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R hree methods for determzning calczum 1on act;vxty,
}(Ca+‘), were compered with vespect Qo the agreement among ’
'*the three (Ce") estimates. Calczum ectiv1ty*1n 37 spil
solutions was determined us;ng specxes calculatxon,
potent1ometticL and colour;metric methods.ﬂ ; '
" d The spec1es celcu1;t1on method used a computer program_)
nfto determind'th dxstrzbutxon of aqueous specxes in, an Y
'/:lectolyte soldt1on of known total ionic compos1tzon.0

Thirty- 31x ion pesrs UQte cons1dered 1n the calculatlon..ef
“These ;on paxrs are reported in the l1terature to be ’

representatxve of the major 1on gaxrs which form in natural
‘waters and soil solut1ons between the catxons Ca K Mgfz

Na , K*, H*, ' l”, Mn”, and Fe*? and the anions SO. , CC;?,
| HCO,, &H‘ NO,, Cl- HzPO;, and HPO;?®. The calcudatlon j

»determ1nes the concentrat1on, actxvxty coeff1

-

Jactxvzty of each of the 52 aqueous specxes onsidered.

The potent1ometr1c method -used an Ori n caldlum

ion- selectlve electrode to determ1ne (Ca” No attempt was

fmade to control ionic strength in e1th standard or" so1l
solutlons. Cal1bratxon was in terms of EMF as a funct1on ‘of
W(Ca") For the purpose of electrode callbratlon, ca1c1um
1on act1v1ty vas calculated u51ng the speC1es calculatxon 3

?method to dzstr1bute the aqueous spec1es 1n CaClz solut1ons
of known total 1on1c composztlon. B ' )

The colour1me€?&g\method used the dye

.‘tetramethylmurexxde; Th1s dye complexes selectlvely wxgh

d
1

iv
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‘calcium to form a coloured complex. The degree of formation

of th1s complex was measured using a dual-wavelength

Jhtechnique. Sodium ion also forms a coloured &omplex with

"this dye and, 80, . interferes with (Ca”) determination.

,Therefore the presence of sodxum in solution must be

accounted for. .

Agreement of (Ca”) estxmatlons was tested by @pmparing

‘each of the ‘potentiometric and colourxmetrxc methods £o.the

4

" species calculatlon method Good agreement was observed

between (Ca*?) estimates using the potentxometrxc and

¢

species calculation methods. Percent'relat1ve_error was less

- than 5% for 54% of the soil extracts and 81% of the (Ca*?)

estimatesiagreed'to less than 10% relative error. The
. gree -

majorify of the differences are thought to be related to the

’ presence of H*, Na*, K*, and Mg" in solut1on and to errors

in estxmat1ng activity coqtffé1ents ‘at hxgh ionic strength
The colour1metr1c and spec1es calculatjon methods agreed ‘.
poorly in thezr est&mates of (Ca") in soil solut1ons. Less
than 50%‘of the estxmates agreed to less than 15% relative -
error; about 10% of the estimates d1ffered by 50 to 70%

relat1ve error.



\9 Acxnownzncmu'rs

1 would like to thank my superv&sor, Dr. G. R. Websteg,
for his heélp and guidance thnoughout th:s study. 1 also
thank the other membérs of.mymthesi committee, Dr. M,_g.
gUudas, Drw ) Kratobhﬁil, and Dr. CI J. Pélmer. |
v My emﬁ oyer, Albetta Envzronment, supportedithxs study .‘

b9 providing an educational leave of abs¢) thankful

for that aupport. For hzs 1nterest and enco ”ﬂ'*“-nt to

- “inish the study, I thank one of the people with’ ﬁhom I

work, Mr. H. F. Regier.



‘jChapteg
I,
IIC

I1I.

Iv.

4 ! foe 1 BRI

Tablo of Contents
’ ’ Page

INTRODUCTION ....'..‘....'......'....Ol.....l..ll..“l
LITERATURE REVIEW .l.'lO:.‘......'0.‘.'.‘..'."....4

A, Species calculation methods .......covvvveeneeesd

«

B Potentlometric methods ..O....‘ll.‘...'......‘.‘9

C CQlOUf;metIIC methOdS noocoo;o--ooooc-on.-.cooo‘O

MATER{*LS ANDMETHODS ....I....l.......l.......'l.‘z“

A, Mobhods of determ1n1ng calcxum ion activxty eal2

£l

1) Calculat1on of the d1str1butxon of
&u‘ous Jecles ‘.'....'..........'...l‘....13

. 2) Potent1ometry using a calcium . :
ion-selective electro I - 2 L

3) Colourimetry usxng ‘
tetramethylmurexxde(TMM) ...................22

B. Soil Samples Collected For’ Study .....,.......u31‘
1) High sulphate“Sysfems‘.....,.§4..6.....,.32

2) Highly soluble calcium Ssalts ............33

3) -Low total salt Cbnte‘nt.. ‘ﬂ...l...........34

..4) Ls& pH o:--ooooq(oo-oo-;:o-ioooo}-cononf33s

C. Methods of Preparing and Ana&ySing for the

Major Ion Content of Soil Solutions ...........35 =

RESULTS ANDDISCUSSION ..."..‘..‘..‘.‘;....F‘;.O.,.l.‘_l.37 :

-A. SYﬁthetiC SOlUtionS o.ou-oooo-(ooon-a-‘u,q};-.QBB

1) Potentiometrié method ...................38
2) Colourlmtrlc meth¢d ® o © 9 0 .‘l L N ] . o 8 8 0 0 0 0 8 .45
B. Soll Solutlons .'I.....‘.'.I'I....‘....l.l..l..“’54

1) Potentiometric method vs species
calculation method .....l.".l......l...'l....s"
2) Colourimetric method vs species

calculation method ......ceceevevonencnsssss59

vii



P
\\

2\'

VIII. APPE

"

X. APPENDIX 4
\

IX. APP

-A,
B.
C.
D.

. E.

Serias:

Series:

Series:

Se;ies:

Series:

IX 3

V. CONCLUSIONS vvsvesrersersburusnansnssasenansens n65

v, Eprznznczs\ |
" V1. APPENDIX 1
ENDIX 2

L ’

...........'Q.........‘........~...0....‘.-67'

.........‘.‘.;..’C..k..‘.‘.....l."...‘...0.74

.

..’...I.'..........'.....‘..‘............0084 .
‘.“C._...'Q...'.:"*......l....l.’....l_‘.lag

..v..'l.‘....l‘...l.l.........O:l...".l.91

¢

Hemaruka creareatan

oo.t.-o';uut-.ott010‘000‘0191

ml.b 'occoutaov-‘a,!oodo.,ao-ooooo.':o,puéal‘QZ‘ .

Culp ...'.."..'..‘.:‘—:.'....“....':.."‘93

Koundﬂty ®sv sv e "tc\llo‘c ¥ 4 u_c.o,o .;0‘000094.
Josephine fo'l . ni?"- oo‘.o L o'o‘o-:. . .5'. lrl";'f“gs ,

-~

viii




— R e ey e s s g e e s s e ey P S ——

LIST OF TABLES 4

[ L 4

Table o | Page

1 Values of tormation constants(log. K,) for the
ion pairs assumed, in this study, to form
in ’011 ’olutian' ..C.....l.l.'.........l...l.........zo

2 EMF in solutions of CaCl,; or Ca(No ); and
celculated values of (Ca‘*?) is eech solution .........39

% .
aa .

3 Values of Kgg}, for Na*, K°, and L A R R RL I

. o . - / 4

4 Values of (Ca*?) calculated using a spec1es
calculation method and relative error of
(Ca*?)predictions using the ion-selective
electrode with ‘and without correction for the .
effect on measured EMF of Na‘, K*, OF MG*?...0eeronse.dd

-

5 Relative error observed when using s
colourimetric method to determine (Ca°?) when
Na SO, solutlons§7°6) or NaCl solutions(7-12)
. is present,and vdlues of correlagion °
coef£1cxents(r) vhen relative err is regressed
on [Na]T...‘.....l‘.....O“'.O.'....'..'..'........'0!.52

)

6 Values of calcxum ion act1v1ty(x10’) in soil
solutions using a species calculation method
(method 1) and values of: percent relative error
(error relative to the species calculation method)
.when potentiometric(method 2) and colourimetric
methods(methods 3 to 6) are used to determine
calc1um ion act1v1ty in the same soil solutions.......56

L

7 Effect of relative error between (Ca‘?)
'pred1ct1ons ‘using the potentiometric and
species calculation methods when errors are made in
determining low total calcium concentrat1ons..........60

8 Effect on determination of (Ca*?) in soil
solutions of- errors in estimating the formation
constants and molar absorptivity. coefficients . ’
.of the Ca-TMM and Na-TMM complexes....................61

&

ix



[ S e B

e
L1ST OF FIGURES

rigure - L .. .\ 'Page

Plov diagram for calculating the B )
di‘t-ribhtioﬁ ot aqu.,ous ‘mci..'............"l"....‘.l.]s

Absorbance spectra of TMN'and Ca~TMM...cveversonnsonsssld

Calculated values of ghe formation constant

of the Ca-TMM co lox‘tg‘u function of donic

strength using (a)absarbance data not corrected

‘for inaccurate wvavelength calibration or stray

- light and (b)corrected absorbance dats.......oseqeessed?

¢
*

Distribution of relative error in terms of
the number of samples within various ranges .

Of fﬂlative QthI-g...o...wo......-.c....‘.....-........64

»

“ . ) - L



s rnens T e

T

‘ l. !NTRODUCT!ON v o \

This :tudy vas 1nit£atcd because of rocon: o!!crtc'by
efi1 chemists go?exprosu ?hc chonicaLAcharnctcr ot’poig‘e
sclutio?c on_the basis of chemical thermodyhamics. Thus, it '
is inc?uanfnéiy popu1i5 to oxpraid the amount ét“nn'ion in
| solutisn in terms ot its letivity instoad af its

concbntratzon. For exa ple, soil fertility :pccinlintsz/

LJ

express qoil,cal¢iuh d ficiency for a qivon plant as a.

minimum value

4

sum of the act1vit

tatio of calcium ﬁbn«‘ctivity to tha
s ot all cations in solution'\

' o

(Khasawneh 1971' Beckett, 1972; Adams,1974; Sparks.1984)
Land r!clamtt1on efforts and 1rrigatxon water

) re;pmmendat1ons require. a knowledge of th exchange
u'pfoﬁgfties of soils. The sodium quorptig:ftjf;b(SAn) oft’a
: %;§o§1 solution ié equilibrium with soil solids can be used ;o“
| ‘}hdicate the need of amendments such as gypéum or limé wbich;
should be added to sodic soils to increase agricultural ~
productivity, or as an indication of the éodium hazard of an

« »
irrigation water. Recent indications are that the .

_ calgulation of §AR should use'ion a¢tivitieé rather than the
historically popularrgseféf ion concentragiqns(Sposito'and
Mattigod,1977; érééi?r'et al,1982). In the course of
calculating act1v1ty, appropriate corrections are made to

”Wﬂfree ion concenttatzon and ionit strength because of io
'pa1r1ng, thes correqtzons affect—;he value, of cafggi;;§;d//

SAR(Alzubaidi and Webster, 1983f: Minerdi 3eathcting;and(

éurfacevproperties stpdies also require a\knovledge'of ion

-
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Two common methods for determ1n1ng calc1um ion act1v1ty
. 0
'j}use spec1es calculat1on and ion- selectxve eiectrodes. The

more popular approach has been the caldulatxon of he ; { “

. d15tr1but1on of aqueOUS specxes 1n\a solut;on of known total
~ionic composztlon. The spec1es calculat1on method uses

' succes51ve approxlmatlon to solveia set of 51multaneous
equat1ons. Each of these equat1ons 1s constra1ned by, and o
ﬁhe solutlon of ‘the set ot equat;ons must sat1sfy, two T
_condltlons. 1)§he total concentratlon of @n "ionic spec1es is |
;the sum_total of al} aQerus'speCLes contarnlng the ionic
especieg(massvbalancel;'and 2)theﬂcontribution of}eacn' |
.':sPeoies todthedtotal9cdncentratidn of an ionic speEies is' k
governed by a mass actlon equatlon. Ion selectlve electrodes
'are av 11ab1e whlch respond to calc1um ion act1v1ty These

eiectro es have been used by so1l chemlsts 1nfrequently, and

i

measurement 1s of calc1um 1on concentratlon 1n a;

f kqown 1on1c strength For example, exchangeab%e -
‘been determlqed from a mea5urement ‘of calcium

°iconcentrationhin'a JnM;ammonLum}acetate extraét(Wooisonvet"
al, 1970). SRR

- An alternatlve method for detectlnq free calc1um 1s a
_c lourlmetrlc method based on the absorbance of ‘the c0mplex
calc1um-tetramethylmurex1de(Ca TMM) It has Héen used to

measure free calc;um ion concentratlon 1n b1ologlca1 fluids -

o

and mlght be adapted to measure calclum 1on act1v1ty in 5011

v

solutlons. - T s

e o
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Qbféctiygs of this study are:

i 13
[
|

/' calcium ion activity i

.  total ionic composition,

1)tc use a species CalcjgatiSB method to calculate
in

soil splutions of known

v

y

2)to use a calcium ion—selective electrode to measure

Jf‘Falcium ion activity in soil solutions,
[ ) ' .
3)to adapt a colourimetric method to the measurement of

. | calmium'ion activity in_soil solutions, and

4)to compare the results of the three methods for

) agreement with respect to the measures of calcium
. o _ N .

ion activity in soil solutions..

’



11, LITERATURE;&EVLEN.~
Calcium'in_soil solutions has been‘most’commdnly
 studied using species calculatipn and potentiomettic
. methdds. o - - | S L
Spec1es calculatzon methods are used to describe the
~d1str1but10n of species in electroyte solutlons. Nordstrom
*"et al(1979) have publ1shed a. revxew of the popular methods
wh1ch have been used to perform these calculatlons.,

Potentiometric methods have used an Ld& selectlve

4 '
i,

electrode to measure ionic calcium concentratlon by '

comparing EMF in’ prepared eolut1ons aga1nst

solutlons(Fertl and Jessen,1969 wOolson et
“‘et al,1973) or to 1nd1cate the endp01nt of'
'tltratlon(Tackett 1969 Hulan1ck1#;nd Tro:anowxdzf1973) Two ;
vpapers were publlshed in 1969 descr1bxng 1on ekchange Qn S
clays(McLean and Snyder, 1969) and plant uptake of ﬂ?”‘ o
alc1um(McLeLn et al, 1969) In these papers, ‘a Ca | |
‘1on selective electrode was used anqA(Ca"V was determz&;?v‘
by comparlng EMF 1n prepared solutions agalnst EMF in v
.standard solut1ons. No attempt wae‘madi tokcontrol 1onic
strength} Electrodb?cal b;ation«used'CaClz_solutions: no -
men}ipn £S-made of,corfecting for the formation of the CaCl®
| 1on palr o | B
The followzng d1scu551on indicates some of the attempts
Pto use spec1es calculatlon and potentlometrlc me%hods for
the measurement of gCa"), Whén 4mportant, mentlon is made:
of how'technjques are used andawhat‘assumptions have been

e

.’ :‘ - 4‘



maoe in this study. .
A, Specxes calculatxon methods
Ion act1v1t1es can B’ found d1rectly if the free ion
concent:atxonsvand respectxve activety coeff;cxentswarebmx_
onwn.\This;informétion can Qﬁ.gai#ed“by oalculating the
distributionloft%queous speoieS'in{an lectrolyte solution.
.1&oueous'§pecies cohside:ea‘by‘suchee jgiculation must
include'eimple ions‘and those speoies‘which exist because of
therassociation-of two or more'simple ions(fon.pairs). The
“coexiétence of ions and ion pairs is accommodated in .such
ca}culatiOne Py consideration of mass oe;anoe and chemical
"equilibrium, Thus, the distribution of aqoeous species in an
'electrolyte soiution‘isJa'description of the ﬁost?
_ thermodynamlcally stable arrangement of the dlssolved

components in an aqueous system of known total ionic

<C0mp051t10n. " ‘ . ’ S I . .
- ——— O
i o

The major ions. ex1st1ng in soil solut1ons represent
very complex systems in terms of the large number~of ion
pairs that are considered to ooexist withbthe major’simple/.
'1ons. Descr1b1ng the equilibrium state of the dozens of Yon
‘palr formatlons in naturaL waters and soil solutions ,
1nvar1ably uses computer a551sted calculat1ons. B
WATEQ(Truesdell and Jones, 1974), SOLMNEQ(Kharaka and
Barnes, f973), end GEOCHEM(Mattiq?d and Sposito, 1978) are
the'naméskof some computer programs which have been used to

¥

calculate the distribution of aqueous species in such
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solutxons. The propertles and ab111t1es of Jnese three
programs are representxve of the many compubér programs e
which-have been used for similar- purposes. ‘The differences |
among the programs represent the dxfferent preferences of -

the authors and su1tab111ty to dszerent ,

: applxcat1ons(Nordstrom et al, 1979 Baham, 1984). - L Vs

The calculatlon performed by each of these programs is
, \_c°
iterative and ends_when some.condxtzon has been

aohieVed(usualiy when a certain ion concentration ohanges,
'over an 1terat1oﬁ, by less than a predeterm1ned amount) "The
) 1nformat1on then - avaxlable ingludes the concentnat;op,

act1v1ty coe£f1c1ent and actxsaty of each aQueods sQECies

W

. cons;dered by tag program.. The maln\i}mgtatlons of‘spec1es _
'calcdlation methods are§v1)thelnumber oriaq ous species -
oonsidered(SOme'important species'may‘be ne:?;;téd). and '

2)the qu311ty of the data, used to determine ion pair | \\\;;¥

; N a

formatxon constants(Amacher 1984).
GEQCHEM uses the Davies equat1on to calculate act1v1ty
coefficients in. solut1ons up to 1on1c strength=0 5(Matt1god
and Spos1to 1978). When ionic strength is greater than 0.5,
GEOCHEM WATé\\Truesdell ‘and Jones 1974), and |
SOLﬂNEQ(Kharaka and Barnes, 1973) use a modified

Stokes-Robinson 5gﬁat1on. This modified Stokes- Rob1nson

o~

'qugtlon combxnes the extended Debye-Huckel equation and,the

MacInnes assumptdon,_as‘proposed by Helgeson(1969):.

‘ ) Az1IV2
-log y =" ——— - bI
. 1+Bal'/?
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where: y is a 'single-ion activity coefficient
~ A and. B are Debye-Huckel parameters
- 2 is the charge.on the ion
' I 1s ionic: strength .
a is an ion size parametsr found emp1r1cally
using mean salt activity coefficients.
b is a curve-fitting parameter found
empirically; it is 0.3Az? when I is less
- than 0.5, and is 0.1 for neutral species

e

MacInnes(1939) aséumed for the purpose of calculatxng

. szngle-xon activity coe£f1c1ents from mean salt act1v1ty

' coeff1c1ents(y=), t_hat»yK‘ = ycl---_r ;y:,,m."‘ I }.‘
Generally, y.v. = vi; | B
\ 4

. Yzﬁ :NCCI

The* = —. ,and _ ) N

Y:,xCl o ~ o

. T2 .cac1y

Year2 =~ .

‘ 7:.Kc1

The assumptlon allows_accurate calculatzon of act1v1tyv
coeff1c1ents as long as the salts used for comparlson(e;’: 
‘ NaCl and CaCl; aﬁove) do not fofm ion pairs. The ion- pa1r
‘CaCl‘ is in-fact considered to form, and this mo§1£1ed
'Stokes;Robinsoh equation,ﬁay give erroneous‘vélues for‘tﬁe'
activity coeff1c1ent of calczum.ﬂ -

The Davies equat1o; is a 51mp11f1cat10n of thlS

Stokes Rob1nson equatlon u51ng Ba=1 and b=0.3Az? (Davies,

1962)

°

. ,.‘.,1,1'/,2 )
-log y = Az’< - - 0-.31)

The value of_B is .a function of the dependencé on

o
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temperature of the dielectric cohstant f water; at.25°C,. .

K}

'§-0;33.,pavies COnsidere the "distancé o eioseet apprnach?
. ,a, to be apprbximatelyl3 Angstrona.‘Ther‘fore, the”dalne.ef
Ba is near 1, and good estimates of single%igﬁ attivity
h‘coeff1c1ents are g1ven if ba0. 3Az3, signiEECant'errors in_ﬂ
‘estgmatxng actxvxty coefficients m1ght be made forolarge'
ions such as Mg*?*, Al*?, and Fe'’ (i.e. when a is’ greater,'
than 3). |

This study uses the Dav1es equat1on regardless of the
magn1tu&e of the 1on1c smrength. It is cons1dered that

omparxng the ca1c1um ion activity of two solut1ons, one of

;on1c strength sl1ghtly'le55 than 0.5 and one sl1ghtly |
greater than 0. 5, is 1nappropr1ate. ‘An apparent d1fference
in (Ca*?) may be the result of using different equat1ons to_'
calculate the act1v1ty coeff1c1ent rather than a genu1ne
difference in (Ca*?). Anothr advantage of us{ng t‘e Dav1es
 equation rather than. the*ﬂabye-ﬂuckel equation is the
.absence of an ion s1ze.parameter. ﬁh1s om1551ontallows easy
algebraic elimipation of_Variables.in derivation of -
.erpressions for (Ca*?). ’

Stability“constants are used in ene of twsﬂways;“the
choice seems to depend on the author'S‘preference rather
than on relat1ve ease of programmlng or speed of calculatlon
vexecutlon. GEOCHEM calculates cond1t1ona1 stablllty
constants basedvonlestlmates*bf activity coefficients; the
congentrations'of dqueons species are’then calculated_v

directly. WATEQ and SOLMNEQ use thermodynamie stability



constants. Ion activities are calculated and then«

concentrat1ons are found usxng‘bst1mates of activity

coeff1c1ents. The program used in this study is the same as.

c'WATEQ and SOLMNEQ in its use of stab111ty constants,
‘L&\ The number of mass,gction considerations'includeé 1n;
reschﬁmass Balance depends on the complexity of the sfstem
' 'beiné described The simplest'system’is'one in which only
oone electrochemlcal assoc1atxon 1s~cons1dered Examples of
such a system incilude: 1)an 1ncomp1etely dlssoclated salt,
'and,2)a completely d1ssocreted saltrin 1on.exchange
oouilibrium'with a cley‘suspension. Tne system becomes more
compleﬁ when‘Otner effects are included, such as redox
reactions, precipitation; dissolution, adsorption, and
| coexlstence of many saltsb1n one. electrolyte solutxon. ThlSi
- study descrlbes a relatively simple solution — the major
.ions and ion palrs considered to occur in so1l extracts. No
redox, prec1p1tat1on, d1ssolut1on, or adsorptlon phenomena

are cons1dered to affect chemzcal equxllbr1um once a 3011

solution has been extracted and conta1ned‘separate from the
.

3

soil. sol1ds.

B. Potentiometric methods
Potentiometry measures ion actiyities directly{

However, the accuracy of the results of this method§depend

on the validity of the assumptions made regarding electrode °©

cslibration}3These—assumpt%oﬁs4have—to~do'withrseparating;a——___

mean salt activity coef#iciéntninto single ion activity
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" The utility of such a proceéure depends on: 1)an accurate

coeffictents and are h\ked on relative experimental
values(Bates and Guggenheim 1960; Bates and Alfenaar 1969)

Neither the Maclnnes convent1on nor the

A

‘Stokes- Robxnson(hydratzon) convention accurately predicts

single 1oh act1v1ty coefficients when ionic strength is

4

.greater than about 0.1, when ion pa1r1ng occurss or when ion

charge exceeds 1. No other convention has proved to be

T e emm—

better than- either of these two conventions and, so, a

conventjon'hés not been accepted for calculating single ion

activit§ coefficients. There is no standasd method available

for Eaiiﬁrating ion-selective electrodes(Pytkowicz,1979;

Covington, 1979). To maintain consistency in derived values
g ] _ 1cy
! o2,

Jfor (Ca*?), this study uses the species calculation method

to-distribute the aqueous species in Caciz solutions. This

use allows electode calibration in terms of EMF as a

‘\

functzon of (Ca")

C. Colourimetric methods | ' i

A colourimetric method for determ1n1ng (Ca") would

provxde another optxon for the analytical chemist and would

for the purpose of this study, prov1de another estimate of

- (Ca*?) against which the other estimates could be compared.

—~ ) \

estimate ‘of the formation constant of the coloured complex

used tg dete;mine (Ca*?), i)an anion which complexes

“specifically and to a small extent with calcium, and 3)a

complex which forms to the same extent regardless of pH.

L]
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Gysling and Schwarzenbach(1949) E?fiﬁ reported thé

i
§

pfeparation and use of such a dye(tétramethylmurei'ée’-‘

§

‘TMM). Jeremy(1975) used TMM to-measure the concent ation. of

ionic calcium. Ohnishi(1978a and 1978b) presented \

colourimetric properties of metal—dye*;omplexgs.'&;i~

technique is especially usefu? when using ™M or {;; q%het

metal-dye complexes. The—use of a cdioqrf"
determihe (Ca*?Y in soil solutions has/not been reported and
it is hoped the methodology can be adabted for use in this

]

determination.



111. MATERIALS AND METHODS

A. uofhods of d&tcrmining calciﬁm ion activity
‘ Three methods of determininé‘caicium ion activity in
s0il solutions were used: |

1)calculatio£ of gpe di;tribution qf aqueous species in

sélutions.of known total ionic composition,
2)potentiometric meaéuremént using a calcium
ion-selective electrode,and " '

A 3)colou;imetric measurement of the degree of formation
of a calcium complex uSing the,; dye
tetramethylmurexidg‘ - o
These methods provide independent eStimates of calcium ion
éctivity»becahse of the different measured parameters used.
Method 1 requires a;alysis of a i?il solutien‘for PH,
eLg;trical COnductivity,Kind the total concentration of
major cations and anions. Methad 2 réquires the measurement
of eiectrical potential betwgenia”measuring and a reference
electrode with the eléctrode assembly immersed in a soil
solution. Method “3 requires anal}sis of a soil 501ution for
e;ectrical conductivity(in orderhto estimate ionic
~strgngth), total_concentrétiéﬁ of sodium, and thé optical
density of a prepared solution, |

A description of the derivation of expressions for

calcium ion activity used in each method-follows.

{

12
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'1) Calculaticn of the d;stribution of equeous lpecies
The distribution of agueous species re!ers to a
partxtioning of the total amognt of an ion in solution among

the various forms in which it is assumed 'to,occur. 'rhus, the
v ( N

mass balance for an ion includes the concentratjons of the

free ion and all ion pairs or gomplexes in which the ion

P
-

occurs. Within a mass balance expression, mass act;on '
equations describe’ the equilibrium states of the various
forms, Equivalent expressions of mass balﬁﬁce and mass &

////ac¢1on for the major cations and anions present 1n a so11
solution are solved simultaneously to describe the
equ111br1um state of all electolytes in sol ion:

" The calculation used here is similar tgtthat suggested
by Adams(1971) wh{ch accounts for ion pairing and for ioni¢
Strength effects‘on ion activities.\g?erformatiqn of
complexes is considered todbe negligible for the major .f
species present in soil solut\ionst Ion.activity is described -
as the prgduct of the"ion concentration and the single ion
activity coefficient. Calculation of activity coefficients
requires knowledge of the solution ionic strength, which in .
turn requires accurate est1n;tes of the concentrations of
ionic specxes. subtractlon of the sum of the concentrat1ons
of ion pairs from total 1on concentrat1on gives the C N
concentrat1on of free ion, Ipn‘paxr concentrat1ons are
expressed us1ng mass action equatxons, ‘which require free

ion activities. The cyclic nature of this derivation of an

expression for ion activity is used to make successive

———
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éffappr6x1m5£¥$as ofxnnihtédn'pargnetdrd(ldnic'hérongth”hnd’
concontrations of free ions and ion pairs) and to then ~
'-calcula:e ion activitius.
’ A computer progrnm similar to that used by
' Foaglcy(1979) vas used in this study to crlculate the
disttibution of aqucous specios. Figure 1is a flow diagram .
. showing the mathematical manipulations peLformed, the
computer program, called SALT, is l1sted in Appendix 1. Four )
sections are evident in rigure 1: data aquisition, initial’
estxnates of ionic strength and cation activity coe£f1c1ents
and hctxvxtxes, successive approx1matxon of ionic strength
~ and aqgueous spec1es concentration, and output of results.

Data tequirpd for calculation of the. distrxbut1on of
aqueous species is electrical conductivi;y(sc,expressqd in
ds/m): pH, and totnl concentrations (| ]'s, expressed in
me/L) of major cations(Na‘, K‘,Ca",Mg‘;,ﬁH;, Al*?,Fe*?, and
Mn*?) ané anions(C0§'+Hc0;,SO;‘,Cl‘,NO;, and Pd;‘). A _
~computer program vas used to facilitate th\ input of datnvin
- the fé;n required for calculation by SALT(a listing of the
computer proéram SALTIN is p:ovingd in Appendix 2).

The cnléulation ig" initiated by estimating some
" solution parameters. Electrical cdnductivity is used tb o
ﬁestimate 1on1c strength(l' Griffin and Jfr1nak 1973). Major
cat1on activity coefficents, denoted y, and activities,
denoted ( ), are then estimated:

--  I=EC-0.013 ,
-logy-Az ((1‘/*/(1'/2+1)) 0.31)
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',consxderatlon is made fo]

-

‘so1l solutlon pH

SRl |
o A is"é‘funoqion'of the dielectric ‘constant of %

te

water ahd

z'is ion valence.

Carbonate'and bicarbonate concentrationS‘are estimated using

and Eﬁe amount of acid requlred to’titra;e

. to PH 4. 5(1f pH oflthe 5011 solut1on is greater than 8. 3

carbonate specxes=requ1r1ng “two

'protons) These Elnstfest1mates of solutlon parameters

prov1de for 1n1t1at10n of the calculat1on and 1f the

estlmates are accurate, allow rap1d convergence of the

‘success1vely agprox1mated valuei of aqueous spec1es

o - L]

concbntratlons. | -
Succe551ve approxlmatlon of the concentratlons of "‘ 'an
aqueous spec1es refers to the above mentléned %yclrc '
4 .
~-calculatlon of free ion act1v1t1es, aqueous species v
on A T K

concentrat1ons, xonlc_strength, activity coefficients,tfree‘_”

[

‘ : R v o
,1on act1v1t1es, etc. The calculation continues-until the =

richange 1n the calculated values of solution parameters-is

6 : A 4

less than a predetermlned 11m1t. Thﬁiprlmary equatlen used
%

in thxs sectlonﬁgf the calculatlon is an expre551on of free

1on ac§1v1ty denlved_from mass acmlon relatlonshlps in a

. mass. balance equatlon. Fgr example, the sulphate mass - .

B 4

'balance, 1nclud1ng the predom1nant 1on palrs assumed to form

in soil solut1ons, 1s' //5"
i

[so.=1,=[so."]+{Naso ]+[KSO ]+[C‘SSO°]+[Mgso ]

+[FeSO.]+[Mnso ]"‘[AlSO“] “ v . - M
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The derlved expressmon from th1s méss-balance is for

sulphate ion actr'1ty, so each dbq¢r1butlon to ;he total
LY ?,w _'t

sulphate concentratlon is- expressed 1n terms of sulphate ion

activitys

) . “ . "1 . \%’ﬁ v‘ . .
(s03?) Knaso; (503?) (Na* )"’ KysopS0i *) (K*)
+ - + -

' Ysoz2 . Ynasog 1 Yxso; _ ‘
: , N 503

KCasoZ(SOE’)(Ca") - '+ Kugsog (S04 ? ) (Mg~ *)
|9

A Ly

Ycaso, " Yugso, -

a
P

KFesoz(SO;’)(Fe”) C+‘ Kunsog (Son’)(Mm")

Yreso§ e _ Ynnso,l

N . v R '
- . ) N ﬁ R . i
’ ‘ ! ' ’ . =~ N M
. @ .
.

Kaisog (503 7) (A1"?)

-e

; 7A1soz . . .
. . .
where: KIp is the value of the thetmodynamlc ‘formation
“constant of an ion pair(where IP is
NaSO.,KSO.,etc ). . o .

L}
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_Sulphate ion activity is then collected slgebraicallyuas a

., common factor:

— L

: . . ‘[soat]y
13" , ;
(SO.’) = :
AN Y ‘+ -—-—--vr—-—— + -
Yso0; Yxso3 ' "t Ycasog
° =
Kyoso® (Mg*3) Kresot (FE* ) .
. MgSOy Vo . FeSO0}
Ynugso, ‘\ Yreso}
’ \ )
unso4(Mn”) Kusez(hl’ 3,)
oot . Ymnsog Y150}

Thus, sulphate 1on act1v1ty i expressed as the ratlo of

[
,total sulphate concentratlon to the sum of the weighting

factors wh1ch descrlbe the relatlve contrlbutlons of each

aqueous spec1es to potal sulphate‘concentrat1on. These -

& e

‘welghtlng factors chanEé as & function &f changing catlon

)
i

'act1v1ty and act1v1ty -oefficient with successive'

approximations. Expressions of anion act1v1ty, such as that

s

_shown above for S0;? ,‘usp estimates of cation act1v1ty.
_ . T | ; S e '
Likewise, estimates of anion activities are used in
. ® |
. S . N U : .
expressions of cation act1v1ty. The calcium mass balance,
, v . : 4 ’

including species assumed\to be present in soil solutiens,

is: ‘ o h\

[ca;=]T=[Ca*=]+[ccho;|+[Caco°]+ICa50°]+[CaOH ]

+[CaNO ]+[CaCl ]+[CaH PO.]+[CaHPO ]
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. 3 Lo e ‘ )
and : . N o ” t ‘ 4
. & .
8\ [cavil, .

Keancos ( HE‘}\O; ) Keacos (Co3?)
+ +

e

. " -
Ycanco} Ycacoy

+.> KCQSOz ( SQ’; : ) + KCAOH‘:.(VI ‘ 9%

Ycaso; Yeaows (H*)
KCINOS(NOS) KC!CI‘(CI‘) . \>
+ - + | ‘ -
: YC‘NOS . ) YClC1° 'f ‘ | T
> e “ o S )
Rean,pop (H2POR) Keanpo, ( HPOR zﬁ'/
+ + iy '
Y can,po} ; YCpﬁpo; . i
s ' ’ v ; . |
where: K, is the thermodynamic dissociation constant of

water.,

Similar expressions are derived for carbonate, bicarbonate, .

nitrate,'chlﬂrdde, phosphate, sodium, potassium, magnesium,
iron,” aluminum, and manganese. ,

Table 1 shows the‘format;onAcohstants for those ion

‘pairs which are assumed to form in soil solutions and which

R,

“have been included in the mass balance equations used in
this study. - . . éﬁg ‘

The second section of Figure 1 shows that the

- calculation is initiated using estimates of cation

activities. Successive approximation begins with calculation

of anion activities using these cation activity estimates;

then cation activities are calculated using these estimates

of anion activities. The weighting facfors-for charged

@
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Table 1. Values of thermodynamic formation constants(log K) .
at I=0 and 25°C for the ion pairs assumed, in this study, to

‘form in soil solutions. _ .

. SO3* CO3* HCO3; OH- (OH"), NO3 Gl- H;PO; HPO;?
Ca*?* 2.31 3,15 1.02 1.30 - 0.68 0.60 .1.40 2.74
Mg** 2,23 2.88 0.95 2.58 . ° L
Na“* 0.65 0.55 0.16 ‘

x. 0085 1.30 -0025\ ! K T .

H* 10.33 6.36 X 2,15 7.20

Al*y  3.20 8.98 18.70 - |

‘Mn*?* 2,26 . . 1.80 3.05 - 0.61 o

-Fe"? 4.15 - .81 22.31 1,00 1.48 5.43 10.91
& - T , © ST,

-These values are collected from:. Nakayama(1971), Spfth'
and Martell(1976), Lindsay(1979), Sposito and o
Matt1god(1979), and Hogfeldt(1982) o

Blank spaces 1nd1cate that ion pair format1qn
is considered to be negligible. -

aqueous species are then used to cafculate the:
concentrat1ons of sPecies contrlbutlng to ionic strenqth
‘Calculation cont1nues cyclbcally with successive ’
“approximation of ionic strength, 51ngle ion act1vity'
coefficients, ahion activities, caticn'activities, and
agueous species concentratiohs until the concentrationsvcf
free0calciumvand phdsphate change,”thtough the previous
1terat1on, by 1ess than 0.1 percent,

Slngle ion act1v1ty coefficients are caiculated u51ng

the Dav1es_equat1on(Davxes,1962).-It is con51dered that this

.:'equatioh'estimates activity'coefficients eQually as well as

-

>\_equat10n. The Davies equation 1s p:eferred to other.

equatlons because it does not. include a var1ab1e ion 51ze

parameter - thlsqallows algebraic elimination of var1ab1es~*
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in derivation of an expression for calcium ion activity for
' 2 . .

the'colourimetric~method and,‘to be consistent; is used in
the calculation of the dxstributxon of aqueous specxes.
Act1v1ty coeff1c1ents for neutral species are calculated
u51ng the Setchenou equation wh1ch is a 31mpl1f1cat1on of
the Davies equat1on- ’ '
) :logytKI | |
where K is a salting coefficient(idn pairs form because.
of decreased water activltY) set at 0;1(Sposito;1981).
" The results of the calcplationjare arranged for hard
cop& p;inting. This information inCludes;iocic %&;ength, the.
- anion/cation charge balance(the ratio of the,suﬁ of anion
concentrations to the suﬁ of cation concentfatioﬁs); PH, -
electricel cbnductivity, the number of iterations required
"for ccnvergence,,the totalvconcentratiohslof major ions, and
, ‘the concentratiohyand éctivityd?f each'aqueous spedﬁes'h
.considered. | | ' | |

2) Potentiometty using.atcalcium ion-selective electrode
Calcium ion activity iS‘deterﬁined by firSt measuring
the electricalﬁgotential between a‘meacurind(calcium "
ion- select1ve) electrode (Orlon Model 93-20) and a reference
,electrode(Orxon, Model 90-01) w1th the electrode assembly
1mmersed in a soil solution. Act1v1ty 1s then found by
comparlng the measured potential to q calibration cur&e

There is no accepted convention by which the act1v1ty

coefficient of the aqueous-calcium ion can be calculated.

Q
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'Therefore, standard method is not available for _
calibrating the electrode assembly in terms of blectrxcal
\potent1a1 as a functxon of calcxum 1on activity. In this

study, the spec1es calculaﬁ1on method is used to calculate’
the d13tt1but1on of Ca",Cl‘, and CaCl‘ in prepared
; tions of CaCl,. The der1ved calcxum act1v1t1es 1n these
sogaztons were used in preparzng a standard curve. o

. : -, . -

3) Colourzmetry usxng tetramethylmurexxde(TMM)

Thzs method is based on-a determination of thq extent
of formation of the Ca-TMM complex. TMM is used as the NHy
salt which g1ves a purple solution., The act1ve portion of
the dye is a monovalent anion and the 1:1 complex ‘that forms
with Ca”‘rs a. monovalent cat1on, the solut1on of whlch is
orange. Formation of the Ca T™MM complex 1s 1nsens1t1ve to pH
(at values ZVabout 3.5); and the molar absorpt1v1ty
coefficient of the‘eomplex is high(small amounts of die‘can
~ be used, 1itt1e.calcfum is complexed' and the distribution
. of talclum spec1es at equ1l1br1um is relatxvely .

undxsturbed)

a) select1on of analytlcaf vavelengths

Absorptzon spectta of T™M and Ca- TMM were measured in
'ﬂsolut1ons of 37107 M ™M in water and 1M CaCl; - 2H, o,
respect1vely, u51ng a Bausch and Lomb Spectron1c 100
.speft:ometer equipped with a flow through cell(F1gure 2). \

szgn1f1cant separatzon between the wavelengths of maximum

"~ absorbance is evident(528 nm for TMM and 489 nm forgCa—TMM)}

0



and the molar absorpt1v1ty coeff1c1ents'ergﬁéyfferent at all
but one wavelength. At any wavelength the\megsured
absorbance is the sum of the absorbances. of free ™M and
Ca-TMM complex. Use of a dual-wavelength procedure, as’
suggested by 0hn1sh1(1978), eliminates the absorbance due to
_the uncomplexed dye and the ungertalnty in est1mat1ng the
‘molar,ahsorptivitv;goefficieht of.TﬁM.uSelectidn”054
"wwavelengths eonsists of choosing one wavelength (Fig&re‘2

i 554 nm) where the difference between the absorbances of the
free dye and the Ca- TMM complex is greatest(on the hxgh
'wavelength side of the TMM curve, where the absorbance du:

) to Ca- is lower) ‘The second wavelength (F1gure 2,

507 nm) 1s then chosen so that the molar absorpt1v1t1es of
free dye at the th wavelengths are equal The difference

between the absorbances measured at the two wavelengths

represents the absorbance due to only the Ca-TMM_complex,

b) selection of [TMM]Tl

The totel concehtration of TMM used in this study was
5-10°* M because, over the range of [Ca"]T used(0 to 100
me/L), errors in measurlng absorbance are kept to a m1n1mum

&

. (absorbancev1s <1 at 507 nm and 20. 2°at 554 nm).

c) determination of the effe;t of Na and Mg

A solution 5-10-* M in TMM was prepared in 0.1 M Na,s:,
or 0.05 M MgSO,-5H;0. The absorbance was measured at 507 anc

554 nm using a Bausch and Lomb Spectronic 100

spectrdphotometer equipped with a 1 cm flow-through cell.

23
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Figure 2. Absorbance spectra of TMM and Ca-TMM. '
Absorbance due to the presénce of the Na-TMM or Mg-TMM .
- complexes is éxpreSsed as the arithmetic difference between

the measured absorbantes. t

d) effect of pH on absorbance measurements
Significaht'COncentrations"of>Al, Mn, and Fe are
: expected in sdil_extracts of lbw pH. Of the three metals,
Al*?’ is most eésily hydrolysed and can be in solution when
,€§ﬁﬁpﬁdi5 notvlow enough to hydfolyse Fe*® and Mn*? to a
'significaht extent. E@forts to show)fhé effects of Al on the
measurement of the absorbance of a TMM solution were
- frustrated because of steadny_decreasing'absorbénce
readings. Solutions were prepared in an effo;t to determiné
if the effect was becak;e of high’ﬁroton cbncentration.
Solut1ons of AlCl, or HCl were added to 5:-10-* M TMM to
prepare solutions of pH 3, 3.5, 4, 4.5, and 5. Absorbance

was measured at 528 nm(wavelength,at which TMM absorbs most
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strongly) over a 15 minute time pggiqd usiﬁg a Bausch and

Lomb Spectronic 21 spectrophotomuter.

e)stability of Ca-TMM complex

» , .
A 3-10"' M solution of TMM was prepared in 1 M

CaCl,;-2H;0 and the absorbance of this solution was measured
)
at 489 nm every 5 minutes over a'1 hour time perjod using a
Biusch and Lomb Spectronic 100 spectrophotorn ‘ ff%ted with
' L ]

a‘l cm flow-through cell. . /’

formation constants(K;) of the Ca*?,Na*, and Mg‘®/complexes

of %MM(bH'buffered at 7 using HEPES):

K K,
Ca-TMM 360 970
Na-TMM. 8 3 y
Mg-TMM 16 | 43

These values were determined at an ionic strength of 0.1.
The Davies QQUation was used in my étudy to éalculate firsf “
" the activity coefficient of calcium and!phen the

thermodynamic'formation constant(K,i of the Ca-TMM

~complex{i.e. K, at I=0):

—

(Ca-TMM*) , [Ca-TMM* ]y K¢
K = = - - = '

(Ca*?)(T™MM") [Car*Dycyea[TMM Jymer Yoz

where: K} is the conditional stability constant,
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Ohnishi(197é) used [Cal, up to 10 mM in determining the
formation constant of Ca-TMM; [Cal, up to about 50 mM is
expected in soil solutions. . Therefore, the value of the
formation constant of Ca-TMM was determined over a wide
range of [Ca*?], as vegification of*oﬁnishi'é‘value and to
test if complexes other than 1:1 Ca:TMM form at higher
_[ca*?]y. Values of K; fof the Na and Mg complexes of TMM are
| dﬁch lower than that for“tbe Ca complex; Ohnishi's values
are accepted as being accurate. Althougﬂ the concentrations
of Na and Mg used to detetﬁgéy the conditional stability
constants were not réported,,gpe;highest concentrations used.’
vere very‘liyely much largér fﬁan those anticipated in soil
solutions. | |
Format?on constan;ngere deteémined, using the ﬁethod
of Ohnishi(1978), at each of six-ionic strengths. Optical
density was m;asured, at 554 and 507 nm, of solutions -
containing 5-10-° MFTMM and 0, 0.5, 1; 1.5, 3, 5, 10, 15,.
20, 25,.30, 35, or”50 mM CaCl;. The appfopriate,volumevof 5‘
solutidén of N?;Cl was added to adjust the ionic strength to
0.025, 0.050, 0.075, 0.100, 0.125, or 0.150. The .
concentration of TMM was chosen to be 5:10-* M on the basis
of the concentratioﬁ which gave an absorbance of close to
bu;.not greater ﬁhan 1 at 507 nm and greater than 0.2 at 554
nm. A maximum of 0.15 M NH.Ci wés added; the contribution by
this salt to the absorbance is small at this concentration.
Wheh the differencé in absorbance at the two wavelengths is

calculafed, the value for TMM alone is- 0.000 and when 1 M~
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NH.Cl iébtesent the value is 0.007. The higher calcium
"conceptrat1ons ‘were sometimes greater than the desired ionic
| stregqph and could not be used- the number of calcium
concentrations qged ranged from .5 at Is=0, 025 to 12 at
I1=0.150. Solutxons representing each combination ofltofhl‘
calcium concentration and ionic strength were prepared in
‘triplicate. . | »
Tg; amount of NH Cl requ1red to bring a sotution of
CaClz to a given 1on1c strength was calculated using mass
balance and ionic strength expressions in the equation for

“"the formation constant of the CaCl*® ion pair:

(CaCl*) [CaCl*] *  vyeurr ~
K = T = .
(ca*?)(C1l-) “AcCar?1lCl ] yeur2ves-
ASSUMING Yeu1*®Yciss - S
‘ ‘ [caCcl*]
Kycet2 =

[car2][c1]
where: [CaCl*]=[Ca*?],-[Ca’?]
[c1f]-tﬁﬁ;]+2£;a*=11-[c§c1*] |
=[NHi]+[Ca" *]p+[ga 2]
Iao.$<[nu;1+[c1-1+4[ca~:1+pcac;-1)
'[NH;]-f;[Ca'=];=z[Caﬂ=] | (1)

[cal,-[ca*?] g
Then, Kyc,+2 = - . - ]
' [ca*?](1-[Ca"?]) '




R
.

“

oo “’*

gives: , . ~ ' .
: T+Kycp+2d- [ 1+Kygpeal \? [ca*?], ]2
(car) - - - |
2K1c.‘2 2K7c.’2 . KYC.Oz
where: [C@J;,VK, and 1 are known v

ch’ is calculated using Davies equation.

Then,'the concentration of NH.Cl requireﬁ to br{qg the

L J

solution to I is foUn& using equation (1). At any 1, the
formation constant is tound by extrapoletihg the:iinear‘ B
relationship betweenea log funetion’ef‘optical density and v
loglca:*] to loglCa®*]=0. | B
(Ca,-TMM) - [Ca,-TmM] * vy e

(Ca*2)n(TMM-)  (Ca*?)[TMM-] Yoo

Ke,camo

(Ca, -T™M]

’ (Ca")[TMM ] 0
where: [TMM-]=[TMM"],- [Ca -TMM],
[TMM" Jp=A./2c, mors |
- [Ca -Tm]-A/ac. e

A 1s the difference between the absorbances at 55¢

l

and 507 nm, o ' )
' A, is, the d1fference between the absorbances at 554
and 507 nm when all dye 1s*comp1exed, and

‘ac, mw 6 the difference ig the molar absorptivities

of Ca,TMM at 554 and 507 nm. '
logk, = log[Can-TMM]-nlog(Ca‘5)-log[TMM‘]
= log[Can-TMM]-nlog(Ca")-log(ITMM‘]q4[Can-TMM])
P . 109(A/acymm) =110 (Ca* *)=10g ((A.=A)/2cumes)

= -nlog(Ca’§)+log(A/(A,-A))
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S

- -nlog(Ca“)*log(A/(A =A))

Y .

*

7’
Therefore, when logKCa")-O log K,=log{(A/(A, -x)) The
formation constant is not dependent on I, and the

determination of K at different ionic etrengthe ellow! Lor
K

"the Qetection of inconsis&enciee in the method and/or
inaccuracies in the valyes of ygvi"end/or Ke.cacrt+ This

' approach is general in that it does not assume that only a,

1:1 Ca: TMM complex is formed..If this is, indeed, tbe only

complef formed, then n equals )

N

-

g) derivation of an expressxon for (Ca*?)

/

Sodxuﬁ also forms a coloured complex w1th TMM and this

-

contr1but1bn to measured absorbance must be accounted for
when est1mat1ng (Ca*?). The measured absorbance is theagum‘

\of the absorbénces of the calcium and sodium complexes of

3 . ' - . | P
TN : ; - : >

\)5
‘Ar=Acammt * Ayamm
*8,,mu[Ca~TMM* ] + a,,m[Na-TMM)

Using mass.actibn.equations to describe the concentrations'&
- . ‘ {
of complexes gives:‘F f ?
- : ~

-

»

‘ ’AT =" -~

Yeamt =~

- v  BuamoKe nammbNa T T [TMM ™ 1yp0e Y-
. + ~

— L]

Y NaTMM

o
The.intent is to use the measored total concentration of

? sodium and activity coefficients calculated using valoes_of

29

Foha ¥
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1 estlmated from measured electlcal conduct1v1ty Acq;v1ty

coeff1c1ents calculated usxng the Davies equathn are the P

/

samé at a g1ven I. for all univalent: xons(regardless of

. Sién)§f§or all diva ‘nt 1ons, etc. Therefore, y+'s for T™M-

and Ca- TMM* are the ame at’any 1, and the above express1on

for total absorbance 51mp11f1es with algebra1c el1m1natlon

«

aof these,y s in the flrst part of the rlght hand side of the

fequatﬁon. Also the act1v1ty coe£f1c1ents for Na*® and TMM"
» o ®

' b
,are’ equal at any I and yrfor NaTMM° 1s taken to be 1. The

'equatuon has two unknown quanthtles, calc1um ion act1v1ty

ok and contentratlon of free dye. Rearranglng to express [TMM ]

!

fglves.

Y3 Bcamme camni(Ca’? “%.’wK:ﬂy.mENa TVt vome

b
a

_ The concentratlon of free dye is part of a, massbbalanoe
. i . _ :
_equatlon for the dye'(; S L . lrf
[*mu],-—-['rm ]+[Ca TMM 1+[Na 'I’MM ] R J f-‘;',',
: .
--[TMM ]+KC,m(Ca'= [TMM ]+KN,W[Na ]['I‘MM ]qum .

° .» . RN L

H

A . N A N w2
w0 . .

‘Mfiearranglng glves an exﬂkess1on for [TMM ] Wthh can be

-

substltuted 1nto the above equatlon. That equat1on then has;T

—

only one unknown quant1ty(calc1um ion

\ \

act1v1ty) The der}ved

*
expre351on for calc1um ion act1v1ty is:
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[TMM] (aNaTMMKI NaT aq'ﬂu* - Al 1+Kt.narm[Na' ]Y;n;‘)

Kearmu (Ar— [Tmlracnm)‘ o R
_ﬁhfmeasurement of &bsorbance in prepared soil solutions
Saturated‘paste extracts were. prepared and collected by
-,standq;d methods (McKeague, 1978) Solution preparat1on |
involved p1pettfng 10 mL of 5011 extract ‘'into a test tube,
’/}addlng 0.2 mL- of 2 55 10" M TMM (us1ng an Eppendorf
plpette), and~m1x1ng Absorbance was measured at 507 and 554
nm using a Bausch'and Lomb Spectronlc 100 spectrophotometer
?equipped with a 1cm flow—through cell. The absorbanee due
to_ organlc sta1n1ng was measured in so1l solutlons with no
added TMM. ThlS absorbance was subtracted from the
absorbance measured with added TMM.
FBQ SoiI¢Samples Collected For Study' a
5\\" AQ\attempt was made to 1nclude 50115 which represented
a wide varlety of klnds and concentrat1ons of salts. It was
con51dered that a_rlgorous.test of the su1tab1%iiy and
accuraCy ofvthe’methods used fo: ~eterm1n1ng (Ca") requ1red
d;nc1u51on of 5011 selut;ons representlng varlety in terms. of
'1on1c strength fraction of total calc1um asvlon paars,‘and

,'concentratlon of 1nterfer1ng aqueous species(Mg*?, Nafﬁﬁﬂ',

organic matter)
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1) ngh sulphate systems

RS

be about'e.;A proflle description i

. a)The Ccasa hor1zon of a Brawn Solodlzed

Solonetz(Hemaruka series) from ne@r Enchant _Alberta was
sampled The major soluble m1nera $ in thls sample are'

mlrabolLte and gypsum. The crystal state of the sodlum -
o\ L 4
sulphate salt’ depends on ambient t mperature and hum1d1ty »
*

‘aftev samplxng and=1s usually not as hlghly hydrated ‘as

"m1rabol1te. The sample is also calc reous, so the pH should

.given in Appendﬁx .

/

.b) G&Psum was mlxed into the su face 20 cm of the 5011

along an oil p1pe11ne r1ght of- way ne,r Redwater, Alberta
[
where a p1pel1ne_rupture resulted 1n»d§1 and sallne water

being discharged to the surface. A 'sample of the surface 20

IS

cm was, collected one year ‘after the oiljfwater spill. The
‘Q =

sample was of a loamy texture. Althdugh a smell of petroleum

“ was ey}dent; the sample did not appearctppbe_heav1ly

’yr1ght of - way, the 5011 proflle was disturbe

ontaminated' deccmpcsition of Qll may have been well

advanced Because this sample was taken frdg a plpellne

; thus, a
§ \

‘prof1le descr1pt1on is, not given. Accotding to Soil Survey

R

Repor«t No.21, nearby soils a& Eluy,glated Black, and Orthic

.JBlack-Chernozems developed on alluvial lacust ine

mateiials(Bowser et al,;1962).
o ¥ o

i

c) Samples of the Ap, Bnt1l, Bnt2, Cskf, and| Csk2

' , , . - : ,
“horizons ofxa"Black‘Soloneiz(paugh gseries) from another

e .
\



'

study(Alzubaidi and Webster, 1983) were availeble, The
samples were"from,a plot area neef'Chfpman, Kﬁberta where
f:he effects of tlllage practxces andSFalc1um addltxons on
the chemical and phys1cal properties of a SOIOnetz1c 5011
are being studled Most samples were too small, so the
psamples from plots representxng dlfferent replxcatzons of
the same treatment were comb1ned to provxde sufficient
}sample for this study. Some of these compos1te samples
requ1red conb1n1ng the Bnt1 and Bnt2 horxzons or the Cski
and Csk2 hor1zons to prov1de sufficient sample. in th1s way,

24 samples were prepared representlng the follow1ng

tid "
e

combinations of trs9tmentsw3ndsoil'horizbns: ‘ S
‘ e o o
tillage practice normal’ deep plowing L2
calcium addition ~  none, CaSO.,CaCO, - : CaSO.,CaCd,

‘R

ho;izon,represented Ap Bnt Cskl Csk2 | depths équ1valent
. ’ , v (P

A L to the Ap,Bnt?

X BntZ;Csk_horlzons

2)'kigh1§ soluble calcium salts .

a) Addltlons of ca1c1um nltrate and ammonium nitrate
were mixed into the. surface 20 cm of the soil along an oil
plpellne Erght-of—way near Redwater,Alberta to Lghlb;t the.
effeégslof spilled oil‘and saline water., A sample,of the
surface 20 cm was collecﬁed 2 months after the:spill.~Thep

sample was of a loamy sand texture. An qiiy smell and

appearance was evident; oil decomposition is presumed to

s -

3



have progressed to. only a very small extent. Because this
Lsamplg was taken from a pzpeltne right- of- way,_the so1l
:pro£1le was d1sturbed° thus, a profile descr1ptlon is not
»‘g1ven .According to So11 Surbey Report No. 21, nearby so1ls
n;are Orthlc Regosols developed on aeolian mater1al(Bowser et

‘o

£ al, 1962),

€
'
[

4

b) Calcium'chloride wesuadded to the surface of a soil

material at the site of an abandoned coal mine’ near Bow |
City, Alberta. The material nas dtastically disturbed |
because of m1n1ng operat1ons, and efforts were made to
'return the area to agrlcultural pnoductlon. "The surface 10
cm' was sampled A 5011 prof1le descr1pt1on is not prov1ded
fortth1s ma;erlal because thelprof11e was.destroyed during

mining ope;ations,r' | o e ‘.

u .

3) Low total. salt content . -

~

Two samples representzng so:ls with low salt contentsyn

are zncluded One is from near Medlczne Hat, Alberta‘and one

5

is from near Beaverlodge, Alberta. So1l profale descriptions

are provided in Appendix 4. -

a)the Cca of an Orthic Brown Chernozem(Maleb1
i [eed .
series) . | o

b)The Cca of an Orthic Gray Luvisol(Culp series)
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4) Low pH - ﬁ
| - a)The Cs horlzon of a Podzolic Gray LuV1sol(Boundary
complex) was sampled The pH of thls sample was expected to
be about 4. n profile descrlptlon is ngen in Append1x 4.

b)The BCg horizon of a Luv1c Gleysol(Joseph1ne series)
was sampled. The pH of thls sample was expected to be aboutﬂm'
3 5 to. 4(Pawluk 1971)..A prof11e descr1ptlon is giyen in
Append1x*4. ' \‘ ' T |
c)Seventeen surface® and. near- surface 5011 samples were
collected from 51tes\near the sulphur blocks at two'a
. southwest Alberta gas plants. It was 1ntended that sampllng
would represent a range of-pH(Z 7),'samples were collected ’
at varying distances from the sulphur'blocks(100m-lkm) and ¢
from either the surface(0-1 cml or near-surface(142'orhl?3‘
f\cm). Proflle descr1ptlons are not g1ven for the s1tesg
' represented by these samples. Ac1d1f1cat1on 1s
anthropomorph1c and no- assocxat1on 1s made between the pH of

_these samples and so:l formlng processes.

C.'Methods of.Preparing and Analysing for:the Major Ion

Content of Soil Solutions - . T
1)Saturated'pastes were prepared and the e#tracts were

collected using standard techniques (McKeague,1978).
~ 2)Analyses inclﬁded‘the following parameters and

e

techniques:



" parameter

Electrical
conductivity
Na,K- |
Ca,MgﬁAl,
Fe,Mn
}F.*]*-
pH, COY/HCO,
SO, ) ,
Cl -
" NO,
PO, -

e

Y
Technique

. conductivity
.bridge E

},,g

flame photometry

®AAS \\<<

_ colourimetry

acid titrimetry

colourimetry

colourimetry |

colourimetry
I

‘colourimetry

»

Reference

Markson,
1978

Corning,

1978

gerkin-Elmer,
1982 ‘

Technicoh,
1977

Metrohm,
1982 '

Technicon;
1972 o

Technicon,

1976

Technicon, -
1978 7

Technicon,
1973

All analysés were pé;formed on duplicaté subsamples.

Equipment calibration was checked after eaéh"group of nine

4saﬁples'by taking measurements on a standard reference

Sémble.'

The results of these analyses are reported in‘Appendix

‘3.0



IV. RESULTS AND DISCUSSION

For the purpose of comparing the three métﬁb@sfused<
n : Y o o
here, one method should be sdlected against which the other

two can be compared. A standard method for measuring calcium
ion activity has not been acqepted: The species calculation:

RS . . . .
method was used in this study as the standard for comparison

L .
T

for the following reasons:
. . o L) ( .
1) it.is most commonly reported ip the literature for

, estimating calcium ion activity, .

2) interferences in the” measurement of total
| concentration are bettgr undérstood than ate’the
interferences in the mgasurément of activity by
potentiometfic and colourimetric methods, and
3) the colourimetric method has not been tested for

measuring calcium ion activity.

i
3
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A. Synthetic solutions

‘1)’Potentiometric method

Repeated observatxon wzth the Orion calc1um
ion-selective electrode used here (Orxon, model 93- 20)uj
showed that the slope of ythe electrode response was 31%1.5
‘mV per decade change in calcium 1on activity. This slope is
‘sligntly higher‘than»the manufacturer's claim (29.08 mV p&r
decade‘at 25°C) and may be associated with errogswin~
.electrode caljbratlon or with the historyl%f this particular
electrode. The calculation used in the species'calculation
nethod was also used to calculate.calcium ion activity in
CaCl,; solutlons, information 50 gained was used to prepare a

'ca11bratzon curve. Any inaccuragy in the value of the

formatlon constant for the CaCl® ion pair or in estimating

activity coefficients is reflec%ed in e3timations of calcium
ion activity. If a real dlfference exists b_tween the

theoretical and observed slopes for electrod' response, then

estimates of activity coefficients are too lowfand/or the
value used for the formation‘constant for CaCl* is too high.
In gither case, a slope which is higher than expected
results because a range of calcium ion activ}ty greater than
.oneydecade isvtreated as if it were one decade. The observed
slope of the electrode response is about 5 percent more than
the theoretical slope. This d1£ference can easily" arise in
the species calculat1on method - the value of the formatlon

o
constant for CaCl® used here "is 10°- ¢ ; if th1s value is 5

‘
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percent high, then the ééaluvalue is 10° ". The unqerﬁdinty
. in estimating this value is likely at least § percent, f

Differences in electrode. calibration are observed when two
sets of standard, solutions are used (one seﬁ pfgpared using
CaCl,;, the other using Ca(NO,),; Table 2).

. Table 2. EMF in solutions of CaCl, or Ca(NO,); and
calculated values of (Ca*?) in each solution,

| . ————(aCl, ———Ca(NO,) ;—

[cal, EMF (Ca*?) EMF (Ca*?)
(me/L) — (mV) - (mM) (mv) (mM)
1.3 . 58.4 0.5319 58.9 0.5315
2.1 63.6 0.8161 63.9 0.8152
3.1 . 68.4 1.1454¢  68.4 1.1435

N 4.7 73,1 - 1.6288 73.3 "1.6250
7.0 77.8 2,2568 77.6 2,2497
12.0 83.7 . 3.4436 83.0 3.4279
18.0 87.9 .  4.6617 866 . 4.6335
28.0 92.6 6.3937 90.1 6.3423
50.0 98.6 9.4957 95.5 9.3864

57.0  100.0  10.3612  96.8  10.2319

Using linearﬂregxession‘analysis, the figlowing

relapionshibs were calculated:
. 1) CaCl, solutions §

E=§6.6 + 32.4 log (Ca‘?®) ;r=0.9997 _ (2)

2). Ca(NO,), solutions

E=66.9 + 29.5 log (Ca*?) ;r=0,9998 (3)



40

]
-

The slope of‘the electrode re#pdnse was, on that day
and for CaCl; solutions, 32,4 mv per dedade change in
(Ca;'). This slope was the highest observed throughout thiq
;tudy; On the same day, for Ca(NO,), solutions, the slope
wvas 29.5 mV/decade chahééﬁin (Cg"). This slope is close to

the man:;acturer's cléiﬁ(éé}i‘ﬁv at 20°C). The élgctrode
exhibits daiiy variations in;its response. Np signifiéanée
is attrtbuééd to the similaréty”of the theoretical and
observed slopes for thg elecffode reéponse in Ca(NO;)z}
solutions ; this similarity is considered to be
qoincidentalf The point to be made here is that electrode
,gesponse is calculated to'be so much different’in solutions
of CaCl, and Ca(NO;),. The data in Table 2 suggest that
electrode operati&n was normal because rx=1 and EMF '
measurements ﬁere reproducible. The difféféﬁée in calculated
electrede response is'pfoﬁably aséociated with errors in
ca{;ulationrof the distribution of agueous species in CaCl,
and/or Ca(NO,); solﬁtions..lnaccur{te values for the
formation constants for CaCl® and/of CaNO; ion pairs would
give the qbse}ved diffe;ence in'calculated electrode

- response., No effort was made here to verify the values of
the formation constants for the CaCl* and CaNOj; ion péirs;
Solutions of CaCl, were used in preparing all calibration

curves, - ]

;-

Cations other than calcium may interfere in
" measurements with the calcium electrode by increasing the

measured electrical potential according to the relationship
f] ‘ !

.
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! (simon,et al., 1978): ’ | A .
» : .
’ E"E'*S']-Og[(Ca")+zkg=§(M)2/z"] (4)
. ‘ e

-

where E is cell electrical potential
E* is the reférence electrical poézntihl'
s is the slope of the electrode response
(Ca*?) is calc}ym ion activity
K&% is the pbtentiomet;ic selectivity
‘ ‘coéfficient“in response to
interfering metal ion, M
(M) is metéf ion activi;y'-
zZy is the caarge on the metal ion

\

Various values for KEos are. found in the scientific

[y

literature. Powley et al(1980) published vaLust(Table 3).
which can bé used to calculate the levels of interferences

causing a 10 percent error in the analysis of calcium

—

concentrgtion as published by the manufacturer of the

~calcium i n-selectiv;welectrode. The numbers pdblished;by;.
Powl ”5% al(1980) suggest a larger interference from"
aqééous sodium and potassium than from aqueogs,magnesium.
Héaever, the electrode should be more selective to divalent
than monovalent catioég, and magnesium éhdbld give a greater
interference than sodiﬂm or potéssium. The.operation manual
for the calcium ion;sélective'electrode(Orion, 1979) does
not include information about the ion exchanger usedXin‘the
electrode. The scientific literature too does not siate this

A

information directly, but enough information is given to



suggeat that the ion exchang r is the cslcium salt of

ai- n-octylphenylphosphor{c acid dissolved in

di-n- octylphenylphosphonate. Sxmon et al. (1%78) publyshed
values of Kgg}, for an electrode based on this ion exchanger;
those values(Table 3) suppart a higher selectivity for

magnesium than for sodium or potassium.
Table 3. Values of k2% for Na*, K*, and Mg*’.
/ ’ .

e

| 1 “ . : 2

Na* 0.025 0.0000063 -
K* 0.0062 0.000002 _
Mg** -~ 0.0001 . 0.00025 ’

! from Powley et al, 1980
2 from Simon et al.,1978

The extent to which Na‘, K‘; and Mg*? interfere in the
analys1s of (Ca*?) was investigated us1ng the calcium
ion- seiect1ve electrode and a s1ngle quctlon reference ’
" electrode. Electrical potential was measured.1n-solut1qns
’containing 2 or 10 me/L CeCl, or Ca(NO,)z'aﬁd 160 me/L of
"one of the nine salts obtaxned by comb1n1ng Na K‘,,or Mg-?
with C1°, NO3, or SOi’. | |
Sodium, potassium, and magnesiﬁm are ‘all observed to
1nterfere with calcium 1on activity analys1s u51ng the |

calcium ion- select1ve electrode(Table 4, column 2)

L A
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'Correction of EMP' using the values for Kiot published by
'Powley et 3761980) reduced relatxve error(Tablc 4, column
3)° som&times the cqrrectxon“ﬁas too large and predicted
values of (Ca’?) were less than those calculated using the
species c.alculation method. The va;ués for KPSt published by
Simon et al.(1978) are too small for use with the electrode
used here; corréc;ions are usually less than 0.1 mV in
solutionsywhich“require reductions of 1 to 5 m{ to reduce
relative.error to zero. Values of KRt which reduce relative -

error to zero(Table 4, column 4) are similar to those

published by Powley et al (1 ) and higher than those

published by Simon et al. ~ The data in Tableﬂ4, column

4 also indicate errors in ting (Ca*?). The value of

Kggg which corrects for Na*, K*, or Mg*? ‘seems to depend of .

(Ca*?) and the predominant anion:’this observed dependence

[

suggests thatierrors'are inherent in the spééies calculationVﬁ
method. These errors are probably in the values used for tpe
format1on cons@&hts for ion pairs involving calcxum thh
cplor1de, nitrate, and/or sulphate.

Errors in electrode calibration and in correcting for

kY

- . < . o . .
cation interference are thought to be because of inaccurate

'€orrection of EMF uses: equation 4 and the relatxonsh1p
E=E'+s-log(Ca*?) =  (5) :
Subtracting equation (5) from equation (4) gives an .
expression for the amount by which EMF changes because of
the presence of an 1nterfer1ng ion: ‘
’ s log[1+K'°‘(M)2/zu] , ‘ , Q
Ec = . . )
e (ca*?)
where E_ is the changé/1n measured EMF
Calc?l?t1on of-, the values in Table 4 also uses equat1ons (2)
and (3 '

4 ) : » ” i



' Table 4. Valuos“
methpd and 'the relative error of (Ca~?) .
e calcium ion-selective electrode with -

9.

\;2 1 )

————

-

£ (Ca”) calculated using a spec1es

e

for §he effect on measured EMF of

4
e

011 .
.0075

.0042
.0084,
.0057
.0046

° .0044 .
.,0034
~.0028

- .034
+0047
011

.026

- ot

.0093

.015
.0046
,.0077

.(calcuiat1on

predictions usin
qmd without corregtion
-/~ Na*, K*, or Mg ?.. ﬁr;

S o 'cac1, solutions

« & e 23
°C 0.3205 53 4
D 0.3125 37 -8
"E 0.1706 32 -24
F  0.3205 41 26
A* G. 0.3125 27 14
“H 0.1767 32 113
1 0.2912 67 - "66
VJ 0.2845 49 48
K 0,2005 38 38
C o 1.5484 34 22
D 1.5119 4 =5
~E 0.8643 15 0
T p “y.5488 24 21
B8 G 1.5119 -3 -5

"~ H 0.8912 12
T 1.4210 44 44
J 1.3899; 1312

K 1.0050 21

~

‘ Ca(NO; ), solutions.

1
0.3204

90,3124 .
£ 0.1705

" 0.3204

0.3124

. 0.1761
0.2910 °

0.2844
0.2004

1.5447
1.5093

©0.8630
1.5447

1.5083
0.8899

1.4178
1.3869°

1. 0034

2

30
14

o2

. 20.

1

43
28
o -

o

39
5.

9

30
-2

8.

¢

54
15
18

3.

T -2
_23
-42

.7
-8
-14
42
28

53
15
" 18,

4

.0056
.0027
.0016

.003¢

.0077 '
.0044
.0016

.0024

.0014

035

.0034

0076

. 028 .

.0069

0071&~

1 values of (Ca”) usxng spec1es calculat1on methoa -

(x103)

2% relative error in. estlmatlng (Ca”) when EMF {s not, ’

9"

. corrected for Na, K, Mg:.
‘59 ‘% relative error in estlmatlng (Ca") when EMF is
~ corrected. for Na, K, Mg u51ng the valueg of KB
from Powley et al(1980) L
which corrects for Na, K, Mg to glvé\~¥
no error in-estimating (Ca*?)

4 value of KEgt

group B is 10 me/L of CaCl, or Ca(NO ) 2

- C'to K indicates the addition of one. of %
follow1ng salts at 100 me/L

8 C is NaCl

F is'RC1

D is- NaN03'

G is. KNO,

YJ[is Mg(NO, ),

E is Na;

e /%

S0,

H is K;S0,

DK. i S MgSO. »

-5 - means values of KEJ can not be calculated because
i relative errQr is negative
6 group A is 2 me/L of CaCl, or Ca(NO )3

o
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values for the formation constants for some of the .ion pairs‘

- ~ which are considered in the species-calculation nethod
. . \
Small errors in these values can cause large errors in
- &
(Ca”) predlctlons No effort is made here to ver1fy the

N values of the formatldn constants for the CaClj, CaNO,, or

CaSO%Vionbpairsw Asostated earlier, solutions of CaCl, were

.

usedftodprepate all calibration curves. Comparisons,of'the~\,

0.

predlctlons of (Ca") in soil solut1ons using the spec1es

calculatlon and potentlometrlc methods w1ll use the

- -

potentlometrlc pred1ct10ns with and without correctlon fore

: wlnterfejlng catlons. Correction will .use the appropriate
(R

»f/ ?

“be sulphate, and use of the values derived for 2 and 10 Qe/L

e N

CaCl,.wlll depend on total calc1um in the 5011 solutions.

'dete“mﬁ e wh1ch value for xgm;wlll be used to correct EMF -

nthat valug calculated u51ng the 1ower(2 me/L) or

lhlghg;‘fﬂme/L total calc1um concentratlon.
.‘ b"’ N N

2) Colour:metrzc method :

X

a) value of K, C,.m, /
The value ‘of log K was determlned to be 2 833+0 070

i(uncertalnty is egﬁressed as the 95% conf;dencewl1m1t);

i e. p(800 /X xf‘c,m=se1 2z 580)=0. '95'.’ " |

/.

Flgure 3 shows

‘a p051t1ve ope is suggested the error assoc1ated wIth%the

u@_ﬂ : calculatlon of K.is great ‘enough- that a dependence 'of K on I

S

. values from Table 4 column 4, 'The major anion wﬁll probably

vahe value S me Ca“/L was chosen arbltrarlly and was used to'

a plot of log K as a functlon of 1. Although .

.



~ determined to ‘be 17000

o]

g )

_molar'absorpt1v1ty coeff1c1egt for the Ca- TMM complex are \
' flower'than those. published by Ohnishi(1978). However, the

‘value for K, camuiS very similar to the value published by

Aabsorbaﬂges

46

Ll

can not be - conf1rmed The total dye concentratlon was 5 10-
M and thelmaxlmum absorbance(the difference in the
absorbances at 554 and 5077 nm of a solutlon 5-107% M TMM 1nf
2 M CaCl ) was 0.851. Thus, the value of the molar |

absorpt1v1ty cdeff1c1ent for the Ca T™M complex was

-~ The forgo1ng values for the format1on constant and \

Gysling ané SChwarzenbaoh(1949): | _ _ o :
FESSC . K A o a :

Ohnishi . 970 18000 |

G+s o : ., 617 . SR

This study 681 B 17000

- %in the study reported by G + S, molar absorpt1v1ty was
not determlned us1ng dual wavelength’ spectrophotometry

The absorbance measurements used 1n th1s detgrmlnatlon of
39

K!C,ﬂm were made u51ng a Bausch and Lomb Spectronic’ 21
spectrophotometer. gﬁter absorbance measurements, u51ng a
!

Bausch and Lomb Spectronlc 100 determ1ned the maximum - .

absorbance of 5- 10" M TMM The d1fference 1n the

‘ asureg at,soe'“%d 554 nm_ in a solution 5- 10"

pger!

e Rt
v TMM and"é‘ CaClz was: D 900 wh1ch g1ves the same value as’

Ohn1sh1 for the molarrabsorpt1v1ty coeff1c1ent of the Ca- TMM
§; L 2

complex. 905519I sources of errors in determ;nxng th“mq

&

i us1ng the Bausch and Lomb Spectronic 21 @iglude the effecté

on measured absorbance of 1naccurate wav

3
e . : ) “.

ength callbratlon
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~Figure 3 Calculated_values of the fotmatlon constant of the .

. Ca~TMM complex as aﬂ?uhctlon of ionic strength using

.{a)absorbance data not corrected for inaccurate wavelength
calibration or stray’ lfght and (b)corrected absorbance data.

s

and stray llght. o "b //: S
Inaccurate wavelength callbratlon is suggested by the=
a'uavelength(SOZ 5 nm) found: here(us1ng the Bausch and Lomb
Spectronlc 21) which gave the same molar absorpt1v1ty
. coeff1c1ent as did 554 .nm. Ohn1sh1(1978) used 554 and 507
«.nmCa dlfference of'47 nm) " The appropr1ate correction to be
. .

‘made is to. f1nd’two wavelengths on the T™MM absorbance

‘vspec%rum which are separated by 47 nm . and whlch g1ve the

)\



. corr t1on on increasing the absorbance of 5-10° %M TMMﬁzn

*measured absorbances accordingly. The wavelengths thus

et o . S L R S
H e ’y, N o 48
A / . : - oo

P

same molar absorpt1v1ty coeff1c1ent, and to éﬁen correct
determined were 551.7 and 504.7 nm, and measured absorbances
wére“corrected’using the\following data taken from the S

CE«TMM absorbance spectrum us1ng 2 74-10-* M T™MM in 2 M _ B

CaClz. o ’ ' o | 1 | |
Abs(502.5)  Abs(554)  Abs(502.5)-Abs(554)} &
0.597 0.078 o0.519 ‘
Abs(504.7) Abs(551. 7)  Abs(504.7)-Abs(551.7) e
0,578 ~ 0.090 oo, 488 . |

_ Measured absorbances were mu1t1p11ed by g 488/0.519 to g1ve

the absorbance that would have been measured had wavelength

cal1bratlon been accurateir

. .._, i‘J . ‘. (vg.ﬂ ) ' -‘
" The forgding absogbahces were corrected again for the

effects of stray 11ght. The correction assumes that stray

lth is a fraction of "the incident 11g§§ and bases the
r

M C&Clz from 0.851x0.488/0.519=0.800 to 0 900. The procedure

';ior maklng this correct1on was publlshed by Harris and

3.

Kratochv11(1981) the symbols used ‘are:
Po is the power of the 1nc1dent llght(-1)
P, is the power of the. transm1tted llght

P, is the power of stray light

8
‘Abs is absorbance.
- By‘definition &
| Abswlog(l-‘q,/?.r

and using the cond1t1on that P is a fraction of Py,



Abs=log((Po+P )/(Py¥R,) ). e
At Abs=0 9, Py=0. 126 the measured ahsorbance of 5 10"

*ﬁf{ M TMM in 2 M. CaCl,; is 0.8, so P,=0.039. Measured

' 5'tbabsorbance 1s-then corrected u51ng the r;latIONShlp S

4

o \
real absorbanceslog(1/PT

where PT=(1,039/antzlog measured absorbance)-0.039.

The value of log R,c,mm, using these corrdbtions to o

®

'measured absorbance, is 2, 837:0 043 " Again the uncertaxnty

1s expressed as thé 95% confldence limits:

p(759 2 K., c_,,m=688 2 623)=0.95.
Thls value for K,cwn11s sllghtly higher than the value
calculated usxng uncorrected absorbance data. It is lower
than the'value(970) publxshed by Ohnishi(1978), and is not
much different from theé value(617) pubifshed by Gysiing and

Schwarzenbach(i949). The large difference‘between the value

. determined here and that of Ohnishi might be because of an

error in calculating the activity coefficient of Ca*? (using

the Davies equation) which was used to convert Ohnishi's

" conditional stab&lity?cOnstant(K;=360{'determined at only

one ionic strength, I=0.1) to a thermodynamic stability

constant(ycgz at I=0.1 using Davies eQuaridn is 0.37):
Re=K?/ycqe2=360/0.37=970.

To convert Ky .,my from 360 to}688vrequire§ Yeat2=0.52, Such a

large error in-calculating hn” is not likely and this |

explanation for the difference in-values for K¢ cam Can be

dismissed.
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b) H’ 1nterference
bsorbance measured in éolut1ons of T™MM, and;wh1oh may
or may not conta1n Ca, was observed to decrease rap1dly ‘when
pH was ‘less-than about 4. The effect was first observed‘ln
- golutions of TMM epntaining aldmindd.iThe rate at which
abeorbance decreased was only slightly slower in solutions
of AlCl, as in equivalent“solﬁtions which contained
sufficient HC1 to give the same pH as results from the -
.hydrolysis of Al*®. The cause of the»decrease in absorbance '1
is,therefore, thought to be the result of a reactlon
N

a_involv1ng the protonat;on of TMM or decomp051t;9n catalyzegm

) L]

by H;: _
At pH S, absorbance did not decrease significantly over
a 15 minute time per%od} At pH 4, a 3 percent decrease in
absorbance was observed after 15 minutes. At pH 3.5,
-ebsorbance decreased 5 percent after'15_minutes; the'same
. change at pH 3 took 1.5 minutes.
Jeremy(1975) observed decreases 1n the absorbénce of
T™MM sclut1onsuconta1n1ng calcium. He related the decrease in
"absorbance ﬁo calcium codcentretion and did not bbSefve a
proton cddcentration effect. Ob.ervatiode made” in this study
didlnot show a decreaseAin absorbance because of the

presence of calcium. The causes of the effect observed here

.. and by Jeremy(1975) do not seem to be related.
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J ‘
c) comparison to species calculation method

A

The co}ourimet:ic and species calculation methods were

used to determine (Ca®?) in some synthetic solutions and the

Ly

‘values were compared for agreement. First, the effects of

Na* and Mg*? on the determination of (Ca‘'?) were examined,

The absorbences(differénces between absorbances measured at

» 507 and 554 nm) of solutlcns contalnlng '5-10-* M TMM and

e
0. 05 M Na{SO. or MgSO. were measured and found to be 0. 045

and 0.002, respect1vely. These results suggest ,that ‘the Mg"
1nterfei§i’? in this analytlcal method 1s small and can be
ignored without 1ntroduo1ng s1gn1f1cant error becausee-

magne51um concentrap;onSeln SOll solutions are expected to

ﬂAbe less than 0.05 M. However, the effect of sodium in -

solution should be recogniiedrand its ,presence accounted

for, ’ B

ATl

Using Ohnishi's]haagf values for the format}on}constant
and_melar absarptivity coefficient'bf Na-TMM, the absorbance
of a‘;dlution containing 5-10-°%* M TMM and 0.05 M
NazSO.(spe:ie§ calculation givee [Ne;]=0.094 M) is
celculated to be 0.131..The difference between the
calculated and measured absdrbances_for this solution.can be
the resg!t of inaccurate species calculation of Na’,'SO;f,
ana QQSO;‘in the Na,;SO, solution or‘inaecurate values for
the+fermation constant and molar absorptivi:élcoefficient

. - - : n 4 -
for the Na-TMM complex in the colourimetric thod. The

magnitude of these errors is shown in Table 5.
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Table 5. Relative error observed when using colourimetric-
method to determine (Ca*?) when Na;SO, solutions(1-6) or
NaCl solutions(7-12) are used, and values of correlation
coefficients(r) when relative error is regressed on [Nal,.

Solution [cal, . [Nal, Relative

me/L me/L Error(%)' : r
1 .. 5 29 46 ,
2 5 58 ' 55 0.9211
3 5- 87 .56
o ' 0.6422
4 10 29 : 54
5 10 58 71 ©0.9981
6 - 10 87 85 :
7 5 25 44
8 5 50 60 0.9999"
9. 5 75 75
' : ) 0.9724
10 10 5 . 46 ‘ |
1 10 0 67 . 0.9976
.12 10 75 - 84
(Ca*?*)spec. - (Ca*?)colour.

'Relative Errof = -
‘ | (Ca*?)spec.

Three indications of ermdr are evident in the dafa
presented iﬁ Table 5: the increase in relative error with
increasing [Na]; (solutions 1 to 3, 4 to-6; 7 to 9, or01b,to
12),‘the increase in Qela#ive é{fir with increasing -
[cal,(solutions 1 vs 4, 22vs 5, 3 vs 6, 7 vs 10, 8 vs 11, or

@

-9 vs 12), and the difference in ‘the rate of increése-df R
relative error with increasing [Nal, in solutions of Na,SO,
énd NaCl(solutibnsil to 3 vs 7 to 9 or 4 to 6.vs 10 to 12);
The sources of these errors are in §beciéé
Calcﬁlation(estimatés of activity coefficients and values of
formatiqn éonstants) andﬁin accounting for aqueous

Na“(values of the.formation constant and molar absorptivity

coefficient for the Na-TMM complex). It is difficult to

e}
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account for thelcontribufions of indiviéual sources of error
to the total error, For example, the high vaiees of r for
SOIQtIons 1to3, 4to6, 7 to S9=and 10 to 12‘suggegt a
significant relationship between total sodium concenttatioh
and % relative error betﬁeen the twenmethods for eetimatihg
(Ca").'Decreéees ;nuthe values of r are'observed when
linear regreseéen dnalysis ie used to analyze the‘data‘for
 solutions 1 to 6(Na;SO.) and 7 .to 12 (NaCl). The small
decrease in z‘forsolutions containing NaCl(no ion pairing)
indicates sﬁ%ll efrors in the coldurimetric method. A° larger
decrease in T for solutions conta1n1ng NazSO. 1ncludes these
small errors 1n the colour1metr1c method and some apparently
larger errors in the species calcula%1on method, but the \\\h
contniﬁution of each error to the total error is not easfly
‘determined or extrapolated for’use in soil ‘solutions. It ise
not within the scopéiof this study to verify‘the values of
the formation constants for the NaSO; ion pair and the
Na-TMM.chPIex or for the molar absorptivity of the Na-TMM
complex, or to test the relative accuracies of various
methods‘of estimating aetivity coefficients.
Differencesvfh the values of predicted (Ca“) between
the colour1met£1c and spec1es\calculat10n methods are
accepted; most oé these differences are accounted for by the
presence of aqueous sodium. If similar differences are
observed when analysing soil solutions, then more evidence
is gained that agqueous sodium is the major capée. 1f

differences greater than those observed in synthetic

-
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gsolutions are observed in soil solutions; then other
interferences and/or inaccuracies‘are indicated.

/

B. Soil Solutions | : ,
~ The ability of the potentiometric and colourimeﬁcgc
methods to measure (Ca*’) was tested by comparing\tne |
predicted values of (Ca") in soil solutions to. the’
equivalent pred1ctxon using the species calculatlon method.
Of the saturated paste extracts collected from the 51 soil
samples stud1ed 14 extracts were~excluded from the
comparisons because of poor ion balance(the ratio of the sum
of anions to the sum of cations;ion balance is used as a
test{of the internal consistency of a set of analytical
‘datas. Only those extracts for which the ion balance was
greatet than 0.90 and less than 1.10 were included in the
'compar1sons of predicted (Ca“) gore commonly, bcor ion
balances are less than 0 90 than they are gteater than 1.10;
this effect is thought to be because the concentrat1on of
soluble organ{c anions was no'-determined(Mattigod et
al,1981). Another 6 extracts/were excluded from the -
' compar1sons of predlcted (Ca*?) ‘using the colour1metr1c and
species calculation methodszbecause low pH prevented -
accurate absorbance measurement. Absorbance was measured for
all prepared'so1l extracts fxrst at 554 nm, and about 1/2
hour lapsed between the t1me\TMM was added tc soil extacts
and absorbance measurement at 554 nm was co;plete. A 'second

measurement was made and, if absorbance was at least 95



percent of the first measurement, the date was used in the

méthods comparison. Thus, 37 soil extracts were 1ngluded in

!

the comparison of predicted (Ca**) using the potentxom%tric

’% ! e

and species calculatxon methods, and 31 soil extracts in the

compar1son of results us;ng the colourimetric and spec1es tgy

calculation metqbds.

L)

1) Potentiometric»netﬁod vs species calculation method .
Good agreement.was“observed between the values.of~ .
(Ca*?)-predicted by the potentdometrie and species
calculgtion methods(Table 6). Percent relative error was
withiniL% for 54% of the soil extracts and within 10% for
81% of the (Ca") pred1ctlons. There was no obvious
re}atvonsh1p ‘between soil properties and relat1ve error.
| Cérrectxng for the presence of Na*, K*, ‘and Mg" reduced
relative error so that‘68%‘of (Ca“) agreed to within 5%,
_and“84%'agreed‘toﬂwithin 10%. The large differenceé for
fsamples 21 and 3](Tab1eo6)‘may,have been related to errors
in thevspecies calculation method because of high ionic
st:ength.and'conéequent inaccurete estimates of activity
coefficients. The 1arge difference for semple 31_may alip
"have been related to interference in the potenﬁipmetri;
method because of high hydronium ion concentration (the pH
’ef the extract Qas 1756). Any relationship between relative
Verror'and pH \is difficuit to describe beeause the selutigns

'studied here were not uniformly distributed along the pH

range repreéented§1.5 to 8.5). Three groups of solutions are
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"_ev1dent(Append1x 3 and Table 6)="1 solutlon at pH 1. 5
Trelat1ve error is 87 ﬁ%) 11 solutions from pH 2 to
,Q 4(re1at1ve error ranges frdﬁeno 2% to f16 3%), and 25
| solutlons from pH 6.5 to 8. S(relatlve error ranges from ;1' '..

‘17 0% to -12 3% except number 21 at 51 4%) The manufacturer}
e Of the ca1c1um ion- selectlve electrode used in this study | o
'y
c1a1ms that errors 1q;measur1ng calcxum ion concentfatlon at.

2 me/L should be no more{fhan 10% if pH is no less “than 2. 4

Lo _fﬂ P

(’\)
and 1on1c strength 1s 51m11ar for samplesoangf S 5o n
‘ /
'f ‘//

: atandards(Orlon 19%9)..The solutlons wzth,pH(less than 4 .l
i /3

' sh wed up to 10% dev1atlon - the relat1ve error between thef?

N

two methods used £o est1mate (Ca“‘) 1ncreased to about 10%/
) n

" when the pH ‘was- decreaSed to 2.5 and then—relatlve errgr =a”;5\'
. i e
1ncreased to 87‘%% ,at pH ‘1.56, Solutlons were not 1ncluded

between pH 2 .5 and 1 5 so, although supportlng evgdénce cﬁn

‘re

: 7
;not be presented the eleﬁtrode seems to fa11 s1gn1f1cantlyA

Cim est1mat1ng (Ca") when' the pH is less than a ut 2 5. -

. t\‘.:‘
Differences in (Ca") pred1ct10ns for three othe :soluttons_
(samples 22,23 %5) were between 10 and 20 perJ

calc1um 1on act1v1t1¢s of these solutxons, ‘as predlcted by

~

| the spec1es calculat1on method,,were among “the lowest of thed

| e/
PR v/

sorutlé>s stud1es Errors in the’ spec1es calculat1on method
%ffect on calculated relatlve error” 1n<j,

have the gneatest

3

,solutxons of low (Ca") Occmrrence of such errors is” not -
V.
_unexpected - the total calc1um concentratlon is reported to

X »

the nea;est 0. 1 me/L and at low [Ca]T, an error. of 0. 1 me/L

15*13rge enough to account for a5 ;9/10 pefcent error-in ;'w

. . ef . /
. » N u
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Acalculatxng (Ca") u51ng the spec1es calculatlon

o

method(%able 7). ' o K

2) Colourlmetrxc method vs spec1es calculat1on method

F

Est1mates of calcxum 1on act1v1ty 1n 5011 solut1ons
using ‘the colour1metr1c and spec1es calculat1on methods
‘aqreed poorly. Less than 50% of the estlmates agreed to e
w1th1n a relat1Ve error of 15%(Table 8). |

As was observed'ln synthetlc solutions, relative error
I

f'f;elates closely to total sod1um concentratlon(Table 8).
/ /

The presence of sodium in solu ion qeems_to.be the largest

kﬂcontr1butof to d1fferences in /(ca**) estimates. Another,;f
*smallet contr1butor to error‘éould'be'inaceuracies;in'the
_valueS‘used for the formatlo ‘constant and molar

) .absorpeivity"coefficient'of‘ he Ca- TMM and ‘Na-TMM complexeéﬂ

onur comb1nat1ons of these alues were tested for their

N

‘g,respectlve effects on the r lat1ve error. 1n (Ca“) estlmates

/
H

* u51ng the spec1es calculatzon and colour1metr1c methods.}‘

Methods 3 te 6(Table )" are the same except that

,idiff‘rent'values for-theA ormation .constant and molar

orpt1v1ty coefflczent of CaTMM were used to calculate
1um ion act1v1ty Method 3 used the values publlshed by

Ohn1s 1(1978), Methods‘4 and-5 used’ the values determlned_ln_

o

'_qth1s stady. Method ‘6 used values wh1ch gave the same-

‘estimates of (Ca”) 1h a saturated gypSum solutlon us1ng the
s . e

colour1metr1c and spec1es calculatlpn methods._Thls method -

\.‘-

) was 1ncluded as an attempt to reduce*the uhcertalnty 1n
. P =y L

,“”"‘
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Table 7. Effect on relative error bet een (Ca") pred1ct1ons
using theé- potentxometr1c and spec1es égculatlon methods

when errors are made in: determ1n1ng Io total calcium

concentrat1on.
Sample ——% Relative Error——-_
Number 1 = . C 2 . 3 4
22 . 0.3568  -17 t1@ -8
23  0.7168 =12 - =8 -3 t

25 1.4367.° -16 . =12 -7

1 '(ca**)x10° using the species calculation method

2 assume determination of (Ca*?) is correct

3 assume [Ca), should be 0.1 me/L lower ‘ ,

¢ assume [Ca]T should be 0.2 me/L lower .-
[ . : T :

v

der1v1ng the format1on constant for the Ca-TMM complex. fhe jh .

ion pa1r1ng properties of Ca*? and SO,.z are well known and

'

an estlmate of (Ca") in a satprated solutxon of gypsum,‘ 

'along.thhtsome colourlmetr;o daté was used to. der1ve

N ")\
[
v

th ,CaTMM * K > '5
_Estimates of (Ca*?) in a satufated‘gypsdm solution o

us1ng methods 3 to 5 agree poorly with (Ca") estlmates

v

uging the. spec1es calculatlon'method(Table 8) If the value

\used for ‘either: the formatjon constﬁﬁ! or the molar
. "‘«w’ ]
'absorpt1v1ty coeff1c1ent for the Ca- TMM complex is 10w, the

r‘estlmate of (Ca") is high. The relat1ve magnltude of the
.
‘as the same regardless of whlch vadues fog
7
K,c,nm OF acame (WeTe used In other words, of the 31 relatlve

relat1ve error

errors calcula ed from a comparlson of predlctlons of (Ca”)‘
in so;l solutipns ‘using the.coloorlmetrlc and speoles.
,calculation m thods, some soil solutions alwa§szsho§ed the

highestlgelat've erto;,and‘some»othér soil solutions always

- showed the lojest relative error(Table 6). Both positive and
o Lo ' SRR o



Table 8. Effect on determ1nation of (Ca*?) in soil solutions .

. of errors in est1rat1ng the formation constants and molar
~absorptivity coefficients of the Ca-TMM and Na= TMM

complexes.

: [4

Method' Fraction(%) of (Ca") Relat1ve error (%) .r

estimates within a . in estlmates of ., ‘

"relative error of:. - (Ca") in. saturated ‘o

+5% £10% +15% +20% gypsum solution? .
3 7 23 23 31 -13.9 0.91:"
5. 7 200 40 60 21.4 0.74°
6 7

27 43 -53' ; . 0.0 | 0.91°

"Method 3 used K; cam=970 and ac ﬂm=18000(0hn15h1,1978)
5 used Ky ,nu=688 and a ,.,.m=-18000(th15 study)?
6 used K, c..,.m=835 and ac,m,-IBOOO(thls study)®

- 8values calculated u51ng corrected
' absorbance data -
“bvalues that give zerg, relat1ve error -
for a saturated gypsum solution :

iCalculation is of relative error in LCa*?) using a.
.colourimetric method and assum1ng'the species
calculat1on method to be correct.

’Linear regression does not include sam le number 21
bécause both relative error and [Na), are very high.
"and - inclusion of this data pair forces a good
.correlation coeff1c1ent. Regression-is of: [Na]T on
% relat1ve error. '
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/ : )

negative.vaﬂues for relative error were observed. Positive
, / ' ‘ o .
values indicate that the effects of sodium were

underCorrected- the'result was that (Ca") was .

£

.overestzmated Szm1larly, negat1ve relatlve error suggests

~an overcorrecthp for'Na effects; the estimate of (Ca*?)

\\ ‘

-* wourd then be low F1gure 4 shows the’ magnltude of relative

“’ﬁerror uszng four methods of cal!ulat1ng (Calf) In Blgure 4,

e of the d1fferences 1n (Ca") predlctlons can be explained on ‘

the numbers 3, {: Sh and 6 represent the four” methods used
to»calculate (Ca”) The numbers are placed above a range of

rElative eFhor and to the-r1ght of the correspondxng ‘number

»

of (Ca")rest1mates falllng within that range of relative
\‘ o
error. For example, us1ng method 5, six estimates of (Ca")

are: w1th1n 10% of the same estimates u51ng the- Specxes
calculatlon“method st1ng method 3, seven,estlmates are

w1thin AO%, u51ng method 6 eight estimates-are within 10%;

,-

and,”’ us1ng method 4 n1ne estlmatesuare w1th1n 10%. "At s1x/m%
afr’

places in F1gure 4, one .or more numberi would fall on top: %f

o

an already placed number(when two or.more methods estxmate

o,

Gta“) equally well) For those 51x cases, the numbers

representxng the methods are. clustered to the r1ght of a dot
S
whxch is properly placed Because of generally lower . «

H

relétxve error, methods 5 and 6 seem to be superlor to

Pods 3 and 4.‘Values of the correlat1on coeff1c1ent for

! —

relat1ve error and [Nal, (Table 8) 1nd1cate that" about 80%

the bas1s of the presence of’ sodlum 1n solution. Method 6

seems to be super1or to method 5 because of a better

? .
y

o



o,
accountxng for varlatlon in the data as a result of sodxum
in solut1on(Table 8). J

The results of this study éuggest'that acchrate values
for thé formatxon constants and molar absorpt1v1ty
coefflcxents for the Na-T™™M and Ca-TMM complexes'are
:equ1red for the method to be successful. Until hxgh qualxty
va;ues are available, thlS colourimetric method is of little
‘value in detérmining (ca*?), especi;liy when aquepué sodium

is present. = - . . .
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V. CONCLUSlONS
Three methods were. used to determine caIC1um ion
‘activity in soil solutxons and the.(Ca‘T) estlmatxons
~obtained by them were compared for.agreemeht. Good agreement
was observed between the (Ca’?) estimations using species
calculat&%n and ion- select1ve electrode methods. A
colourimetric method usrag tetramethylmurex1de aéreed Poorly"
with the other two methods ‘and is consxdered to be an
~unreliable method of est1mat1ng (Caf’) under the present
conditions of use. - 74 o | .H
The main-.sources of)dlsagreement between the gpecies
calculation ‘and potentlometr1c methods are thought to be
inaccurate values for the formation constant of the CaCl- ,
~ion pair and for the potent;ometric selectiyity coefficients
which describe Na*, K*, and Mg* interference in‘the".
"potentiometricbdetermination of (Ca*?). Despite these
‘SOUrces of error, only 19% of 37 soil extractsvtested
d1sagreed by more than 10% relative error. This dlsagreement
is thought to be ,acceptably small. a
Differences which are ‘greater than estimated

experimental error are seen in the‘comparison'of_(Ca”)
estimations using the species calculation and colourimetric
¥‘metuods. Less.taan 50% of the estimates of (Ca") in 'soil
solutions”agree to within 15% relative error;MThe greatest,
Wcontr1butor tokthls dlfference is~ thought to be the

1nterference caused by sod1um in solutxon. Sodium forms a

'coloured complex whlch contrxbutes ‘to measured abgorbance.

- - ‘ v, 65
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Attimpps to correct for this added absorbance were only
partly successful. The values available for the formation
constant and mblar‘ébsorptivity coefficient of the Na-TMM
complex are thought to be insufficiently accurate. These
inaccuracies seem to preclude reliable cot?éttions for J
sodium interference in the colourimetric pethod‘for,C;lcium

ion activity.
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v o ~ VIL/; APPENDIX 1

N A lxstlng of the ‘computer program SALT which ,
~calculates the distribution of” aqueous spec1es in SOll
solutlon g follows. o - A e S
Co 'REXL MG, MGT MGCO3, MGHCOB MGSO4 MGOH MGTOT
‘ " REAL MN, MNSO4 MNHCO3 MNCL MNOH,MNTOT MNT
~*, "~ 'REAL ‘NA,NAT, NACO3 NAHCQB NASO4 NATOT A
< ‘REAL K, KT’KCOB KHCO3 KSO4 KTOT - - ‘
. ‘REAL No3 NO3T, NOBTOT , NH% L it
REAL I
, INTEGER SMPLNO ITN NDS . _— o
.- READ(S, 10)NDS S .
10 FORMAT(I3) ' ‘ _ N o
C NDS = 'NUMBER QF DATR SETS e ’
DO. 200 %J=1,NDS “
.- READ(S, 20)SMPLNO CNA,CK, CCA C G CNH4, CPE CMN, CAL
* .READ(S5,25)CS04, ALKTIT CCL CNO CPO4 EC PH :
S 20 FORMAT(I3 8F7. 20
v 25 FORMAT(F10 2,6F7.2) - .
-C TOTAL iON CONCENTRATIONS(T) IN- MOLES/L CALCULATEQt

C FR UT DATA(C) IN MEQ/L ARE: , *\ .

: T=CNA*,001 | R
KTnCK* 001 ~ B . :
~ CATs=CCA*.0005 -~ .o -
T  MGT=CMG#.0005 : | o ~
“ ' NHAT=CNH4#.001 =~ R

s L., FETscFEt.001/3.j. T o , -

© ' MNT=CMN#.0005 =~ s L
- ALT#CAL#.001/3. . R o e
C HYDRONIUM ION ACTIVITY IS DENOTED AH'. N '

. AH=1,/10,**PH \ : S
 SO4T=CSO4%.0005 L S '
CLT=CCL#.001 -

* NO3T=CNO3#%.001 » _ ‘
- PO4T=CPO4#.001/3, . .. :

AN IYITIAL ESTIMATE OF, TOTAL ALKALINITY(NLKTOT) |
CORREGTS FOR THE CARBONATE TITRATION BEING ACCOUNTED
FOR TWICE''IN THE TITRATED AL&INITY(ALKTIT) o :

Fi=10,*%(~-10.33)/AH - :
F2=1000.%(1./(1,+F1)+2, /(ﬂ +1, /91))
| AL;;OT-ALKTrT/Fz

AN. INITIAL ESTIMATE OF 1ONIC STRENGTH USES THE METHOD
OF GRIFFIN AND JURINAK(1973) : LB

' I=EC*0.013 - ' ,
ACTIVITY COEFFICIENTS(G) ARE CALCULATED USING»DAVIES .
EQUATION EXCEPT THAT CALCULATION OF G FOR NEUTRAL
“ION PAIRS USES THE SETCHENOW EQUATION(A SIMPLIFICATION
"OF THE DAVIES EQUATION USED WHEN ‘THE CHARGE ON AN IPN .

e Sl o LR PR o fﬁﬁ
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C PAIR IS zzao) WHICH IS EXPRESSED AS LOG G=KI WHERE K
C IS A SALTING COEFFICIENT SET AT 0.1 (SPOSITO,1981). '
.. C INITIAL ESTIMATES OF MAJOR CATION ACTIVITY COEFFICIENTS(G)
C ARE:
) Z=(Ix%, 5/(1 +I** 5))-.3%1]
® - GAL=10.*%(-4.6044%2) - ' o .
- 4. GFE=GAL = o - ‘
.1 GCA=10.%%(-2.0464%2) e -
~ GMG=GCA K
GMN=GCA » ' .
GNA=10., **(-.5116*2) _ : .t T
. GK=GNA . ' c : R
. GNH4=GNA -
o INITIAL ESTIMATES OF MAJOR CATION ACTIVITIES ARE
ANA=NAT*GNA R , B [
-, AK=KT#GK "tt e v .
.. ANH4=NH4T*GNH4 .- = :
"ACA=CAT*GCA ‘Aw' e
AMG=MGT*GMG - " ‘ Lo
AMN=MNT#GMN ' " T
. AAL=ALT*GAL f‘f. - “.
AFE=FET*GFE

™

R A

C CALCULATION OF THE ¥ -TRIBUTION OF AQUEOUS SPECIES USES A
C METHOD OF SUCCESSIVE APPROXIMATION; ITERATION $TOPS WHEN
. C THE CHANGE IN. CALCYUM AND PHOSPHATE CONCENTRATIONS IS LESS

(o ‘ R_APERR A MAXIMUM OF 10 {TERATIONS(ITN) ,

PTQT1 0. '
#0030 1TN125’ * a N
A SO4=GGA‘ T : *»1 L
' GHP04=GCA . Lo e s

 GHCO3=GNA . - _ 1 S SN
GNO3=GNA - . C S o R
" GCL=GNA Pl L - o

GNACO3=GNA - : . IR .
. GNASO4=GNA ¢ '* - ' - ','\\\ L
. GKCO3=GNA .(i:: R e ¥
"> . GKSO4=GNA =~ > = = o ST
, GH2PO4=GNA - - ¢ AL : ;- S
~ GCAHCO=GNA . . o ' SRR
- GCANO3=GNA . -~ _ :
 GCACL=GNA - SRR \\
, GCAH2P=GNA & ,
.~ GMGHCO=GNA  : l -
;asMGon =GNA
- GALOH2=sGNA
"« GALSO4=GNA '
 GMNOH=GNA e
GMNCL=GNA - e
" .GMNHCO=GNA
, GFEOH2=GNA - S -
GFESO4=GNA -~ - - ~ - "7 "



o i Lo oot
»

GFBHP¢-GNA
GALOH=GCA : g |
GFEOH=GCA - o .
GFECL=GCA ‘ S
GFENO3=GCA . | , '
GFEH2P=GCA . - -
GCAGO3=10,** (0. 1*1) ‘ R L
GCASO4=GCACO3 h o " .8
‘GMGCO3=GCACO3 o ’ I
'GMGSO4=GCACO3 . °
- GNAHCO=GCACO3 ‘ |
GKHCO3=GCACO3 - .
 GMNSO4=GCACO3 . " e ‘
" -GH3PO4=GCACO3 = = S
GCARPO=6CACO3 '
C THE SULFATE MASS saance consioerdlb: agueous speciEs:
. C SO&, NASQ4, KSO4, CASO4, MGSO4, ALSO4, FESO4, MNSO4
, LFATE TON ACTIVITY IS DENOTED ASO4'a
| ﬂ QP1=1,0/GS04. - |
» Qsz-(?o #%0., 65)#ANA/GNASO4_
. QS3=( 10, :cegqh):ax/exso4 . , | | :
* QS4=(10,#*2.31)#ACA/GCASO4 | Y " RS
. 0S5=(10.##2.23)*M4G/GMGSO4 - -"A/h\\

' QS6=(10.%x%3.2)*X ALSO4 RPN
QS7=(10.%%4. 15):xns/srnso4 ; «‘3
QS8=( 10, *%2,26) *AMN/GMNSO% ¥ o
AS04=S04T/(QS4QS2+QS3+Qs% ss+gss+QS7+Q gy .
C THE ALKALINITY MASS BALANCE CONSIDERS~+11 AQUM@JS SPECIES: . °
- ¢ co3, NACHg, KCO3, CACO3, MGCO3, - R
_.C HCO3, NAHCO3, KHCO3, CAHEO3, MGHCO3, MNHCOB ~ *
C BICARBONATE ION ACTIVITY 1S DENOTED AngB'
C CARBONATE ION ACTIVITY IS DENOTED. 'ACO3" D
QHC1=(10.#%(-10.33))/(XH*GCO3) R

| QHC2=( 10.+*(-92.78 A/(AH#GNACO3) . S
. &' QHC3=(10.#+(-§,03))#*AK/(AH4GRCO3) o T O
‘. QHC4=(10.*#(-7\I8))#*ACA/(AH*GCACO3) - o

QHCS=(10.#§(-7.
. QHC6=1,/GHCO3. '

QHC7=( 10, ** 16)*ANA/GNAHCO v :

QHCB=( 10 ~*%(-0.25) }*AX/GKHCO3 . . o
. QHEY9={10.%%1,02) *ACA/GCAHGO" o S T
© QQHC10=(10.#20. 95) *AMG /GMGHCO e S
v - “OHC11=(10,%%1,8)*AMN/GMNHCO s

: AHCO3=ALKTOT/(QHCQ+QHC2+QHC3+QHC4+QHC5+QHC6*QHC7+
+QHCB+QHCY+QHC 10+QHC1 1)~ - ‘

. ‘ACO3=(10,%%(-10.33))*AHCO3/AH y
/C THE NIPRATE MASS BALANCE 'CONSIDERS 3 Aqgsocs spsqxzs-
C. NO3; CANO3, FENQ3 - ! ,
o NITRATE TON: ACE%;ITY 1s DENOTED 'ANO3".
<7 - QNO1=1,0/G R : -
- QNO2=(10,%#%0.68)*ACA/GCANO3 = T
o . \QNO3=10.*APE/GFENO3 o e |

’ ANO3=NO3T/{(QNO1+QNO2+QNQ3) -

, c THE CHLORIDE MASS BALANCE coﬂs:nzns 4 AQUEOUS SPECIES

))*AMG/(AH*GMGCO3)

[3
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C CL, CACL, FECL, MNCL C : .
' C CHLORIDE ION ACTIVITY IS DENOTED ACL' o . . )
o ~ QCL4=1.0/GCL | | . -
QCL2=(10.%*0. 6)*ACA/GCACL . v . : S
. QCL3=(t.**1,48)*AFE/GFECL o ~
. QCL4=(10.%%0,61)*AMN/GMNCL " R
ACL-CLT/(QCL1+QCL2+QCL3+QCL4) , ‘ 5
THE PHOSPHATE MASS BALANCE CONSIDERS 7 AQUEOUS SPECIES: ,
‘HPO4 ,H2P04 ,H3P0O4 FEHZPgE FEHPO4,CAH2PO4 ,CAHPO4 ™
H2PO4 ACTIVITY IS ENOTED 'AH2P04' - -
QPO1=1,/GH2PO4 % ,
QPO2=( 10, 4% (=7: 2N /(AH#GHPOL) . ~
- QPO3=(10.%*2,15)%AN/GH3P0O4
QPO4=(10.%%5,43 E/GFEH2P
QPOS=(10.%+3,71)%RFE/ (GFEHPO*A
QPOG-(10€ifW .4)#ACA/GCAH2P . Y
QPO7=(10.%#(-4.746) ) *ACA/ (AH*GCAHPO ) Akl
. . < aH2 4=PO4T/(QFO1+QP02+OPOB+QPO4+Q' B g \
. ¢ THE soDIW MA®S BALANCE sRSMERRERS 4 AQUECOWWSPECIES :
. C NA, NAHCO3, NACO3, NASOA RN IR VRS
. QNA1=1,/GNA . ¥, 2 .- : o
QNAZ:(10 **0, 16)*-5

e

n‘nn‘

ANA=NAT/(QNA1+QNA2+/~‘: : ‘
'THE 'ROTASSIUM MASS BALANCE ,CONSIDERS 4\AQUEOUS SPECIES:
~K 3 RHCO3, 'KCO3, KSO4
oK1=1, /GK
.  QK2=(10,*x(-0. 25))*AHCO3/GKHCU3\
. 'QK3=(10,%%1,3)*ACO3/GKCO3 -\
© QK4=(10.#%x0.85)*AS04 /GKSO4 ;‘l‘;
) . AK=KT/(QK 1+QK2+QK3+QK4) - "2 W
4 C THE CALCIUM MASS BALANCE cons:nsasgp AYUEOUS SPECES: .
N CCA, CAHCO3, CACO3, CASO#y< CAOH;, CANOZ. CACL, canzpo4

o QCAl1=1,/GCA o A
© QCA2=(10.*%%x1, 02)*AHC03)§%AHCO : A IR
: QCA3=(10.%*3,15)%4C03/GCACO3 . ’ .
chx4=(10 **%2,31)*AS04/GCASO4. . - .
Qqﬁﬁd(10 «*%(=12,7) )/ (AH*GCAOH) : T
6°(10.%%0.68) *ANO3/GCANO3 = '
o QCA7-£10 *%0,6)*ACL/GCACL = - .
“ve2 0 ¢ QCA8=(10.,%%1,4)*AH2PO4/GCAH2P -
T . QCA9=(10.#%#(-4.46) y*AH2PO4/(AH&GCAHRD) .
: ACAsCAT/(QCA1+QCA2+QGA3+QCA4+QCA5+QCAQ¢QCA7+QCA8+QCA9)
\‘ C THE~MAGNESIUM MAsqwﬁALANCE CONSIDERS" 5, AQUEOUS/SPECIES- .
C MG, MGHCO3, MGCO3, MGSO4, MGOH S . ~

MG1=1.,/
’&a-nﬁﬁ #0.. 95)*n‘03/cuc;aco “a

. OMG3=(10¥+*2,88) *ACO3/GMGCO3 S
s~ °  OMG4=(10.¥%2,23)*AS04/GMGSO4 .
R "OMGS5=( 10, %% (=11, 42))/(AH#GMG§H) o e
AMG-MGT/(QMG1+QMG2+QMG3+QMG4+QMGS) :
¢ THE IRON MASS BALANCE CONSIDERS 8 AQUEOUS spsc:zs-
C FE, FEOH, FE(OH)Z FECL FENO3, FESO4, Psuzpo4 FEHPO4

, . ‘ » e e
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C FE ACTIVITY IS«DENOTED 'AFE' ‘ o
QFE1=1./GFE ' o o
. QRE2=(10. %% (-2, 19))/(AH*GFEOH) o e :
 QFE3=(10.%%(-5.69))/( (AH*%2, )*GFEOHZ) et :
e .QFE4=(10.%%1,48)*ACL/GFECL .
- \FE5=10,*ANO3/GFENO3 . . PO e
' QFES-(10 *#4,15)*AS04/GFESO4 w0
QFE7a(10.%55,43)*AH2P04 /GFEH2P o , sfﬁf
-QFEB= (10,3, 71)%AH2PO4/ (GFEHPO*AH) ' o
o Ara-vqr/(qrs1+QFE2+QFE3+QFE4+QF35+QFEG+QF$7+QFEa) :
» C THE MANGANESE MASS BALANG cousxnsas 5 AQUEOUS spac:z&*
' CMN, MNOH, MNCL, MNHCO3, 504 ' | A
e MN ACTIVITY 18 DENOTED ‘ s
. QMN1=1./GMN ki
L QMN2w=(10. .uc“vo 95))/(AH*GMN0H) o
, QMN3=(10.#%0.61)*ACL/GMNCL SR
. QMN4=(10.%#%1.8)#AHCQ3/GMNHCO . ~ o
QMNS=(10.%%2,26) *ASO4/GMNSO4 | *~ -
AMN-MNT/(QMN1+QgN2+QMN3+QMN4 5)
c THE ALUMINUM MASS BALANCE CONSID 4 AQUEOUS spzcxss.
AL ALOH, AL(OH)2, ALSO4 PR
c AL ACTIVITY IS DENOTED "AAL" ™ LY N .
, 'QAL1=1,/GAp .
Y- QAL2=(10.%#%(=5, 02))/(AH*GALOH) o
QAL3=(10.%%(-9,.3) )/ AH#*2 <) #GALOH2) T »
- QAL4=(10.#%%3,.2)*AS04/GALSO4 v -
AAL=ALT/(QAL 1+QAL2+QAL3+QAL4) B G
*.C AQUEOUS SPECIES conczanwaous IN MOLES/L°‘ ‘i" .o
c Ly  NA=ANA®QNA1 _ R
7 " NAHCO3=ANA*DNA2 o A 4
« - NACO3=ANA*QNA3 N AR - . .
~ NASO4=ANA#QNA4 . L = .
. KmAK#QR1 .- . Tw =
.-  KHCO3s=aK*@K2 : S =
KCO3=AK#QK3 / = T . T
" KSO4=AK*QK4 : o . D
CA=ACA*QCA1 . .- - : o _
~ _ CAncos-AcA*Qcag, N . - o : .
s CACO3=ACA*QCA3 SR : ' -
"' CASO4»ACA*QCXE - B
. CAOH=ACA*QCAS Lo T
"CANO3=ACA*QCA6
CACL=ACA#QCA7 ' . .
. CAH2PO=ACA#*QCA8. =~ R 5&%% |
= /CAHPO4=ACA$QCAS. ' . * e Al SRR
- MG=AMG*QMG1 . - , ot L
'MGHCO3=AMGHQMG2 . U ;
. MGCO3=AMG#QMG3 | X
. MGSO4=AMG*QMG4 = . )
TR S MGOH-AMG#QMGS L i D
- FE=AFE*QFE1 A , e
/*FEOH-AFE#QFEZ .o R o,
'FEOHZ=AFE#QFE3 - R s
FECL=AFE*QFE4 ! _ W
. - N\



5 03=AFE*QFES: ,". | .
S O4=AFE*QPE6 : ..

LR

2PO=AFE*QFE7 ‘ ST
FEHPO4=AFE#QFE8 - L e
MN=AMNSQMN1 . o R N
v \,Mnoa-gag*gunz . AN
'MNCL=AMN*QMN3 . ° T
MNHCOB-AMN*QMNG
MNSO4=AMN*QMNS - .
~ AL=AAL#*QAL1 ;, . FERTE
-~ ALOH=AAL#*QAL2 = ¥« o
I ALOH2mAAL#QAL3 * ~ = A =
. AL'SO4=AAL*QAL4 . . - o ’ :
n.a;32304;agzpo4*epov L ’ -
- HSBOdwAH2P04 #QPO3 - S e T
el §04=AS04 QS 1 P
v ' CO3=AHCO3%QHC1 .. .
% HCO3=AHCO3#*QHC6 L E e
K NO3=ANO3*QNO 1 . B S
‘ CL=ACL#QOL1 -~
CO8T=CO3+NACO3+KCO3+CARO03+MGCO3 ‘
HCO3T=HCO3+NAHCO3+KHC +CAHC03+MGHC03+MNHC03
#  ALKTOT=(ALKTIT-1000.*CO3T)/1000.

L

k . :
P-‘

CHECK=ABS (4CA-CA1)#100./CA) '
i IF (CHECK: M. 0.01)G0 TO 35 : ’
. CA1ls o * . ‘
35 PTOT=r O4+H2PO4+H3PO4+FEH2PO+FEHPO4+CAH2PO+CAHPO4

- IF(CHECK2 .LE. 0.01)GO TO 40
PTOT 1=PTOT .
C THIS SECTION CAtCULATES IONIC STRENGTH(I)
‘C AND THE NEXT ESTIMATE OE: THE ACTIVITY
'C COEFFICIENTS OF THE CATIONS T

cus;#z =ABS ( (PTOT-PTOT1)%100./PTOT)
1

p 45 R=9.%(FE+AL)

S=4, *(so4+c03+uPo4+CA+MG+MN+FEN03+FECL+FEH290+_
+FEOH+ALOH) =

19

HCO3+N03+CL+H2PO4+NA+K+NH4T+NASO4+KSO4+FEhg4+ALSO4

U=NACO3+KCO3+CAHCO3+MGHCO3+MNHCO3+CANO3+FE

et 1=0.5% (R+S+T+U+V) .
71 %%.5/(1.+1%%,5) ) -, 3%1I
< GAL=10.%%(-4.,6044%2) L
GFE=GAL *
_GCA=10. **( 2. 0464*2) ”
- GMG=GCA :
: N GMN'GCA . . N o
T GNas10.®x(-, 5116*2) ‘ T x
. GR=GNA '~ g . .
... GNH4=GNA T o
' 30 CONTINUE v : '
- C-THIS SECTION . THE PURPOSE OF,PROVIDING Y HARD

C CoPY OUTPUT CONVER?S THE CONCENTRATIONS AND

™ ' C . 3

V-CACL+MNCL+CAOH+MGOH*MNOH+FEOH2+ALOH2§E::?PO fQE‘

Ce
- //&«
a e
.
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C ACTIVITIES OF AQUEOUS SPECIES TO MMDLES/L
7 40 NA=NA*1000, -
ANA=ANA*1000. /, .
NAHCO3=NAHCO3#1000. :
 ANAHCO=NAHCO3*GNAHCO
NACO3=NACO3#%1000.
. ~ ANACO3=NACO3#GNACO3
* . NASO4=NASO4x1000, : o
ANASO4=NASO4 #*GNASO4 -
K= #1000, ' .o S
*A‘ 001 :.v
| C0%+1000. y v
AKH 03hxa 3*GKHCO3 s '

'000. .. e v
PR L .

xexcos'

A’g ‘J' 1000.”
oy xso&-xsa«;sxse4
25 ,CAe 10008
\CA*1000. < o
~CAHCO3#1000. . \
y HC03 *GCAHCO

NCAOH-CAOH*GCAOH : - - ,
'£uw iﬁ;AWO3-CAN03:1ooo - - D .
¢ @3=CANO3*GCANO3 -

dA LsCACL# 1000,

iﬁ HGH 1000, , A
, d. 1,000. K N C -
& o nsucos-neng03*1 . ‘
© ' AMGHCO=MGHCO3* i
~ MGCO3 =MGCO3%1000.. =~ - | .
~ + AMGCO3*MGCO3#GMGCO3 R e
T -MGSO4=MGSO04%1000. ~ N
AMGS04=MGSO4*GMGS04 o
_ MGOH=MGOH#1000. R , K
AMGOH=MGOH#GMGOH : .
" FE=FE#1000. -
AFE=AFE*1000. -
* FEOH=FEOH*1000.
\ . AFEOH=FEOH*GFEOH :
" FEOH2=FEOH2#1000. |
. AFEOH2=FEOH2#GFEOH2 o
FECL=FECL*1000. = . .
‘APECL=FECL*GFECL : , 9%
FENO3=FENO3#1000. * e ‘ SRR

x

o,



AFENO3=FENO3#*GFENO3
FESO4=FESO4# {000,
AFESO4%FESO4 *GFESO4
- | FEH2PQ=FEH2PO#1000.
AFEH2P=FEH2PO#GFEH2P
FEHPO4=FEHPO4# 1000,

MNOH-MNOH*1000. v oo
AMNOH=MNOH*GMNOH - . . ea
MNCL-MNCL*1000. :

MNSO4* 1000 .
AMNSO4=MNS0O4 *GMNSO04
AL=AL*1000,
AAL=AALST60Q.
ALOH=ALOH#*1000.
AALOH=ALOH*GALOH
ALOH2=ALOH2#%10Q0.
.AALOH2=ALOH2*GALOH2
ALSO4=ALSO4#1000.
- 'AALSO4=ALSO4*GALSO4 - .
HCO3=HCO3%1000. -~ N
- AHCO3=AHCO3#%1000. -~ . : '
,  (CHCO3=HCO3T#1000. . S
‘ C03=C03#%1000. : _ v
ACO3=ACO3%1000. . ‘ g
. CCO3=CO3T#*1000. - '
" S04=S04#1000.
ASO4=ASQ4*1000. ,
NO3=NO3#1000.  * '
ANO3=ANO3*1000. ] Co
CL=CL#* 1000, ' ; - .
ACL=ACL*1000. ' . 4
HPO4=HPO&*1000. o
AHPO4=HPO4#*GHPO4 *© /. ¢ , .
_ H2P04=H2P04*1000. - S . o \\
AH2PO4=AH2P04%1000. : . \
H3PO4=H3P04x1000. . ' :

C THE ANION/CATION BALANCE(BAL) IS:-
ANJONS=CS04+CHCO3+CCO3+CCL+CNO3+CPO4
CATTON=CNA+CK+CCA+CMG+CFE+CMN+CAL+CNH4
'BAL=ANIONS/CATION
_NATOT=NA+NASO4+NACO3+NAHCO3
‘KTOT=K+KS04+KCO3+KHCO8 =~ B
CATOT=2, t(CA+CASO4+Q@CO3+CAHCO3+CAN03+CACL+‘

+CAOH+CAH2PO+CAHPO)
' MGTOT=2,* (MG+MGSO4+MGCO3+MGHCO3+MGOH) .
FETOT=3, *(FE+FESO4+FENO3+FECL+FEH2PO*FEOH+
+FEOH2+FEHPO4 )
MNTOT=2. *(MN+MNSO4+MNHCO3+MNCL+MNOH)

»



ALERT=3. *(AL+ALSO4+ALOH+ALOH2) ©
SO4TOT=2, s(so4+NAso4+xso4+cx &*MGSO4+FESO4+
+MNSO4 +ALSO4 ) :
CO3TOT=2, t(CO3+NACO3+KCO3+CACOS*MGCO3) :
HCOTOT=HCQ3 +NAHCO3+KHCO3+CAHCO3+MGHCO3+MNHCO3+CO3TOT
NO3TOT=NO3+CANO3+FENO3
CLTOT=CL¥CACL+FECL*MNCL ; .
PO4TOT=3, % (HPO4 +H2PO4+H3PO4 +FEH2PO+FEHPO4+ . .
+CAH2PO+CAHND4 ) :
WRITE(6,;50) SMPLNO, I ,BAL,PH,EC; ITN
50 FORMA"('1' Sx,'sMpLNO-' 12, 2x,'1- ,F6.4,2%, 'BAL="
‘+F4.2,2%, pu- ,vs 2,2%, 'ECa' ,F5.2,2X%, ' ITN=' ,12) L
WRITB(S 55) ° :
55 rom'r('o' 10X,'1/D',7X, 'FREEX ,5X, 'SO4',6X,'CO3", 63‘
~+'HCO3', Sx,'no3' 7x,'cn' 5x,'apo4',5x"Hpoc' 6X,
_ +'OH*, sx,'[onlz' 4x, '"TOTAL') -
i WRITE(6,60)'L D',csgg ALKTIT,CNO3, cCt CPO4, "(MEQ/L) "
%30 FORMAT(A,F32.%,F18.4,3F9.4,26%,3)
" WRITE(S, 65) FRBE ( ]' S04, c03 HC03 NO3,CL,H2PO4, HPO4
. 65 FORMAT(A F27.4,6F9.4)

9

WRITE(6, 65)'* - a/c', Gso4 GCO3 GHCOB bNoa
+GCL, GH2PO4 GHPO4
WRITE(6, 65)' ( )',ASO4,ACO3,AHCO3 ,ANO3,

+ACL,AH2904 ' AHPO4

WRITE(6, 7@) NA [ 1',CNA, NA NASO4 ¥ AHCO3 NATOT

%0 FORMAT('0',A, 5F9.4, F63.4) - | .
4 WRITE(6,75)'A/C’ ,GNA GNASD4, GNACO3 GNAHCO " et
75 FORMAT(6X,A,F18.4,3F9.4) . &
WRITE(6, 751 ( )',ANA ANASO4 ,ANACO3, ANAHCP "

 WRITE(6,70) 'K [ 1',CK,K,KSO4,KCO3 ,KHCO3 ,KTOT" =~ ™'

WRITE(6,75)'A/C' ,GK, cuso4 choa GKHCO3
WRITE(6,75)'( )',AK,AKSO4,AKE03,AKHCO3
"WRITE(6,80)'CA [ ]' CCA,CA, CASO4 ,CALO3, CAHCO3, CANO3,
ACL, CAHZPO CAHPO4, CAOH CATOT p A
80 RORMAT(' 0',A,10F9, 4 F18.4) .
ITE(S6, 85) " A/C',GCA GCASO4 ,GCACO3, GCAHCO, GCAN03
* +GCACL, GCAH2P,GCAHPO, GCAOH N
85 FonuAT(sx A,F18 4 8F9 4) et '
WRITE(6,85) "' ( )',ACA ACASOGYACACOB ACAHCO ACANO3
+ACACL, ACAHZP ACAHROQ, ACAOH
wnaws(s 90) "MG [ ]' 'CMG , MG, MGS04, MGCO3 MGHCOQ'
+MGOH, MGTOT Ve
90 FORMAT('0',A,5F9%,F45.4,F18.4) -
“WRITE(S, 95) " A/C'.GMG sMGso4 GMGCO3, GMGHCO, GMGOH ' vl
95 FORMAT ,A F18 3?9 4,F45,.4,F18, 4) .
)',AMG AMGSOA,AMGCO3 AMGHCO,AMGOH T
(6,100)'?ﬁ [ ]',CFE Fa,rsso4 FENO3 'FECL,FEH2PO,
L 3 , FBOH , FEOH2, FETOT g
100 FORMET('0%,A,379,4,F27.4,6F9.4) . e
(6,1angA/c'1GFE vaso4 GFENO3, GFECL , GFEH2P,
3 , GFEOH2 o v
105 FORMAT(6X,A,F18.4,F9.4,F27. 4'539 4)
‘ (6,105)'( )‘,AFE AFESO4 AFENOB AFECL, ;quzp

e

,AFEOH,AFEOH2 . .



-,

/
I N
ok .

WRITE(6,110)'MN [ ]',GMN,MN,MNSO4,MNHCO3,MNCL,
#MNOH , MNTOT

110 FORMAT('0',A,3F9.4,2F18,4,F27.4,F18.4)

WRITE(S6, 115) A/C',GMN GMN504 GMNHCO GMNCD , GMNOH |

115 FORMAT(GX,A,F18 4,F9.4,2F18.4,F27.4,F18, 4)

WRITE(6,115) ' ( )',AMN AMN504 AMNHCO AMNCL , AMNOH
WRITE(6,120) 'AL [ ]' CAL,AL,ALSO4 ALOH ALOH2 ALTOT

120.FORMAT('0' ,A,3P9.4,F63.4,2F9.4)

WRITE(6,125)'A C',GAL GALS 4,GALOH,GALOH2

125 FORMAT(GX A,F18 4,F9.4,F63.4,F9.4)

WRITE(S, 125) ()',AAL, AAL504 AALOH, AALOH2
+CLTOT, PO4TOT

83

WRITE(6, 130) ' TOTAL [ GMEQ/L‘) SO4TOT, HCOTOT, NO3TOT,

130 FORMAT('0',A,2F18.4,3F9.4) | . /
STOP %

200 CONTINUE e L
+~END ix
‘ i
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A llsting of the computer program SALTIN, which
arranges total ionic composition data in the. formnt fom»
H\SALT, fo)!owsa ,

4

THIS INTBRACTIVE PROGRAM' Bﬁ¥zns DATA FROM CHEMICAL
ANALYSIS INTO A FILE WEECH THE PROGRAM "SALT" USES
‘7O CALCULATE THE DISTRTBUTION OF AQUEOUS SPECIES
DATA- ARE: ENTERED AS THE TOTAL CONCENTRATION OF ..
THE ANALYSED sphcngzsxpnsssmn IN MEQ/L). : a
FIRST, SODIUM IS ENTERED FOR ALL “SAMPLES, THEN K,
CK, MG, NH4, FE, MN, AL," ALKALINITY, so4 CL, NO3,
PO4, E.C.(dS/m), ‘AND pH. ‘
PROVISION IS MADB FOR CALCULATING THE. DISTRIBUTION OF
AQUEOUS SPECIES IN STANDARD CALCIUM CHLORIDE SOLUTIONS !
(CAs AND* CL TOTAL CONCENTRATIONS CAN ‘B’ ENTERED WITHOUT ~
B +ANY OTHER PARAMETERS - E.C. IS CALCULATED AS
CA £ TRATION - DIVIDED BY 10, .pu IS'AUTOMATICALLY
ENTERIN"AS 7). .
INTEGER I1,J,STD, ,SMPL, N, 2,Q.R, s T,U,DSN, cu GV,
+SMPLNO(99) . , . .
- REBL DATA(99,15) o L) |
. . 'PRINT#,'THE MAXIMUM NUMBER OF DATA SETS THAT CAN BE’
g  PRINTS, 'au'rznnn 1S. 99(STANDARDS PLUS SAMPLES).'
RN PRINTtp ENTER THE NUMBER OF STANDARD sonuwxous' ©
) * PRINT=*,' (IF NONE ENTER 0)' L
'READs, srn " \ - o
' PRINT#p ENTER THE NUMBER' OF SAMPLEstE NONE ENTER 0)'
. 'READ# , SMPL A
4 ' n-svn+suﬁb . : coe
" . . DO"10'I=1,N ‘ g
- SMPLNO(I )1 . ; B
10 CONTINUE j . . ~
~ IF(STD..EQ. 0.) GO TO 40 R S .
. DO 20 1=1,STD ' -
WRITE(6, 290) ENTER, CALCIUM(MEQ/L) FOR STANDARU' ;
: #,DATA(I,3) . - ’ _ .
l(r 11)'DATA(I 3) - 4?,~: _ " L
(1, 14)~DATA(I 3)/10.. _ ~ s .

leXsXsXe s e Xs oo e ReXs Ra e

WYy,

&% DATA( vl
T . DKTA(I 4)-0 » T
y;_p'anA(Iﬁs)-d TR B
* 7 DATA{I,6)=0 PR
DT aTatrnr)se -\
| . DATA(I,8)=0 o
'DATA(I, 9)-0 -




»

DATA(1,10)w0 = = ' S Ny
DATA(1,12)=0 ° ‘. jﬂﬂ S e
DATA(I,13)-0 B | ' .
‘ DATA( 18)=7 .
. 30 CONTINUE e
40 IF(SMPL .EQ. 0.) 6O TO 190
- 2=STD+ W , R
©+ <. DO 50 T=1,SMPL ' '
WRITE(6, 290) ENTER SODIUM(MEQ/L) fOR SAMPLE ',1
READ», DATA(Z 1)
‘ z-z+1.
50 CONTINUE SR o | )
. 21=STD+1. > \ _ T
DO ‘60 Is1,SMPL ’
.WRITE(S6, 290) ' ENTER POTASSIUM(MEQ/L) FOR SAMPLB 'LI
\READt,DATA(z 2)
o EmT*T, » ,,' . n‘”
60 CONTINUE - T ' RER
. I=STD+1, - o D
DO 70 I=1,SMPL .
WRITE(S, 290) ' ENTER CALCIUM(MEQ/L) voa SAMPLE '
READ#* DATA(Z 3)
DATA(Z, 3)-0 01 . v | : ‘o
" ENDIF ~, ' o . -
ZmZ41L Neoo - : \
70 CONTINUE C . SR o
Z=STD+1, ' : | . | o A
DO 80 I=1,SMPL o
WRITE(S6, 290) ENTER MAGNESIUM(MEQ/Lx FQR SAMPLE ';].. ~

. ’ &

- - ¥

READ#, DATA(Z'4) e , , . e
=741, ‘ »

'+ 80 CONTINUE S

3 Z=STD+T.. . o

DO 90 I=1,SMPL ™ o
i WRITE(6,290)'ENTER AMMONIUM(MEQ/L) FOR SAMPLE /1
' READ», DATA(Z 5) . N
. ZaZ+1, . . . S ’/,* e
90 CONTINUE | : °

Z=STD+1. : o ‘- >
, DO 100, I=1, sug o
: - . WRITE(6,290) 'ENTER" IRQN(MEQ/L) ron SAMPLE ’ 1 o
' READS%, DATA(Z 6) , .
Z=z+1- ) | " . ' v oL ) ‘ - ‘I' A
100 CONTINUE : , T B e
, z-srn+1 L . o R T
410 I~1 SMPRL: C . Tt
TE(G 290) ' ENTER MANGANESE(MEQ/L) FOR SAMPLE " ,I:
nmanx,nATm(z 7) : . . 3 i
Z=Z+1, S
110 CONTINUE SR IR »
- .I=STD+1, , 7 "'f j L, \
DO 120 I=1,SMPL = SRR
wnxrz(s 290) ' ENTER ALUMINUM(MEQ/L) ?on SAMPLE ' 1

. Y i R ,' e A X
- ¢ . I . o4



. o ' o
READ* DATA(Z 8) e ' _
: Z=2+1, : C
120- CONTINUE S
: 2=STD+1. .~ -
DO 130 1=1,SMPL R . A .
WRITE(6,290) 'ENTER SULPHATE(MEQ/L) FOR SAMPLE ',I
READ*,DATA(Z,9) L e ‘ : -
NP Z=2+1. : . " ‘_ K
. 130 CONTINUE L. : »
Z=STD+1. : : P
wg 1407 1=1, SMPL P T L ‘
ITE(6, 290)\ENTER ALKALINITY(MEQ/L ACID TO PH 4.5)
+FOR SAMPLE P ¢ "R R B :
READ* ,DATA(Z, 10)
: L Z=2+1, , e
140 CONTINUE - D 4
\ Z=STD+1, ;o
DO 150 I=1,SMPL _ :
WRITE(6, 290) ENTER CHLORIDE(MEQ/L) FOR SAMPLE ',I
READ*,DATA(Z[11)‘ . -
Z=Z+1. ’ - ' : 13

/ . o : )

150 CONTINUE -

Z=STD+1. . '
' DO \160 I=1, SMPL oo _ ‘ ‘
: E(6, 290)- ENTER NITRATE(MEQ/L) FOR SAMPLE ',I -
READ DATA(Z 12) i S - .
z+1\\ : " ,
160 CONTINUE * o S
2=STD+1.%. : :
DO 170 I=1,SMPL " ' T -
WRITE(6, 290) “ENTER PHOSPHATE(MEQ/L) FOR SAMPLE ', I
READ*, DATA(Z 13). : S
'IF(DATA(Z 13) E\\ 0. )THEN
DATA(Z, 13)=0. 01\
ENDIF - - e
S Z=2%1, e
170 CONTINUE. o : T
" Z=STD+1.
DO 180 I=1,SMPL . :
. WRITE(S, 290) ENTER E.C. (mS/cm) FOR SAMPLE ', 1
READ*%DATA(Z 14)
i Z=2+1, . v
180 CONTINUE : N
' Z=STD+1. ‘ : S
DO 190 1=1, SMPL
WRITE(6, 290) ENTER pH FOR SAMPLE N SR
-~ READ%, DATA(Z 15) ‘ , s
Z=2+1, : ' :
190 CONTINUE
~ Z=INT(N/15.)
~DO 200 Q=1,2
R=Q#*15,
S=R-14,
IF(N .LE, §4.) THEN _



S=1. . ' u
T=N L . : S

ENDIF el S e~

‘ U=0. : ,
210 WRITE(6,300)"* NA' 'K', *CA' 'MG', 'NH¢', 'FE' ' MN
DO 220 1-s R
WRITE(S, 310)SMPLNO(I) (DATA(I, J) J=L,8)
‘220 CONTINUE
., PRINT#%,'IF A DRTA VALUE IS TO BE CHANGED o
"~ PRINT#,'ENTER PATA SET NUMBER(FAR LEFT COLUMN)’
“=—=——¢ PRINT*,'IF NO CHANGES, ENTER 0'
« READs%, DSN o
IF (DSN .EQ. 0.) GO TO >~230 j
PRINT#*,'THERE ARE 8 COLUMNS OF DATA'
PRINT*,'NA=1,......,AL=8"' |/

MN','AL'

PRINT*, 'ENTER COLUMN, NUMBER OF 'VALUE TO BE CHANGED'

READ*, CN : /.
. PRINT* 'ENTER CORRECT VALUE'
READ%, DATA(DSN CN) /
GO TO 210 .
"230 WRITE(6,320)' so4' "ALK', 'cﬁ' 'N03'v'P04' 'E.C.
DO 240 1=s R :
“WRITE(S6, 330)SMPLNO(I) (DATA(I J),J=9,15)
. 240 CONTINUE o / _

PRINT*,'IF A~ DATA VALUE/1S TO BE CHANGED, ' .~

PRINT#*, 'ENTER DATA SET NUMBER(FAR LEFT’QOLUMN)'
 PRINT#,'IF NO CHANGES. /ENTER 0" A
READ*,DSN . L
IF(DSN .EQ. 0.) GO TO 250

PRINT#,'THERE ARE 7 /COLUMNS OF DATA'
PRINT#,'S04=9,......,PH=15"

,'PH'

PRINT*, 'ENTER COLUMN NUMBER OF VALUE TO "BE CHANGED"

READ*,CN
PRINT#*, ' ENTER coanzcr VALUE'
 READ*, DATA (DSN, cﬁ)
GO TO 230
250 IF(U &£Q. 1.) ¢o TO 270
200, CONTINUE ', /
\IF(INT(N/15 ) .EQ. N/15 GO TO 270

U=1.,
S=Z%15,+1, f
"R=N ,
GO TO 210 /

270 WRITE(7,340)N
DO 280 141,N &

§TE(7/§10)SMPLNO(I) (DATA(1,3),J=1,8)
TE(7,350) (DATA(I J) J=9, 15) '

280 CONTINUE

290 FO T(A 12) '

300 Fo T(7x A,6%X,A,5X,A,5%,A,4X,A,5K%,4,5%,4, 5%, A)

310 FORMAT(I3, 8F7.2)

320 FORMAT(S5X,A,4X,A,5X%,A, 4x A 4X,A,4%,A,4X,7)

330 FORMAT(I3,7F7. 2)

,3.40_ F‘O 5(13)“\

)
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' 350 FORMAT(F10.2,6F7.2)
STOP |
'END

.88
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IX.

The results of anélysis.of thé study soil'soiutions for major<iohs follow:
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P:éfile‘deSCriptidns,Qf some'of tze*study soils”follow:

A. Series:

Location:
Parent Material:

phy: level
ion: short-grass praarle

Subgroup:" Brown Solodxzed Solonetz

. Topog
Vegetge

Wi

. X. APPENDIX ¢

’

4

Hemaruka

SW12-14-18-

till "

Drainage: 1mperfect

-~

Ah"

Ahe

Bnt

’-Cca>.

Ccasa

0-10

Y

16-13

13-27

,27-78

78-115

v

Dark,brown(1OYR'3/3m); SL; weak, fine,

granular: friable; abundant,very fine and

fine, random exped roots; clear, wavy
boundary

Yellowish-brown(10YR 5/4d) SL;

compound,weak, fine, platy and moderate,
fine, subangular blocky; friable; plentiful,
very fine and fine, ran8om, inped and exped

roots; clear, wavy boundary
Brown (10YR 5/3d); SCL; compound, .strong,
coarse, columnar and strong, fine and

vmedlum, subangular blocky; 'firm; few, fine,
vert1ca$bd1nped and exped roots- abrupt,_

wavy bo ary :
Dark yellowish brown(10YR 4/4m) SCL;
amorphous; friable; few, fine, vertical

roots; gradual, wavy boundary (rooting depth

62cm).
Dark brown(1QYR 3/3m) SCL; amorphous;

- friable.

~ Sample collected was from the Ccasa horizon.

o
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B. Series: Maleb ° .

Subgroup: Orthic Brown

Location: NW25-12-7-W4

Parent material: morainal

Topagraphy: level to rollxng .

, Aspect: north, midslope position
Vegetat1on- short grass prairie

Draihage: well drained ‘ o -

1

Ah’ " 0-12 Brown to dark brown( 10YR 4/3); SL; strong,
o fine, granular; soft; plent1ful, very fine,
random, exped roots; clear, wavy boundary.

Bt 12-22 Dark grayish brown(10YR 4/2d); SL; strong,
flne, prlsmatlc and strong, medlum, .
a subangular blocky; hard; plentiful, very

fine, random, inped and exped roots; abrupt ‘
R wavy boundary.

Ccal- 22-48 Grayish brown(10YR 5/2d); L; wgak, fine,

N subangular blocky; slightly hard; plentiful,

very fine, ‘random, inped and exped roots;

gradual, wavy boundary.

Cca?2 48-75 Dark grayish brown(10YR 4/2d4); L; weak,

, - fine, subangular blocky, sl1ghtly ‘hard; few,
very fine, random, inped and exped roots;
gradual, wavy boundary. !

Ck 75+ Dark grayish brown(10YR 4/2d); L to SiL;

: ~~ amorphous; soft to slightly Qard few, very .
fine, vertxcal roots._

L
"1

Sample collected was from the Cca horizon,
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C. Series: Culp

Subgroup? Orthxc Gray Luvxﬂol
Location: SE16-70-9-W6

Paren8 Material:. eolzan
Topography: rollt

Aspect: south, mi®@slope

Vegetation: poplar, grasses, shrubs
Drainage: rapidly drained

Ap 0-35 Strong brown(7.5YR 5/6m); single grafn;
~ . loose; few, coarse, medium and fine, ,random,
exped roots; clear, smooth boundary.
Bt - 35-64 Brown to dark brown(10YR 4/3m); SL; weak,
‘ fine, granular; very friable; few, coarse, V
N medium and fine, vertical, ‘exped roots;
clear, wavy boundary. . -
Cca 64+ Brown to dark brown(10YR 4/3m); S; weak, \
‘fine, granular; friable; few, medium and
fine, vertical, exped roots..

{

Vea

R4

Sample collected was from the Cca horizon
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D. Series: Boundary

Subgroup: Podzolic Gray Luvisol or Luyvisolic Humo-Ferric
Podzol o '
Location: SE8-82-8-Wé6 oo

Parent material: shale

Topography: rolling .

Aspect: southwest, m1d-slope

Vegetat1on- poplar _,

Drainage: well

LFH : 1-0

Ah 0-2 Yellow;sh red(5YR 4/8m); SiCL; strong,
medium, granular; frlable- plentiful, fine
angd medium, rancom, inped and exped roots;

) ' clear, wavy boundary.

Ahe 2-7 Yellowish red(5YR 4/8m); S1CL- compound,
weak, medium, platy and moderate, fine
granular“ friable; plentiful, fine and
medium, random, inped and expecd roots;
clear, wavy boundary. _

AB 7-12 'Yellowish red(S5YR 4/6m); 51c- moderate, fine
and medium, subangular blocky; friable;
plentiful, fine and medium, random, inped

' v and expedc roots; clear, wavy boundary.

Bt 12-27 Yellowish red(SYR 4/8m); SiC; strong,

- medium, subangular blocky; friable; many,
fine and medium, oblique, inped and exped
roots, clear, wavy boundary.

Btf1 27-37 Dark red(2.5YR 3/6m); SiC; strirfg, medium,
subangular blocky; friable; few, medium,
oblique, inped and exped roots; clear, wavy

. boundary.

Btf2 = 37-51 Dark red(2.5YR 3/6m); SiC; many, fine,
prominent, brownish yellow(10YR 6/6m) salt’
deposits and veinlets; strong, medium,
subangular blocky; friable; few, small,
vertical, inped and exped roots; clear,wavy
boundary. o

Cs 51+ Gray(10YR 5/1m’ SiC; common, medium,

: prominent, yebrownish yellow(10YR 6/6m) salt
deposits ‘and veinlets; amorphous; friable;’
very few, small, vertical, inped and expewd
-roots; .

Sample collected was from the Cs horizon.
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E. Series: Josephine -
. Subgroup: ‘Fera Luvic ‘Gleysol

Location: NE23-81-9-W6

Parent material: acid shale : 3
Topography: level \\
Vegctatxon- poplar, spruce, alder

Drainage: poor

L . 3-2 .
FH 2-0 , S
Ahe 0-8 Dark brown(7.5YR 3/2m); CL; moderate, fine,
~ platy,to moderate, £1ne and  medium,
ugranular; friable; abundant, "fine and :
medium, \random, inped and exped roots; &
. clear, wavy boundary.

AB 8-12 Dark brown(7.5YR 3/2w); CL; modérate, fine
: and medium, subangular blocky; slighgly .
sticky; abundant,-fine and medium, random,
inped and exped roots; clear,wavy bouﬁdary.

Btg 12-18 Dark gray1sh brown(10YR 4/2w)° SiC; common,

fine, faint, yellowish brown(10¥YR 5/6w).

mottles; moderate, fine and medium,
subangular blocky; slightly sticky;

. plentiful, fine and medium, random, inped-
and exped roots; clear, wavy boundary.

Btgf 18-30 Gray(10YR 5/1w)° SiC; many, medium,
prominent (2.5YR 5/4w) mottles; moderate,
fine and medium, subangular blocky; slightly
sticky; plentiful, fine and medium, random,
inped and exped roots; clear, wavy roots ;
clear, wavy boundary. |

BCgq 30-50 Gray(10YR 5/1w); SiC; many, fine and medium,

' prominent yellowish brown(10YR 5/6w)

mottles; weak, medium, subangular blocky;
sticky; few, medium, obligue, inped and

. . exped root5° clear, wavy boundary. .

Cgq 50+ Dark gray(10YR 4/1w); SiC; common, fine and
medium, prominent, yellow1sh brown(10YR
5/6w) mottles; amorphous; sticky; few,
medium, oblique roots.

Pod

Sample collected was from the BCg horizon.



