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Among the. condltlons studled were . the t1me of

requlllbratlon of the 1oh exchange res1n w1th the sample

‘urlne at SLgnlflcant levels such as magnesrum and urea.

e LTI e TR B

FRTN
[RE

AspreViouslyfdéVetbned;ion ekchange/atOmictabsorbtion{Agf*“

hod for the measurement of free. hydrated metal 1on

v .

~‘_c0ncentrazions 1n soiutlon was employed to measure free

.

icalclum.' The goal of the work was: to measure the unbound
ffcalclum 1on fractlon 1n urlne.' SOIutlons c0nta1n1ng

. dlfferent coﬂCentratLons of calcium 1on were equlllbrated

./.

"‘wlth a mlCrOCQlumn of strong ac1d catlon exchange resln Q

'rc0nd1tlons- In thlS way callbratlon curves could be

°

Lo S - ~

'4-obta1ned for Varlous ranges of free calc1um 1on levels.

il

3

-_,,V.,,:”_-. L

i

, N N P

,solutlon, tNe concentratlon and nature of the swamplng

S . .
Y N

~ )

In addltlon the presence of complex1ng llgands normally

expected 1n ur;ne, c1trate, tartra phosphate. and

'chlorlde, waS examlned Calc1um—c1trate systems were

- ¥ﬂvestlgat6d in more detall than the others because

N -

'jcitrate is the major calcium blndlng 11gand 1n urlne.:

. A

'Calcwlated and experlmental results could not be comgared

'i’dlrectly for the calcxum 1lgand systems because>data for

,

‘"the calculatlons was available for lower ionlc strengths

..

n

'ifuﬁaer swamplng electrolyte concentrations to ensure trace,

“felectrolyte, and the effect of other substances present in .

"'only. CaICulated curves trended toward experlmental ones f"

-
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CHAPTER 1 1,

' INTRODUCGTION = .

.1 Importance of Measurlng Free Calc1um Levels in’

vl

Blolog;cal‘Flulds o o 5';‘f

',Calcium is;an 1mportant element in blologlcal

systems}. It 1s‘the flfth ‘most abundant element in the

e

E . human body and it plays a major role in many phy51olochal
and'bloc mlcal processesf Calc1um is 1nvolved 1n-muscle'y

.contract blood clottlng,‘bone formatlon and homeo—

oo

sta51s, regulatlon of nerve exc1tab111ty, control of manx

enzyme eactlons, membrane permeablllty and regulatlon of

many ormone actlong [l 4]

- It has been known for many years that 1t 1s the

3

v:vconcentratlon of ionized .or free.calc1um’(coord nated'to o

¢9solvent only) ‘in body flulds that 1s the most

,phy51ologlcally actlve form of the element LS 7]

—

Jy:blologlcal flulds, calc1um eﬁ&sts as- both the free ion and
. S e
bound to 1lgands such as’ c1trate and phosphate [8] In

serum ca1c1um cﬁn also be bound to protelns [9] There

‘,
- ,

has been 1ncfea51ng lnterest durlng the last few years 1n

«

the measurement of 1onlzed calc1um 1n ‘urine, 1n relatlon

|to its 1mportance in pathogenesls of urlnary stone



; . o B . g . S s -

"f’diéea-se,*- urolithiasis’ '[4' 10-121. Calcmm oxalates mxed

w1th ca1c1um phosphates and calc1um oxalate alone compose»ﬁ?.

v.the largest group of urlnary stones occurrlng in- humans

"[13 14] ' Slnce the prec1p1tatlon of calcxum oxalate or

- K3

dalc1um phosphate depends ~on - exceedlng the solublllty

"product constant of these salts, 1t has been found useful S

I

to determlne the concentratlon of 1ohlzed calc1um 1n urlne e

[15] Analy51s for ca101um in. urlne samples lS often

oy needed for the dlagn051s of patlents w1th kldney stones

B .9

i - . . >

7-[16] B SR DT B N

The ca1c1um status of a«patlent can be better

_uexamlneo by determlnlng the concentratlon of Lonlzed
“‘calcxum, rather than total ca1c1um, 1n serum [17 18]

.'Regular monltorlng of lonlzed calcium 1n serum has been

found to be 1mportant ‘in detectlon of abnormal caijf'm

'metabollsm [19 21]. X T :T B
There has also been some lnterest 1n the measurement
: T
of total and 1gnlzed ca1c1um 1n blle in relatlon to the

formatlon of gallstones. Several calc1um salts are known‘

-

‘to be able to prec1p1tate from blle elther alone or 1n

o,

"complnatlon w1th cholesterol [22] The cqncentration of

lonlzed calcxum 1n pancreatlc fluxd 1s one of the

.

,determlnants af the rlsk of prec1pitatxon of calci@m

‘I.
,g

& R

carbonate, the main constxtuent “of pang;eatlc calculi
N . , : : v "

iﬁp[23]‘; .';,; ssf:‘ 1 ,ﬁriij.;.-aa‘tnﬁvf

[

Nt



' developed :} meas

'~‘rout1ne cllnlcal measurements.

l‘study and the concentrat10n~o€—metal llgand eomplex is-

of ‘the total llgand added and tha cond1t10nal formatlon L

_\been used for many years [24 31] The main dlsadvantages

. . ) ‘v . E Q‘v- -. 'l ) i “.‘ ) . . _‘ R . ...'A_~:-‘ ’ N ’V
1.2 Methods Available for the Measurement of Free Calcium

.-

Because of the phy51ologlcal 1mportance of free

’x-calc1um 1n blological systems, several methods have been

¥ =

Pre 1ts concentratlon.‘ Early studles

relled,on blolog;cal assays, sudh as. stlmulatlng an e

'isolated frog cardiac_muscle.and‘measurlng ‘the magnltude

of COntraCtion when the muSCIe.was képt-in SOlutiOns,{ '

contalnlng varlous concentratlons of 1onlzed ca1c1um T
-\)..

.[5‘6]. Such methods, however, were 1mpract1cal for use in

PRV

Spectrophotometrlc methods are wxdely used to measure

[y

ibnlzedvcaldlum~concentratlons. In’ these procedures an

_ indicator;ligand‘that'forms<a'weak’but highly'colored

2

-complex w1th calc1um 1ons is added. to. the sample under

.measured. From thls concentratlon, along w1th knowledge

constant of the metal ligand com;iex,;the free metal ion

o

concentratlonfls calculated. A number of 1nd1cators have
‘been 1nvestlgated for the spectrophotometrlc measurement

(

of'1onlzed calc1um. TFor example, the dye murex1de has

-of muréxlde are that 1ts formatlon censtant with calc1um



';315 PH dependent, it forms~a weak compleX'with7sodium, and

..

: it binds w1th serum albumin. »Somq of these problems have?Z”"

e been overcome by uSLng tetramethylmurexide, the color of

which is 1ndependent of pH w1th1n the phys1ological range

[3 -3 ] Arsenazo IIl 1s “a relatively selective 1nd1cator

.gs».n

'for calc1um but commercxal samples are. 1mpure and

vdlfficult ‘to. purify [36 39] "yl o ﬁ.ff7

\' . .
A modlfied spectrophotometrlc method, called the‘b;f

N
sample 1on 1ncrement method, has been developed to measure

’ 3

free metal ion concentrations [40] This technique"

permlts correction for comple&ation by the indicator._ The'

- mithod has beenvapplied,to theﬁmeasurement of-free calcium .
,'.1n urine samples [41] vlvi,._ ..".; .

~

r

In addition to colorimetric\indiCators, a-few”

”fluorimetric 1Adicators have been used for measurihg free

"ca1c1um. .Aequ rin,'a photzprotein 1solaﬁed from .
ijellyfish has been used to measure ionlc calcium down to

f;_10'7 M and '-and is quite selective [42—46] However, '

>

‘"aequorin is. lf 1cult to obtain and 1s unstable gn

Tstorage.{ Ch"orotetracycline and Quin-z have been used in -
' the measure ent of 1ntracellular ionic calcium

_concentrat“ons [47 48]. The fluorescence of these -
'hcalcium~15dicator complexes 1s 1nfluenced by variations in
:pH.A The fluorescent indicator Quin—2 AM has been reported

e

;to form vca1c1um complex. the fluorescence of which is

inot 1nf1uenced by pH [49]



A number of ca1c1um 1on—select1ve electrodes have—now S
. _ %

'fbeen employed to- measure lonlzed calc1um concentratlons._

lThese electrodes dld not become fea51ble untll the

synthesls of sultable organlc lon—exchangers about 20

e . t‘

',years ago [50] : Slnce then a number of lon-exchangers

R jw1th calc1um selectlve propertles have been developed :'7;-'

‘: aLong w1th a varlety of ways of 1ncorporatrng them 1nto 'f

.....

. 0 & - e
electrodes have been 1ncrea51ngly used for measurlng "': '

Kl

1onlzed ca1c1um in serum [55 59] Some of these g.‘~\;;;;/ |

-

'-electrdﬁes have now been incorporated 1nto varlous S
icommerCLally avallable lnstruments [57 60— 62] However, .
'the use of these lon—selectlve electrodes 1n the -

measurement -of 1onlzed calq;um 1n urlne 1s llmlted as .

’

.thelr response is 4nfluenced by hlgh sodlum 1on.‘
.

'concentratlons and by hlgh concentrat:ons of neutral

L
~

organlc spec1es such as urea.-
f“

‘1;3':ThéquibflMeasurement.Based“on-lon”EgchanQe‘
The lmportance“of lonlzed ca1c1um 1 vels in-

Vblologlcal systems ‘was. outllned ln Séc;fin 1~1. Due~tov

'llmltatlons in most of the methods dlscussed 1n Sectlon

RS 2. an alternative method to’ determine 1onlzed ca1c1umh 6.

v-concentratlons in blologlcal flulds 1s needed.-.In th;s;

.’ . R

f@_,



\.T;.3.i Ion exchange equlllbrla

' metalllon;‘M*+, a hlgh concentratlon of an inert f

ﬂpha§§$' and'is defined as:

.A_¢.. . : E A

:"work, characterlzatlon of the Lon exchange column"

. -4 ' R
R equlllbratlon technlque (IEX) to determlne free calclum L

LA

) - -

ifconcentratlons, and prellmlnary studles of the appllcatlon
's.of the - method to urlne samples, w11§ be dlscussed._ The ;1;1'”

LIE thod has been used to determlne free copper 1on

'ico centratlons 1n natural waters [e3, 64]' Therfollow1ng
d;scuselon on lon exchange equlllbrla (Sectlon 1. 3 l) and
'the flow-through column equlllbratlon method (Sectlon

ol e

,_l 3.2) 1s based on reference 64.

tw
’_" ,",

,j.\ i

'7bf' In a system contalnr'g trace amounts of a dlvalent

“felectrolyte (e g. NaNO3) and a few mllllgrams of ‘a strong

8 ac1d-type catlon exchange re81n (e g._Dowex 50W-X8), the'
b,

: followxng equlllbrlum w111 prevall when the pH is 1ow

'enough that no hydroklde spec1es are formed-'.

.
: )

. v

K' h . . L . ,

'where R represente a. resln flxed charge slte EKTE is the '

‘thermodynamlc lon exchange equlllbrzum'constant for the‘

.

hgmetal ion dlstrlbuted between the solutlon and the resin



o “ - ol.i
R ;"I‘RZM AaNaA“ i -
( kTh_ .= 2)
' ’ a 44+ al
, M RNa
N e}
Here aj is'thef%§EQVity .f the spec1es 1. Equatlon (2)
v : '
‘can be wrltten in terms of spec1es concentratlons, [;]g
and act1v1ty coefflcments, Yif  A ; A |
k‘}' L ' E . . 5
P = [RyMI[Na™]“ JYRM ° Y o+ e
<y ‘ . - xTh : s . o o o
LT o ++4r 2 L2
.o D - [MTTI[RNal® Yyt YRNa *fm"

| ‘where YRZM and ygNa are - the respectlve actlv{ty
' coeff1c1ents of RoM and RNa in the re51n phase.
- - If 1t is assumed that all test solutions are: o
_' swamped" w1th a hlgh conqentratlon of non-complexand '
"strong electrolyte,‘lt can be safelx stated that the 1on1c}

'strength ls constant, and that the activ1ty coeff1c1ents

are therefore also constant. The presence pf a trace .

. .x :
- amount of metal in any form 1s not expected to change the '

b

‘.*total ionlc strength of the system,'so equatlon (3) can be'ﬁ

-

wr1tten in the form v” R 3'”?



n. . . ‘ .'
B = K o = i Tt ‘
e T o '_\‘YRZM”-‘.;.'YNaf SRR P!
- N . \

;. where KIE is the. concentratlon equlllbrlum constant of . the N
metal ion between the aqueous and the re81n phases.u:‘
A second assumpt{on neceésary to the method is thatfi
only a small fractlon of the exchange 31tes on the resln'.
owill be occupled by the metal, i. e. ~RoM . << RNa. Thls is.
controlled by the electrolyte concentratlon.‘ There must:'v:
© be prov1ded a hlgh enough [Na+3 to guarantee the abova
’ condltlon.v The . upper 11m1t of the Na concenératlon lsdl '
' governed by the desxre to malntaln adequate sen31t1v1t§‘7 g??-

(related to re81n uptake) of the metal 1on, M2+,'and to g o

R av01d flow problems assocxated w1th 1ncf“§§ed v15c031ty$§F
' - ) T

- exchange condltlons [65 66] | Thus, upon chang;np

' metal ion concentratlon the amount of Na rgj rom_or

total Na concentratlon 1n the system., Under».ﬁ_f'

. v

condltlons both [Na*] and [RNa] may be considered ~
L constant, These conetants can_beﬂlncorpoqated ln KIEdand,u 1

~upon rearrangenent,“eguation (4) willftake;the following |

form: . Y. L - R T T



tktconstant as long ‘as trace lon exchange condltlons are ~

’ -

[R,M] 12 ,. R
277 [RN ] o R
L m-[M++j.— KIE '-k;‘%}j =X L ‘(5)~

».., -

where xo is the dlstrlbutlon cOeff1c1ent of the\free metal
ion between the solutlon and re51n phases. ko wlll begy

>

“malntalned, and the swamplng electrolyte concentratlon is
held constant. If the swamplng eiectfolyte concéntratlo;
is changed both [Na*] and- KIE will chiage.b The change in
:KIE is due to the: dlrect effect of ionic’ strength on
vactlvlty coeff1c1ents 1n both the solutlon and res1n"

',phases.. Thus the(yaLue of Ao wxll change as a result of '

n'both changlng KIE and’ changlng 1/[N&*]2 | o .

A third assumpt;on 1s,that the free metal,ion is‘the

:tonly calciUm cdnﬁétning species sorbed'onto'the.resinud

' Thls assumptlon 1s not llkely to be met 81nce, fn

w-prlncrple, any catlonlc spec1es is. llkely to undergo 1on~

ltexchange to some extent.' H0wever“1t 1s predlcted ‘that

‘complexes w1th lower charge than the free metal w111 sorb

to a lower extent. Uncharged spec1es also may sorb onto

'lon exchange re31ns [66].

‘1 3. 3, Flow—through column equlllbratlon metﬁ%d
Thls method 1nvog§%s passlng ‘a test solutlon, swamped
with NaNO3, through a known quantlty of a strong catlon'

‘exchange re91n in the sodlum form untll the total metal
v . \ :



"equlllbrlum thh the unperturbed test solu’

o the re51n ls 1n equlllbrlum w1th a solutlo

~ from. the sloge of a callbration curve obtained in the

\_' . .- A
\ . ‘. .
. vo ' -
e N w. ', : .

f concentratlon in the effluent is. the ‘same’ a8 that of the :

‘ ltest sorutlon. Thbs the resxn in the column is brought to

-

n. That 1s,

.o

rom whlch no

metal spec1es in. any form have been taken up by the

.'re51n. Any further passage of fresh test solu‘lon w111
'cause no- Change in the metal specaes dlstrlbutlon ln

r elther phase.

~ ’

-

Aswamplng eleétrolyte to the sample solutlon somewhat

‘perturbs the or1g1nal sample solutlon composItlon because

B U

.\_/'

CIE 1s‘1mportant to recognlze that the addltlon of the_‘

1t changeé.the act1v1ty coe£f1c1ents. Thls will‘shlft the,_l

N ﬁlon exchange equllibrlum system (equatlon (4)) and thus‘

change KIE" It will also Shlft the solutlon equlllbrla by

. 1ncrea91ng the acld dlssoc1atlon constants of organlc‘

ligands and decrea31ng the condltlonal stablllty constants

of metal complexes,_at leasﬁ:ft ionic strengths below 1. 2

y Under trace ion exchange conditlons, and assuming

7"that M2+ is the only spec1es of the metal M that ia horbed

ontonmhe resln, ‘the- amount of metal sorbed onto the resln

is dlrectly proportlonal to the free metal ion

Qoncentratlon 1n the solutlon phase._ The value of the

dfstrxbutlon coefflclent, Ao (1n L/g), can be datenmined

g

' absence of complexlng 1igands., The detector signal



N

measurad by an approprlate analyt1ca1 method upon elut:.ori~

“of. the equlllbrated column w1th a hlgh concentratlon of

iy

hydrogen 1on is- proport10na1 to the metal 1on

concentratlon ln the resin phase, [RzM]
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~ CHAPTER 2
CHARACTERIZATION oF R EXCHANGE/ATOMIC ABSORPTION §&5TEM

' FOR IONIC CALCIUM DETERMINA%ION

Ih the ion exchange column equlllbratlon method, the
. .

solutlon of lnterest is passed throu%h the column of’
.re51n, and then t ste, untll complete breakthrough has

been achleved. At thls stage the COmposltlon of the

column 1nfluent and effluent 1s the same., That 1s, at f

complete breakthroUgh, the re51n 1s 1n equlllbrlum w1th
fresh_unperturbed test solutlon. Therefore thls method

offers a SLgnlflqant advantage«of carrylng out

Lo +
.. ~measurements w1thout perturbatlon of the exxstlng

~—t

' equlllbrla in’ the test solutlon.‘
SA semtautomated~system was developed prev1ouslx in- ;\\_
seudy to determlne free copper [67] - In thls method a |

\ L)

B ’ mlnlagurized lon exchange re51n column was used and the B
R system was coupled dlrectly to the nebullzer tublng of’ a o
flame atomlc absorptlon spectrophotometer. The metal lon

'i was eluted from the resln as a narrow peak, the area of

}L{. whfch was proportlonal to the free metal ion concentration:'-

in the’ 1n1t1a1 test solutlon.

u .



:t:“and eff1c1ently.

_'Chemlcal Co ), nltrlejac1d, HN03 (Flsher Sc1eht1f1c Ltd \) ;

.c0ncentrat10n of free calc1um in urine. samples. In

ET

i{}‘-f‘ addltlon to ﬁhe features descrlbed above, the sys&em used

j-_for thls study employs mlcrocomputer—controlled

'

o

serles of valVes which regulate the flow of solutlon. _

4

o

5

. -

J2.2 Experimental ' % . 1 ;/§'

o«

2.2.1° Chemlcals, resin and stock solutions

The. chemlcals used were._'Caidium nitrate,

'Drug House),‘pota551um nltrate, KNO3 (Brltlsh Drug House)

-

hydroxyethylplperazlne-N —2-ethanesu1fon1c ac1d (Aldrlch

-

4

'-acqulsltlon and proce551ng of data and operatlon of af _vL

{Ca(NO3)2-4H20 (JMT Baker Chemlcal Co ),‘sodlum chlorlde, .

--Thls allowe the measurement step to be carrled out rapldly

'NaCl (Brltlsh Drug House) sodlum nltrate, NaNO3 (Brltlsh R

'magne51um nltrate; Mg(NO3)2o6H20 (Flsher Sc1ent1f1c Co ),,_Q

']urea, NHQCONH2 (Flsher SCIentlflc CO ), HEPES, N 2-3df:y,p'

St

a

) The present study 1s dlrected towards determznlng the'HV‘

- sadium hydroxlde, NaOH (Brxtlsh Drug House), and potasslum J' L

: hydroxldE KOH (Amerlcan Sc1ent1f1c and Chemlcal Co )

- ,
The resln used 1n the column was analytlcal grade'
/

'200 400 mesh Dowex SOW-XB strong a01d type catlon Exchange

fre51n (J T. Baker Chemlcal Co.s w1th an 1on exehange

i,
S {5..
LA 4

SR A o e

LI

PO
o :



- ;water and dllutlng to 500 mL H@PE_

"capac1ty of 5 1 mllllequlvalents pez5gram on a dry

'ﬂba51s._f

ke

_.v" B . "‘:.- .
', Delonlzed water was used 1n preparlng all

e

r}"s01utlons« ~Dlst111ed-watergwas passed through a column of

B mlxed strong ac1d and strong base ion" exchange(re81ns'

' (Amberllte MB-3,.Rohm and Haas Co ) to obtaln delonlzed'
A RE
L . E2
’gwater. Calcxum nltrate stock solutlon (1000 pg/mL) was

! prepared by dlssolv1ng 11 78 g of the salt in water and

B ’

vdllutlng to 2 lltres. Thls solutxon was standardlzed

agalnst EDTA.- Sodlum chlorlde solutlon (1 0 M) wasvvr

't,fprepared-by d1§solv1ng 58 44 g of the salt in’ water and f

.-~diluting’to l lltre. Sodlum nltrate solutlon (2. 0 M) was

' prepared by dlssolv1ng 110 0 g of‘%he salt ‘in water and
”,dllutlng to 1 11tre.y_Pota551um nltrate solutlon (2 0 M)
_was prepared by dlSSOlVlng 202 2 g of the chemlcal 1n

"water and dllutlng to 1 11tre.- Magne51um nltrate solution

o —(1000 pg/mL) was prepared by dlssolv1ng 10.55" g of thez

chemlcal ln water and dllutlng to 1 lltre. Urea solutlon'

"(2 0 M) was prepared by dlssolv1ng 60.06 g of’ urea in

vl
"prepared by dlssolv1ng 0 238 g of the chemlcal 1n water

and dllutlng to 100 mL ' Nltrlc ac1d eluent solution (2 M)”f_

was prepared by dllutlng 130 mL of the concentrated ac1d

’f(?O%) to l lltre w1th water._g:'

solution (0 01 M) was""



N . [ o . s ,- i ;o ) L
;2 2. 2 Apparatus jr;v,~‘i' ‘
o A A
The 1nstrumenta1 system 1s shown schematlcally 1n‘

'Figure 1._ The varlable speed perlstaltlc pump (Mlnlpuls

, 2, Glbson, Vllllers-le-Bel, France) was fltted w1th twov.

'-.0 081 1nch i. d. crear standard ﬁPVC) tubes (Technlcon

‘fv tube pumped elther water

'Corp ). One of the ‘%be‘s pu

rthe eluent (2 M HNO3)

::dependlng on the p051tion4 valve' lL Teflon tublng of.

fo

- 0. 8—mm i. d (Mandel Sc1ent1f1c Co.,dRockwood, Ontarlo)

o

;connected the remalnder of the system.' Flow of solutlon
in the system was controlled by a ‘series of solen01d

'valves (General VaIVe Corp.;‘Hagover, NJ) Valves Vl to

) g\ <L

‘V4 are three—way valves.. Valves V5 to Vg. have one common
',:1nlet but four separate outlets..' | :
Detalls of column constructlon are olven in Sectlo:
L 2:2 4. Ca1c1um concentratlon was monltored with a flame
| atomlc absorptlon spectrophotometeq,(AAS) (Perkln—Elmer,

- Model 290 ﬁ) A plece of 0 5-mm i. d TeflOn tublng was | ;

'connected from valve Vg to the nebullzer tublng of the
:';AASZ’ A valve controller un1t (bUIlt 1n the electronlc,i

.‘workshop, Department of Chemlstry, Unlver51ty of Alberta)

'was used to operate the valves. Both the;valve_controller
unit and the atomlc absorption spectrophotometer.had~beenv
.'lnterfaced with an'IBMhPC microcomputer'[4ll68]f¢ This"“
'venabled mlcroco‘puter-controlled operatlon of zalves and

A proce531ng of data that was acqulred from the AASow

led the sample and the other’ew»'“
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' 2.2.4 Column construction'

X3 The flow of solutlons durlng dlfferent cycles in

measurlng free calc1um 1s shown 1n Flgure 2. A prlnter -

'h‘model FX 80 (Epson Corp ) was used to prov1de a prlntout
of the data. A c1rcu1at1ng thermostat (Brlnkmann LT
';Instrdments) was used‘to(malnta1nna codstant temperature?
dkib;5;C)*inithé“water§jacket-surrounding'thelcolumnf:}._f

"reSin. pH measurements:were made with'anﬂorion Research,
_model 701 pH meter u51ng a mlcrocomblnatlon electrode

C:'-

(Cole Parmer Corp )

. 2 2.3 Cleanlngiof equlpment_

~
Alllglassuare used for the experlments was flrst

:cleaned by washlng with: llquld detergent and thoroughly

r1n51ng w1th tap water. Thls was followed by soaklng p,;_i

T

overnlght 1n 30% (v/v) HNO3 and then r1n51ng thoroughly
3w1th dlstllled delonlzed water. - The flow system and the

'Are51n column were cleaned by pumplng 2 M HNO3 ac1d

’7301utlon and then r1n51ng by pumplng dlstllled—delonlzed R

twater.'

Analytlcal grade 200 400 mesh Dowex SOW—XB catlon -

LY

<p -

exchange re81n (J T. Baker Chemlcal Co. ), w1th an’ exchange

1capac1ty of. 5 1 meq/g of dry re51n, was used to preparer'
‘the column. The resxn was pretreated by repeated mg

sedlmentatlon and decantatlon 1n water to remove: flnes and
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.

“followed by alr drylng [65]

rglass frits

- end of the

4hwas then washed wlth HCl. NabH, ethanol, andﬂwater,ﬁf e

e cL e
The column de51gn was 51mxlar to that descrlbed 1n

‘the llterature [67] A 50-mm long Teflon tublng of l 5-mm

’

i. d. (Mandel Sc1ent1f1c Co., Rockwood Ontarlo) was . flared

".at both ends (Flgure 3) ThlS length of tublng was

. l

:requlred to accommodate the two end flttings (Chemlnert,‘

Laboratory Data Control R1v1era Beach, FL) A tlghtly

flttlng,'small cyllndrlcal glass frlt (So-pm por051ty,

approxlmately 2 mm long and about l 5 Twn in dlameter) was

4

-pressed lnto the Teflon tublng and plaCed about 20 mm from

e

.

onevend . About 5 mg of the ry res1n were packed 1nto the E

A

]:of the re51n partzcles in ‘the center of the tube.s\A'

»

second tlghtly f1tt1ng glass fr1t was pressed 1nto the~

L .5

"’tube from the same end through whlch the re51n was packed

,and placed close to the re51n but 1eav1ng a space_;

: approx1mately equal 'in volume to that of the resln. "This}f

-

pace was kept to allow for swelllng of the re51n., Thef

ere. made by drllllng cores from a 81ntered:‘-

lass*platg,.

. 0. 063—inch'o. . 0 02 1nch i. d. was pushed through each

amount of resin in the completed column determlhed by

FlnalIy a tlghtly f1tt1ng Teflon tube of T

olumn to reduce the dead volume. The exact‘ _

,Teflon tube from the. oppoS1 -end u31ng a flne spatula.‘i T

fThe tube ‘was tapped gently durlng packlng to collect most Tl
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:5was 4. 79 mg.‘

. 2;2,5 Instrumental coqﬁ)tlons_"',. - _”'”im'L

Q’

By adjustment ofVZhe perlstaltlc pumg,fld

'”the £flow rate 1n all 11nes was set to about 4. 5 mL/mln. g»;k

.

‘sThlsvrequlred a settlng on the‘pump.of‘about 666.».The

-~

‘ atomlc absorptlon spectrophotometer condltlons for

L r

' monltorlng the calc1um 51gnal are llsted 1n Table l.

r B

Table 1. IMstrumentdl parameters for monitoring calcium

et by atomicxEbsbfptionyspectrOpbctbmetryvf69]t'_1\;\
WaVelengtH;;nm _ ;d ' L o o SRR 42257H
Lamp éurrent, mA' _ &" , j.:. U l_ta'»fS
—Spectral slit w1dth, A{-_("' AT g
‘Mode - T t. '”'_' Absorbance‘f'
"Slgnal oy | Peak’ area and peak helght
Asplratlon rate,.’ mL/mln N . » , ’pﬂf'“l 4 5
Aceterne Pressure, psig’ dﬁf; - R 81
Air pressure,nps1g_le'~f"n o l. f52

.

'72 2. 6 Preparatlon of test solutlons and blanks
‘ An approprlate volume of the electrolyte-solutlen was -
"measured into a clean 250-mL beaker to glve the requzred -
1onic strength.- About 75 mL of delonlzed water was added

'_.-to the beaker and the pH" adjusted to the deslred valé '_'



-withldilute:HNO3 or*dilute NaOH}: Thls was followed by the'rf

slow addltlon of an approprlate volume of a standard
’.\'; B .
calc1um solutlon wlth magnetlc stlrrlng. 1n some cases a. . .«
;‘flnal pH ad}ustment was requlred._ The solutlon was then_"i,

Zd'ransferred quantltatlvely to- a] 00 mL volumetrlc flask

1d»d11uted to the mark W1th d lbn'zed water.v The pH was‘fd

vﬁ.recheé&ed. and lf necessary, adjusted w1th a very small ‘
wolume of dilute HNO3 or dllute NaOH séias to cause .'dt.
negllglble change ln the flnal concentratlon of calcium/xﬁ\g\'
the solutlon.;"5 t} - - ‘f:‘y‘j i S ﬁni;:. SR

. Blanks were prepared in a sxmllar way but wlthout the
LR P . s D : : v
L addltlon,of the ca101um solutlonr

z- : T SR o R .
P 2 2. 7 Procedure for free metal determinatlon JL

b I 8
& T
The lnstrumenta] setup descrlbed 1n Sectlon 2 2. 2 was-'

/ 1

<.

- used tb measure frem calc1um employlng a 4, 8—mg column of

Ry

resxn._ The temperature of the resxn column“was malntalned

at 25 ; 0: 5 C durlng all measuremen&;. Flow rate in Qhe
.system was ad*usted to about 4.5 m&/%&n w1th the ,aid aﬁ
the perlstaltlc pump.v The atomlc absorptlon spectrophoto—};’
meter condltlons used for monltorlng the calcium signal

p T . ."#\

are llsted 1n Table 1.; . - *} : _}\,-"

B 1 mlﬁute prlor to loadlng with the test solution.l

period required to attaln complete bredkthrough during the fﬁ

0;“"*' &\ﬂi‘ o « ‘- » o 3 S o e .
g S _ . 1 TR S o . , T o L
B . ' ’ " ' - "»"'l W ’ e S, o ’ - ’ A £
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e

lﬁfjrloading cycle;wa53determined“by'Studying-the column

'.war.. backwashed wlth water for 3 mlnutes to emove any

eduilibration'curves; After the loadlng cycle,_the column

v-lnterstltlal test solutlon.3 Durlng thls cycle the flow

was' dxverted to ‘the: AAS for 2 mlnutes. -The athlng cycle'f"

. s
was’ followed by the elutlon cycle durlng which’ 2 M HNO3

- was passed through the column ' Flnally the column &‘é

'washed agaln WIth water before 1ntroduc1ng the next test

'4solutlon. The data acqulred from the AAS- was processed

.0

: after each measurement to obtaln the peak helght and peak

‘area.. «f '72v' _
o ’ . . L . f"/ E » - ) ,'.1, L !
2.3 Results and Discussion R ' N\

2.3, Column-equilibration'curwes R v7 ' S

u‘

In thls sectlon the t1me perlod requlred to achleve

» complete breakthrough for dlfferent test solutlons Wlth
'.the column of re51n was examlned.. Column equlllbratlon -
;curves of the followlng solutlons were studlejﬁg 0. 5, 1 0

an .0 pg/mL Ca, all in 0 1M Naal- 25. 0 pg/mL Ca -in 0, 75

03 and 25 0 pg/mL Ca in 0 5 M KN03. Test solutlonsl

—

_j'were prepared at pH 5 00 + 0 05 as outllned ln Sectlon

2. 2 6.

Each test solutlon was loaded for dlfferent perlods
. f . )

b

'of tlme. Flow rate was malntalned at 4. SJmL/mln. a1l

e et



T

- ) ’ '

,exper1ments were carrled out at 25 'O'S'C. Slmllar peak

area values were‘glven when 2 M HNO3 ‘and 3 M Hnasnwere
nused as’ the eluenfs.v However 2 M HN03 was selected as the
yfeluent,>51nce it had been reported to be more sultable 1n
) fan earller study [63] dﬁ“\‘ | |
The results for the loadlng curves for sobutlons wlth
0.5, l 0 and 5. 0 pg[mL Ca .in 0.1 M Naci are preeented in-
:Flgure 4. When compleze breakthrough has been achlevedjg\nrfr~

B
the calc1um content of the re51n does not 1ncrease WIth

.

o *
- time. Therefore the breakthrough regions: are shown as’
N \ . B “a#

,;{plateaus in these flgures. iThe tlme requlred for complete

-

ybreakthrough does - not change as the‘concentratlon'of“;
ca1c1um 19 1ncreased at a g;ven electrolyte concentration,.

'1n agreement w1th theorgk ?hlsvls ev1dent by comparing

~ the curvés. for 1 0 ug/mL and 5.0 pg/mL calczum solutlons

in 0. l M NaCl (curves b and c in Fzgure 4)
The equlllbratlon curves for 25 pg/mL Ca solutlons 1n

0.5 M KNO3 and 0.75 M. NaNO3 are presghted in Flgures 5 and

s

6, respectlvely. These solutlons requlre less than 2
l mlnutes to attaln complete breakthrough at a flow rate of

4.5 mL/mln; Thls 1nd1¢ates éhat’the.metal ion requires 7 s

less t1me for equlllbrlum to occur between the solutlon ‘

fpﬁase and the resln phase when the swamping electrolyte fs-&wﬁ
! : : , e

“zconcentratxon ‘is. 1ncreased. SR

i

u,'.‘ . ;o
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o f‘igure 4. Column eqﬁilibtation curves, (a) 0.5 pg/mL calcium in 0 1

‘ M NaCl, (b) 1.0 pg/mL calcium in 0.1 M NaCl, (c) 5. 0 ;g/mL '\
®alcium in 0.1 M NaCl._ Flow rate, 4.5 mL/min. MNote: ~AA
sensitivity was changed for the ‘different aolutions, so
peak areas among ‘Plots are not directly comparable.
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.



R
A

Ca00F .o

'. Péak; A"réa

: Figgté-s. Column equilibration curve £or 25 pg/mL calclun solution ;:;~:

 0,  — . 80 SR 60
| Equmbra@n Tume (mm) |

3
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' _f125 ug/mL were. prepared at pH 5 as outllned in Sectlon

2 3 2 Callbratlon curves w1th 0 1 M NaCl as electrolxte

Standard calc1um solutlons ranglng from 25: pg/mL to

2. 2 6. The above range was selected in’ order to match the-,ﬁf

';concentratlon of calc1um that was . usually present in urlne
'[70] Each solutlon was passed-through the column of I

vresln for a perlod of 10 mlnutes and the free metal was"

ST

’determlned as descrlbed 1n Sectlon 2.2, 7.‘ The callbratlon"‘

_curve for the standard solutlons prepared in’ 0. 1 M NaCl 1sf

‘shown in Flgure 7 Peak area: vaIUes ‘were . used Ln the.'

_'p;eparatlon of all callbratlon curves.‘ The curve does not_ff-"

PR C. 2
show llnearlty, even at the lowest calc1um concentratlon’

,studled, 25 pg/mL : This 1nd1cates that the column is not

.operatlng under trace condltlons at hlgher concentratlogs

';when the ionie strength is 0. 1. ;.

- This result ‘was further examlned by carrylng out the'

ufollow1ng experlment. Each solutlon was passed through

the column for a perlod of lO mlnutes as before but in the .

.elutlon cycle the effluent from the column was collected

1n a 50—mL volumetrlc flask 1nstead of passlng it dlrectly

to the nebullzer tubing of the AAS. The contents of the
flask were dlluted ‘to- the mark w1th 2 M HNO3 and the

resultlng solutlon was asplrated into the AAS. The

‘k COncentratlon of calcxum in ‘these solutions was determined

v

.gby referrlng to a callbratlon plot made by aspirating

’
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Figure 7. . Calibration curve for standard calcium solutions in 031 M.



1set of standard calc1um SOIutlons,-ranglng from 5 pg/mL to
: 25 ug/mLh prepared u51ng 2 M HN03 as the dlluent. These k

‘ustandards were prepared 1n 2 M HN03 in’ oﬁher to match the

: calculated as follows- 7‘.:»”fJ"”

e T I T . Lo c
S L e S S P RPN 5 (o)

B Y

B
: . . . ; o - RIS . RS P
st [ o . . RN ! ’..’ ) _1

3

fmatrlx of the effluent from the column

The fractlon of res1n 1n the ca1c1um form was'”'

where 40 08 is- the atomlc welght of ca1c1um., The number

n

of mllllequlvalents of calc1um on the resxn 18 tﬁen ,
< Y
B3 'J. . . . i . . . . ".’ .. ,’ PRy : T B

gm XSO x m Xv 2 D f . . _:‘.'-a_.',“.; @

i . . o i
,.

Slnce the exchange capac1ty Of the resxn used in thls t{:”'

: o R .‘é:
 study is 5. 1 meq/g, and the welght of resin in the column >

rls:O 00479‘9, then the total number of equlvalent sxtes on

the resin may be wrltten as 7:95.l_'- S ]ff[ R

) . .
.é

.
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"Table 2. ,Fractlon of re51n in the calc1um form at

17 v breakthrough condltlons after equlllbratlng the'
: ’_column w1th standard calcium solutlonﬂ in 0. 1 M

,NaCl. o o
 Concentration of calcium - L "i'Fraction“ofgresin'
- -standard solution (pg/mL) . - - in the calcium form
50 e 08
75 Y 1 3
100 - L s 04350

125 0441 s

_The: results (Table 2) clearly show that the column 1;,/

N not operatlng under trace c0nd1tlons w1th the calc1um
e \ .-

'.:solutlons consldered above in 0.1 M NaCl

Free metal determlnatlons carrled out on 5 Set of

-

'v‘:solutlons ?&5 and 50 pg ca1c1um/mL) in O, 2 M NaCl also

exhlblted non-trace condltlons of calc1um on the resln.i“"

. SR ‘
Therefore“it was necessary to examlne SOlUthnS prepared

1n.hlgh¢& electrolyte concentrations 1n order to achleve'

. ;sultable calxbratlon curves.

' v ‘



L -‘electrolyte conCentraplons.;

‘23

: ;At‘hlgher electrqute concentratlons, NaNo3 was
,f,eused 1nstead of Nacl to mlnlmlze any complexatlon of free~_

"_calc1um by the elecé%olyte anion.f Solutlons Jere prepared

o s descrlbed 1n Sectlon 2 2 the addltlon of an

6w
, approprlate volume of a 2, _g_sodlum nltrate stock”
. ] ,“"" Ny ' . ..l\_

4

,.solutlon and adjustment of pH to 5 00;+fG 05 wlth dllute

HNQ3 Callbratlon curves were examlned,at three dlfferent

.electrolyte conCentrat1dhs_- 0 5 M,_O 75 M and 1 0 M

.NaNO3. All the solutlons were equlllbrated w1th the

lcolumn of re31n for a petlod of 5 mlnutes and free calc1hﬁ o
vv:fdetermlned by the method descrlbed in. Sectlon 2. 2 7. jA-v;).‘f
'jstudy of the column equlllbratlon curves (Sectlon 2. 3.1)l -
'cfshowed that thls 1oad1ng perlod was sufflcient to achieve:?’.

fcomplete breakthrough Cpndltlonsu, Results are presented

'1n Flgures 8 to 10 for the- dlfferent sodlum nltrate L

‘-\

D fA'comparlson of the calxbratlon curves shows that the”J;‘

hllnear reglon offthe plots extends up to a higher

‘ ‘;ﬁconcentratloﬁ of palcxum as the electrolyte concentration .

»15 1ncreased.. For example. the peak area observed for the ;
"~1,solutlon w1th 125 pg/mL calcium Ln 1 0 M NaN03 falls “

hfw1th1n the élnear reQLOn_vhereas th1s is not the case with S
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‘ ~_concentratlon so that 1tlls Stlll useful as a callbratlon

-fncharged solutlon within. tbe re81n pores._ Among the

. >

‘jvthe non-llnear reglon observed W1th the plot hav;ng 0 '5 M

‘ NaNO3 shows a reasonable change 1n peak arga w1th

(S B t

'curve,. The flgureg Show that the callbrataqn plots w1th
’~0 75 M NaNO3 and 1. 0 M NaN03 have a- negatlve 1ntercept

:whlle the plot w1th 0. 5 M NaNO3 passes through the orlgin.

-~

,-the reason for whlch isg not known.~ Blanks con51st1ng of"

curve, and-peak areas»were;alwaysvnegllglble.

'Iffactivity‘coefficients are shifted byﬂincreasing “

o

r

the 1ntercept would Stlll be expdbted to be zero.: At higr

ionic strengths the re51n behaves as’ though calcxum ionsn;
yare excluded unt11 they attaln some threshold\level, after

- whlch they are able to force thelr way rnto the hlghly

<

experlments that mlght be conducted to 1nvestlgate this

-

behavlor are the replacement of calc1um w1th other

- - v /,’ i

*@;dlvalent or trlvalent 1ons” both organic“+ons and—metal

..'--.
A

- flqgs =replacement of the sodlum or pota581um with other

”monovalent catlons such as llthlum, ammopium‘ or alkyl

hln place of calcium, alone in pteparation of the

calibration curves.'ffji :l Q:;‘ ”f ”:-;.,'11 S 'l”j

.the other electrolyte concentratzons consldered. chever,*~

Honly supportlng electrolyte were run for each callbration _‘

';lonlc strength, ‘a chan e 1n slope would be predlcted,.but.-

‘e

. .
;,'ammOnium species, and use of a calcxum ion t;pffer ;d{htion '
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The non-llnear nature at hlgher calclum‘;

~concentratlons for curves w}th 0 5 M NaN03 and 0. 75°M ul

'NaNO3'can be explalned as. follows » By examln;ng the-‘--u

equation: ' o ; --j;‘[' , L

[RZMJ;;'K'A;t'ERhglzid e T
—f- JIE . /= e L8
1T Naty® / )

N _1t is clear that [RNaJ/[Na+] has to be constant in order i,

to. have a l1near relatlonshlp between [RzM] and [M++]
\

-

Upon: changlng the calc1um lon concentratlon, changes,an '

.

' \
~ the. amount of Na rereased from or sorbed by the‘reSLn
'would be negllg;ble in comparlson w1th the total Na v

the system only 1f there 1s a hlgh enough concentratlon of

i

vsodlum in the éolutlon. Under such condltlons both [Na+J
and [RNa] can -be cop51dered to be constant thus glVlng a
vllnear relatlonshlp between [R2Ca] and [Ca++]

o 2.3,3.2 Wlth,potaSSLQm‘nltratefas electrolyte |
Vo
Examlnatlon of callbratlon curves at KNO3

'v

vcoqcentratlons of 0 5 M and 1. 0 M ls descrlbed ‘in thls

¢

- ! -

:sect1on. -Solutlon preparatlon and free calcxum

”determlnatlon were carrled out as detalled 1n Sectlon

%

2, 3 3.1 but w1th ‘the addltlon of an approprlate volume

"from a2. O‘M potassium nltrate solutlon as the electro-’

”lyte. Results are presented 1n Flgures ll and 12.-

v
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: " Fiqure 12. .Ca'_l‘ibratioh curve for calcium standards in 1.0 M KNO. at



- PN

"'The sorptrow of more}

.
.

ﬂhe plots w1th 0. 5 M KNO3 show a srmllar trend to

those obtalned'wlth 0 5 M NaNO3 as the electrolyte

(Sectlon 2 3 3. l) However, the callbratlon curves fbr

}‘the two electrolytes at 1 0. M concentratlons are
: dlfferent. The plot relatlng to. l 0 M KN03 beglns to h

curve off around a calc1um concentratlon of 60 pg/mL

whereas that relatlng to l 0 M NaNO3 glves a llnear reglonj

even .up to a. concentratlon of 125 pg/mL 1n calcrum.»

A p0551ble explanatlon for the above experlmental vaf

observatlon cOuld be that at hlgher 1onlc strengths more
. .{ _

,calc1um 1ons 1n a glven solutlon are sorbed onto the resln

¢

I s T -

when KNO3 1alused ‘as the electrolyte 1nstead of NaNO3.

¢t& . 1‘-3‘

vcarc1um onto the resin would cause

ey

'afflnlty than sodlum towards the gtrongly ac1d1c catlon

'exchange resins due to its smaller hydrated 1on1c 91ze f

Al

[66]. On this basls 1t mlght be expected that at a glven

e

~electrolyte concentratlon less ca}qtrm would be sorbedv

onto the resin when KN03 is usedﬂﬁn the swamplng

"'electrolyte than when NaNO3 is used w1th ‘the same solution

of calc1um. However, a reversed selectxyity order of

_ metal 1ons from the expected trend towarda ion exchange

6)

»'resxns at hlgh ioric strengths has been demonstrated

prevrously by several studles_[71-73].

v

L

&




‘_2 3 4 Effect of magne51um on free calc1um determlnatlon

79“The effect of magne51um, at the levels usually

present 1n urlne, on the determlnatlon of free calc1um was

]

',examlned. Three test solutlons, each contalnlng a total

I.

dca1c1um concentratlon of 75 ug/mL and an electrolyte
‘.concentratlon of O 5 M KNO3,,were prepared.” An
approprlate volume from a. magneSLum nltrate solutlon was

'added to two of these solutlons to briﬁa\the final -

\ >

;imagne51um concentratlon to 50 ug/mL and 100 pg/mL

- 0.05 w1th dilute HNO3.7 Each solutlon was_equlllbrated .

’respectlvely. wThe normal rangeuofvmagne51um in urlne"is.'

1

~about 7- 109 pg/mL.» The thlrd solution contalned no

v -

magne51um;v The pH of the . solutlons ‘was adjusted to 5 OOi:

‘_w1th the column for 5 mlnutes and the elutlon peaks were

'22.29 +0.35 (n = 2) and 21. 61 : 0. 38 (n =)

fthe levels usually present 1n urlne, does not 1nterfere

“compared.. The peak area for the solutlon without

¥

'magne51um was 21. QD + 0. 69 (n = 2) whlle’that for the

e

respectiVely.i Therefore 1t 1s clear that magneSLum‘ at

.

— R

'w1th che measurement of free calclum. 8o long as the

equ111br1um between the swamplng electrolyte and magne81um

is such that magne51um uptake by the reSLn is small (less

- ‘
«sthan 1%), magneslum would not be expected to 1nterfere.

) Under these condltlons the 1'u111bratlon of ca1c1um and

e

'.solutlons contalnlng 50 pg/mL and lOO pg/mL magne51um were,7 B

-



: magneSLum w1th the re51n can be con81dered to be."~

-

,w1th the equlllbrlum between calc1um and the swamplng

= electrolyte would only be expected to occur when the thlrdgf

PO

fcatlon is so strongly taken up by the re31n that the

number of exchange 51tes aVallable for the calc1um
. i J

K equlllbrlum,ls 51gn1f1cantlykreduced. A major reductlon

o .-

:1n the number of exchange 31tes avallable to the ca1c1um R

s

' a reductlon in the amount of re51n avallable ln the R

_ﬁthe cqumn durlng the measurement step._

~ to low results.q

"‘»'2 3 5 Effect of urea ‘on. free calc1um determlnatlon-~

'column, and would reduce the amount of calc1um eluted fhﬁ,

-@ ¥

et

Two test solutlons, each contalnlng a total calcium,”'

This would leadr-

fconcentratlon of 75 pg/mL and an electrolyte concentratlon.,”t

, of 0. 5 M KNO3; were prepared. Urea was added to one of

.

) present 1n urlne,_slnce the normal range of concentration‘

'jg. volume of urine voxded is 1 to 1.5 L/24 h._-The pH of the

\)h

‘;these solutlons to glve a flnalyconcentratlon of O 57 M.

Thls corresponds to the upper 11m1t of urea usually

f_,of urea in ur1ne 1s 10 to_35 g/24 h. [74], ‘and thg normal

vi'solutlons was ad)usted to 5 00 ; a. 05 with dilute HN03.=

.;-\

‘ Eadhnsolut1on was- equlllbrated with the column for 5

L

o,

71ndependent of each other.' Interference by a- third.catlonvif'

h'Swamplng electrolyte equlllbrlum would have the effect of' i

Al



14

4

\»,-.I

7‘ mlnutes and the elutlon peaks were compared._ The solutlon

w1thout urea gave a peak area value of 22 98 1. 13 for 3

‘ repllcates,“whlle that for'the eolutlon wlth urea (0 57 M)

' was 22 04 O 53 for 4 replicates_w'Thls 1nd1cates that

there ls no lnterferenCe from urea, atmlevels usually

:-presentflh.ur;ne,fln the determlnatlon of free calc1um by

2 3. 6 Effect Qf pH on ' free calcxum determlnatlon

L

Determlnatlon of free calc1um on two test solutlons,

[
‘-

at pH 5 and 7 respectlvely, 1s descrlbed in thls :

N

l-sectlenaf The pH of urine: normally falls wrthln a range of

5 to 7., The tdtal calc1um“concentratlon of each solutlon

was 75 pg/mL and electrolyte;(KNO3) concentﬁatlon was 0.
'ﬁ;F The pH of one of the solutlons was adj&ﬁted to: 5 00

0 05 w;th drlute HNO3.N HEPES (N 2-hydroxyethylplpera21ne-
. e l'
'~2-ethanesulfon1c ac1d) buffer was ﬁaded to the other

RS o
solutlon and the pH’ adjusted to 7 0§’+ 0. 05 w1th dllute

KOH..‘The flnal buffeé concentrafion of . thls solutlon ‘was
' y 7

a3

kept at 10“'3 M“ It has beenyreborted that the complexxh}*l

capacity of HEPES w1th calédum is negllglble [75] ' The uff

.-dv-

_“hadaltion of a buffer wa@@neceséary 31nce the pH of the

i,eolutlon was not stable around 7’w1thout 1t.,‘

"‘o'.»:
L ~

roL

)

ﬂaforhs mlnutes..zThe elutlon peaks gave values_ofv24.éliz

<
N

’ Each solutlon wa& equlllbrated w1th the reéin»column =



io;zoi';' .4) and 24 70 * 0 10 (n # 3) respectlvely for the"

’ft pH 5 and 7.A These results demonstrate that

solutlons is not affected by pH w1th1n gge range of 5 to

. -by pH [66] _. }" e ) ) :

Jany sorptlon of calc1um contalnlng eollbldal particulates ‘i.i

-onto the re51n around pH 7. Such a process would have s fmv

) . . f . i '!"1' BN . .‘;.'..."','
_the amount of free calc1umldeterm1ned 1n the standard

7: It agrees w1th the fact that thé 1on exchange capac1ty.f

4

R of strongly ac1d1c catlon exchange re51ns 13 not—affected o

S r . “‘

.","r’;
Furthermore these results show that therenmay not be

. T : s

3

° ‘; . .--'

1ncreased the peak area value at pH 7.' Presence of-

Tfllterable partlculate copper—contalnlng spec1eslat pH 8

'fhas been reported ln a study carrmed out to determxne free

copper uslng the 1on exchange equlllbratlon method [63]

_Also formatlon of spec1es such as CaOH+ arougﬁ pH 7 may

fhave reduced the peak area at pH 7 i't ’ }j~g3 ‘;;-,ft -“

_;noq be taklng place. .If such spec1es had formed, the

fractlon of free ca1c1um would have decreased whlch would

v

2.4 Conclu31ons_AA K EERRE R frﬂf.f',~f.ﬁj: |

‘.*;i?f'

Results lndlcate that the electrolyte concentratlon

of the’ standard solutlons needs tnge adjusted to 0. 75 M
5 .

thh NaNO3 1n order to achleve suitable calibration curves

-to measure free ca1c1um 1n the range of about 25 to 125

,;pg/mL,' A hlgher electrolyte concentration would enable

e

Cget el e T AT
‘. ’
. ,




N DI o A

' electrodes,,whlch are perturbed by ureau

o

;f'equlllbrla may shlft slgnlflcantly. f,

pul

;‘examlned.,"V o

the upper 11m1t of thls range to be ralsed.: However, at

hlgher ionlc strengths act1v1ty coeff1c1ents and
. L

Determlnatlon of free calc1um at lower 1on1c ~

éfrengths, whlch would have been de51rable, ls not

p0551b1e due to curvature beglnnlng at low concentratlons

‘in the calibratlon plots. The callbratioéacurveé w1th 1 0
. v “
M KNO3 as the electrolyte showed dev1atlon from the .

~.ae1ectrolyte in. most of the experlments, espec;ally_at hlgh

v . '
.

1onlc strengths.\ 3 ;ﬂ’;v Lo

Urea at a’ concentratlon of 0 57 M does not affect the

v -~

o measurement of free calvlum.. Thls~1s 1n contrast to 1ts

,.

effect on calc1u on measurements w1th lon selectlve

“h s " -

- Free ca1c1um measurements on standard solutlons are

not affected by pH in the range of 5 to 7. Thexefore, 1t»

-~

1s not cr1t1ca1 that the pH of. the standard solutlons be

| ,matchedhw1th that of urine samples as long as the pH of

-the‘samples falls between 5 and:7. In fact, the pH- of

‘_normal urlne falls w1th1n this range. Pependence of free-

[N

ca101um determlnatlon on pH at hlgher pH values was not

-

Q:expepted trend.- Therefore NaNO3 was - used as the swamplng |

\
V-

s
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‘;ﬁp;v DETERMINATION OF FREE CALCIUM BY THE ION EXCHANGE/ATOMIC

(‘

ABSORPTION SYSTEM IN THE PRESENCE OE COMPLEXING LIGANDS

e

.3.1 Introduction

.

In thls chapter, the effect of some of - the important

Ln'complexing 1igands present in urine oh the.determinatlon_"f

e

3 of free ca1c1um 1s examined. Presence of complexing Q””

ligands result in . the binding of some of the metal ions
and thereby 1owe§ the free metal 1on content.( The extent.”
of such b1nd1ng depends on the stability constants of the,'

ot . e

l'compleges of the metal 1onﬁw1th the llgand species, the

‘o concentration of the 11g 'and the pH of the medium.-ﬁ‘I 7
Dependfhg on the 1igand charge, the metal 1igand complex v'
can be either catiqnlcnﬂﬁnlgnic Qr neutral. In-the 1on

,3'

exchange column equilibration method, 1t is assumed that fﬁ"

g sorption of,pa&xonlc complexes by similar mechanisms to

%
those of free metal 1ons and sorption of neutral complexesfl

: ~only the fregﬁmetal is sorbed onto the resin. However,-~_v=-’

by phy31ca1 interactiéns can also take place [66]. Such f..

processes can gﬁ%e rise to falsely high values fo: the

i’

"amount of free calcium determined._ Formation of ;iionfcfjfpfﬁ

complexee would not interfere to .a. significant extent as

I B Y




K_:jt,_gthey bear the same 81gn of charge as the flxed resxn L
«v_31tes., ‘f}f e vv' ”'z"f.' S S '-5-&* e :
o The fractlon of free calc1um avallable 1n sYnthetlc U
. S ! o .
f,solutlons w1th varlous llgand concentratlons was examlned’::;“
_ o g R
-ln,order t% study the effect of llgands on metal "»j CU LTS

fh.épeeiation. .The llgands consldered were c1trate,‘
h-tartrate} phosphate, ‘and chlorlde,,all of whlch’are
?usually present 1n urlne.‘ C1trate was studled most -
o exten51ve1y as it appears tQ be the ligand that blnds mor@

;ca1c1um than the others at the normal concentratlons'd4

""'present 1n urlne. The fractlon of ffee ﬁetal ion can also'

: 'le°ﬂColeman and Bell), sodlum chlorlde, NaCl (British Drug

'be determlned theoretlcally when the stablllty constants

'feof metal llgand complexes and the ac1d dlss001atlon

’f{constants of the llgand are known at a ‘given. 1on1c f;
«_‘_- -» - - ’. . L " . b.l’ . ) .
‘strength. . R 4 _ ' ' T
: : S e _ﬂ’Lf
o § t
3.2 .Experimentalf. b |

: g3§2 1 Chemlcals and solutlons . o : '

'd‘ The chemlcals used werea Sodluﬂ//;trate,_HOC(COONa)—
‘j(CH2COONa)2-2H20 (J T. Bakgr\phemlcal Co ), pota351um
tc1trate, HOC(COOK)(CH2COOK)2 ﬁzo (BrltlBh Drug House),l_%ﬁ~'f‘

o tartarlc ac1d, HOOC(CHOH) COOH (Flsher Scientlflc Co ),~7 S
: 2

"mdisodium hydrogen orthophosphate, NaZHPO4.7H20 (Mathes n;sf"”

o
. ‘0 .
. ,‘:.4‘..:'



‘Vv,fHouse) "7 \[gil‘ 7n:;5p‘f,:i,;5ﬁ

Sodlum c1trate solutlon (0 20 M) was prepared by

and dilutmg i i

fto»IOO.mL i Pota531um cltrate solutlon (0‘40 M) was ’i"“J*fﬂf
-prepared by dlssolv1ng 12 97 g of potasslum cxtrate in o

;dlssolv1ng 5 882 g of sodlum c1trate ln watli

o S o
-_water and dllutlng‘to 100 mL Tartarlc ac1d solutlon 1»~‘
f(O 50 M) was prepared by dlssolv1ng 7s 506 g of tartarlc
R

ac1d 1n water and dxlutlng to 100 mL Dlsod§ hydrogen

7

‘?;orthophosphate solutlon (0 40 M) was prepare yl;.;'
1idlssolv1ng 53 61 g of the chemlcal in water and dllutlng !
:'_to 500 mL Sodlum chlorxde solutlon (2 O M) was prepared
‘J.by dlssolv1ng 58 44 g of the salt 1n water and dxlutlng to
’hfpSOO mL The other chemlcals and reagents used were
‘fdescrlbed in Chapter 2. ST -{lf;éi ¥ ; %;‘]Efkfff'":h

£=,2 2 Apparatus and procedure for the determinatlon of

S o b S A LN

free calc1um

N cee

‘y. S ” i The lnstrumental setup descrlbed in Sectlon 2 2. 2 was

infused for the determlnatlon of free calcium.j The procedure

;'descrlbed 1n Sectlon 2 2 7 was used to measure free Q?éew'@f_h

-5ca1c1um 1n the solutlons contalnlng complexlng llgands.3 17f7~

“fThe free calclum content was determlned by referring tofa;quff

r>1,§———ca11bratlon plot made by measurlng a serles of standard L

solutlons prepared at the correspondlng ionic strenith.’;“

Flow rates 1n the system were maintained at about 4 5

N P
N ‘4 . 1".'

_‘. Lo . . SN i



' ' ! o W'g s
for a perlod of 5 mlnutes, except 1n the casa relatlng tg L

S : ¢ L:e,

Sectlon 3 3. 1 4.; The teﬁperature of the re31n column was _&

_ o . e
.kaeptvat_ZSQ: 0 5°C’ durlng all measurements rt.irf”
| ‘ --"*ﬁfiv R o | |
3 2. 3 Calculatlon of free calc1dm at dlfferent llgand

)

‘concentratlons

: The.general method used w111 be dlscussed by '

con51der1ng the complexes formed between a. llgand-suchtas:*

01tr1c ac1d (H3L) and a dlvalent metal 1on (Mf*) snchvas-

T M2+ /:3:{- S f' T "-s:[ML-]'
CMER ST o MLT T L e o
» ot L o 5 fML7f s[M2+J[L .]
L e T
M2 2T MEL T gy = el
o '~ T »EM Fita?T)

. . : S g v s .

[MH L ] ,x‘”

L

o eSS THHQL ,LM'_J[HZLg]

S e e S
s AR T \

<. Thé total metal'cOncentratlon‘MT, is given by
B

Mg o= M2*D+ [MLT] 4+ [MHL) ¢ D,L*] 4 DHOHT] w0

'f’*’tﬁ(oﬁiél_fd;}tt[n(OH);(n‘z?Jv::}.

:‘v_

9;5 'ﬁytsubstituting“tﬁe,cofresponding conditional

o . i, . .
¥ . N o
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a §tabilityrcdns;énté'(B‘):hnd.¢Q53éntratioh§7f,: L

.. water:

-'., «’Z".." _-'_
. Fraction of free metal, T« 2+

Ll

“:,
a :

My '-EMz*J * R M2*§’L3" + s [M *J[HLZ-n
'-;&3ngéﬁ;tmffjtﬁén-gl+jegqgtM2fJngafj;f.i_fgf}

M(OH)n

% : a.._...'a--')__

+jég(¢H)QtM?fqtpaj12 f‘;..v"

~[omT]) =" 'z where X, is the autoprotolysis constant of

’

R0

-

R EM2+J + B EM2+JEL3‘J +-% cM2+J[HL2‘J

T

3 -fjﬁéH2L+FM2f3[H2L 3 + BMOH[ﬁsz w ]‘

St o M(OH) (“ -2)t | ,[Hflﬁ'

[Mz*]:
.n*j o } ‘.‘5¥T_
Mé'f_ 1;(1 + 5 [L3 ] + BMHL[HL ] + B L+[H2 ]
. IR R e 2 .
nfk,hki',. 3 .‘“-~k25_ R
* on g+ Bhonry TEE  Bome-2) W
,;g ‘ : =-."-=‘ o .

’-'When the total 1igand concentration (CL) is mudh gregter

50

(n- 2)[M2+J[0H ]“ SO

Lkn\a:‘*

: "i)._-'v



| compated,tofthebamount,of-ligand bound to_the:ﬁetalj

A A'CL5="Eﬂgnj‘+;t§2L”jv+ [HLi;; + [L3f]l‘

,fThe concentratlon of each llgand spec1es canobe calculated*‘f

.iﬁhere &'3; isfthe fraction.of'the ligand'speciés L3“ and® ¢
‘:Kl"KZ and K3 refer to the acid dlssoc1ation constants oflﬁ

fthe llgand, Ty ’;7' L

\

L

-—

Lo

fthe solutlon [97] -,7‘§ . '.““ L ;“.,;1a'5

s e KT
-3 = 7 T e +a3 +.2 D
L3 g - it |
. _,CL oA K T+ K KGIHTD + K KKy

-
t

-y B e

<

S P [Hfj3;+3xl[ﬁ*3 + K K2[H ] +K

Sty _;.',» ket 32 o
JHRT G v-[ﬁ J + K [H" 1 + K, K2[H ] + K1K2K3

'. i’
Ve

The fractlon of free metal can be determlnea\by

Ubstltutlng théfvalues of [L3’], [HLZ']w
- X‘
,expressxon for Q. 2+. If more than about 5% of the ligand

e SR

en a new value of 9L 13_. o

1s bound by the metal,

calculated and the exp essxon relterated to constant CL.;Q

from the ac1d dlssoc1atlon constants and the pH value of

1K2K3 S

and [HZL ] in the



. solutlon (often added as the sodlum or potasslum form)

4*“* An approprlate volume of the electrolyte solutlon was

-.placed 1n a-.clean’ ZSQ-mL beaker.n Thls was followed by the

I

l‘addltlon of the correspondlng volume of the llgand

%

{

52,

that was. belng tested. The amount of sodlum or potasslum L

, 1ntroduced f;om the ligand was also taken 1ﬂto }}[

E)

_con51derat10n in calculatlng the !olume of electrolyte

'solutlon that was requlred‘to glve the f1nal 1on1c

. beaker and the pH adjusted to 5 00 0 05 w1th dllute HNO3

l

"(except when tartarlc acxd was used as the llgand Wheref""

.8 ’"‘,‘

'NaOH was a‘ded to adjust the pH) Thls was followed by

'the slow addltlont withf etic stxrr1ng, of ah -

.,..

bapproprlate volumelof the standard cal 'ﬂm solution to

.J‘

-g;ve a f1nal tgtal ca1c1um concentg;tlon of 100 ug/mL ln

&5—‘

T s
_each solutﬁﬁn (except in Se tibn 34 3 1. 4) A pH

J)\ . .
readju ment was necessaﬁy'ln some cases., The solutloﬁ\

deas transferred quantltatlvely 1nto a 200-mL volumetrlc

¥

and dlluted to the mark Wlth delonlzed water. These

”W1th varylng llgand concentratlons.

Blanks were prepared ln the same manner as described

above but thhout the add1t1on of the calcium holution.

?}strength._ About 75 mL of delonlzed water was added to the



' .3.3"Results and Discussion

When the llgands c1trate, tartrate, phosphate, and :f_.?} ’

‘chlorlde are added'sxngly and’ together to a*solutlonfof

pcalcmum that is equlllbrated wlth the mlcro ‘ion- exchange

,

‘ column. The effect of 01trate was’ studled at pH 5 and 7

uslng both NaNO3'and KNO3 at dlfferent concentratlons as o

tthe electrolyté”

free calcium determination"

3.3.1 Effect of cikrafe ohNi

§.3‘1'1 Wlth NaNQ3 as‘electrolyte (o. 75 M) at pH 5

Four test solutlons were prepared as descrlbed

in Sectlon 3. ZJf*&:The llgand was added as sodlum c1trate
; to. g;ve flnal gltj?te doncéhtratlons .of 1 0 x 10“3,'2 0 x
"10-..3,. 4.0'x 113"'3?(2!%:&6 o x lQ"3 M. - The 'am'ount of free‘

’;calc1hm {@ eaéh polutlon was. deteéhlned as descrlbed in
" .

i

3'Secglon 3. 2 25 Relatlve fractlon oﬁ.frge calc1um at

d&fferent total cxtrate concentratlops ~is shown 1n Flgure

'- s N S g ‘ i
kY vﬁvq

C1tr1c ac1d, HOC(CH2C02H)2C02H, fo 08

5\.\.

‘caL” CaHL and
. . .
CaHZL+ complexes w1th Cazf whexe»L3 denotes the
. ‘g * ":3‘ ) o
HOC(CH2C02')2002 ‘anlon. Stabllity constants for the

-calcium-c1trate complexes and protonatlon constants for'”
:fc1tr1c ac1d at dlfferent 1on1c strengths afe giv%n 1n

l’Table 3 [76] Values of these constants a@ an ionic . r
C v P . <?‘{ : - '

L D
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Figure 13.°
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LT

:electrolyte as measx:ged by the ion-exchange equilibrationv-

method.v (b) 'l‘heoreti,cal curve at pH 5 using B L at ® -f O

KZ’ ) of citric acig at p = O 1 to calculate ‘the )
~ frac ion of free calcium. (c) As in (b), but \d.th B -

at p = 0.1._, »
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: .C_a2+ +.L
_Ca*?

- Ca

. H ]

Table 3. Stability constants for_calcium-citrate complexes and®

o p‘téi;onét;ioni- constants for ‘¢itric acid at different values .-

‘ of ionic strength p. - Data from Ref.’ 76,

. __('z's_oc'

© log K L

;h:o)'

s

(25°C, p=0.1)

,log K

-
Y

log K

'3
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k -
* HL
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2+
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<

- at thls 1on1c strength. However,_the experlmental curvewv

' 7 , . 4_" ,‘.;: . o - ‘ .
strength of 0 75 are not avallable 1n the lzterature. -

Therefore 1t is: not p0351b1e to compare the experxmeng;leﬁ

results dlrectly w1th calculated values for free calc1um*e'~

) ‘ KN
(a) shows the expected trend, the fractlon of free calélum

o -_.;,n

’decrea51ng w1th an’ 1ncrease ln cltrate concentratlon.a-

Curves b and c! 1n Flgure 13 were derlved from

calculatlons employlng the Stablllty constants and

N

| wlthout knowledge of the” valueg-'f

1on1zat10n constants under the glven set of condltlons.;§5pfﬁ

In curve & the stablllty constant for the CaL specxe%?at
L8

p—O 16 was- used whereas all the other constants were at at”’

p-O l.‘ All constants were ‘at po= O 1 in curves b and c.g =

These curves 111ustrate ‘that the fractlon of free ca101um
1s ralsed w1th an lncrease in 1onlc strength.due to the
1ower1ng of.the stablllty constants.‘ However the extent

of such an’ 1ncrease in free calc1um cannot be estlmated ,_""

""5\ S
!

the related stablllty

constants and 1onlzat;on constagts at that 1on1c strength.

',J‘.

3 . 3. 1. 2 'With NaNO3 ‘as electro}yte (o. 75 M) at. pH 7

Test solutlons were prepared as outllned 1n

Sectlon 3 2.4 but the pH was ad)usted to 7.00 +70. os with

dllute NaOH. The %tgand was 1ntroduced as sodlum cxtrate}

to glve a- £inal concentratlon of 1. 0 x 10"3 M. 2.0 x 1073,

,§4 0 x 10-3 M, 6 0 x 10 3 M, and;B 0 x$10'3 M 1n the-



L 74.

;solutions;- A solutlon of HEPES buffer Was added prlor to f'
| "the addltlon of NaOH ln order to keep the pH stable at

-7. The buffer concentratlon in each solutlon was 10 3

o

lﬁjl Free ca101um 1n each solutlon was determlned as

R * -

descrlbed in- Sectlon'3 2. 2. The varlatlon of the relatlve
Efractlon of free ca101um w1th total c1trate concentratlon

at pH 7 is’ shown in Flgure 14. BT
. : .

< ~

Examlnatlon of the experlmental curves 1n Flgures 13

'ik and’ 14- 1nd1cates that*the fractlon of free calc1um

.

Zmeasured,ln the solutlon at a glven c1trate concentratlon

- e

is approxlmately the same at pH 5 ‘and pH 7, even though

4

—

the calc&iated curves 1nd1cate that 1t should be lower at

'»pH 7. Thas unexpected result could not‘be explalned-

further work 1n ﬂhls area was not attempted owlng to lack
of~t1me“ A comparlson of the correspondlng values is also ‘
- B | | | o

”glven in Table 4. & ’

3.3. l 3 Wlth KNO3 as electrolyte (0. 5 M) at pH 5

Solutlons were prepared -as descrlbed in Sectlon-

3. 2 4 wlth KNO3 as the electrolyte. The flnal c1trate
& B -/
concentratlons 1n the solutlons were adjusted/to p 0 X

i -

¢103M,2ox103M,4ox10‘3M,,60x1o3Mand80x

d
aﬂgﬁig M by . addlng pota331um c1trate as the llg nd.v The»

‘amount of free calc1um Ln each solut1on was de ermlned as

outlined in Sectlon 3. 2 2. Flgure 15 1llustra

p—

varlatlon of the fraction of free calc1um wlth total

SN
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-Figure 14. _,'Variation in relative free calcium with total cltrate’
.concentration at pH 7 in 0 75 H Nauo3 electrolyte.

‘f-(a) experimental; (b) calculated using B L . at p = 04 16,

RO an other constants at u - 0.1; (c) calcnlated uaing a11

"constants at un 0.1.9':"7‘; R e P
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Table: 4. »‘Companson of the fractlon of free calcxum, as determined

' experxme.ntal_ly,_ 'at’p Y, i i\uth c1trate as the ligand, ;

: '.v'J.n 0 75 M NaNO3. ﬁ{ade at ea¢h pH and- citrate :

. 'concentratl on. -

ST Relative ffaction of free calcium (%)

Citrate concentration (M) ~ ~ pH 5 - S pH 7

2.0 x 1073 - 84, 86

4.0 x1073 O S, 7

6.0 x 1073 - 60, 63 41 .

Ct0x1073 7 eg,e3 90, 93.. "
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- Figure 15. Variation 1. relative free. calcium wif:h total citzate: ;,':f.'._';' R
s : concentration at pH 5 in 0.5 M*(NO:, eI/ectrolyte. R ST
(a). experimental: (b) and (c) as in Figuré 13, S o .”



‘”c1trate concentratlon When KNOb (0 5 M) xs used as the B

“‘electrolyte, at pH 5.- The trend of the curve 1s 81m11ar

‘*to that obtalned Wlth 0 75 M NaN03 at pH 5 and 7 although
:ﬁyh_: : there 1s a sllght reductlon in. the amount.Qf free calc1um
'“at the glven c1trate concentratlons.” Thls could p0551b1y‘,F

fabe due to the hlgher stablllty constant values for the:;ii:fxx

5

'vcalc1um—01trate complexes at a lower lonlc strength whlch ,&

:‘._ .

: decreases the amoun" -free metal 1on.;.-‘f15f”

3 3 l 4 With ‘ﬁb@ as electrolyte (0 1" M) at’ pH 5

~f P

A

The pOSSlblllty of\measurlng free calcxum 1n _ﬁ;'”

-;dlluted solutlons 1n order to av01d hlgh 1on1c strengths
h“ls examlned 1n thls sectlon. Test solutlons\yere prepared.

E by avmethod slmllar to. that descrxbed 1n Sectlon 3 2 4

R4 .D\

'“hmlg#cept that eaoh solutlon conta;ned 10uug/mL of total
'fcalciem ané the electrolyte (NaNO3) comcentratlon was :
‘,adjusted to 0.1 M.f The llgand was added as sodlum cxtratee;fﬁ-
f‘_and 1ts concentratlons in the solutlons were 1 0 X, 10"4 M,ﬁ
zox10'4M,4ox10'4M,60x10‘4M, and80x10'4 |
Each solutlon was equlllbrated w1th the column for a )-f’”

i 2

]'perlod of 12 mlnutes and free calc1um determlned by the_fV'j"
L :_‘“method descrlbed in Sectlon 2 2 7. The callbratlon plot‘a_k'“
etfwas made by measurlng a serles.of‘standard solutlons w1th3
lca1c1um concentratlons rangang from 2 5 ug/mL to 12 5

wen %

y



‘}sfi?ﬂfﬂ equilibration curve w1th a l 0 pg/mL calc1um solution in {1’
ﬂﬁf;Q 0. 1 M NaN03 at pH 5. The equllibration curve obtained was"a

V*i?{;{:s1milar to that obtained w1th 0. 1 M NaCl as electrolyte atlii;
- pH 5 (Figure;ﬁ) where a .ume period of 12 minutes was fhh‘h
f,;-adequate to’ atbain complete breakthrough conditions.w’“
;7??“:;;55 Variation of the fraction of free calcium with total B
%Q%. élﬁfatejconcentration is shown in Figure 16._ Comparison |
1@§"> ?f'these results with those discussed in Sectlons 3 3 1. l M‘{
S to’3 3.1.3 1nd1cates that the fraction of free calcxum 1s
hfazl raisediw1th the,decrease in ligand concentratiqn.. |
ég; 3.352/i%ffect of tartrate on free ca1c1um determination
“,v’ rfz?’ vest solutions were prepared as described in Section.ziVm
o 3 2 4 w1th t;rtaric a01d concentrations of 0 5 x. 10'2 M,‘
‘10:10'2M. 20x102M, and40x10‘2M. ThepHof"
:ogidﬁf{ the solutlons was ad;usted,to 5 00 0 05 w1th dilute ’:

_5 e NaOH. The amount of sodium introduced by the addltion of e
NaOH Q;s taken 1nto.con31derati:ihin thé !ﬁjustment of theﬁjif
electrolyte (NaNO3) concentratiln\to 0'75 M. Free ca1c1uml#*

'i; ofaeach solution was determined by the method described inf;if
Sectaon ‘3. z.2.: 'hjﬁ "'h ')’5" '; . ifdf{?'vud | :v
v;hf ' ihe change in the fraction of free.celc;um with totallﬁzh

%artrate concentration is illustrated in Figure 17.:;Qf"
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-.Tartarlc ac1d, HOZCCH(OH)CH(OH)COZH, forms CaL and CaHL

o complexes w1th ca1c1um where Lz' denotes the - j
02CCH(OH)CH(OH)C02 anion; Log 5 (stablllty constant)
svalues for CaL and"E‘aHL+ are glven as 1 80 and 1. 11 -at: an
\1on1c strength of 0.2 [76] CaL has a log B value of 2 80
v‘at a zero 1on1c strength [76] 3 “ﬂ '5,: ~*.jn'

v,

Effect of phosphate on free ca1c1um determlnat@dn

lc1um forms the complexes CaPO4 P CaHPO4 and
w1th phosphate. The log ﬂ values for the above

ﬁcomple at 25 C and at zero lonlc strength are glven as

-

6. 46 2 74 and l 4 to 0 8, respectlvely [77] Another set

ﬂof values for log 3 of CaHPO4 and CaH2P04 under the _same.

,g;condltlons are glven as 2 41 and 0. 6, respectlvely ﬂ‘,, ?
;
[78 79] The CaHPO4 complex has a. log 5 value of 1 50 at
o i o _
25 C and an 1on1c strength of 0 2 [14] ‘ »,‘ T v

-~ . . T

: Test solutlons were prepared as descrlbed 1n Sectlon

.3, 2 4, 1ntroduc1ng the llgand as Wa2HP04.‘ The llgand'

'concentratlons in the solutlons were 0.07 M, O 14 M, 0 21.

-g_and_o,zs‘g:. The amount of free ca1c1um ln each solutlon

4

".was determined as’ descrlbed 1n Sectlon'3 2.2, The change -
in the fractlon of free ca1c1um w1th total phosphate

concentratlon is represented 1n F1gure 18. " A comparlson
‘ =

R

of the calc1um-ph05phate system w1th that of the ca1c1um-

P R N YV NURPEpE RN U AU L. - . s
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Variation in relative free calcium with total phosphate.
concentration at oH 5 4in.0.75 M NaNOa electrolvta.



- - . ' . . “
-, B .o s . . C .

whlgher concentratlon of phosphate is requlred to reduce

'the free metal 1on concentratlon by a glven amount .

3.3.4 Effect of chlorideﬂon freescalCium,determination

Ca1c1um forms CaCl+ with chlorlde lon whlch has a 3§
'.stablllty constant value of 0 6 at an ionic- strength of

1.0 M.[78] Test solutlo4a, prepared by the method glvéhv"
1n¢Sectlon 3.2.4, contalned 0. 1 M, 0. Z’M and 0.4 M~
cﬁréridé ion concentratlons.}“Thelllgand Was=added as
’NaCl;b The'anount'of freefcaicfum in the'solutions was
determined aa deécribed‘invSectiOn 3. 2*2L' The varlatlon
'of the fractlon of free calc1um wlth total chlorxde |
concentratlon is representedhln Flgure'19;z The reswlts;
- show that the reductlon in free calcium concentratlon by
chlorlde ion takes place onky to a. sllght extent, o
xpartlcularly when compared w1th the other'llgands that - L
were studled. A chlorlde Aon concentratlon af 0.4 M

decreases the free %alcxum amount’ only by about 10%.

3. 3 5 Effect of a mthure of c1trate, phosphate and

".chloride on free calcxum determlnataon

‘ A. set of solutlons contalnlng-crtrate, phoephate and -
chlorlde were prepared in order to examlne the effect of a’

mlxture of llgands on the amount of free calclum. Each

-

-.solutlon contalned 100 pg/mL of total calcxum and was
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L '1n one of the solutlons anﬂ 3 5 % 10 3 M c1trate, 3. 0 x"

,;.%ﬁalli c;“lu”tﬁf normal levels of these llgands presen*.in,,

.'-urlne [50], The llgands were ad?ed as ‘sodium c1trate,fdi:,

< e ie B . .
. "5 P o o ;
- N T e . ;! . .
r L v y
[ DU
* LN e
" e

”73 2 4.: The llgand concentratlons were adjusted:to' 'busf*”'

".v'f, R 1 a

:?10 =3 M c1trate, 2 O . 10"2 M phosphate and 0 1 M chLorldevl{

"in 2 M phosphate and 052 M chlor;de 1n é qtheg

_soluthn. The above values were s l "d so that they.

Vi ’ AN

RS
.v .

° R s

psodzum hydrogen phq'phate and sodlum chlorlde.. The ’

v

electrolyte conceutratlon 1ﬁ each solutlon was adgusted to},

0 75 M wlth NaNO3.,tak1ng 1nto con51deraéion the amount of"

.\.'9

i 'sodlum.lntroduced by the 1lgands.1 The amount of’free

-u

‘»calc1um ;n each solutlon was detef fned¢as~descr1bedﬁrn” B

‘,, s

oseﬂtnon 3 2 2 N?“p'_i‘ ri-f:;ﬁ“ffff” ﬂi.“{;'dsnf

SN

The percentage of free calc1um 1n the solutlon w1th‘ :

“[lower concentratlons of llgands was 77 whlle that ln the"

s

7iothef’solutlon was-67. As expected,_an 1ncrease 1n the

-, \ e = T

- s B

SR

ﬁcefrEe calclum ine the solutlon. ,_“ﬂv. a;;f#ﬁ'g;}'ﬁk >;'.'; W

“.'.- . O . . 5 R - e
* :

Y . . g e : . KA 3
E . LTy L . o - et . o R

L, PR

U~

-, .'-" oo Y,
! Do

_g the calc1um-llgand systems 1nvestigated, |

! c1tnate appears to be the most 1mportant llganﬂ w1th

. .
»

'regard to blndlng w1th calcxum and lowerlng the amount of
.‘( ‘..
ffee caICLum avallable in the solutlons. pltrate reduces s

o A . ) . ) Lol
T ) . . .

_concentratmon of the llgands has 5—creased the amount of




‘e

;> concentratlon of 5 x 10 3 M ls negllglble. t

';vdecrea51ng w1t

the free calcxum content to a greater extent than the

'-onther llgands examlned at ar glven concentratxon.» For

L

.o

?5-M, a c1trate concentratlon of 5 x 10"3 M reduces the

-

uf'fractlon of free calc1um to about 66% Whlle the same

concentratlon of tartrate and phosphate 1owers the

-

‘w:*fractlon only to about 85% and 99%, respectlvely. The

'fdecrease 1n the amount of free ca1c1um w&th a chlorlde'ﬂ.'e

‘\‘ :

e

s

ﬁlﬁRe$ul§s dptalned w1th terllgands examlned were in
e

: ’0

agreement w1th tﬂel'xpected nd, the free calcium level

1ncrea51ng concentratlon of)llgand.td Q-W

;) g
¢‘However,'1t was no* p0551b1e to compare the experlmentally

i}f example, w1th a totalxcalc1um concentration of 2 5 x 10'3 x'mf

e T T
VL.

‘7'.:observed values for free calc1um with any predicted valuesil,”

.

J .
cha

‘;and lonlzatlon constants of 1lgandq are not known at the

lonic strengths con31dered.k g'¢';ﬁ’}rL,”?}hf.]x sztr
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% ¢ e, - =~ 7 CHAPTER 4

‘fDETERMINATION OF -IONIC CALCIUM IN‘URINE;~

4.1 Introduotion5,"’
s " R b N ‘
lonlzejtcalclum levels 1n:wj

A

The 1mportance‘of measurln

urlne,yw1th regard to urlnary stonA dlsease, was outllned**”

1n Sectlon 1 l; Several technlques "'olv1ng spectro—

) photometry u51ng murex;de [80 82] or tetr ethylmurex1de ‘

-

[83 84] and ion seleotlve electrodes [83 85 8’

employed ‘to. measure free ca1c1um levels 1n urlne.

[}

. ( °
; ever, és dlscussedgln Sectlon l 2, these methods ate
“e . : o~ N . S

: .lnflueneed by dlfferences 1n'sod1um concentratlon and

1on1c strength so that there are dlfflcultles 1n matchlng

- [4

""standagys to samples. When murexlde 1s used as Eﬁe ¢3f;’”“

P lonlzed calc1um sen51t1ve“dye, varratlons 1n uanary pH

N must also be taken 1nto account.s The lon exchange column‘ o
. ‘,q' _l‘ ) o
equlllbratlon method was useﬁ Ln the present\study to

e ver o -.w.

R ‘measﬁre free calc:uxn conéentratlons in urlne samples.

The measurement of the total calc1um concentrat;on 1n

-a":
. .

'urlne is also requlred 1n order to. determlne the fractlon

'; of the uanund metal.' Total Ealclum 1n serum and urlne‘.~“*

T

has been iﬁtermlned bY atomlc absorptlon E87-89] and by”f,'

spectrophotometry with o-cresolphthalein complexone

have beenrpfi-
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[90 92] T1tr1metr1c analysx% w1th ethylenediamlnetetra--
- e

',acetlc acld (EDTA) as the tltrant.and calceln as thev¥"

"tlndlcator has also been used for measurlng total calclum

'1n serum and urlne [93 96] The total calc1um»f‘i:ﬁ

'.;measurements dlscussed 1n thls chapter were based on the.ﬂf

'Y.

d_mlcrotltrlmetrlc method w1th EDTA [93] z.'_fY' bt ! ﬁffzhﬁ

B
1

4 2 Determlnatlon o

tal*Calciuﬁ[in:urinetbyQL

! S k ) B <
—Mlcrotltratlo = IR R
i AR
'.[-452 1 Introductlon ’~-:<s_x%5' AP
[ o . x - * .

deterﬂinatlon. The méthod ean be made speclfzc by

’ chooslng,optlmum pH\condltlons and by use of maskxng

Calcxum forms a staple c0mplex w1th EDTA 1n alkaline,[d:?

olutlon that can be used as the basls for 1ts titrlmetrxc'

'r'v B v

agents._\It has been reporteﬁ that dlrect manpal titration:' é

without prellmlnary treatment,is unsetisfectory for the

determlnatlon of total calcxum 1n urinef[94e96] This

| and rapid hicrotltrtmetrlc method w1th‘EﬁTA and calcein as

CA, \ . E :
the fluorescent 1ndlcetor [93] Interference from NI

phosphate and natural fluorescence xs minlmized\by the use

of small saMple volumes., The low concentrations of%}

‘such as potassxum cyanxde.; Interference from magnesiumfi'

\.. . : Y




hfavoxded by tltratkon at a pH of 12 or greater, where

ilnsoluble magneslum hydrox1de is - for ed.,:

The lndlcator calceln 15 fluoresc nt- in the pH range

hxﬂof 3 to 10. Above PH 10, calceln does not'fluoresce :ﬁ j;}"'x

‘

_whereas the calce1n—calc1um complex does. Th1s
_ ,”

"fluorescence is - quenched by the addltlon of EDTA, whlch
.forms a stronger complex wlth ca1c1um than does calceln.y
Slnce sodlum also causes some fluorescence,@t hlgh pH,u.

fjfpotasslum hydfoxlde 1s used rather than sod‘umvhydroxide

’to edjust th”u

.tltratlon;f98 Thé prOcedure 1s carrled out by a welght*'{"

o t1trat10n techn;que whlch 1s sultable for the ana1y31s

v PR EUTE R :3H¢34;%
";sxnce small volumes of the t1trant are used. do
v a. K : ‘ » ’ R o .-;4 1
| Tl TR U e

4 2 9 Experlmentél o e Soe . x e o AP LI .
.( SR : B P P TN
o } 4 2 2 l Chemlcaig and solutlons ’“f"-,p~;”*'“; N "54'r'

| The ch}mlcals used were.‘ Dlsodlum o :T
'g.ethy1enedxamrnete§raacetate}\NaZHZEDTA 2H20 (Flsher RO
o s o '1 - - i}l

”h':e),ﬁpata351um dlchrOmate, K2Cr207 (Brltzsh Drug [ ?Z??;r

House) and calcein( C30H26N2013 (Flsher Sc1ent1f1c Co ) .
b\ﬁ;'. Deiohlzed water was\psed’/h preparlng all ﬂfi"‘_ui:

solutlonsqb Standard EDTA solution (O 005 M) was” prepared



A

Ny861 g of the chemxcal ln water and fj]fff:fo?

"lltre.: A S—mL portlon of thls Btock

‘Bolutlonc- Standard calcmum solution

d‘aﬁof ca1c1um per mL Calceln 1ndlcator solutlon was

s prepared by dlssolv1ng approxlmatel? 20=mg of the
. 1ndlcator 1n'§5 mL o? water and’ thé%ﬁlnlmum amount of 0 1 ;f%¢{

M potass;um hydroxlde and then dllutlng to l lltre wlth

o wa@é{ AThlS solutlon was kept foZen ln or&er to pgkvent :
detergoratlon.‘ggﬁrasslum‘hydroxade (l Mﬂ-potassium | ; ‘
o R e e,
“”«._ cye&ﬁE? IO.lS”M) solutlon was prepared by dlssolv1ng Q.V;-;i
" approxlmately 5 6 9 of potassium hydroxldefpellets and l g :
péQ.;ff;'f'jff A syrxnge of S-mL capaclty 'ftted with a. 26-
AL L '~.¢» -

,‘:;gauge staxnless-steel needle was use as the buret to add

aa?e;‘isﬁall volumes of the titraﬂ‘ during the Weight titratioq'tii'““

"TrLBSJ, The plunger was lightly lubricated with di}icone f;47fr

‘,’\ . ‘ 4.’ 4—. o




plunger actlon.; A support for the syrlnge durlng welghlng

'uﬁéﬁ

on a top-loadlng balance was made from-a 250-mL o Sﬁf.yv

Y

polyethylene bottle. as. descrlbed in ‘Ref. 100.- ,A1-1‘“'*" '

s tltratlon end p01nts were observed under ultrav101et"’

radlatlon from a Chromatovue llght enclosure (Ultrav1oletj'

e nght Products Inc )

I 4 2 2 3 Procedure

: A42 5-mL portlon of the urine sample to be
[ ]

analyzed was dlluted to 50 mL w1th water and leed.: Tdtadf

' lO—mL beaker were added l‘mL of the pota831um hydroxlde—vf

potasslum cyanlde solutlon, l‘pL of'water, a 0 125—mL o

- allquot of the dlluted ur1ne sample, 4 drops of pota851umw-h~'

dlchromate solutlon (0 1%) and 4 drops of ca%peln

lndlcator soiutlon. A small magnetlc st1rr1n bar was

"fﬁﬁp added aﬁd the vessel placed on a'magnetlc strrrer 1n51de

" the ultrav1olet-1lght’énclosure. The syrlnge,,fllled w1th .‘

the EDTA worklng solutlon, was welghed on a top-Ia&ding

.‘£‘0 balance to the nearest mg The EDTA solutlon was then‘g%"*

. . AW
. - \ .

“f”é'added dropwrse from the syrlnge to: the tltratlnn vessel

SRR unt11 thewbrlght green fluorescence dlsappeared. The

"--, I > ‘-w‘.

syrlnge was rewelghed and the werght Qf tltrant used was

found by dlfference. Tltratlons with the~work1ng calcxum

LR

w

LN

solutlon (10 ug/mL) gére carrled out to standardrze the ;’U‘

.

EDTA solution"~81ank titrations were oarrled out w1th the-f-

'omission Qﬁ the calc1um solution.ui '5'34

ad
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.:em1351on spectroscopy.'j
'-absorptlon spectrophotometf;

'and the procedures given‘f

Ry o . . - .
'&! . * - > Ce st . H -
R G R .
: N RO ~ LN
> ‘;"‘ @ : ‘ L G
. . . 3
e * [
Loty i ;

:'f 4*3¢ Determination of~Free Calc1um in Urine hy the Ion

a s -
R : v

Exchange Column+Eqpilibration/Atomic Absorption_f,*-
»;, " i e
‘,«t SpecﬁrophotometryﬂMethod

L i.4.,|._.».. - ; e .. n»

Urfne‘samples,:collbeted from three 1nd1yiduals,'were

~ s '

! . iy
P

'concentrations,'ﬂThe totél»sodlum and potassium levels of

"feach sample were'measuredgby Norine Motkosky using flame'

'A Varian Spectra AA-lO atomic

was used

LR

~

"this analy51s.. Urine samples were diluted 400 fold for

.c.

‘ . B . : N

v,‘,_

'"7were refrigerated upon collection and were analyzed within

’ S ‘,,,l,.»

'gfone to two days. In some cases second analyses were S
‘. - "
fperformed -one’ to two weeks later on the same samples.;f

On the baSls of the sodium and potassium analyses,{‘

H“vataSSLum'tO 0 75 M. Each sample was equilibrated With

‘fjthe column of resin for a period of 5 minutes and pedk

V@iflcalibration plot made with standard calcium lolutions in

;Ao 75 M NaNO3 (Section 2 3.3, 1). ‘-li¥-rafgjilfl;:h
RV L f‘,,,.p&\;_.;;vr‘ﬁ'ijp:“.a:;f ':ngﬂ R

T

he measurements

‘-usedefor'the determination of total and free calcium ',ff;'i;{:

Ref 101 wére'followed for’?j}lg._

'fboth the sodlum and pdtasS1um determinations, The samples

-"os 'l-i T

:{}jsufflCient solid sodium nitrate was added to each urine el
o sample to bring the tofal concentration of sodium and
5 ~.-" A -4‘-‘

"areas measured bY the method described in Section 2 2 7. f””fi

d:The free calcium levels were determined by referring to a mifﬁ




g

'4;4;fké§ultsfabd.ﬁiscussion’f

7‘analyzed for total and free calclum by the me _'"

R S

varylng amounts of total and free calc1um.. The fractlon

. 4.“-'.; Do

.7)_ .

Flve urlne samples (Al, A2,,B1,YC1, and

descrlbed in Sectlons 4 2. and 4 3. The symboli :ii:i and

C were usad to denote samples collected ffbm dlfferent

persons and the numbers 1 and 2 were used to denote o
samples collected from the same person but on two
dlfferent days.1 The total calc1um and freexca1c1um

in the samples are glven in Table 5'. The total calc

) -"values of 84 and 312 were. near the*lower and upper hormal

llmlts for a'healthy population%fQJ

-

The free calc1um levehsﬁéi}samples Cl and C2 were too

L4

hlgh to be determlned from thé callbratlon plots, whlch

were useful up to about 150 pg/mL calc1um." The free metal ;Ta

1on concentratlons 1n Cl and C2 can be estlmated to be 225

10 and 186 5 pg/mL of caIC1um. -Thls glvqs an ‘;;““,

approx;mate fratthn for the free.metal‘lon of 72% and 76%

K3

™

o . . . e R . Lol
- R » EE R T T L. c 3 W L

1n these samples.a'- : %/-.*j. tj\-m LT I
- 4. .' : / R : . '-" L ’ ’ '-'_‘ « 9 "ri:'." - :

-

Samples Al and A%*wwhxchrqere collected from the same
person but on different days, gave almost the same
fractlon of free calc1um even though they contalned

of free calc1um 1n sample Bl was high even though the'fu

g total calclum concentratlon was low.“'

AR
oo

;:i“_
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.7“$f" As observed w1th samples Cl and C2 hlgh =,-,h,:'

Q"I‘M hlgh levels of the free metal 1on by ra131ng the »' £

A'.‘R

W

Sodlum and pota551um are usually present 1n g

}relatlvely hlgh concentratlons in: urlne [70] , Therefore

.», s

iiorder to brlng the electrolyte concéntratlon of the sample

.

to that of the standards used to prepare the callbratlon
curve.. The electrolyte concentratlon in: thefsample was
7closely adjusted to that of the standard by addlng an

approprlate amount of SOlld sodlum nltrate..-

"concentratlons of free calc1um could not be measured u51ng

the above procedure._qlt may be p0551ble t6 measure such

'~'yeIectrolyte concentratlon of standards (Sectlon 2 3 3) and

y . Sy
;Asamples above O 75 M’ However, the changes 1n act1v1ty

>,

'71{coeff1g1enté'of the spec;es present in the medlum w1th

*-xonlc strength alsp need to be con81dened before ra151ng

g the electrolyté concentratlon any further. T P %
“ [ . - . o« .

\lqwii the free calc1um level to a measurable value.* Thls‘

' K “%Quld also alter all equlllbrla between calc1um and

,.g_ L

':Allgands ppqsent in solutlon slnce 1t would lower all

-

e

. specles'c cgntratlons, leadlng ‘to greater dlssoc1at10n of

1.

ctet L
LR

the calc1um complexgs.'

an estlmate of these.lon concentratlons 1n a urlnefsample;

“:1s requlred pr-or to the measurementlof free calc1um 1n L

o
) o ;& . M



for free calc1um co;'

34;5vyConcldsions v;\“'_ e f(f,g.;
————— : S : .
The results of the prellmlnary 1nvestlgatlons . 'j”*

\

R R,

) K] N .
The urlne samples were not flltered before passlng

y'them through the column of re51n. A p0581b1y hlgh value

,d result 1f ca101um containing

",partlculates were trﬁpped in the resln phase and not

removed durlng the w h' cycle.‘ These partlcles would

e foy =

4_,-

. cycle. v Thls can be. a problem for samples that ar% stored

.,) ’

fbr any length of t1me,151nce crystalllzat1%§ or , y
B o S e

pre01p1tatlon can occur..

R R g,g*f@i_.:l} e

reported here show that the lon exchange column

-equlllbratlon method (IEX) can be used to determlne the

1

concentratlon of free calc1um 1n urlne. As outllned ln

et

swamplng electrolyte 1n order to allow only a small

fractlon of exchange 81tes on- the re31n to be occupled by

the metal to be determlned._ It is recognized that theff

.addltxon of a hlgh concentratlon of electrolyte may

'was shown in Sect1on 2 3 3 tﬁat an electrolyte (NaNo3)

‘concentratlon of about 0 75 M is required 1n order to

t .
measure free calcxum levels comparable to those present in
N \ R
normal urlne us1ng thls method.' However, the ,.,?.

80

_dlss&lve 1n the HN03 eernt and be detected in the elutlonig"

'Sectlon 1. 3 1, the IEX method requlres the addltlon of a -;

"'vperturb the equillbrlum in the system to some extéﬁt’ It'jf



R

Nnece551tates ralslng the electrolyte concentratlon further

?in the sample and the standards.' ‘An alternatlve method

_for the. analy51s of such samples could Qe to dllute them

¥ > \

"'and‘then measure the free metal 1on concentratlon 1n the

"dllutei sample., But here agaln,apllutlon wmll perturb the’"

’fvery large.”:’ﬂ

éﬁﬁ?f?brlum In Ehe system and ralse the free ca101um levelh'”

I

-

' ;unless calc1um 1on bufferlng by 1lgands in- the solutlon is.




‘fconslderatlon.

[ SO LU U L VL N LIV UL SR . e ae Rl Ce

S I ,;
| "CHAPTER 5 .
¢ . . L
| FUTURE ‘WORK- "~ ‘g . . _ - . °

An‘lnvestlgatlon of ¥he p0531b111ty of carrylng out

§ e
‘. .

the measurements ab lower 1on1c strengths 1s

@Eé to 1on1c strength effects._ SuCh-a;study

Va swamplng electrolyte, the catlon of

e Y Further study of the non zero 1n*ercept observed for

- PN ) t B \7

o ca1c1um callbratlon curves at concentratlons of‘swamping

,"-’!’

’electrolyte ‘above ‘about 0 5 M should be done.t Amongvthe

.

varlables that could be studled are nature of the 1on

r

;catlon and counterlon, and the effect of metal 1on

" . . "

:bufferlhg. The cross—linklng of the resin is another

'vvarlable that might be altered to see whether 1t af‘ﬁcts‘

the shlft in 1ntercept.'57

"

T

Thls would mlnlmlze changes 1n the act1v1ty*"_l

N

J,belng determlned,»nature of the sWamplng electrolyte BRI



'”in_s1m11ar values at pH 5 and 7. However, calqulated curves o

i“ e '

.

o W ey aal : o
L . o . D . o
Tel 3 T2 oo - e
l oL 4 . 1_\ t

3 It would be useful to determlne stablllty constants i‘ﬁ

vy

at hlgh 1on1c strength for one or more of the calcxum-t

.f llgand systems<stﬁdIed in thls:werk.? Knowledge of these-;v

. N -
constants would allow dlrect comparlson of exper1mental

and calculated values for free calc1um concentratlons, ‘and -

A

thereby permlt a deflnltrve test of the valldlty'of the S

'*J‘--v'-T'tJ"};f7

| method. Do f:f‘j,..".” “\\'7' ;ﬂ S .ffjlg
Free ca101um measurements carrled out 1n the presence

- _a;of c1trate 11gand 1n 0. 75 M NaNo3 gave experrmentally

- N

at these pH values dlffered (see Flgures\l3 and 14), free"

—

a glven cltrate concentratlon.a'The factors relatlngwtO'

thls dlfference in . trends’betWeen the experlmentally and

I theoretlcally observed results should be examlned. o

'-j{.‘ The prellmlnary studles dlscussed 1n thls work

.
.

_suggest that the 1on exchange column equlllbratlop l ﬂhod
TZ;'

can be applled to measure free calc1um in ﬁrlne.;t
1mportance of free calc1um levels,-not only 1n urlne but
\L
also 1n othef'b101091dal flulds, was outllned ln thef .
41 g

ft;,f Lntroductory chapter. The pqsslblllty of applyi'g the

method to measure free calcxum Levels in serumif other

' blologlcal flulds would be a study of 1mportance.oaff

3

f‘onslderlng‘the normal levels of calcium in biological
' \s
flulds, a reasonably lpw volume of the sample is required

calcrum levels at pH 5 belng hlgher than- those at pH 7 for_fffm



to attaln equlllbrlum w1th the column of re51n,.wh1ch

"l»

makes such a study p0981b1e.. The methéd would not have'

1]

:-;been fea51ble 1f a large volume of blologlcal fluld, such
SREER 4 ‘ i ( :
,Has serum} was requlred for the analysrs. b‘ ;e:;,-,gf

o Only a- few.of the constituents present 1n urlne were

:tested for thelr effect on‘the determlnatlon of free

..

. calclum.» These 1nc1uded magne51um and ureav It would be

‘f;useful to examlne whether the presence of albumln has an

»

_c_eﬁfectlon the measurements.- Also, pOSSlble 1nterferences.-

/

/
on the measured values ffbm caICLum—contalnlng

partlculates in urlne should be\lnvestlgated.- This'
‘”‘requrres that the urlne samples be flltered to remove such

partlculates before passage through the;column of resln. ;

\\.‘x

The ion exchange column equlllbratlon method can also

- : m sy

be~applred to determlne free magne51qm concentratlons 1n

: ;urlne. Magneslum is also‘pn 1mportant‘element 1n,

3

: blologlcal systems and determlnatlon of its free netal 1on fﬂu»'A

2
levels would be cllnlcally useful. It could be p0551ble
I .

/

,fto measure the lonlq levels of both calc1um and magne51um

'~1nvuﬂgne and other blologlcal flulds by coupllng the 1on
/

exchange flow system to an. 1nductively coupled plasma
¢_meaaureﬁents may also be cafrled out u51ng heutron
-hbactivaélon analy31s. Such technlques would provide 11'

“iprocedures for the rapld determinatlon of multlelement;_f

'vfree lon concentratlons 1n blologlcal flulds.

‘jatomic emlsslon spectrophotometrlc detector.; These SO

a
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