YAATIKH XHMEIA

[leplexouevo onuepivou NabriuaTog:

1. QUOIKEC 101OTNTEC TOU VEPOU TTOU TO KOBIOTOUV

TTAYKOO W10 OIaAUTN

2. MNMw¢ YETPAMPE TA TTOIOTIKA XOPAKTNPIOTIKA TOU

VEPOU
3. XNMIKEG I010TNTEC TOU VEPOU

4. INwcg uttoAoyifoupe TTOCO OTEPED UTTOPEI Va

d1aAuUBEi yéoa oTo veEPOD

5. MNMwc¢ utroAoyiloupe TTOOO AEPIO TTOU BpioKeTal
oTnNV aTyuoo@aipa UTTopEi va dIaAuBei péoa oTo

VEPO

6. MNMwc¢ uttoAoyiloupue 10 pH o€ 6CIva 1 aAkaAIka

udaTIKA diaAupaTa

7. NoAAG TTapadeiyuara epapuoywyv



Duoikég 1016TNTEC NepOU
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» 2T0 JMOPIO TOU VEPOU Kal Ta dUOo AToua Tou udpoyodvou Bpiokovtal atrd
TNV atrévVavTl TTAEUpd TOU ATOPOU TOU OCUYOVOU HE QTTOTEAEOMQ TO
MOPIO TOU VEPOU va £XEI DITTOAIKO XOPAKTAPA.

» Ta dittoAa yépla Tou vePoU avaTITUOOOUV OECHOUG METAEU TWV POPIWV
TOU VEPOU, YVWOTOUC WwC OeOUOUC UDPOYOVOU. 2€ KOAVOVIKEG
Beppokpaaieg péxp! kal 100 popia vepou UTTOPEI va eVWvovTal JETACU
TOUG.

>  QcC atToTEAEOHUA TWV OECUWYV UOPOYOVOU PETAEU TWV JOPIWV TOU VEPOU,
TO VEPO gival uypo eV KAVOVIKA Ba ETTPETTE HE BAON AAAEC TTAPOUOIES
evwoelg (H2S) va gival agplo.

» H 1oAIKOTNTA TOU VEPOU €ival ONUAVTIKOC TTAPAYOVTAC OTOV KOBopIouo
TWV I010TATWY TOU WG dIaAUTNG. To vepd Bewpeital Evag TTayKOOUIOG
OIOAUTNG. ATTOOTTA aTTO TA TIETPWHOATA QAVIOVTA KOl KOATIOVTA TTOU
EAKOVTAI JE NAEKTPOOTATIKEG DUVAUEIG.



TutriKa XapaKTnpIoTIKA S1a@OopwV TUTTWV VEPOU

MapdaueTpol OdAhacoa Bpoxn Emi@aveiakd YT1oyeio
mg/I (ypaviteg-

aoBeoToOAIBOI)
OAIka d1aAuTd 34500 20 34-165 434
21eped o my/l
Sio?* - 0.8 9.5-1.2 10
Fe3* - - 0.07-0.02 0.09
Ca?* 400 0.65 4-36 92
Mg?* 1350 0.14 1.1-8.1 34
Na* 10500 0.56 2.6-9.5 8.2
K+ 380 0.11 0.6-1.2 1.4
HCOs 142 7 18.3-119 339
SO4 2700 2.2 1.6-22 84
Cl 19000 5 2-13 9.6
NOz - 0.3 0.4-0.1 13
OAIKN 6700 6 14.6-123 369
OKANPOTNTQ,
mg/l CaCOs
pH 8 5,6 6,5-8,5 6-8,5




Duoikég 1016TNTEC NepOU
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» To vepO TTEPIEXEI TTOAAQ OTEPEQ TTOU AVAAOYA PE TO
MEYEBOC TOuC dlakpivovTal OTIC aKOAoOUBEeC
KATNYOPIEG:

AloAUTG oTEPEd: < 103 um
KoAAoe€1dr oteped: 103 uym — 1 ym
Alwpoupeva oTePEA: > 1 um

loi: 102 ym — 0.1 ym
Baktipia: 0,5 um —5 um
AAyN: 1 um =100 pm

»QoAoTnTa: H BoAdGTNTA OTO vEPO OPEIAETAI KUPIWC
OTn TTapoucdia  aIWPOUUEVWY Kal KOAAOEIdOWYV
OTEPEWV TTOU DIAXEOUV KAl ATTOPPOPOUV PuUG.



XnuIKEG 1016TNTES TOU VEPOU

pH: To pH opiletal w¢ 0 apvnTIKOG dEKADIKOS AoyapIBuog
TNG GUYKEVTPWONG TWV IGVTWY UdPOoYyOvou a€ £va didAupa:

pH = - log [H+]
H2O «— H" + OH"
1) ZToug 25°C: 10 ¥ M? =[H*] x [OH]
2.TO KaBapo vepod 1oxuel: [H] = [OHT]
0O¢gIvo vepo: pH <7

OudETEPO VEPOD: pH=7
AAKOAIKO vePO: pH>7

Ta TTEPICOOTEPA PUOIKA vEPA €Xouv pH =6 — 9. O
TTEPICCOTEPOI UOPOPIOI OpyavIoUOI avaTrTucoovTal o€ pH
LUETOCU 6.5 — 8.5.

ATToOTOYMEVO VEPO: pH =7
Odalaocoa: pH =8

Bpoxivo vepo: pH = 5.6

Aepovada: pH =3

2 UYKEVTPWHEVO NITPIKO o¢u: pH =0

2) 2UVOAO apVvNTIKWVY POPTIWV = 2UVOAO BETIKWY QOPTIWY



[Mapddeiyua 1°

YT1roAoyioTe To pH kaBapou vepou aToug 10°C.
Aivetar Kw 10°C = 2,9 x 1015 M?

1) ATré XnuIkn 1ooppoTria [HYX[OH] = 2.9 x 10> M?
2) ATTO 1I000TABUION QOPTIWV AVIOVTWY KAl KATIOVTWYV

[H'] =[OH] kaBwg tTrpTrel TO vEPO va PNV EXEI
(POPTIO

Apa [H]?=2.9 x 101> M?

[H] =5.4 x 108 &pa pH = - log [5.4 x 108] = 7.27



Aywyipgotnra: H aywyiuotnta ek@pAadel TNV EUKOAIa Pe TNV
OTTOIa TO NAEKTPIKO peUa dIEpXETAI DIAPEOOU EVOG UDATIKOU
OlaAUpaTOC. TO NAEKTPIKO pevupa pEoa atrd TO UdATIKO
OIGAUNA HETAPEPETAI HECW TWV IOVTWYV KAl KOTA OUVETTEIQ N
AYWYIMOTNTA €VOG DIAAUMATOC €ival avAAoyn ToOUu CuvOAouU
TWV IOVTWV TToU €ival dlaAupEva o€ auTo. H aywyipotnta
EVOC OIOAUUATOG €ival TO AVTIOTPOPO TNG AVTIOTAONG OTN
OIEAEUCN TOU NAEKTPIKOU PEUMATOG ME HOVADECG:

1/(ohm x cm) 3 ohm*/cm ; mho/cm i} S(Siemens) /cm

Aywyipérnrta (uS/cm)  TDS

ATTOOTAYUEVO VEPOD 0,1-4 0)

Nepo Bpoxngs 20 -100 10 - 50
Emi@avelakd yAUKO vepO 100 — 1000 40 - 500
YTTéyeio vepd 400 — 1500 250 - 800
Oalacoa 40000 34000

2 € KABe udaTIKO dIAAUpa Ba TTPETTEI TO CUVOAO TWV BETIKWV
QPOPTiWV VA I00UTAl JE TO GUVOAO TWV APVNTIKWY QOPTIWV.



Napdadsiypya 2°

E¢etdoTe av n xnUIK avaAluon vepou gival cwoTh (divovTal AB Ca,
Mg, Na, H, CI, S, O =40, 24, 23, 1, 35.5, 32, 16)

pH=8, Ca*?=65mg/L Mg*?=18,2~7, SiO,=19mg/L

Na*=76 mg/L, HCO0;=286,7 mglL SO0;*?=28"9/
— m

cr-=98"9/,

Me BAon TNV OUBETEPOTNTA TWV POPTIWV Ba TTPETTEI
2 BETIKWV QOPTIWV = Z apvNTIKWV POPTIWV

dopTio 16VTOG mmole / I
Ca*? =65mg/L +2 65/40 = 1,625
Mg*? = 18,2 mgl/l +2 18,2/24,3 = 0,748
Na* =76 mg/l +1 76/23 =3,3
[H] 1078 =0

2 UVOAIKG BETIKG popTia= 1,625x2 +0,748x2 + 3,3x1 = 8,04 BeTIKA popTia/L

dopTio 16vVTOC mmole/ I
clm =984 -1 98/35.5= 2,76
S0;* = 2872 -2 28/96 = 0,29
HCO; = 286,77 -1 286,7/61=4,7
OH~ -1 107°

> UVOAIKG apvnTIKWV QopTiwy = 2,76x1 + 0,29x2 + 4,7x1 + 10° = 8,04
apvnTika goptia/L. Apa n avaAuon OK



2KAnpOTNTA: H TTEPIEKTIKOTNTA TOU VEPOU OEF
0100¢evr) METAAAIKA 10VTA KUpiwg aoPeoTiou

(Cat+) kai yayvnoiou (Mg++)

2kAnpornta o€ mg/l CaCOs = mmol/l of M*2 x
100 mg CaCOz/mmol

MaAaka vepa = 0 - 50 mg/l CaCO3
2XETIKA OKANpa vepd = 50 - 150 mg/l CaCOs
2KANPA vepa = 150 - 300 mg/l CaCOs

[TOAU 2kAnpa vepa = > 300 mg/l CaCOs



Napadsiyua 3°

YTroAoyliouo¢ okAnpoTNTOC

Acgiypa vepou trepiéxel [Cat?] = 92 mg/L kai [Mg*?] =
34 mg/L. lNola gival n okAnpoTNTa TOU VEPOU o€ Mg/l
CaCOs;

2kAnpornta 1mmol/L = 100 mg/L CaCOs3

1 molCa=ABca=40g¢g
1 mol Mg = ABmg = 24,3 @

Apa mmol [Ca*?] = 92/40 = 2,3 mM
mmol [ Mg*?] = 34/24,3=1,4 mM
Apa ouvoAikry okAnpoTtnTa w¢ mg/l CaCOs

CaCO3 = 3,7 mmol x 100 mg CaCO3z /mmol = 370
mg/L CaCO:s.



Napadsiyua 4°

YT1roAoyioTe TNV oKANPOTNTA TOU OIAAUUATOC O€
lcoduvauo mg/L CaCOs 1Tou TrEpIEXEl 1% oe CaSOy
K.. o€ udaTiko diaAupa pe TrukvotnTa 1 kg/L.

a) 2uykevipwon 1% oe CaS0O4 k.. = 10000 mg/kg
udaTikou diaAupatog = 10000 mg/L udaTikou
dlaAUpaTOC

MB CaS0O, =136 ¢

B) Mopiakn ouykévipwon 1% oe CaSO4 k.3. = 10000
mg/(136000 mg) = 0,07 mol/L= 0,07 M

mol Ca*? = 0,07 M
mol Mg*? =0 M
Apa ouvoAikry okAnpoTtnTa w¢ mg/l CaCOs

CaCO3 = 0,07 mol/L x 100 g CaCOsz /mol =7 g/L
CaCO3=7000 mg/L CaCO:.



AAKOAIKOTNTA: AAKOAIKOTNTA €ival N IKAVOTNTA €VOG
OlOAUpATOC VA  €COUDETEPWVEI  0&Ea. AvtioToixa
og¢uTNTA  €ival n IKAvOTNTa €vO¢ OIaAUNATOC Vva
gecoudeTepwvel BACEIC. 2TN TTEPITITWON VEPOU TTOU
TTEPIEXEI NOVO OlaAUNEVO CO2 OI CUYKEVTPWOEIC TWV
EVWOEWV TTOU €TTNPEAlouV TNV OAIKNl  OAKAAIKOTNTO
TOU VEPOU €ival ol aKOAOUBOEG:

YdpoguAiov [OH]

AvBpaKIkA pia [COz7]

0&ivn avBpakikn pi¢a [HCO3]
MpwTtdvia [H]

2.€ QUTA TN TTEQITTTWON N OAIKA AAKOAIKOTNTA TOU VEPOU O€
lcoduvaua/L (eg/L) diveTal w¢ akoAouBbwc:

[AIK] = [OHT] + 2 [CO3?] + [HCO3] — [H*]
6mrou [OH], [CO32], [HCO3], [H*] o mol/l kai
1 1000Uvapo aAkaAikoTnTag (eq/L) dExetar 1 mol HY

2UXva n aAkaAikotnTa ekppaletal kai o€ mg/l CaCOsz 610U
1 eqg/L aAkaAikoTntag icoduvapei ue 50 g/L CaCOs3

AvTioToIxa pe TNV aAKaAIKOTNTA opileTal N OAIKN) oguTnTa O€
icoduvapa/l (eg/l) oupewva ue TV akdGAoubn oxéon:

[OAIkry o€uTnTa] = [H*] + [HCO3] + 2 [H2CO3*]- [OH1]
Otrou: [OH], [H2CO3*], [HCO31, [H] o€ mol/L



MNapadeiyua 5°

YT1roAoyioTe TNV METABOAR TNG aAKOAIKOTNTAG 0€ med/L Kkal
mg/L CaCOs katd tnv vitpotroinon 1 mg/L NH4"

+

NH,” + 20, >NO, +H,0+2H"

1 mol 2 mol H*

18 g NH4~* 2 eq aAKaA

18 mg NH4* 2 meq aAKaA

1 mg/L 1/18 x 2 = 0,111 meq/L

Apa n aAkaAIKOTNTA TTOU KaTavaAwveTal o€ mg/L CaCOs3
KOTA TNV VITPOTToIiNon IcouTal:

0,111 meg/L x 50 mg CaCOs/meq aAkaA = 5,6 mg/L
CaCOs



AlaAutdéTnTa otepewyv: TOOO OTEPEA OCO KOl agpia
EXOUV TNV TAON va OlaAuovTtal JEoa OTO VEPO. 2TNn
TTEQITITWAN TTOU €va OTEPEO AzBy OlaAUETAlI OTO VEPOD
TOTE N €Ciowan 100ppOTTiIag Tou OTEPEOU AzBy pe 1O
1ovra A" kai B~Z divetal atrd Tnv akdAoubn oxéon:

AzBys €2 zAY+yB*

2TN TIEPITITWON apaIwV  UdATIKWY OICAUMATWY N
OUYKEVTPWON TWV IOVTWV UTTOPEI va UTTOAOYIOOEI uE
Baon 1O yIivouevo OIOAUTOTNTOC TTOU OiveTal ATIO TNV
aKOAouBn oxeon:

Ksp = [AY]*x [B*]

Ooo 1m0 yeydAn gival n TIPA TOU YIVOUEVOU
O1aAuUTOTNTAGC KSp 1000 1110 OIQAUTO €ival TO OTEPED
OTO VEPO.

2.Uxva otn BiBAloypagia avagpépeTal N otabBepd pKsp
TTOU UTToAoYieTal KOTA avTioTolXia Tou PH w¢
aKOAOUBWCG:

pPKsp = - log Ksp
ETriong n d1aAuTtoTnNTa €VOC OTEPEOU OpileTal WG [S]:

[S] = mol/L Tou otepeou TTOU dIOAUOVTAI OTO VEPO



Napadsiyua 6°

Katd tnv €Tmecepyaaoia yia tnv  mrapaywyrn 1mooiuou
VEPOU XPNOIMOTTOIEITAI CUXVA UDPOLEIdIO TOU apyIAiou
(Al(OH)3). To opio Tou apyiAiou oTO TTOCIUO VEPO Egival
200 pg/L. EkTniyAoTe av auti n TTPAKTIKI) ONUIOUPYEI
TPOBANUa  oTnv dnuocia uyeia. YTroAoyioTe TN
OuyKEéVTpwOon Tou dpyihiou [AlI*]] og vepd TIOU
UTTOKEITAI OE €TTECEPYATia Pe TTPOOONKN udPOEEIdiou
Tou apylhiou AI(OH)s kai €xel pH = 7. Aivetal Ksp
Al(OH)3 = 1032

Al(OH)z €> Al*3 + 30H"
Ksp AI(OH)s = 1032 = [AI*3] x [OH]3

Apa [Al*3] = 1032/ [107]® =10 mole/l

Apa [AlI*] = 101 x ABa = 101 mole/l x 27000 mg/mol =
=27 x 10 mg/l = 27 x 10~ ug/l Gpa dev UTTAPXEI

TTPOBANUa

NMwg aAAadlel n emTIKIVOUVOTNTA OV £XOUHE O&IVO
O1aAvpa (pH = 4);



Napadsiyua 7°

, ’ m ’
YTroAoyioTe TV OlaAUTOTNTA TOU CaF, o€ Tg Awetau

CaF, < —> Ca*?+2F~ katKsp =5x10711 M3

AYZH

‘EoTw S n dIoAUTOTNTA TOTE YIA
[ Ca*?][F~ ]>=5x10"11 M3
‘Exoupe [Cat?]=S,[F~ ] =2S
Apa [S]- [25]%=5x10711 M3

moles

Apa [S]=2,32-10"*

MB CaF, =40+ 2x19 = 78gr

AlgAutoTnTa CaF, = 2,32x107* —=

18,124
L

78000—L =
mole



MNapdadeiypa 8°

2.€ OeCcapev TTOOIMOU vEPOU aTTo artuxnua Bubiletal
oTov TTUBuéva NG decapevne 1 kg otepeou
udpoceldiou Tou XaAkou (Cu(OH)2) (s).

YTroAoyiote TN  OIOAUMEVN OUYKEVTPWON TOU

XOAKOU OTO VEPO 0€ OUDETEPO PH Kal EKTIMAOTE av

TO vePO cival akataAAnAo vyia T1oon. [llwg

METABAAAETal NN emKivdouvotnTa av 10  pH

eAATTWOEI. AivovTal:

1) Cu?* + 20H" <> Cu(OH)z2), Ksp=2x101° M3,
atouika Bapn: Cu=63.5, O=16, H=1.

2) MEyioTn eTTITPETTTH) OUYKEVTPWON JIGAUPEVOU
XAAKOU OTO TTOOIMO VEPO = 2 mg/L

T1 8a aAAG&el WG TTPOG TNV ETTIKIVOUVOTNTA TOU
VEPOU TNG OECAPEVNG OTIC AKOAOUBEC
TTEPITITWOEIG:
a) \Oyw Tou aTtuxnuaTog, To pH TOU VEPOU TNG
OECANEVAC pEIwvVETAI o€ pH = 6 Kal
b) 21OV TTUBUEVA TNG decapevnS KaTaAryouv 10
kg oTEPEOU UdPOLEIdiOU TOU XaAKOU Kal To pH
TTAPAMEVEI OUDETEPO.



AYZH
) YroAoyiouog diaAuuévng auykEVTPWONS XaAKoU yia
pH =7

Ksp Cu(OH)2s)= 2x1071° M3 = [Cu*?] x [OH]?

Apa [Cu*?] = 2x101°/[107]? =2 x 10°> mol/l

Apa [Cu*?]= 2 x 10°x ABcy =2 x 10°x 63500

mg/mole = 1,27 mg/l dpa TTapapével KATW ATTO TO
oplo

Il) YrroAoyiouog véac diaAuuévng OUyKEVTPWONG
XaAkouU yia pH =6

[Cu*?] = 2x101°/[10%]> =2 x 10 mole/I

Apa [Cu*?]= 2 x 103 x ABcy =2 x 10°3x 63500
mg/mole = 127 mg/l
H 1TpooBnkn TepIcooTEPOU ICNMATOC UDPOLEIDIOU TOU
XOAKOU Ogv aAAACel TNV dIOAUTOTNTA, Apa N
OIOAUMEVN OUYKEVTPWON TOU XOAKOU TTapapEVEL idla.



AlaAuTéTNTA agpiwv: OTTWG KAl Ta OTEPEA £TOI KAI TA AEPIA £XOUV
TV Taon va dlaAvovTal Katd €va TTooo00TO Jéoa OTo vePO. lNa
TTApAdEIlyua n aupwyvia €ivar TTOAU OIaAUTr) OTO VEPO €VW TO
o¢uyovo TTOAU Aiyo. H  Oi1aAutdtnTa TWV Qgpiwv OTO VEPOD
TTEPIYPAPETAI IKAVOTTOINTIKA ATTO TO VOUO Tou Henry tTou diveral
KATWTEPW:

«H OdloAutoTnTa €VOG agpiou OTO VvEPO E€ival yia OpPICHEVN
Beppokpacia avadloyn TNG MEPIKAC TTiEONC TOU dgpiou OTnNV
ATUOCPAIPAX.

2.€ aAyEBpPIKA popeny 0 VOUOG Tou Henry ek@pAadeTal:
P(Gip) = Kn X Xaepiou r’] Xaspiou = P(GEp)/KH

Apa 600 TTI0 PIKPNA N oTaBepd Tou Henry 1600 1110 dIAAUTO TO
QEPIO OTO VEPO
Ortrou:
Kn = otaBgpd Tou vopou Tou Henry
P(agp) = MEPIKN TTiIEON AgPIOU OTNV ATHOOPAIPA
Xagpiou = MOPIOKO KAACOUQ TOU AEPIOU OTO VEPO =
mol X/L

mol/L X + mol/L H20

2.€ adpaid udaTIKA dlaAuuaTa =

mol X/L mol X/L

Xaepiou - -
mol/L H>O 55,6 mol/L H20

Apd mOI qupiou /L = P(Gap)/(KH /55,6)



H diaAutry ouykévipwon evog agpiou oTo vePSd €CapTaral armd TNV
Bepuokpaoia, TN PEPIKN TTiEON TOU agpiou OTNV aTNOC@AIPA, TN
OIOAUTOTNTA TOU AEPIOU OTO VEPO KAl TO OUVOAO TWV IOVTWV TTOU
gival dlaAupéva oTo vepld. AuavouEvng TG Bepuokpaaiag Kal TG
OUYKEVTPWONG TWV IO0VTWV OTO VEPO N OIAUTOTNTA TOU QAEPIOU
MEILVETAI.

Tipnég TNG oTaBepdg Henry (Ku x 104, atm)

Oeppokpacia, °C | N2 | O CO» H2S
0 5.29| 255 | 0.073 | 0.027
10 6.68| 3.27 | 0.104 | 0.037
20 8.04| 4.01 | 0.142 | 0.048

Tiyég TNG oTaBegpdg Henry (Kux 104, atm/ (mol/L))

yia udaTika diaAvpaTta

P(Gsp) - KH* X anpiou (O'E mOI/L)

O@¢eppokpaaoia, °C N> O> COq H>S
0 0,0951 | 0,0459 | 0,0013 | 0,0005
10 0,1201 | 0,0588 | 0,0019 | 0,0007
20 0,1446 | 0,0721 | 0,0026 | 0,0009




[Mapadeiyya 90 Nopog Tou Henry yia agpla oTo vePO

YTTOAOYIOTE TN OUYKEVTPWOT KOPEOHOU TOU OCUYyOVOU
o010 vVEPOD (Csop2) oToucg 10°C kai 20°C Kal aTuooQAIPIKN)
mmieon ion ye 1 atm.

Nopoc Tou Henry: P(agp) = Ku™ X Caepiov (0€ Mol/L)
Aivovtar: Ky (10°C) = 0,0588 x 10* atm/(mol/L)
Ku* (20°C) = 0,0721 x 10* atm/(mol/L)
NAY2ZH

H pepiki mTieon Tou O2 oTov agpa cival avaioyn mng
TTEPIEKTIKOTNTAC TOU aépa o€ Oy

Oz otov aépa =21% Po2=0,21 x 1 atm = 0,21 atm.
T = 10°C , Kn (10°C) = 0,0588 x 10* atm/(mol/L)

Apa Co2 (10°C) = 0,21 atm / (0,0588 x 10* atm/(mol/L)) =
3,57 X 10“* mol/L

Apa O; o1o vepd = 3,57 x 104 M
Apa Cso2(10°C) = 3,57x10% M x 32000 mg Oz/mole =
11,4 mgO2/L

AvTtioTolxa atoug 20°C Ky = 0,0721 x 10* atm/(mol/L)
Apa Co2 (20°C) = 0,21/ (0,0721 x 10* atm/(mol/L)) =
=2,9x10% mol/L

Apa Csp2 (20°C) = 2,9 x 10 M x 32000 mg Oz/mole =
=9,3mg0O2/L






