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~'1'Ar<ADA Puros O'b~5e K£D!AA11F a ~~ttA OE aw1uf3rt.o 96 
~ Flw~ G11 I 1Do1-J})G° Cr~ 2 x tc 3 M I VALd u,1~V\N'~ ~s Nb 
',f; ff2oD0ilA tNib'lZiAM~LO ~ -titW, u:xJ t..A t\Trto~'W\ , 
lA ~AUo/J i/€ ,UIVEL, ~ ec-·ff~AJC{A ~ fe.iibA!ES ?€ Ob'liM f\ f~lll DG; 

e,f tdeS ~ £c:F.:~i0 ClA j N~ 11 Co, , ~t,z,o 
f'S?GacS f~/~~5 1

r Na1 1111,Co; I -ttCc; I~ I -rl,z1) J ,H+t Oti­

iOJACW,0 NKP ', [ +k.lo~ J -t [-wt] ~ [oH-] + [Co/] 

LA 5owcw,J G/.l4~1CA ~ ES'Vt CJ(J~tCW,U P~Hi.TS at:,TeJb'>( (ftJ p1t ~ i130 

IJN A \}Gt AtmAJr,ifCtJ EL ~ ! ut?>w lor0 &L Wt.. Of" ~ AirW> FtXA u ~ , 
CNJ"ffi 11 EL DIA-G.~f-'\A >f tPUt L-1 Grlw ,AfllW?~ %'AA a ~ ,t,riKA 
AP;~ !aD M /i(JA{lic; ul {A ft "1J ~ 6/2 Y 0J t L~ (A Coo Cc7..JtYl4MAJ 
~ mCo~ ~ (D,{!,1)\AfT& € (fu.JAL A ~l.D;]-;/0 1

·\ lo'''':: /o'.OM 



UP(, 
E1-S 11'.l~fJ LG ~S ~ CAK.LA.lo S 

!A.I fu:AJ Lc1{1A 9W 11tt~A 5° 
~UI Kl&\ 9EL J\w>A 

lA C.OAJD1CWJ.J llECESAK.1,4 PAM orb'iarcl. EL ftuUlU(,k7.l.O ~ r'wPoitUo"1~ 
l.A AllA lll\HVAD l)f (A D1sowewAJ / M Alb VAl'ZIA {26)( (,</fEYUM6u:, 
Ct C01. (olJ LA ~ft~ CuUJ,(]O_M)~ I 

'i\J~ONLc/J~ ~ a ~ RAfAL ~ 51WE w~ 7 ~ ~ ,rub'lG AetPmrtSi 
(A ~IHfl.iFiCAOOAi i,e- Q!)6 et,. VA'tl)P... ,Vl)~RJ.CD 1'IG. ~ AUA-UAJJDAO 

%AA Aft2oXlHA~Ar\e!J~ lta.JAl ~ !JMJJ~ AJJKE~lCo 06 (A COIJCc'1J~O.OIJ 
!€ Bt'€CtcS 1Vl?tLiS ~ &E ~ ~L'I U e,£u,? : 

[r¼,j ~ [Ct J 
EL RuUit> ~ 1mE"~seev..o1J 1X: lA u~A A~~ ,z :ic lo; M CD~ (A CJ~A 
Cr- libs PM~IJA a ftt ~L IJ1Jerb fCW11.,,( r;rZw : pt1: E"l6o I ~ 
ff;;il~fAc; (}t (O()J1C,1.Q,\) oStJfvesm- l/J/QA{.,k,c'")JTE, . 

CDH..o St Olb'7€~A, (A 01.>0UJe-w,<J St +iA C..OAJVGr<.i1DO 0J ~ HAS S,\~IC4 
1 

~~i9J1J,:'1JOo 'P(VlQ"(~'1c'1/1"6 COAJSV\Ai~ Vt [D,AJ~"1.fi12AaolJ ~ 0G" 
c~e~ CA/J',;)!Jl&.S. 

LA- ~1'flZKlAJ+\CWA.l 0J EL~~ ~ (A AUA-G\AII0AO Cf e51"'A 

rn~w~A.J I COIJ A(A.{ 1?\CL.D,0 rtuJ1 KA ~ c--J..AJJ ~"1~ 1 E£Qu1lh\L£ f'RAcnCA -

K8J'i5 ft ~A1Tu'1/t;,Z ~ S(ST~A Cc~~OJ ~re EL N./A{.,1~ f s , 
El Dl4~ Dt EQJJ1U 6W ~ 6ft St;,TEYIA Cc:.~Oo I {,t;/41 WA- Cr ;C,~ > 

\( lo.<.rollDA D€ 1x Lo3~ , Af~(.i ~i,(PVcSfb W (A f({AJ/l.A b, 1 , 

a PUAITb F11JA-L OE tA vA~cv,J ~ CA AUJc1 . .A NiOAo es ~L 62LJf 
I 

Srm ;f ~ iJt Co1JD1 C/40,{) ~ 

A-le.: [+tCo·i J -t 2 [Co[ J + [oJr J -[+er] =- o 

tA >OWCWJJ ~~16\ 1Dt ~ Ca<J01cw,J f~~IJA (JJJ pH-: lf,;o 
lA ~LA 21. ecsu/1.t Lo~ ~$()L-l~9oS ~ E~TE EJ€;2.Ll.lW , 

'" 



UP6 
6T5 1/Jfa.EAJ LE'tloS 06 CA KlAfOS 

1A~lA m. I 

~ard~dro 

4Lu.~~dJ.d 

pt!~, ,~c:~ 

pH~,o.t~. 

f# ~'16\ abLJI\, 

£6SUL11'00~ 

VAk-< 

loo ~tu.lo, 
S',,o 

$,Go 

~.So 

(JJ~i<Jlc~A SAfJ l'fA~lA ~ 
&;1 Kl CA. 9€L. A~A 
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I ,pll-, 1PKt 
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[DH} X "'cw J l 
i 

FlwJ R.A G. I DIAu.AAhA ~ EQLJILll,~ €Al ,1,rG11,A- Cc '1<.iY{A 00 

. o. 1, ,,, , pH 

' i f '1" t.:, (1 
4 

J 

~ If~' 
( 

~~ 
I 
I 
I 

1. I 
Mi I 

-k~ Cl 
) I 

~ I/ 
~;~] ~J 

y ~ / C~1Lo, 1 ~ Cr , 
J 

~ 



U?S 
Et$ /AJCaitJ Li~~ 06 CA.Kl.VOS 

IN~Lc~IA ~.urr~lA, S" 

QIJIMlCA \)EL AQ.iJA 

] U/JA D\~OLVCLOAJ Pe i;tCA~~/4JA10 S0!)1G? , Cil~A AUALltJIOAD €S '2.00 itt ~Co,; 1 

,G ,ij4. l'\AN''tE.0,oo ;\!~LADA ~ LA AT~~/(}\ ~,tCL)A,O,WT6 OoDE 51.J ~f'A~Ac!OAJ, 

AL CAet, ~ UJJ CZeRro r~KPo ~ AW a MAA1:. "VE LA co~TLi.if6 
1 

€1.Jr~ E1J Co~cro Co.I WA I\TJ,W,Ft~ CV~~ PUSto.O f'AfCLM.. Qt: Coz. 
es pCoi: 10-11; a.tn1 , ffAS~ A<.uVJtAli a fQUt1,;i1,ruo CoAJ ELLA, 

ur,utitAIIX' a ~,roo ~.tAr-:1co ~ EGu, L.,1 r,eu, 1 ~1'tu 4./Ai ; 
I . &L- ~ Ot LA OtSOWCWA.I I AH C-v\L 

1. EL plt 0€ LA ~l$0W"-OA1 eJ rou,L.,~(Z{o (o,{) V\ ttrn.D>~ J 

',, LAS (a.l~.AIE~ Kaut~ 06 WPAS (.,\$ 5'i:Cw5 a,.,, hlCA S 

Pf2c.s£.Ui"E5 ell a <1<-1J,u1?tto CoAJ (A ~~?lA , 

8, Ki~lDAS ~AUWAS IN , rTlJ * tA CAuo,AO PGL r\Gl.tJA ~ WJ AWtn;(c r'ZcRAJOO 

~VW\AJ tlA.I pH~~,; Y ~~ ~Pfr<,\~ DS T ~ '2-S° C , 

UNA Ki,)~TRA ~ e!>rE ~,\ ~ ve!A AlfEAJ<. c1J a (J\b,;,R,i\ic,IU.o ~n; 
v~LOS D\t\) tiA~P\ QUE 51.) r 5G l:?',t\6lLt1A eJ [DA.I~ ~Al l/Aflr A~~ 

Q)y,-. P~~(OA.l PAfLlAt 'Ci (Oz_ €5 fl01.::. 10-11; a.frn , fO}{ omA PAtt"E 
1 

(l,lJ 

AN'AU,~ ~xP~kfAJ't'i\00 MAUt.A V\ f1J.fb-ST/Vr 0€' A6'JA , oe,n,.iLa.QO G\/~ 

or~s LOS 5l(w~5 /2ESOL:v\OO~~ AUAUilliDAO: i,o ~Jt~Co.; Y 

CAL cw : ZDo ,ft U Co~ ~ 
~r2KL,u~a. ~ 

I. lA CoAJCe/J\'AACWAJ D€ LA €,f~ [#z.'°, 1 1 e).J ~~It Cot 1 £AJ e.. l,'J~,U,Y{ 

0a. Ac.u1~1tc I rtcDlA.u'iE LA.5 f-RACU0$5 C€ tOAIIUCWAl 1 

2.. Gi.., p+f ~ GQu1ue~to Ar.JJW£A.eo ~at a AG.0~ €)J a 'A6or'VtW~LO , 

, , cL ptf RA.JAL [1ED~ICD) A QUE' EL AI.IAU.S'rn tl4 j)ff!,1PO AC!D\Ff eAJt LA 

}1lfE!ffAA ~ ~0ot\ f~AA 1)E'iaKlAf~ SU ~U,()!l)AO, 

4, EL OJDlcG ~ Lt\Af(A.eW~ Pf LA fWESTRA 0t A6JJA 1?¼lib t?J 8-

/0J l Ft:1Zo , Co MD 9J Gt LA~ ~TD~LO j 1 ~ CD~~ iJ~t.E~ ~ 
pk I: "·n I p4-;. lo,-;, i p~ ~ 1,$ ; pks ': i1,~ 



u~~ 
eTS /,'J&iA! lGM) ~ OtKlMOS 

/IJ ~ .. EJJ Ii ~IA '1\Al 117\IZ l4 5'0 

QUI kl CA oa AM A 

7, ?0WU0.4J ·. 

EL DIA~~IA.tt 9E aiu1L16rlW Of (A Dt,OWCWiU IA.IICML Of e,1~MoAlr'TD SOD/Co 

Af Atc-c& 0J IA r1 cw~ 71 ef.l (A Qlf£ ~ HA w~ i 0t:1<AOO v?J Cr= 4 x l6' M 1 

CAIJ'iiOAO JG 6l~Alri'ib iVE.CGSAllA PAAA .4-UWitA~ (A A<..CAUAJJDAO 

CoN°co O A : 

2oo ~JCtlo; ~ 1 !fr " I ~l Ala.-HW; ~ 1/,d;' r, 
l ;o ~ ~~&..lo1 i ~ 

l}r ~CUACWN % ,Ollk-1 Of ~1\}k.(IC(4 Of f~AJ&S PUB"VS "1bfc1fc1(5£ A 
P~Otlt lit: 

t'?~S 1JJ1e-1ALcS: X1f Co~ V tho 
~ED.G~ fo,;1e,tcs ·. tr, -HiLD~ , -HCoi , £of 

1 
-rf1.o, -+1.,. , o+t ~ 

ECLJAU,0/41 /JgP [tftlol J t [H+J : ceo; J + [ot(] 
I.A SoLVao/J G\(ARCA 0€ €SCA COAJD{CU,A) p~~/4JA (A) p« = £,,10' 

El tllAG.AAMA 0€ En01 Lt6rZw ~ ES~ Kl$M,4 P!SOWCWA.I ai CD/JfACro {J);J 

~ ATIA.O',Fc:12A e; a Q~ AfkflE~ ,ur\~~~~Sfo 0J (A Fi~ 7 1;0AJ% 
/ 

?(T(l. f~,UClPLO ./,~ .. 15' 5 o J. 
[#iCo, J: ~ :{ fCo1.-: lo " lo · ~ 16 ' M : c 1e , 

CD>JSI OG'AA-fJ'l)O M I..A A-LCA L,LAJ IOA D Pt ,(M~Ci C?A!~ Vt/4.! n; MlA/JfE 
a (,uTu1UA~r,Lo 1;€" Coi. CO(I LA ATKo~Ft')(A 1 ~ SLJfo~L4=1JOO M a pH 
f1,uA<., D£ m()1u"ruo e~O\ Cott.Prk1J0.90 ~ 71 '1 , ·~um~ CDAJ?r~'i(i\tlsi:: 

&J.tE a VA-~ ll/Jtu:1<.JCo 0£ lA ALCALlAll.DAO ES P~nCA ~~ IGt,J~ 

Ac VkD1l. NUH.c'1U.lC ~ IA Co,<1c.aJ\'0\uoAI 1b1)\-{., 0c Bf'L::Uc> ~~/4.llU\) 

CT, 
(,I\ 1 !,/\"\,1l StcaDAJ De LA u1J£ft ~ c:v .(J m (,, AfL :. Y ~ Lo 3 ~;.e Coil LA 

0JW-A Cr ~ SISrniA ~,('Q, I P!W~J.JA WJ prt~sl~o Qvc 
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l}f'e, 
ers lfJU\E,ULc~) ot CAK!M°O) 

{A)u.=,(Jta2..[A 'Jf.AJ I~ A SCI 

QUIKlCA ~L A~A 

~Tl,rAf L~ CoAJO!CWAf 5Ul'~SO' IAJtDAL;..tc1JrF 
1 

'1 CD.<hTI1!J~ ~ VW'Tb 
a, f1 0t7. ~Ul~( 6rW fi,{JA<, ~CA9o, 

LAS CoAICc.AJ~NeS KoW.CS 0G tA~ €5feCU:$ ®l /.1.LL.45 ~tt:5aJ1cS 

St o~JJE) Port LECWY<A 01 ~~ CDAJ lA ~nCAL ,p+f:. i,C1o , 1 
~us v~s M~c:c/J ~~uK{OOS £ll (A ~ m, 

17\i,(A @, . !<cSUt~Oo) 

~i~,vo v~~ 

rHit:t~-­
UhLo11 
c~ eo)· J 
[Co~~ J 
[H-r] 

[o;cJ 

il10 

t6 5 n 
1/x~'M 

-~ 1,, " lo M 

l13 i loq M 
.. (, 

zq "co M 

ZI 
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1 " 7 f 4 r~ r, 0 
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,, 
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I [HlP11 i ! 

~ 
Ohto11 

~ 
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I Crlt.l.LH 1 --------r--.....-,:::;~~-~~l!.'---1 

:~ {] ! 

§k- &~J I 

I 
I 
l 
I 
I 
I 
I 

~'(W KA ® . ~1MAA11A ~ iQ'u1 L1 "~ oa S1$1c11tA­
W1-t0/4JAro - M ~M,Af Nfti, AD 00 ~ftfO~I {:o , 



upe, 
E1S I fiJ ~ ,(J Le~~ 0£ 0\ K,l JJ 0~ 

/tC~AJ Lc'"tlA 5'W 111\~lA S0 

aul~lCA QiL A~A 
, 

8. ~LOQOJj ·, 

I.A A~UitllDA D 9f lA KJ.ft.SI'AA ~ A-@J'A ~ ·,u pH tlJ 8.- lAJ1b1UoR. OeL 
AWt r8W R::1Z.Kt 1'Bl O\LLJJL.lb{ 0\ C0/4f Cc1JTIZA~ 1tJ f'AL. ~ E5 P£~> 
~olO\S OJ a tl~~, cAJ x, tS1J\OO ~ s1s~A Cft({Aoo A v\ ~h'i41, 

[Alt J: CJ{~]., i[Co,~] + [o;rJ -- [x 1 J 
[Ale J: U-(Xr ~ 2 Cr ~1. t [OH -J -[ rt! t J 1 [o½,w3J ~ Crtto 

[~] '= [th_Co3J ~d 
1

~1. r [o+(J · [~rt] 
alo 

Ult.Lo;] : ([Ate] - [o)r J ~ L!('l) o1,:·u,_ 
Los VALottcs loAI~( oo > 'toil! ·. 

fu : '1.1,o u, ~ Gt f:'; ,>i I t:j. : ~, b ,- IJi ', ~ (l 
l ,o ow 1u1&.&1 

0 .,11/ 7,[ 

fH~,,; 1 Lw1J ~ ro 6
" , [o~·J:. 10 ~ 10· 

fti''s 

~" ( ,,; ) : t', t/o Si1 ; ~' {b,S) =- o, 91101 ; di{h1S )-=- olococ,Cf 
Q0G f~i{H.(~ C4LCV~ (J}J ~ 0€ 

[~1.o, J = '3' tr, " lo, 11 " ,;, 1 b • lbi n,.,e ,. w o5l) ~ Co L" ,,~ jµ,,, /t Coi 
t Uwt 0 







1l, 

pH 
0 t. 1, 1./ 

,. 
(. 7 .) la ,, 

0 

lrk, w~J 
~ I 

I 

~ I 

; ~ 1 · 

~ 
I 

_le,~ Ct 
I I/ 

V [ott2/i 
(+h.to~1 / I 

,,, 
I 

I 

{ ! 
I 

I 
7 I ;J I 

[+twi J I I 

' 

FlGuJ KA '8. 1'\A G,(.lkr\A DG" t2a/1 ll 6rU.o PEL S!Sfc11A 

CA P.rZ!oiJ A1D - 1:i I C4 ~ 1?0,0 A-Th - AC< 90 CA;Z~Af I a, , 



upe 
&TS J;JtA:c)J t.E£cS Q£ CAK.!JJO'.) 

/Al~AJl,i~IA- ~t1'AfUA S" 
QJtKLCA OB. Aw.JA 

q, (,oAJ oe,JETt, 1)E VOOflCA~ i:Xl'f'tl~).)~Ut.i,(JT'E .I.C~ ~,u~ mfl!eo~ PEL. 

?l~TEMA ll~~AlMO-l?,ICA~L!oAJ/\1'0 It Lf}J ALUk.AJ1, i)G '$AA.I l~t\A P~r'A~ GlJ 

a.. lAhOAA'ibW V>J!t Ot,OWJCLOAJ r\'~AoiGvoo ~,o "'j D€ tJaiCo, EN AGu.lA 

D5TlLADA J CD}<fl.2P\~~ -HA5i1r l/11 VOUJM.c4.I FtA/AL OE V:: i l J 

?AAA A~~~ lA Di,owetaJ ~L CA~AJA-ro soot a, 
1 

si.. AUJ 1-\/.lb CoLcCA l4 

tt~OWCloA.l €Al V1J kkelLACo1' , AJU~TAAJOO ta. Af'A~'TO 9e ,WOO ~E ~ 

9~0Jt:CA ul.JA ~ A'1(P.cw~ 00.. A-<AuA, O€'7t'(JES CG ~Ar< b'1J Rf'IJO.OAJA,, 

~TO a A~1m"1t ~u; VMlA.S 1t0~s 
1 

eL AL.U}{N?, ~~~A PA~ 

CoAJT1WAt a. cxf'GR.,lk.cJJt, , fASCDJJTTZW~e c:>AJ IA ?&l..fecs;. ~ ~ a. 
.~ 1)€ (A ~l~0UCtoJJ Ot~UcfA AJb'Pl.e,tittcJJ1E ColJ EL ,pH fRattSib , 

~riu~ixi a t,tA~~ ~aAFtCo Pt £Qu11.., s~u:, 1 Vfn;i}{1J./~: 
1 ~ EL f 0\: LA 01Sowc-u,~ i~sD\AirES ~r1uis 'CE f'Ra1A~DA , 

1, ~ ALCA( •. UJtPAO 0G IA Pt$0WCA.Ot'J f~r'~~ I E)J fltj/tG-~ > 

3. a ·pH ~ E5~ l'llSkA 1)1;01.JJCA,OJJ lf}./(t ~i AteW1A90 (:(. aw LLl BIZ£., 
CD;J (l)JA tmw>Fc:)(4 ()HA f~SWJ.J PA~Al OE Cot e fWi: lo''0 a.in, I 

~. a f~ Al &le ~1¼'1Z4 ACtl)1 fiCA~St; esoic DIS,OW"-OiJ ~ LA 
JAU>~iJ 0t so ALCAu,u 10AP 1 4lffbA.Jtc-:voo a.vr; a 8/S,A w ¼ 

~ALIC£ coAI l\arcl\CWAJ l.bJG ~ 6u 11aJoS PG ,:; ~n. 

~. 'J,. CJ\AJ'il.DAO 9G ADOO suu~~ICo I eJ n,l I Qt CDtJCc1Jf'(1AO.,o)J Or 1.o Al 
Q~ 96~AA UTtl..(V\1'-$€ 91 LA VA~iJ 0€ V\ At.CAUA.l10AD * 
!JN~ Kl5E5™ ~ 1;0 n,e ~ LA 0tSOLUUO.U ~1'~0A ;W'n:1U.Ji2. .. 
Kf)..11'E;, 

No. -:. 2 ", · C : !t I O ~ I(, 

p~1-:.,·,11. ·, pki .. ,lo/',, p~~ :-l,5 ~ .2S"C 
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lJPB 
er'> l Al G.cAl tZiu,s Pt CA nt N' PS 

ltC!lcNlitlA ctWIU\(~ r;' 
Ql.ll rU CA OfL. A &.u A 

~ ' ~OLUClO)J ', 

lA C0)J{J;IJ~IJ lD'iAL,, ~ E,f~'> GrthoAJtU\S ES : 

G- ~ ,~o ~~' )( A wt ~ G ,do,; M : lo 'Z130 M 

t /o6ow 4 MaCOJ .. 

IAJ~fA,u'fE5 oesfvcS Of frZc'f ARr\OA 
I 
e,ift ~,owao,o AJV -H1't w,oo Tk~f'o Of ~ft\a~­

Ct-.,1... @l;tL,1~~ c,o,0 lA ~Fc:,u ,~ Pua,e coos10t~R.<;& Ir itOO~ Lo~ EFi®> 

CDtto U?J St,T&"KA CcR~'L'o, E'L 'O~~rt\M~ ~ 80LlU0~~ CO~fo,(10L3J~ 

AfAW ·elJ IA rlCtWAA 9 , 

I.A 8:UAUOJ.J ¼ ,Uu.I'SL * ~rc:1t:JJClA Di 'l'~~S ?~ 6C,~1$1~S-€ A ~~r-j,e 
~-, 

E,~a~s 11.J tC-lM..cS 

tz,~~s ?o:.,1~~s 
fu.JACWAJ AJ; P 

~ 1, Co; I +t1-o - ~ 

Ni I +n,Lo, t -ffCoi I Co'>- ,#tV / }(.,.. , OH 
~(thlo,J +[~CDi]t[H1] :-[o+r] 

Vt 50WMN G~nCA DG 61A CoiJDIUOA.) f't1Ut l~ o'f2.,~,Z vJJ p+{ =--11,0 

LA A-lCAUAliOAD ~ (A DISD~UCLOA.I Pf"tc1A~DA t5 p~ Ot:n,(J lUOAJ 

ML~ [Hloil 1 'l[lo,~J 1 [o~· ]- [ ~ + J ~ z~~], 2~~ j 
TeJ tat)() ~.u u.taJD\ @,f a !Jc,,+ es a LJ)J ieo CA-ru,AJ 1JJ11Zooucip,o , (A 

AUAUAJ1PAO M"PE C4LCVLA~~E: 

Ale. -:. /J. [~tou..,,]: ~ ,1 [JJaiC01] , 2. ,1 5, 10" • ID 
1 ~/l 

0 ~ 1'x.2AJ Mi: Ii'- .:1, -,: ~o WJ Wj~ lo~ -:: S oO ~ It Ct lo, 
l I e) o1 

a D\A~AAM ~ rQViu~ )£ tA DtyoLLJw,(J 8J Co~1Aef0 ~(/ I.A- ~~ ~ 
r€1tA kf~~ 7W~lPVESfo eJ LA ~1~~ q 

1 
8J tA auf f~ M(ID Plo 



Ufe, 
et S IN Ca.cl.J LJc(lo, 1'G CA Kt.([ O S 

!,4../~AJ!.E~A 5Ml1t\l1A 5" 
~LJ!K! °' Of"L A ~A 

W,<JSlOb1A~ M lA AflAUA.llOf\0 Pf V}J ~GwA I.JO ~ th.Th~ f~ 1~1ll4'1~lo 

0€ Co,i Co,() lA Arrtd,rctA., ~ ~lffo,{Jtail)o &s a pH 9£ awa.,tJtUo FwAf.. 
fS~ COkf~.oDtOo 0Jft1.c 7 ~ 0 I&, ~141.; (o,(J',l9t~/2 ~ t8., lfAI.U.. 
AJIJl\c~LCD ~ (A AfCALU.JlDAO E; P~c.AnBJ;t;" I~~ At VA~ fi,fljru:'iJu, 
~ LA. CO,UcaJntACWAf ~ Cr PrZ e,feUcS. ~AiltA.S , 
KA INTu'12..}€CQ.OIJ Of U\ UN'Efl Ae£:. 1o"1 t1/l CoJJ LA 'w'MA Cr 
r~~/JA VJJ (/k,m.. fH -:: ~A , ~ 5An4Pr'lc L4S /,t)JJDt().olJc5 

~~ueS·tAS /~M,H.cJJlt ~ ~y~,~ a p+< ~ E°Qul~!~~ r,u,C.4'0o, 

lA i/A{f;f<Mw;J AA/AUTIO; ~ (A AlCAUAf\i?AO ~ 5~ 01~LI)c.<,OA.) I Kt'Al-liAOA 

~ rtooo A ASt~ ~ St,~11A Cc~Oo A L4 ArrtcS~ , 1€ tl2Ct1~ 

fut. (()J OtA~AA~A ~ GU!)llt ~riu, COK.O tl !lLtG HMliCE 'ti!Ptr<fVt:'"Sfb a.I 
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NOS ~rrftlWIJA u1J VAWt. Of f~-: ~, '2 1 a.uf iS t1. auf -kA1)ll4 ~ 
AUArJW Gl M./f;rUSfA Pf:iA v'A~ (A AU4LAAJIOAO ! 

IJ}JA IWES1Wt Of '250 ml 9t 6/f Al1JA ,{,o;J il-Utt\-WIIOAO /Jf.i., ,l °-r/e.. 
12e~AA if)J VOLUK.0J M, Aciw o, io )J 0?\9D f6YZ. 1A rxffZi.SWN ,, 

V ~ V' N' : 1son,l , 1/2\le • i,z,,; !i.l 
N 0/2o l~(l 

lA %LA 1K Q2M'l£ lo5 ~SUL moos /<LJAl [ 1iw~ ~ f',~ 0J~~ , 
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u 9~ 1 N &.E.IJ t.c~tA ,NJ 1tl.a1A , s" 
8TS IAJ~LJl.cf<.o~ ~ ~KHJOS 0LIU11CA %.LA-~OA 

lo, uJ,J 06Jerb 9E, ESTUD\A~ ~JL~~~a,(e,J'~U@JTG el P~li,o 0£ OISOWQOAI 'DfL 

NJ-M1~0O CAl<.P.,~\CO ai a Afu.lA I vAJ ALUH.Afo % ~111\t1A flcAUiA a 
S{ a.u 1.6.tliE a~~~ ri.0JTD : 

A. ~AJ ~ fZcctPt~AJTE QUAJD~CO INT~OU~ 100 l Di A~,4 Of 

A~~KicNTD MA ALCAUA111'AP es DE too ~t/l u..lD1, Y 
w~ pH=- i,o 

~. AL v'owttc,4.1 ,W~ft ttNAOt 16,t, D€ Ala OH G~AIUU\((. PJ~, 
tW€ ~ OtSUGUIE AL (:Af,o 0G LJ1JO) K(,oun,s ()<? Ai11'tCWAJ 50Av't, 

C. IJNA Lfbb Ol~U'GLW &L N'4 Ot1 rrNAD!t)O, 6L A-~A Ora. TN.f Q,vf; 

Sf ,ortc~ ~ lfJJft A(ArD\aoAJ CoAJTlAJVA , % rtoDO M 5£ 
f~OJtCA lA r4\4x1M ~LSICtA Lt loN'fN.170 lDAJ Ur A11{0~ ft~ 

Cl~DM'TE, 
UTH .. {~ a K.tiDOO C1~ RCo 9&t. ru,v1u ~f<.lD , ~K, Ai Ir~: 

. 
I. LA ALlALIAHOAD, ~L- ,p-H 1 ~ LA CoAJCEAJf}2Alw;J oe ESf'L;LliS 

CAAhO~tW w a. AavA tAJSiAN~ oo;f~ QE OtS0Wb1t a AfaD<l. 
i. \/1 At0t-ui010Ao, a fH , ~ tA- CoAJCE.()~aoAJ t)£ epeac-s 

O\(l.P,c,/411CAS a, 8. A~A , lfAJPr. lfEi At0\AliAQo a E&Uiutz,tZJ.a 
CDAJ GL Coi. MW$ f€ ~l Co , 

' 
I 

. 
I 

;k'i-;. ,,fl.. 

p~i ._ fo/13 

GJ ist,c 
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ers IN C#.E'N k-1<.o> ~ CAKlNOS 

IA.l&:AJ LcrZlA SMJ't17\'2.IA 5° 
GXJIKlCA 08. A(a.LfA 

·lo, 1owaoA1 : 
lA AtCAUAJ\PA,J 08. A&JJ.A Pflc1~A %124 WM ~ lA M ~ Co,<Jfb1J1A €L 

A"1AJA 'tt~ (~ ~ ~9rk;aJ~ 1, 4 IJ~b~ €A.I '2.0D rW.. * AfuJA I 

I '1 4 Af o.Otl looo ft\t A ~ 
11 1 

__ ~ 1 
--" --~--- : (.,XW ~fl 
1-C'O rt.e ~i Vo~~ }J,ok . 

i "lo~ ~ ~ 50 ~ ~G._foi ~ IC1D µ,.j/U.C ~, ( Ir 
lA A(CAu~IOAO FiA/A-<. rc:124 f~ 

Ale.-: A.lco + l\ ~ :: (~ -r I tfD -:. ~ ~/l &-. li.?3 

CoAJSlOb~A~Qo M LA ~sowaoi<.J ~ /Jab# ,f ~;\.Ll'cA ~ rtoOo A Nt) 

ffWotcCc 1-.. a IN t1::1UA 11 6u.? 0£ Co1.. {.oJJ lA mto, fu ,tA I e5 f oS l~ D1'WJ A.( 

EL ~v\G\AAhA ~ ~ILi~~ al StS~11A- 0::~()<) fb)t El.au! $G ~~"i.({A 

~O\ MASA 0€ Afui~, ~IC,KO i1PtGaAf\4 /f:fA{l..~ 0J L4 R ~ to , 
VJJ iJM.ot Pet f+< IAA~kt. 0€ $,o ~)(H.t ft CDJ.JS/Ot~ ~ P,ZACUCfVlBJ~ 

'lWA 1-A ~cAu.010Ao es 0e;10A ,4{, 10N +<Coi ,~ ~ o~ 1o;u 5 A~1 
r¾~Ko n ~ CD,({int,W~'l.J~ ~ (A $LJ11A rorn-<. 0£ cSP&CUS 
~~(.AS , f Lflt lD~S I llJk-lJ\"G ~ COAi$ I Ob~ ®,i'6 I A.IIC1A<.J1.!Jif6 

Cr ~ 1..:t lo; r\ iJAu,(I... M IJoS PiE,tKt fG Sl~ ~~ DIA ~~MA ~ 
/ 

€a.u1u~rllD oa cS\1-\9D JAJlC-44-L, 

t;; $0Wet.o/J Vt'l t'LW1L-1~ kOW'1ACo PBfuc5 ~ ADAD1~ N~ OH 
CcNSi,re ~ lk::)OLU1:1( L~l 0AJDlV..OAJ (KM~ fm L4 A/1.Jb'YA A<.CAUAf 10Ao ~ 

Uc : 4" \rf' ~ [ H loi J ~ J [ Co t ) t Co rt·] - [>< 1- J 
lA 1/Ji'l="/l.<,ic[.W/J ~ lA l.caA WiI!iJ'\1,L ftu ~ 1./;. I./' 'T/l !.:,IJ (A , 

W)U{A ~1tk,~nur\ oa St6JUOo rc1Jtiut? Oe r.A rauJMAO "~rl./ 
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er 5 I t0 ~ /Jle '"WS 0€' G'rfti,4J1,S 

/Al ~,<.fti6'~ ?\N\'1}\a.JA ~0 

Qui K.1 CA ~L A~A 

C61e.J 1D,~ ~ /tJl'b,lfoLACU,A.l DE ~wctSo~ fu?.JfbS CA{WLAfo~ k PM.n t{ CG 
!A ;~rtA -Mi\F(CA /t:1tKA'it o6f9./b1'. 1/41 p1t Pt ~JU/$f"'-O °' p-f{-;. {o,7 

a ~IAGIZA.ttA ()€ ~\L,ll,~ 0G e~ DISOWCWN EN U)(JO\W, (D,<j LA 
, 

~,MiA PrfAft.ic; Wf'~-wui:~ eJ lA R~,t-4 1e , su a QuE f~ f-i;.IJ, 

~ftD S€ ~A CDA>,l~~ [ fu..U,1 J T, Ktt f Cc;.~ to''',. lo ,s-:: 16510 M 

19J-lGu~ elJ UJQJ~ M (A ALQALl,lil~AD ~ (AJ A~A /,!O 1/~lA f~ l~D:1l.­

CAK ~ * Coi CDAI tA A'rJ-to',~ , ~ eJ a ~trcS1b ~ QUE a ~ ~ 
eauiL.161<-W se S(itl"E ~ 7 1 '1 1~~ Strf'o,Vc::lt½ ~ a vALd AJurtG­
P-tco 0G CA Af.CAUA./ I0AO ES fMcnCAl'tQJ~ a KLSMo M a VA!.L-')( 

Af1JH.c12.Lw ()I; ~ CO~C<?J~MJJ 1b1X- OE E;f~ ~Afl CA S C, 
' 

LA /)JD::r1-.S€CD-O,U ~ I.A L/'1€A M_c-:. 1o·Z,llo e~/l ~AJ U\ ~A Cr' 
~ DlA(ARJ\-KA eQ ,t$~1H\ Abk"tTD ,vv, ff2of5YUu,1JA ti VAwrL p:rt = q,o 1 

~ sArl~FACE tA Co,<101ao~ tHfvc50\ !~AA~~ , ~ frZcf~IJA 

a f+( Pf fQu1ut,~ OOSCAOO · 

t.A C01JCc1irt<ACW/J ~ GAS e,P~u.e > ~<.ho,<J\lA S ?tic¼l' ITT c1/ ~ 
tQU1L1yt,ttu, S€ ~(iaeJ P~ /AJ~1t>tC.CWiJ 0G CAs Ll,VcA', Co'/-.Af.Sfo!J., 

~7.Jh.,~ (oJJ lA Vh1Z..nCM. pH-:.'1,o 7 ~ ~s VALOllcS ,G l'c51Jl1.0J 0J (A 

'?rhlA. .x , 
CoKO PU1:1)G ~~MSG aJ lA- ~LA i LA- IAff(ZoOl>c«DiU Prlo~,, 

I 

,LVA f>€ WA i':ASt n.Jt:~~ 0.J WA ~00 ~ Af9JA ot1~.1.IJA VAJ 
f\1Jrt9JW Pr2o~,e.Ej[vt, 0G ',U AW\-LlN'lDAO 4 (flJ ALJ}ttAJib fAS4Jb't,, 

OE So p+f, a (A.l'i\:1l(Af1~~ D€ Co1.- WN (A A1rto,Fc~ J-!ACi ~ a 
f'K I AJ1CiAL ~1.J'A WA ~1J~1.JCAA ,\ f)AJMl P.. ~CtOA C?lif PASA 

~ M'rtPo l.f 7€ OtM1.V'E 61. Coi mtosFc1Uu? , 
lW CDAfTALlV ACuJA -A-112; 7RL lDtto ~ W~ aJ WA ~ 
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pH 1017 q,o 
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UfB 
~T? I iJCiiAJ Le gos ~G Ut KLlfoS 

IN~Allil<IA SM liA~lA S"' 
Gotf-tlCA !)EL AG.(l'A 

11 t EL AIJAU~I, twtH.lCD 1)G U7JA rUJESTIZ,4 DE" tha.uA olbTEAll.DA D€l FOO\)O %' 

IJN cK!br\L~E" &~TlF(CAPO ~VELA LAS ,t£a.,UWJ1e$ G\~,ZIS77CAS; 

CALCLO ·. ,;co 1.v1l ca L01 i p-H ~ i o , t-;. 1.s0 c 
~A~LcAIOO Q~ Et AwJA 6511\ so11.c-r1DA A -lfiJA PiZ:.sw.u PA~!A<.. De Cot. 
'DE fCOt. ~ ltii,o at'r'h 

I 
t>fie:1.k.tAJ~ ,. 

l. LA ALCAU\JIDAD ~ LA K.VE.500 , fi(.! 1J..J.1/t C'a.Co; 
2, E:L IAIDIC.C Of; Srmf'AAcw,u O ~ lJ.tJ a.ei.uR. % €STE AfulA 

~- LA CQJC.C,JJ~~ 101Al 0t e,f'ro.es ~NtCAS 1&< Ho~s/Lrre:o. 

~fo/JLcAJPo ~ ~TE 8. 9'2oc.c5o 1)€ Kcr.CLA OWl'UJOV ~ '-A 
?R,lkAlfc~ ,WM (A HASA OE Afu.!A Dtl LAG.o u.£G~ A e,'O\~~.:CC~ 

EQVILIP.,~Lo CON !fiJA (\TKO; r€AA f)J CA ®le LA Pr2.65IOIJ f'A,U,,\/.k, 1>G Cai. 
E,<j re Dt : [o·" ,~ dn.. , Wlal.kllJA-12. : 

I, LA MJfvA Co/JwJTAAtu:?,(.) 7orilL. ~ ESfro..tS CA/.hOIJI eAS I EAi M 
1. lA weJA AuAu.uioAo ~ A~A , 0J UJ.cjt u~, 
3. EL pf< P€ f?WIUf,~ 

4. a iAJor ee PG -sA 1lr'AA~/4J o 'Pf LA Al c1c0 6( DEL A fuJA , 

~sc~01 ,z, ~rt8rBKe'1.tf6 LD~ feoe2sos ~1,1 eo .Q.V1 kLCoS &tit Tfe.@J 

il'L1-A~ ~% '-1 ~54'uf-S 1J€L- Pr1.CGc5o De K.c2:C1.A ~L A£16 %l 

~ao. 
~ k 1 :. Gr YL ; f kt, :; I~ 1 ', 3 @_ J. 5 ° C, f t+f ~ L ½ 

f k, ~ i1 ',L/ i Q ·; 4o ; o:: I b , JI:- I , C-., 12.. 



U?~ 
eJS JAfCc,c}J~'££)~ OE ~~lAftlS 

/AfCtiJ.JLEtlA 5~1~ S~ 
QU1Kl&\ 0CL Au.JfA 

{ l, ?OLU WJJJ i 

I.A A,lCAU,U1DAO ~ U)J Aa.JA VkU ~AJIOA P,l(A Eif,t5to/J: 

All= [){Co')·] f i L~,~J f [oX'] . [ k. t J 
EAJ v1I ,1,mtA Ce1.J.Af>o A (ft ATXc,~ (A 6P~51.o/J ~1twrt M1Jf 
&~t;ttt5G €N ?!Al ~,J Of {AS fRAG),t) 1.1'0 I)? ( OA.l (tACWAf : 

/Jle, : Cr~, -t ~ Cr~!-t .t Co1t ·J -CJt1 J I Gr&o ~[Ht.Cl')] 

4-e,,: [Ht.Lo; J Gx I 'f 10(1,) tCoJt-J - [Ju J 
cJ..r: 

WN1::CADA t..A P~w/4.J fA~ %L CD1... 
r , , lo J u 11 r 

1 
• 1, o 1 •• :-;, 5 Lf 

Ut,1, } :.. ~,i,,' , Peo1- ':- ld' ,( IJ ~ lO _rl 
[ouo~~ 6L f~-; 00 fWGJ '-'6!1:1.IL~>f" lAS ~~ Oe" (o/4.ll~AI; 

~~0117q4~ ; oJ.l :o,~101i ; 0('1,:qooo:;i 

?tm.. a.Jib Uc: INS x ,o 1 tVe. ~ 72 iuJ!e. c;.ti,, 

a IA.!Dllc ~ 5ATifRA~ o ~ Uttl'4EL-lci> ~ Pert~ ~/.J\O 

iL a;. IS :- p-H r .. ~B 5 
PoN~ p+f ( ~ f'H "d ~ f'1l S = pkt .. pk, +f ~ J-+- ( [/4 t-t J 
a, f~~ E~ 0J VAli.%. ~~neo P€ '1tJ Aa.JA '-f €S (AJ~tlJ9L.c~ 
0€ W fS~OO 0-C 9JLJl~?,~ CdJ (A Afrto4~~ . a.J ESC\? CA~ 

f.H~ 1: ll'11,,, ~1,L/ -t 1/ll/ +1,St ~ 7, ;s 

Y PS'f... ~w lL.-:. ! S: 7,o -7, ,~ :. -0/;,5 
LO ru.t€ ~r tlc'¼lfrA li'.tf Aa.JA u ~~~ Aai~$(vA- k ea..Co,; , 
lA Co~~~Au.oJJ 1DrL\l, ~ ~f~~ ~AJ\0\-S ~ oi;~¼ ~~ ~ 

~ A fA-Tti1~ ~ I.A f2<:1ACJ.oi(J ·, 
ru ... r.11 1 ,; .. 1,75 Cr: l-.Y'-W\.. -; li7G • to M : io n 
~ 



·U?~ 
615 I ,(J ~,u klto) ~ D\rt!WS 

INuit\J 1.£1'.tA ,W1f"A~lA ;~ 

av1k1CA Cti..AMA 

EL, OIAG.AAttA !>€ ~!1..11,tZLo ~ A~A 0J a IA.li1=~~ 061. AOJJFrU' MAr!i~ 
eJ I.A Rt10AA II , 
a o~~KA. ~ 8Wlut1;,W ~ r,(E Kt~~ A~A 0./ CoAIO\ClD WAI LA 
A11-¼Fc~ M~ wr~rW~ &J (A Ra.J~ u , t)J OCJAfl)E 0Jt f,ZWC{fLO 

Sf ~,l~ r i l'\AJ /J . I .. ,,,. .. 1,v I • v,s +-. ""+n.w, : "+{, Peci: 0 ~ (o : 10 t1 ';C~ 

Co(!St~W.;J~ M (A Ai.u\UA.flOA,O ~ VtJ A(J.JJA ,t0 ✓k/J.IA 9~ l~h~LO 

~ - C.01, wJ.J I.A A-TKC,Fc'"AA ,~ eJ a. ,W'1€Srt, ~~a pH 1X 8UJ1L161ZJ.o 
,f ,1M G.Jut; 7, '1 I ?V\-1}6 CoA!St~~s,G {a(.,/6 ai VAte)( NU~1U.u, Of' 

lA M..CALIAflOAO ti, fR,t,17.~r\c~ 1'4Jtlt tk, VALO'ft AJV~1'.Lw ~ LA­

CoA1~1.Jr(IA~AJ 1t(7l(, * ~f ~, ~~ Cr) 
(A [A/ft,~',iCW~ ~ L4 . u~ 4li. ~ lo .. 1.,i'1' .e~/l CoA.1 LA wr4/A Cr 
0GL IJ1/~,1,~r1A ~~/JA W v~ p+l:.i,,~ ,twb w!JFvrlf1A 
LA ~{Pore;t, WAJ51~~DA /,<Jl6t\LJtc,.,i'ffi,¥ p~K{rf ~n,1k1'. lAS CoAJGf .. 

cu,us PE (:~IU ~(«D 11U,l40A5, 
L4 V<i?LA ll lo.07lc1/E Ull ~uK£A,J OC to, ~'";LJU1\1?'0$ ~1tf~nto5 
~1 AJlfEto ~lU~ 19DNO€ 8J ~1/b /UDllE ~ ~i(Jv.,ilL,t.( t"'5 : 

IL-;. fH1-p"1~ ': S,'?5 .. 71,;S" -:.+ l,o 
C,!{O ~ lrf ~M.."' ru /Ji A CtJH..A 11 , a A@JJ1A Qtl tAew 
%" tliuJB!~ ~frl.~A Of Cot 

I 
LD ~ Li laf Rc~ w 

/tPUi.Mx; ~m-rt Al;~Stvt' fYk~ M. Ci W,; ,, LA- If~ DA 
oc t}t au-SO~ Cot AU ik11to,rt"AA ~ cl P~Ci5o ()€ 

KttCLA- r~M~~ ~ ~ ('.i pH ,~ I ~~ ca Co/4/St~"':~ 
~r,LO OS ~a~~w<,neA~ ¾l Aau!A ,&k (ASA A~~ 
~ ~1'. //4/~S~ loill W~OA A flUC!~I~ u.Co,; 0J 
Ot;~~,rw, ~ Cau0l.JUWN';5 J 



U?f? 
cTS (AJ~,LJL,tfW) ~ CAK.LNb5 

/)JCA:t}JL£l!A ~ 11?\IZ.IA. 5° 

QLJtf1l~ *L. A~,A 

A,i,u. AY"~ 
fiir-z1wflb 1~ 11t1d,J;. 

~~&c.J 72~/eklo~ 72 ~kCA f.o; 

L 5 1 I L. - Oi';; + { 100 

Cr 1,7f, lo 1J M L7G ~ 101 H 
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ufe, 
815 I fJCJ.;;AJ lk""Yto~ 1)€ Ol KIA/VS 

/AJ~Lc12.lA SAA.I rrn.ll1A S" 
WI r{lG4 OEL AM,4 

n., fl AA.JA(.,l~\';, ~ WA l"tU'\2STAA D€ A~A OE ~lA((c~ e:k~OA I ff-a:.:nn\Oo 

fbr2.. a. /~ffiIDID ~LOGtl Ci) ~ ktNbtW 0J llt72 11'Ai. CoK.o ~ ~ t9J (fl S 

E1/QU'&17\S ~ ~t., fuTEUJ\~ I !Zc"Vfl.A LAS Stau.ftBJTBS OtAAm-1-UinCAs; 
f-1AG.>itS!O ]'5 ,7 4/£ ~~-t 

CALCLO 91, 4 ~~/{ W.1.ir 

b1M-12.~JJA1'1i 18h,4 ~It -Heo; 
eot. LJ~~ '¾, 1 lu?l Co1.-

pH 7,l/ . 

l2c-s1cuo %CO A ltb°C 54'r lw-j/l 

9€rc--W..LlJ AP..·, 

1. LA ALCAUAf10AD OE lA. KJJE.SmA 1 &xf'r'liSADA 0J 1.«1/t (t..lo; 
z. lA ~cA ~ esrA ~ % A~A , fAJ lwj/t ~Co, 
3. tl lAJQI CE OE 5/ffi.M/tCJ..J);J o 'Pt lAAl <E..cl-iiA, * €$ "'iltb PG ttcaJA 

'I. £l Bm~ ~ SA-~AJ 0€ ESTE A~A CO}.) !2ZLi1CwA> lrL uOL 
Q,t/S CAhrltA ESfro~ ,~'fb ~iJ1ACo fl ~/LlfMZ.w laV l;PJA 

A'rrto~Rr,2A (o,Ufbl)k1.Jl)O o,o~, 0/o 0J UDWk.BJ De Coi I 

5. a p~ Qi£ Te.Jp~A !AJA KJJESmA ~ 65~ i\fu.lA eAJ €Q.vi u ~{2,1..o 

e;r4LCID ColJ flJA ;ffi{O)ft,:tA CoftD 1..A wD1CADA 0J fl. MM..f'tJT):) 
fQ.m1.JJJ1l i y ,u1UES1b p kif : 16 1,S 

b' EL AflJfVD I AJ {)/ Ci ~ SA 1l.rR4CWiJ I ~ LAS louDJ u.,OA/E} oa. ,Af ~QY~ 5' I 

7, tl fos 1 ~ ()0;Au.fb¼)X) ~ Lo> UALDrlcS 1)8_ W1, 1 p+f l Y ,f{ eo,· 
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v 1ev e 
tA LJ)JleAl~ OE +11.w, a; a ttw.iA, ~A uci A(CAJJ1ADo a 8f 1J1u~,uo CDAJ 

{A A1r<O~ h'"'AA , ES · · 
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lA [O,ll~~MC,loAI ~ #tlo, ,.C.otw WHA ~L Co1.- !)~rte Y El AC-190 ~r 

NllC flZoi\~HA-:'1.flE 0l0!0 , fuJA~D~N Ul!A ~UtCWA.l ?rZoXtf1A A (A (!il10/\0 
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AAHHDR!OO cq~e,c,A)/CO 1.J~(CD-1,) ,,,;?,~ itt COt. -
~!CAit~AfA1D 1 OB'lO ~It +fCo; 
CAl.C{o 4,,4 ~ll Ct..1-+ 

HAa#J~IO 14, ~ 4/l K,1-t 
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I.A ~A Df ESf'r A&JIA * ~llfA.tf ~~1·: 
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1 

1..0 CWF rl::1/Zcse.IlA V\JA C01JlFf.J~CWIJ ~ [+n..lo:> J '; ltrs,o M E1J (;1 AfurA, 
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AGJJJA ~ESTILJ\OA I P~PAAADA RJ1<. a aJ~AOo Ott l/rtOflm>~ D!Pw AT~, 
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,vs TM CV\S 1 ~€ St~ i4SEu™ , ~ ~ ~N10 1 msc~ u?J pt/ -: 7,o A is° C 1 
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~ lA 1t.P1t~1C1.oAJ ~ lflJA w~~ -rurl?.;i eD,AD 0J (A DisoLuaoiJ , GtG ~L 
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6L f0Jo~1JD Coo ~l f~fE~, 
~KIAi' t'lt : 

L Et f~o ~ CDJJDICWJES !Zc5Po~Lc5 Ct '.Jr a1s1SJOA )t pff :,f,~ 
BJ El A~A ~£Sr1LAO,A. 

1, El ~ QL€ a AWK.ub ff A LS
0

10o IA/~17\A.ires !i€Sftr"c.5 1)G prt;f~ lA 
o,~6u,ci..o!J * sieAil~Nr+w, ~, coM.O ,u AL.O\U1'.JltiAD 0J 1.uvk ~ w) 

-, , EL ~ ~18),Dt,? frt a AWkµb 1)5fLJI5 ~ ~t~ LA OISOLUCION DE 
~te"7t00,<M-TO StlD\CO, ll ~ wGJA AiOlL/iJIDP,D E,{J tJ1e~lo,;, 
Na-.t,,H':,l/C-:.11,0~I"; pki-.~/,t I pk:i~10,~,@2s~c 
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EL Qut ND~ +vWA ~A.I b\00 c:1 pH~ '51G; ~ ~LJtL.I r,~ CoAJ f/r.JA kn-toS­
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l sv oiro ~ !JcJ! ~1 
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1 
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1 
+ho, Jlt 1 ox 6' 

WAu.oA.l Al~P Utt. lo~ ]-r [Ju] ~ l oJ<-J +- [LO')~ 1 

LA S-OWUDAJ ~RAnCA Of fSfA u,AJO I u.vv few.t~ ~ -n:'¼it w p}{-;. i/10 1 

(Mc:) fl~ 8.. ALUH.Nb kA L,£100 IAJ~1) /kf'A/t£)J~ ~5fllfS Of 
Prkl}fr{M(l lA Ol>OWCtoAf, 

lA AtCAlLV~O~O P£ (ft Oi~wuo,J PLrt;'W GHlvLArl.¼' EN es<E O\S-0 
A f/tj].,T\~ ~ CA Co/JCcJJffJ.A().DN 0€ CATlDNBS MAoroo~ 
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lAJ~JJlc~A ~l~A S0 

~l)I KLCA oa AG.of+ 

tA !rGiln\Cu.?,O ~ (A Ol~OUJUOLI HACc ~ ~ M.lNJU W th.U!Ll~~ 

eJ CD~ CoAJ tmA ~S~1{A ~KAf, Qi Co1.- C 0101, 1 clJ Vl)L(fhc11) I 
Lo ~ ~!C-.,\l!ACA \JNt\ CO~CWA.l 0G fn.J.c, al t;'l. tlG-ul"A 0t 

r r ... J 11 0 ... ,.s- 1_,,,r I .. ,,o tA ~ 
LJtu,u,; '=- ~f{ , r &t-:. lo ,. LO a:. o r , ~ ci.t. , 

tl Dv\w.MKA Of f'&UiLI 6~ ~1 AG.tJA 6lJ Co~® ~Al BM /\ihL?j -
ft')']A frPf<{°Li~ I UJ t, 1)ZM)o 0J (A Fi~ I (f , 

CoJJ~tOt:~~ tU,f (j\ Ai.CrAUAJ\OAO ~ LN AfwA Aft ¼ At.-reAA ~otl.. IA.lfaZ.-­

C"II-\JM ~ Co1. (JJJJ (ft ATI-".O~f;:--)t\ I~ ',{)fU!',fo ~ c1. pff Ft~L Ob 

aa,1u~rlLo 4f SIU @J~ 7 7 '1 '£$ PDS1W u.1Al5!~~ ll,c/e a~ 
,l!VHi~ ~ (A AtCAU~tOAO 6 ft</(JlCAf"k')..lt'G l(iJM., AL I/~ IJ/JHe,UCo 
ge l.A CoJJ(iAJrt'b\CtoAJ t1X ~ €Sf~ CAAAt,AfleA S Cr, 
!.A 1Afib1t~C:UO,(I Pf /Jr ~~ )re(.,~ lf x Lo~, e~{( WAJ r.A CJ<UA Cr 
f~6'(1.ucj.JA U?J UAt.6(t p«-; i,~O I wt )AnSr4CG lA (J,<.,OtaoAJ 

1KfU'ESfA tAACtAUtf)Jfb , 4 U,Af;11Tu4E; a pU OE t1ll(tu6rtw r,u,(AOo, 

1MLA l<W rltWkt1J P-€ Qc,<)L<IDoo1 ---

pf{ l~e,.:cJ 

~ k ~ d.~ d 

p~~.cl~~ 

Si'~O 

~o ~4 ll li w~ 
$,qo 
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pH 
0 f " 7 i 't '" 1, 

. - ·- -- - - - -
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~ 
! 
I 

2 CH1.lo~1 ~ [~CO;]! 
-~ 

~ 
X -k~Cl ~ ~ 

I 

[ 
t~tlo1, 1 I 

I 

' I 

~ I I 
7 I 

~. ~ \~~] 

flfu!AA !~, iJtA-~RAKA: 9E Wlll P., r<.w ~ Sl5f'c1\A 
CM..~Of.J Afb - ~I Cf\'R.(W MA Tb-~ 00 lA-MO,{J l Co , 



UPi:> . IIJai~Lc-:(JA ~ ITMIA S
0 

OU l Kt CA QEL AfuJA ETS JA1@e~ltl(OS ~ CAKtJJoS 

15, UAIA f~C'r /QA f~OJE)JTE e..mi; ~ U5UA~ Of A~:r1~c5 1)€ A~A- Ot; 

f\HiSTECtKtf.lJro f5 I.A ~ fcNADlr1. Ullo~ ~m P€ CAL V /UA eJ €L ~~Plo 

~ii:€, COKa K.c70~ ~ 'TT2A-~A.ITD ~ PrGIJA AAJTE5 CE SO ColJ5UfW, 

lA l~OoCb.OJJ ?€ CAL u1UA I OCA,.) BJ a AwJA DA UJ~ It LftS S!~Lc1J1ES 

~ACCWAffi~ ~ ~UtU~,UO~·. 

Ou+ +11.0 -~ ~ CO-H)i { ~) 
G.Co-H)'\.. z:, CA 1-➔ -1- ,z OJI .. 

Ca."'-+- +Co; ~ ~Co? C,) .J.; f 14:: i,~4 @ 1soc 
A ~, lD/JCc(.l~AfES ~ Co1. Afbl(KAt.,K.G(J'f?; P~sai~ 8.J fJN A~A Ah~~ 
A- (}. A'rXO} FtAA ,(A SA:L.. Cil6 ~,s '-A ,ow.>~it..[ OAD ~L ec?-1' ~ €L CAAOO .. 
tJA 10 (]r.1,LU.o , (p. Co,., Ct,) , 

,UPoA.1 Lc'iJOO tl.lJ6 : 

\ 

~. £L Afu/A 0.C(;)G..tOA al IJlJo 96' ESitlS AlJl~S re.l~A (()JA A-(CALJiVtDAD 

0e 2JJ rn~Jt ~lo; 1 r\-Otk,11(1DA 0J 9J ~~oo w.c,m a. P~10 AL3t66 
1... (A W'lci4 Otl- ~A 58A ~~CTlCAKa!TE IJUlA 

3. 8. ~~A ell a A:(4!,;e €S1i\ 8J €Dv~6,UO COAJ LmlA ,tt'}{o,h'l{A CU'W 
CcAflUjlQ) ~ l01.. 6 Q€l... 0,01,¾ 0J VbLJJ/1£U. 

GE~lAf~·, 
l a pf{ OB. A&)A CDA179.JtOP. 0J t'L /tLJ 11:16 ,ANi'E.S ~ AXiADlt I.A CAL., 

'2. a f~ 00. AfuJA C0,(JiW10A 8J cl AQ1r¼ 
1 

litSMS 01; /WAD\t.. lA 
~ ~ SifPU5$m AtC.AJ.JU oo a emv1 u ~ {.cAJ I.A A'nt.oJ ~ 1lA . 

~. Li' ~iA ADQu\~ DA ~ tl AfuJA ~~DA I a) ~/l~lo, 
~. LA AJ1ra!A- AlCAUNIDAO 00. /tCJ.JP, t1J 6l. ALJtl¼,0..l Lu.s/tCa..Co;. 

M: tA ~ww,.u P~ t~St Port n Kc7?Jco MJ4uneo o G~ttCo. ---- fl K.cwoo G.QA'F1 Co ·1ws™ 1-tiltJfl.. 10) ~'1Jb/18fos ~ UUtJJ W"-~~ 1 

y flfALlvO)o A €5CAlA 4: ' TL€>JE 16.JA<.. 'rRlP~Lo,'J ~ a ;W'A-L!TIUJ ' 

lk5UK.ttt LD~ ~50L,TI\!X)S clJ WA n\f.xA , 
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QLJ1 Kle4 0t1. A{;JJA 
• I 

IS I ~OWClOA.1 ·. 
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~ (.oJ1 J.i -C u. 't+ t 1 OJ.( 

1.o ~ ~~ WiVSlCW W /t!JK.G1.itb 0€ "" Af.l+UAJ\OAO, 
t.A 01~LuuoJJ 0E LOA/ES Ct.1" Prw,-€Ci.LJ1 ~ +tMrA- ~ v£ s,w(:,z; a-
~t2COUcn, 0£ $0Wt;1L1DA.D OGL ~Co1 1 Q.vf tS (A 65f€aG ~ Co~~I.A 
El fQU] (,l t3 ~ ~")J €S(e CA.So , 
lA CdJ01uoAJ ~ ~"~ e,~ ~t1.,o~~ ts 

[ "-i1-] [ Co~-: ] = k, .... Io s' ;½' 

~v. ~ ~M.11t-~ ~ av~ ~ [Co)-; J tS wo..oAJ 0t1.. prt 
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~ 6 rf 

A ,v u£'t 0b1919€ ~ ~ itt Gl~WUOAJ ~ '-A ~ t ~LIE Nb St,\,O 

/rfol..'iA C+\-TI.O,(JeS ~'1+ , Su.flJ ~~t,tc/J !,Ovt,$ c+1- , 

POit o™ P~r& 1 ~! ~IJZ, ! Ob1iM-wS ~G €L pt< et €!WU.,tl2J~ cS'Ti ~ 



uPe> 
ffS /Al~Le1WJ 0-e 0,K.LA/bS 

/}J~ ~l»i- :NJ l~~lA S~ 

@U!KllA ~ ~A 

~ iJ~s 7 , ~ , ~s '°"~~ ~ a C'A-Wt NlJtk,1.,U,D 0( (.A 

/,t.CAU./JlDAO ~s MyZoXth-4~~ IWJAt.. ~ 1,AJ.Ct AJLJ~rU/,0 0€ V\' {.,o,J, 

~u.o~ ~ 0€ c,f~S CA~Ail&'S CT , . 

l/i. IW>oUJClON ~AeA Otl.. €0Ulu P;tW c,o~s,,rc PUES c>J 9t~'1l.K.l IJ~ 

a.. M.iro 0G IAiTu"'tt ~,<J Ot lA DJi.JJA 

&-=. A-eec ~ 1 Uj_ tt J ~ 4 + 1 t, 
[Cc)~j 

CJ~ u.. WtWA er ~1. ~l,1Sr1.A-~ I.A Ft~ t~ . 
SL ~~iilOo rerc~100 cS pH ~!r~, 1 @JE $t\-n,F'ACG lA ColJDtlWIJ 

1MPL!ES'O\ /Nll-tALM.cJJ~ ,~ loAJ~nWl.f6 tl.. pH Oi €QU1u r;72w ~SC4Co, 

/Jr ~'tA A~ttt O;\ ~ ~1. A~A ~A VkAlf rMA fd'6t vr CMTI~O 
9E" C:..~ 01smro /=,n~~ A f.At71t Oi'L. Pl!t~ &I ~ttJ-= ~17 xlovr1, 
LD a.i£ ~ 1 ~5-t1J fA WA Ml;~ GE ~ 7 ~ /-l CA W") , 

lA AN9JA ~A.ltOtlo ~A~A ~
1

', 

,¼ : ~ 1 '2. ~ 1,, J: 2.o +-<. d,7 x lo\ ?o ~ = ,<.0157= 57 "',/lU Cc; 

~lA @ fUSIJL-7'>00£ 

p+-li~~c.1 
pH t"'t~~ 

9~tA 

Mul~'W+~ 

7i'lo 

~1~5 

,7 Lwj/l~lo, 
r;7 Lwj}t~lo,,, 
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ers JAIGtcAJ12w~ ~ C4-rt.lNtiS 

/NCAiJJ ~~A ~ ('17tt.lA ~o 

&Utkl.CA 00.. Afu.JA 

I.A ~)OlUcto/J AJIJKc.1<.LCA ~1.. €tWtLJ5ruo t.JJlClkL rZitWi.Erlz ~Wit 
{A roJAQ.olJ ', 

U..-:: [JhCo~l r 1l. t1.~1.] + [O}(·J .[n+J 
I. [/41 J (,(-r] 

~ Mt: 'lo ~f-n :to,;N ~/e. /Y [~]: (o' M 

lA fliSOW~AJ N1JH.e~ ~(.; €tWtLl~~ Ot:i ~A ~A ~1WLc~ 

Qe5CW\1t lfiJ SlSTu11A w~~ IAJ~JJt-0\-S ';OA.J [u?:t] ~ [n-tJ ', 

Ml: ~ + .2[~ ~] = &h,u,~J[ ~ } i ~ ,,,]~eo.rJ .. Vf1J &tJ · [Ji1] . 

[Ci.'lt J [Co{~~ [Ce.1k] [&LO;) ~t ~ K, 

~N'Ob '. AO - ! I: ;Nu../~ 5 
,r...(.o _ w -7.., '{ 1/tt.Co~J ~ lo 14 

~ I.OS ~, f o~ Otc1J fbZ;, V~-S 0G tAS l0,<.1, rAAJM , 
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ure, IN~ 1£~ SM l~rlV\ ,sc 
5TS JAJ~li~S Ct CAK!A!OS $l!JA.lCA f)€L ALWA 

16, LA ~LL'1:AC1Ctl 9£ 1/lJ eJSA\fo PILOID ~ FLoCLJLAClOU ~~ Dl~PoNE~ 

OE (J}j KGW CJJ61CO ~ A&JA CJJVA ,4L(AU.A.11VAD %A ~ iso 'Mg/e Ca~ I 
~ CoN Ul) pH: s,~ . tl A&J A !>t ~~ITc1'1tcA.m, l}t (WE ~lS~,tlUWS 

f)J a. l/\b0~1b1UO TLeJE UAJA Af.lf\UAJ10AD f£ '5"0 iu3 (l u. Co; V (hll 

. pH: 7,o. 

UT/L/1..AVDO a C(AQiRA'1,4 ik" Oef'Ft~S' ~nKlAJ~ lA CAAJT1D,AD oc 

NtefE ~AlleA ( Wi. Sot.I DD A ~ 2.o r,iM I k, ) I g€ t,/CP.~Th 
~OICO (ANS() ~l ~) , ~ ~ °'t~AfA-ID 5oD1Co ( P: t1., 14o ~ /kq) 

Q.l/6 CONST111JlwAJ lA Co~fJ WACWIJ KAS €CD~ttlCA PAtlA ~fOYZ,P14;t 
WJ ~Tt'<.O (;)f,LC,O re- AfuJA !€ ~ H.LcA/10 ~ A~A .tE IA CAU DAD 
ttScA-DA ~AA a Exfle'21H.t:AST-O. 

1, ~ QLJE: CoAJDICWIJlS 4{Af)AA Dt M4;JTEA]t:,t;£ '-r K4,<J1RJU~ El 

AfuJA /tsl ?tcPP<AADA P~t<lt. ~AA,l (Que SO CAUOAD ,G K~ 

ooAAAtrE:. IJ.. ~ 'cACWill ~ f)JSfr.'-ro tt FL.oCUlA CWIJ ~ 
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4'-1 ~ I !Ob 

f,1! ?1~~~A A!mG rZc~1>£ .D11tzcmn.c1Jre , o ~ ~ ~l 11fur,~ 
~ WH.o ~ ~OOCc Ob (A et,¼1<.lJAQJ?,0 0€ U,S Oo, fu'l.!ioS, (,(Jllul1,. '-/ Fl;./Jl, 

8J G'L. OIA-G.R..AJ,\A ~ Ot~1lc.S , 6S'~ oh¼1WACWAJ Pb"'f<.l'-tt 1! WJJC-Wi~ 
filuE 50L°"&')J[t f) N€GiS/nW kA.JAD!rt rot~,(f,mJ Y (A) ~ fi€ 

~"'1~ PAAA fAfJnL Ct1. fttlf1'0 1AJ1Utk. At A;?Jfb FlA/~, ~NTO 
~{?0 Ota.tWM\CD o Wi S-CuOt? CJJµ.,o 1.AJrrlaDJUt\-tto~ ~lb'brleKo~ 
C{ C.OKvGJsMJ.,o CJJ ~AIA<D s,ooico, ~ Prtco..o ~ adrA'iD, 
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~-= 111 d 0t ~1CA{~;J~ 
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S~ ~/.. ~(E t\'l'YloXlf'\AOD fdG /J./ ftf.-~ /r,, ~ , 
lA Dl~OLUC,lDfJ ~I Pfk1M<AOA ik'"&t='"AA t1/ttl!b1.l1::?LS£ WU n KlNl H.O 
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WcJ.A @ CJo.ft.lD~S A ~Ai?!~ 
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E7~e. 
--------~--
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ETS t>.J&.EIJ ~5 ~ CA~lNDS 

lAl~Li~IA SAA! l1AfZIA S0 

@JIK1CA PG<. AfuJA 

/7, 56 1)E%A OtS!AJFfCrArt a A~ft OC 81,ASfEDKtcAfTD DEL ].WAJ(lt f(o ~G 

Afult'Sv~PES 1CV~As CAiVc,n.,11.,1s11CAs ~ 1A.tn:::1'lc, 4,0AI tAs ~1'-Jl.GltJES: 
Q -:. O,OB"O 1/.J.,; It, ~ ':; i, 2, 

Ale ~ 150 ~jtCAlo, t, "! ~9'C 
~t+ = 100 iug/l~ CD, ~C!A 6'f'rucs fll{DAilftltliS 

rAKA efflWA-f2- lA QESIA/F€Cl(O,(J 7€ DISPOA/t 1)6 tt1Pocwtrrv ~DtCo 

CONiENLE,uto i5i'?/o ~ ao~ AetWb O Dl~fb,~J,e,Lc C LEJIA CorWJJ)., 
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14• 00 -00000 .00021 ■ 99979 
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203 CALCIUM CARBONATE SATURATION 

Calcubtion of rhe saturarion, equilib­
rium, or undcrsaturation of water wirh 
respect to calcium carbonate requires 
knowledge of the calcium ion concentra­
tion, alkalinity, pH, temperature, and 
ionic strength or total dissolved solids 
concentration. Frequently, the degree of 

tive value indicates ovcrsaturation with 
respect to calcium carbonate. or scale­
forming propL'rties. 

1. Calculation 

The value of pH saturation can be 
calculated, with good pret.:ision, by using 
tht: equilibrium expressions for the solu­
tion of calcium carbonate and the second 
hydrolysis of carbonic acid; 

CaC0) 1,1 c:::;Ca 2++C01 2 • 

K, = [Ca!· ][COi' ·] (I) 

HCO i·"'- H++C01"· 

[W IIC01 2 ·1 
Ki=----

(2) 

Divide Equation I by Equation 2 anJ 
rearranne to obtain: 

~ 

or 

V aluL"s of condiriona I l"qu iii brium con­
stanrs m:1v bL· ohtaineJ from thl' litera­
ture. 2 · 5 

Acrnun ti ns- fur rhc effect of rcmpcra­
tun: and ionic strength on chc equilibri­
um c0nstants, Larson 5 formulated the 
expression for the pH at calcium carbo­
nate saturation, pH5 • as; 

pH
5
=A + B-log(CaHJ-log(~lkalini(y) (4a) 

where calcium ·1on concentration and al­
kalinitv an· expressed m terms of mg/ I 
as CaCOi c,1uiv:1lrnr. Values for rhc 
rnnst;1nts :ind l(l!.,'.:1rithms in Equation 4a 
arc given in Tal~ks 203 :I through Ill. - -For cxamplt:. for a water having a 
calcium 10n concentration of 200 m~ / 1 

' -

oversaturation or unJersaturnrion is Jc­
scribed by the Langelier saturation in­
dex 1, equal co pH measured - pH satu­
ration. A value of zero i nJ icarcs calcium 
carbonate equilibrium, that is, a stable 
water. A negative value inJirnn:s u n<lcr­
saturation o~r corrosivicy, while a posi-

TABI.F: 20 l: I. CONSTANT A AS FUNCTION Of 

Wt.TF.R Tt:MPf:R,\TURE 

Water Tcmpcracurc 
C 

0 
't 
8 

1 2 
16 
20 

A. 

2.60 
2.50 
.?.AO 
2 30 
2.20 
2.10 

TAllLE 203 : ll. CnNSTANT BAS FUNCTION o~ 

ToTH D1sso1.v10 R1c:s1uut: 

Tm:11 Dissolved 
Residue 
mg/ I 8 

0 9.70 
IOIJ 9.7i 
200 9. 8 l 
-H)() 9 .86 
800 9.89 

I .OLHI ij. '.,I() 

T ,,111 E 2ll .l ·II I L.,c; ., RIT11.'1S o~ C.\1 cn;.\t loN 
,,ND Au,A1 1:-.-rrY Co,-;<:":-<TR,, nnNs 

C1 2+ or r\lk.ilinirv 
mg,•/ ,15 C,CO, 

cqui~·,1/c111 lo~ 

I 0 1.00 

2ll 1. 1<) 
_;n !.-+8 
+u I t\ll 

_\'() 1 . 70 

ciiJ I 78 

70 1.8+ 
80 I . 90 

!00 2.00 

200 2.30 
mo 2.48 

.+oo 2.60 
mo 2. 70 

60() 2 . 78 

700 2.8+ 
8()() 2.90 
900 2 .Y., 

((}()() .l.00 
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as CaCOJ, an alkalinity of 60 mg/ 1 as 
CaCOJ, a temperature of 16 C, and a 
total dissolved residue concentration of 
650 mg/I, this equation is solved: 

pH5= 2.20+9 .88-2 .30- 1.78"' 8.00 (4b) 

If the measured pH of this water is 
9.0, the saturation index is 9.0-8.0 or 
+ l .O, and the water is supersaturated 
with respect to calcium carbonate. 

The pHs value of 8.0 mc:1ns chat the 
water will neither dissolve nor precipi­
tate calcium carbonate :H that pH . 
While it does not specifically inJicate 
anything ahouc the corrosion of any 
metal in contact with the water, it is 
widely assum ed that maintaining the 
water pH above the pl-Ii will result in 
the deposition of J. protect ive coating of 
calcium carbonate on distribution sys­
tem ~1iping. Frequently, this dues nm ~c­
cur because of non-uniform deposition 
or sloughing of materials from pipe 
walls . The formation of pruccctivt: cal­
cium carbonate coatings ma v be fun her 
inhibited by the applic;tion ~f polyphos­
phates as sequestering agent.~ to the fin­
ished water . 

Additional aids for the calculation of 
the saturation index arc avaibblc.b-t 1 

Particularly useful is the Caldwell- Law­
rcnce diagram, 11 which facdi tat cs esti­
mation of chemical dosages for softening 
as well as equilibrium conditions. 

Tbe pH of stability with respect to 
calcium carbonate frequentl y has been 
estimated experimentally by e9uilibrnr­
ing chips of calcium carbonate with a 
given water (marble rest ). This rcsr .suf­
fers from the facts rhar equilibrium may 

not be attained and the partial pressure 
of carbon dioxide in the atmosphere 
over the sample may influence the re­
sults adversely. 
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