 MgCO3, CaCQO3, CaCO3, NaHCO3 } .

NaCOj3, NaSOjz, CaHCO3, MgHCO3
CUE* - S D,? D D 1 5 KSO; 0,68
Ag* - 12 0,2 3 4 0,2 il .5
~17 L - 9 0,7 0 0 1
Cd?+ - 10 0,5 1,5 1,6 1
Hg?* - 3,5 1,0 6,7 9,0 1,3
Al3+ - 9 6,1 - 1,3
B - 0,3 1,0 1,3 1,3
Bi+ - 2 i 22 2,3




4. Tpomog umohoyioHol TWV OXETIKWV TOOOOTAY TWV BIapopwv
HOPQWY pe TIG omoieg £va Katiov BpiokeTal aTo BaAdooio vepo

[a Tov umoAoytlopd auté Ba XPNOWOTIOWKOOUKE EVa GUYKEKPL-
MEVO TapAdelypa, TO KAWL TOU OTIoiou 1 ouykéVTPWoN oTo Ba-
Aaoolo vepd eivat 2x 10°M. Eotw 0Tl @ = Cogon, X = Coysors
P =Coor KAl Z = Coger. Av AGBOULE TIC 0TABEPEC OXNUATIONOU TWV
OlaQOPWV OUUTAOKWY EKPPAOHEVES WS AoyapiBuoug and Tov Mi-
VaKa 24 Kat av UMoBEcOUE OTL 0L OUVTEAEOTEC evepydTaC Yia
Ta povoaBevn Lovta eivat 0,7, yia ta doBevn 1ovta 0,1 Kat yia Ta
aQOPTIOTA OWPATIA HOPLAKAG KAiakac 1,0 Umopolpe va YPayouye:

W+X+P+2=2x10"°M (1)

HCdSDd_ 1,0 =X

=10= - (2)
Kessog = 10 aCd?*.aS0% z-0,1-(2,84 x 107%).0,1
Kal
x =28 x 10°z (3)
_ap_ _aCdCl®  _ 0,7 -W @)
Kosor =32 = o a0~ 2.0,1-(0,536)-0.7
Kal
W =17152 (5)
Téhog
K = -“]-IIJ = aCdOH‘ U1? W (6}
i aCd?*-aOH-  z.0,1-(10%)-0,7
Kai
w=10"z (7)

4Tou oL TIHEG, oV napévBeom gival oL avTiOTOLXES LOPIAKES OU-
ykevTpwoee SO, CI~ kat OH™
ETol TEAKQ

Ceg- =074 x 10°M (8)
CEHSDE = G:DUE = 1D_9 M {_g}

ngcr = 1126 b 1ﬂ-ﬂM |:1‘:..'1I

L

CCGOH’E A 10-25'“ {11I

A6 autd ouvayetar 6m 1o 1vikd Zevyog GdCI* elval n Ku
plapxoloa pop@r e Tnv omola anavrtd to Kadwo onwg emfPe
Bai@BnKe Kal Melpapatika and Toug Baric kat Branica to 1967.



Av BéAoupe va dlamOTWOOUKE Tola elval n KUPLA MOPQr OU-
UrAdKkou evog HeTAANOU TLY. av BEAoupe va doUpE av UMEPTEPEL
TO OUUTIAOKO Ue Ta Belika EvavTl autol pe ta udpofulidvTa £vac
amAdOg TPOTOG Eival va XPNOIOTIONC0UKE TOV Tivaka EEKIVOVTAC
ano T okeYn OTL MPETEL N EVEPYOTNTA Ayso, > ayor. ATIO TIG
OTABEPES LOOPPOTIHAG EXOUKE:!

]Og aMS% = |OgKMSO4 + ]Og aM o+ ]Og asoj

10g aMQH- = |Ug KMQ'—Z' + |Dg ﬂME* + Iﬂg aCIH'

SeSopévou OTIL TIPEMEL

log apso, =109 @ o
and 1o ouvduaoud Twv (1), (2) kat (3) exoupe Kal
logKuso, + 10@age; + l0gay: > 10gKyon- + 10g @y + log aow-
KaL anAonol@vrac £youpe v (5)
logKuso, = 100 Kyone > —l0gasge; + 109 acw- (5)

ModyuaTt avTikaBloTOvTag TIG TIHEG amd Tov MNivaka 23 via ya
M = Mg?* éxoupe v (B)

1=(=12)=+13>+1,6 + (69) = -53 (6)

E1ol anodeikvieTal 6Tl CUMTAOKA Twv BELKGV axqumi{wrm
ue dlagopa d1oBevn péTarha onwg To Mg®* kal To Ca®* Ta omoia
Bivouv povo acBevr oUumAoka pe udpoEuldvTa. ZTnv Bﬁhnr:rcsa
oriou log Cgo; = — 1,6 Mo00oTé 5-10% TWV peTAMAWY auTOVv Eival
HE HOPOT BEIKOV CUNTTAOKWY. _

H oUpnAeEn pe yAwplovta sival ouvnBlopevn Yia HIKPOTERO
aplOpd 16VTwWY pe eEwTepKn oTIBada 18 e~ onwg eival Ta kamno-
vra Ag*, Au®*, Zn?*, Cd?*, Hg®. Auta muBavév eivar Ta AgCl®,
HgCl*, HgCl: i KaL NeploodTERO TOAUTIACKA onwe AgClz, HgCly
kal CdCIS Kal WKTA OUPTIAOKA WE OUHHETOXN Kal GAAwv umokata-
otatidv énwg HgCIX émou X = Br K.ATL




Element Probable main species Element Probable main species

H H,O Rb Rb*
Li Ei® Sr SE
Be BeOH™,(?) X Y(OH)? "
H,BO,, B(OH), Zr Zr(OH): " "(12)
HCO; Mo MoO;~
N,, NO, Ag AgCl;
Cd CdClj (6,13)
Sn SnO(OH); (7)
Sb Sb(OH), (?)
Te HTeO,
7 1 I 107 (14,15)
Si(OH),, MgH;Si0; (?7)(1) Cs Cs+

& _ Ba Ba%*
HPO?2~, MgPO; s La%*

S Ce  Ce* (16)

Pr Pr?t

Nd Nd3*, NdOH?**

other
rare  Me**, MeOH?" (16, 17,
carths

H,VO;, HVO2~ (2)
Cr(OH), CrO%~ (3, 4, 5) Lu  LuOH?*
Mn?*, MnCIl* W ., WO:I-

Fe(OH); Re  ReO;

Co?™, CoCOs (7) Au  AuCl: (19)

Ni2*, NiCO? (%) e "

CuCOY, CuOH " (6) = 5 B

é‘;?OH};)’_Z“h’ ZnCO3(6-5) py  PHEOYLPH(CO)E (628
4 . st R + s 6+

GeO(OH);, GeO,(OR):™ () B B PIRR E

HasO, Th Th(OH)? ~" Th(CO,)* = 2"

Se02 (10, 11 :
e WD U UO,CO,5" @3




Ekatootiaia noocootd poppwv KUpIwv oUoTatikwyv Tou BaAdooiou vepou (% Tou ouvoAou)

e

ZUYKEVTRWON % % C(elyog % Ledyog % {edyoc
(molality) eAevBepo 16V MiI - SO, MI = HCO, Ml = HCO,

Hazoz G.&T Hazoz G.&T Hazoz G.&T Hazoz G.&T Hazoz G . &T

0,4823 0,4752 99,0 99 1,0 0,0 0,01 0,0 0
0,01020 0,0100 98,5 99 1,5 0,0 0 0,0 0
0,05485 0,0540 89,9 87 9,2 0,6 1 0,3 0,3

0,01062 0,0104 91,5 91 7,6 0,7 1 0,2 0,2

' ZUYKEVTpWON % % Ce0yOC % C(elyog % CLeuyoc % Lelyoc
(molality) eAelBepn pila Na - X K-X Mg - X Ca-X

Hazoz G.&T Hazoz G.&T Hazoz G.&T Hazoz G.&T

0,02909 0,0284 16,4 21 0,5 0,5 17,4 21,5 2,8
0,00186 0,00238 8,3 8 0,0 0 14,4 19 3,2
0,00011 0,000269 19,4 17 0,0 0 63,2 67 7.1




Ion-association models for sea water® as a function of temperature and pressure.
Distribution of ion-pairs

9% as ion-pair

T/K

Ion-pair P/atm 400

b ¢ b c b
NaSO; 265 47 209 14 364 38 305
KSO; 04 - 03 O 04 - 04
MgSO? 154 21 153 14 206 19 211
CasSO?’ 30 4 24 _1- 27 4 22
Free 547 28 611 69 399 39 458

NaCO' 57 52 : 17-5 169
MgCO 79-1 759 : 671 644 590 363

Caco"’ 35 34 3 48 47 44 50
Free 117 - 155 232 106 — 140 211 60

NaHCO? 83 66 42 79 61 40 49
MgHCO; 26 19 12 10-1 77 50 418
CaHCO] 15 - 11 07 33 26 17 65
Free 8§76 - 902 939 787 - 836 893 468

* Sea water composition (molal), Na* (0-4733), K* (0-0101), Mg?* (0-05752), Ca%* (0-0103),
SOZ~ (0:0286), C1~ (0:5589), HCO; ((00226). CO3~ (0:000228), 'H,CO;, (1-43 x 10~ %) at
298 K and 1 atm and pH = 8§15

® Lafon (1969). Data for 273K at pH 7-7. other data at pH 8-15. Unknown volume changes of
association set at 20 x 10 °* m? mol !

* Kester and Pytkowicz (1970). Experimental data at 275 K and 298 K

4 Millero (1971b). 275 K




Thermodynamic Modeling of Inorganic Species

| Mm+Xn=Mmxmn |

a

0 _ B
A n-d,, K :KO-VMVx/yMX

. | _ iti ili
Thermodynamic constant K' — conditional stability constant

[M m]]:(1+ZK.[Xi]j)1

Debye-Huckel

=K' 10+ Y KX )

M — total concentration
[M] — free ions concentration Debye-Huckel

extended equation

1/2

1+1

1/2
log 7. :_0.5100.zf[ = _oal j _ _
Davies equation



Complexation

KM™ +j X0 = M, (Xp);mn

Thermodynamic formation constant

K _aMk(Xi)j _ :Mk(xi)j} 7/|\/|k(xi)j
Mc(X)j = Ak Al aa K it K ]
Gal, M x] A
C M) ] < Va7
K T K i M (Xi);
_M] '[Xi] IMy (X)),




Complexation

Total concentration — sum of all chemical specie
concentrations

[M,1=[M"T+ X [M,(X,),]’
M o> kD)

[%T] . ﬁ

Have to know

or, K, y

To calculate



System — M, H,0

Assumptions:
diluted system so | ~ 0 and a ~ concentration
« M™ + H,O = MOH"! + H*

M+ + 2H,0 = M(OH),"2 + 2H"

[morHe] | _[MOHET[H]

C ]

[M.]=[MOH""]+[M(OH); “]+[M™]

Kl_ _Mn+_

2 equation with 2 unknowns



Natural surface waters -
ELEKTROLYTE SYSTEMS

Major components of natural genesis

Na*, K*, Mg*?, Ca*?, HCO,, CI-, SO,?
Pollutants

nutrients NO5, NO,-, PO,3 ...

trace metals Fe, Mn, Zn, Cu, Pb, Cd .....

N equations with N unknowns



Thermodynamic Modeling of Inorganic Species
Computer Programs

INPUT :
pH, t°C, total concentrations
@yeﬂuckel equations, DATABASE for K, AH
1 B
CALCULATION
d, Y and M

OUTPUT species concentrations

/ ‘\

major elements minor elements | |trace elements




Thermodynamic Modeling of Inorganic Species
Review of Databases

Literature Databases

‘A\

1

Species phreeqc.dat wateqg4f.dat minteq.dat minteq v4.dat sst2005.dat
Fe/Mn|Cu|Zn|Cd|Pb|Fe|Mn|Cu|Zn|Cd|Pb| Fe Mn|Cu|Zn|Cd|Pb|Fe|Mn|Cu|Zn|Cd|Pb|Fe|Mn|Cu|Zn|Cd|Pb
Free ions
Me™" S I I B I o o I I B I S S A B I O I I I B I I I I I I I
Hydroxide complexes

MeOH™ e I I I o B I I B I S S A I I I I I I B I I I I I I I

|\/|e(OH)2”'2 + + |+ |+ |+ |+ + |+ |+ |+ ]|+ + |+ |+ |+ |+ +++++H++++

Me(OH),"* + S I I I S o I I B I S S A e I A I I I B I I S I I I I

Me(OH),™* + + 4+ [+ |+ |+ + 4+ |+ |+ ]+ e I I T S B T I S B 1 o R B T I

Me,(OH)*™* + + + + |+ + |+

Me,(OH),"™* | + + + + + + + + +

Me,(OH); “™°

Me;(OH),”™* | + + + |+ + |+ + |+ +

Me,(OH),"™* +

Me4(OH)4 n-4

Meg(OH)g °"




Thermodynamic Modeling of Inorganic Species
Review of Databases

Literature Databases

Species phreeqc.uat wateg4f.dat minteg.dat minieg \/4.dat sst2005.dat
Fe Mn|Cu|Zn|Cd|Pb|Fe|Mn|Cu|zn|Cd|Pb | Fe|Mn|Cu|Zn|Cd|Pb|Fe|Mn[Cu|Zn|Cd|Pb] Fe [Mn|Cu|[Zn|Cd|Pb
Carbonate complexes

MeHCO,™* + + |+ |+ + |+ [+ |+ [+ + |+ |+ |+ |+ + |+ |+ |+ [+ + |+ |+ |+ |+
MeCO;™* + + |+ |+ + |+ |+ |+ ]+ ++ |+ |+ + |+ [+ |+ ++ [+ |+
Me(CO5),™ + |+ |+ + |+ [+ ]+ + |+ + + + |+ + + |+
Me(CO3); ™
MeZ(CO3) on-2
Me;CO; ™
Me(OH)CO;"°

Sulfate complexes
MeHSO,™~ |+ ¥ [o
MeSO,™* e I A A e
Me(SO,),"™ + + 4+ + + I+ 4]+ + 4|+ ]+ + |+ [+ ]+ + |+ |+

Me(SO4)3 n-o
Me(SO4); "

Chloride complexes

MeCI™! + |+ + |+ [+ [+ [+ ]+ [+ [+][+[+][+][+][+][+[+[+]+][+]+[+][+]+]+]+]+]+]+
MeCl,™? + |+ |+ [+ [+ |+ |+ |+ [+ |+ |+ [+ [+ [+ ][ [F][F]F][F ][]+ ][+]+
MeCl;™? + |+ + |+ [+ [+ [+ [+ [+ [+ [+ |+ [+ [+ [+[+[+]+[+][+[+][+]+][+][+]+]+]+
MeCl,™ T + |+ = e I T s o 5
MeOHCI™ + |+ + |+ + |+ + | +




Thermodynamic Modeling of Inorganic Species

Review of Databases

Literature Databases
‘A\

I ]

Species

phreequ.dat

wateg4f.dat

minteq.dat

minteq v4.dat

sst2005.dat

FeMn|Cu|Zn|Cd|Pb

Fe [Mn|Cu|Zn|Cd|Pb

Fe|Mn|Cu|Zn|Cd|Pb

Fe [Mn|Cu|Zn|Cd|Pb

Fe [Mn|Cu|Zn|Cd|Pb

Nitrate complexes

MeNO;"*

+

+

+

+

+

++ |+ |+ |+

+

++ |+ |+ |+

+

Me(NO;),™*

+

+ )+ |+ |+

+

+ |+ |+ |+

Me(NO;); ™

Me(N03)4 n-4

Nitrite complexes

MeNO,"*

=+

ME(NOz)zn_Z

Me(N02)3 n-3

Phosphate com

lexes

MePO,"

MeHPO,"*

+

+

+

+

MeH,PO,™!

MeH(PO,), "

MEHz(PO4)2 n-4

MeH;(PO,), ™

MeH;PO, n

MeH,(PO,), ™

MEH@(PO4)3 n-3




EXPERIMENTAL INVESTIGATIONS

V"
7277 MOH™
3 [ZZZ2M(OH),™

M(OH),™

Y M(OH),™

XY MHCO,™
MCcOo,™

.
%
7
/
%
/
%
/
%

RXIM(SO,),"

==|Vlo/i
[ MCl,™

([0 MC1,™
[ mcl,™

v

o [ Others (<1%)




Thermodynamic Modeling of Inorganic Species

OH-, SO,#, Cl-, NO,, NO; specie formation follows the order

MeL™"> MelL,m2"> MelL ,m3" > MelL_,m4"

Phosphate species formation follows the order

MeHLm”+1'm > MeHzl_mn+2-m > MeHBLmn+3-m
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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
EKMAIAEYZH KAI AIA BIOY MAGHZH 5 Ez rIA

ENEVEYON 6TNV UOLVWYid TNE YVWON

EE
YNOYPTEIO NMAIAEIAL KAl BPHIKEYMATQON IATKO KOINONIKO TAMEIO
Evpwmnaikr 'Evwon EIAIKH YNHPEXZIA AIAXEIPIZHX

Ei (K6 Kovwviké Tapei
— e 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/

MopdEg - cupumeplpopd otolxelwv oto Bahaccolo reptBaAlov
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>NUElwpo Avadopag

Copyright EBvikov kat Kamodiotplakov Mavernotiuov ABnvwy, MuxanA
2KOUAAOC, EppavounA Aaocevakng 2015. MuxanA 2koUAAoG, EppovounA
Aoocevaknc. «Xnukn Qkeavoypadia. Evotnta 1: MopdéEc - ouumnepipopd
otolxeiwv oto BaAdoolo reptBaiiov». Ekdoon: 1.0. ABriva 2015. AwaBeoipo
amo tn diktuakn dtevBuvon: http://opencourses.uoa.gr/courses/NOC83/
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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
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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.
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>nueiwpo Xpnonc Epywv Tpltwv (1/4)

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

Ewkova 1: MNeplodikocg mivakac twv otolxeiwv. Copyrighted.
http://d1jgu7gly74dsl.cloudfront.net/wp-content/uploads/2011/11/periodic2.gif

Ewkova 2: Copyrighted.
Ewkova 3: Copyrighted.
Ewkova 4: Copyrighted.
Ewkova 5: Copyrighted.
Ewkova 6: Copyrighted.
Ewkova 7: Copyrighted.
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>nueiwpo Xpnonc Epywv Tpltwv (2/4)

Ewtkova 8: Meplodikog mivakac tTwv otolxeiwv. Copyrighted.
http://ocean.stanford.edu/courses/bomc/chem/lecture 04.pdf

Ewkova 9: Periodic table with the scavenged elements. Copyrighted.

Ewkova 10: Periodic table with the biologically required elements. Copyrighted.

Ewkova 11: Vertical profiles of elements in the North Pacific Ocean. Copyrighted.

http://2.bp.blogspot.com/-yzhcw5A2flk/T-jgt8S1Jfl/AAAAAAAAAKM/7FQG-
pvt9Pg/s1600/nozaki+table.jpg

Ewkova 12: Copyrighted.
Ewkova 13: Copyrighted.

Ewkova 14: Experimental investigations. Copyrighted.
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2nuelwpa Xpnonc Epywv Tpitwv (3/4)

To Epyo aUTO KAVEL Xprjon Twv akOAouBwv £pywv:

Mivakeg

Mivakag 1: Classification of substances in seawater. Copyrighted.

Mivakag 2: Xnuikn avaAvon DOM oe emidavelaka kot Babua vepad. Copyrighted.

Mivakag 3: Settling velocity of quartz spheres in distilled water at 20°C.
Copyrighted.
http://publishing.cdlib.org/ucpressebooks/view?docld=kt167nb66r;chunk.id=d3
2 ch20;doc.view=print

Mivakacg 4: Mineral group with examples and formula. Copyrighted.

Mivakag 5: 2taBepec oxnUATLOMOU yLa LOVIKA (EVYN O€ £va LECO TO OTOLo vaL UnVv
TIPOKAAEL cUMTTAEEN, LOVIKAC LOXVUOC OpoLaC LE auThV Tou BaAaoaolou vepou. Sillen,
1964. Copyrighted.
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>nueiwpo Xpnonc Epywv Tplitwv (4/4)

Mivakag 6: OL CUVTEAECTEC EVEPYOTNTOC TWV SLAAUUEVWY LOVTWVY, PL{WV KOL LOVIKWV
(evywv oto BaAdoolo vepo os Beppokpaoia 25°C kal xYAwplotnta = 19%o. Riley and
Chester, 1971. Copyrighted.

Mivakag 7: Copyrighted.

Mivakac 8: Ekatootiaio mooootd popdpwv KUPLWV CUCTATIKWY Tou BaldocLou
vepoU. Copyrighted.

Mivakacg 9: lon-association models for sea water as a function of temperature and
pressure. Copyrighted.

Mivakec 10-11-12: Thermodynamic Modeling of Inorganic Species Review of
Databases. Copyrighted.
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