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ULTRAMICRO-COLORIMETRY FOR DETERMINATION OF SERUM CHLORIDE
USING SILVER IODATE

AVEBRBrHAVELIOLBEII OIS FEHMERETE R &

INTRODUCTION

Mohr’s silver nitrate-titration! using potassium chromate
as the indicator is one of the oldest methods for chloride
determination. Subsequently, various other methods were
developed including titrations using thiocyanic- Fe?
(rhodanic Fe) or diphenylearbasone,® as indicators and
colorimetry* using chloranilic acid mercury. With the
recent development of polarography,® chloridimetry, and
automation, rapid processing, greater specificity and
reproducibility are possible

At ABCC, serum Cl is determined routinely by a chlo-
ridimeter, which requires 0.1-0.2 ml of serum. Occasion-
ally, however, serum Cl is requested simultaneously with
other electrolytes in adults or children from whom it is
difficult to obtain a sufficient amount of blood for the
determinations.

Therefore, review was made of the reagents and reaction
conditions of the method of Hoffman et al,® a modification
's™11 chloride titration that uses silver iodate
in a colorimetric method, and a method was developed

that required only 0.02 ml of serum.

of Sendroy

Values obtained by this method showed very good
correspondence with those obtained by the chloridimeter
and the macro-method of Hoffman et al.® This method
also can be used for determinations of Cl in urine and
spinal fluid.

THEORY

Protein is removed from the sample by precipitation with
phosphoric tungstic acid. Silver iodate is added which
reacts with chloride in the sample to produce sodium
iodate and insoluble silver chloride:

AglO; + NaCl — NalO; + AgCl |

i L®I

BoHwEMERLI s oL@ AY) T LR IETELT 2
Mohr MBS TR FEF s LI, 20, £<
DIRAESICED, FA L7 P EEE? (O 8) Y
T2m= ANy 3 2 EEEREIZL LilEE, 70
FoVEKIRERGALLAEY R EofE A OERBEHSHEE
ahi, ELICEHETEFAE—-I95 3 78,5 chloride
meter *°EHE{LD Iz L0, $F2E - HEME I E Ea
MR E R ATAHE 12 G - A2

ABCC Ti%, chloride meter #{#H L, LF @& L
T 7074 FEAERL TWaEH, ZoEHMER
20.1—0.2ml #BBEL¥ 3770, fbo BEEEEEF
BIEZTE 3561, PREORMIAE L EETIX, 0
HRATREO S TN EA gL o 2 cEBT 5.

2T, Sendroy U Iy HEEE A H W AE LI — F
WEZELHBHEIZB L2 Hoffman 5 6§ @fllEE Iz
THRE, UEHRMFESFE2B®L, CORGHAZIGHAL T

fERIMFE R % 0.02ml THIET 2 ERELHEL .

Ak 0 K (X chloride meter # X ©F Hoffman &5 6 @
macro-method THA{H L FEFICECHMBLTED, F7-
Rz as4 K, #itizras4 FLMENTRETH 5.

m

KEoEQET) s> 727 890 THE, 2h
I EBREEREMZ 3 L RAhoE kA B
HERIG L THEEDEBEEL 3 Y EREEEET 2.

............................................. (Equation 1)



The precipitated proteins and silver iodide are removed by
filtration (or centrifugation) and the remaining solution,
containing sodium iodate, is acidified with phosphoric acid
and sodium iodide is added. For each equivalent of
chloride in the original sample, 6 equivalents of free
iodine are liberated:

NalOQz + 5Nal + 6H3 POy —

The amount of free iodine (yellow) is measured spectro-
photometrically, thus giving indirectly the amount of
chloride present.

REAGENTS

Phosphoric tungstic acid solution Sodium tungstate
(Naz WO4-2H;0) 6 g is put into a 1000 ml flask, to which
0.15M phosphoric acid is added to make a solution of
1000 ml.

0.15M phosphoric acid solution 85% phosphoric acfd
(H3 PO4) 10ml is dissolved with Hz O to make a solution
of 1000 ml.

Silver iodate (AglO3 Fisher Co. “Chloride free” or
Wako SG) is used directly.

0.4 % sodium iodide 0.4 g of sodium iodide (Nal) is mea-
sured and 0.1 N-NaOH 0.5 ml is added. This is dissolved
with Hz O to make a solution of 100 ml (may be used for
2 to 3 weeks),

120 mEq/l NaCl standard solution NaCl (special grade
dried reagent) is redried for 3-5hours at 100-110C,
immediately put into a desiccator and sealed. After it has
cooled, 7.014é of this is measured and dissolved with
H: O to make a solution of 1000 ml (may be used for a
long period).

Standard working solution 120 mEqg/l NaCl solution is
diluted with H2 O to make working standards of 30, 60,
90 and 120 mEq/l. These solutions may be stored in
sealed glass containers for at least 1 month. When
preparing the various concentrations, the solutions can be
made easily and accurately by use of Sasaki’'s'? standard
solution dilution method.

Low Cl content reagents are used, and all solutions are
made using previously distilled water, filtered through an
ion exchange resin.

CORMLAEA LI ERIGIES (A58 090)
LTEDLifE ey, )V BTEBMEIZLT, 39t b
U AEMABLIATEBIMET A2 IR EF 3.

3l + 3H20 + 6NaH: POy ..ocvcveene. (2)

LikH-T, avEOE (EE) 2ii8smTibal, f
HayicEtoREAIET S,

Yo RT2FBER: 1000ml 75221280 7 A
TrETR)TA( Na,WO, - 2 H,0 ) B6g A, 0.15M
JorEEEMNZ T1000m] & 5.

0.15M Y B3 85% ") » B ( H,PO, ) 10ml % H,0 T
1000m] 1Z#E A L TIE 3.

I FEBGE  ( AglO, Fisher # " Chloride free ” £ /21
Wako SG ) & £ % & f#H.

0.4%324tF b U L: 39{tF Y7L ( Nal )0.4g
TilD, 0.IN— NaOH #0.5ml fiZ, H,0 T100ml |z
BT 5 (2 —3EMMEHETE).

120mEq /¢ NaCl #£ # 37§ : NaCl ( special grade dried
reagent ) # 100—110C T, 3 —GRFMiEEEL, 2748
LTSI ARERL, BHLAL0O% 7.014 ¢
MY HyO \ZiE L T1000ml & 2 (&AL .

RS AE: 120mEq /0 NaCl #i % H,0 THML T
0, 30, 60, W0 LE120mEq /2124 5 L5 FHmIRL

HA). HRBEHEHENT I, o R 0REEER
FEEMV 3 LB D TFHECERS.

AE: TNTOREMTCIEGHEOL VL O #H
FTRETHY, ELRERMIIACDS H0 244 2% R
WMiEEBL THELDEFEHT 5.



PROCEDURES

A blank and four standards are prepared by dispensing
into five tubes 0.02 ml (20 A\) solutions containing respec-
tively 0, 30, 60, 90, and 120 mEq/l NaCl using a Sanz
pipette. Unknowns containing 0.02ml of serum are
similarly prepared. To each tube, 0.5ml of phosphoric
tungstic acid are added and the contents thoroughly
mixed. About 20mg of silver iodate (exact weight
unnecessary; the amount scooped onto the tip of a standard
Japanese ear currette is sufficient} are added to each tube,
thoroughly mixed, allowed to stand for about 5 minutes,
and centrifuged at 3000 rpm for 5 minutes.

With a Sanz pipette, 0.02 ml of the supernates from each
tube are transferred to other corresponding tubes and
3ml of 0.4% Nal are added to each. After standing for
10 minutes, spectrophotometry is performed using a
420mp filter. The optical densities of the 30, 60, 90
and 120 mEq/] chloride standards are obtained by reading
against the blank and a standard calibration curve is
constructed from which the chloride content of the
unknown samples is determined in the usual way.

RESULTS

A comparison of chloride values in 75 serum samples,
determined by the above method, the macro-method of
Hoffman et al® and chloridimetry is shown in Figure 1.
The coefficients of correlation for the ultramicro-method
and chloridimetry is 0.991 and that for chloridimetry and
the macro-method is 0.986.

Comparisons between the micro-method and chloridimetry,
using 20 urine samples were performed and the corre-
spondence was also satisfactory as shown in Table 1.

REVIEW
Absorption Spectra and Standard Calibration Curve

A Hitachi-Perkin-Elmer Type 139 spectrophotometer was
used to determine the absorption spectra from 350 mp to
590mpy using a blank, and 50 and 100 mEg/l NaCl at a
slit width of 0.5 (Figure 2). A maximum absorption peak
could not be found within this range. For determinations
in the ultraviolet areas, high-class colorimetric apparatus
and reagents of high purity are required, making it
susceptible to contamination, and therefore, it was decided
that for routine tests spectrophotometric readings would
be taken in the visible spectrum, specifically at 420 mpu .

B fE

RBEABCDE®LUFAMHEL, ZhioHHdmHE
0, 30, 60, 90% LT 120mEq /4 ¥ & & U B H (I %)
AHEOFD0.02ml (204 ) ¥ Sanz pipette THEL,
Vv v Z A7 v E¥EE 0.5ml F2oMA X< BET S
DV THAngD IV EBB(EETHLILET L, B
PEHTEIV) 20O RBEEICME, LCHSG
LTH5 rMBER, 3000rpm 5 RE LT 5.

WL LAEshFho bile, BIOREE Z Sanz pipette
EMVT0.2ml FoBLEYD, FOFDIZ0.4% 3 71t
FRUTLTEE 3ml HTEET AN, 105 HEELAEE
Filter 420mp T+ 5. Blank % 3EdE 2 L7, 30, 60,
90 L U120mEq /¢ TEORFE RO THERE i &,
chEMuwtHkumAEborsru 4 FREZ@AFEOHE

THRET 5.

w ®

I3 758 122w T, Ak kg R Hoffman 5 ¢) macro-
method & # L 7F chloride meter T3 7= SR & o L 7~
(1), A& chloride. meter # k Of macro-method X
DHEBTEHBFEHEEIZATH0.991 5£T 0.986 T
&l

0MFEOIKIZoWT & A&k L chloride meter & e #E L,
RIOZTE(HRETREHELE .

L
RINEhER & £ U ER

Hitachi-Perkin-Elmer 139 ! spectrophotometer # i
T slit I 0.5 T blank & 504 £ 1F100 mEq £ NaCl 2
W, MRUTEREE 350 me A 5 590 mu F THIEL 2 (K
2). EAREEOKTZOEEICIERD Lok, EibE
T O ET SR S e S o0 M EE S ER & R,
o, BRIAELLTL. LT, B8IETH 3
420mp THIEL ZFE) ¥V FrBELLTIAANLEE R
BEic#y sz LIzl k.



TABLE 1 COMPARISON OF CHLORIDE VALUES IN URINE DETERMINED BY
ULTRAMICRQ METHOD AND CHLORIDIMETRY
# 1 #iké Chloride meter (£ 2R Cl D EMBEOE ( mEq /¢ )

Chloride in Urine

Sample Fd Cl g Difference
A Ultramicro- &
Method Chloride Meter

A ik
1 182 180 +2
2 27 28 -1
3 178 174 +4
4 41 41 0
5 133 135 —2
6 120 123 -3
= 118 119 -1
8 172 172 0
9 73 77 —4
10 107 108 =k

Figure 3 shows standard calibration curves obtained using
Gilford, Coleman Junior II, Coleman 6a and Coleman 6¢
colorimeters. The curves obtained with Gilford, and
Coleman Junior II colorimeters were linear in accordance
with Lambert-Beer's law, but the curves obtained with
Coleman 6a and 6¢ colorimeters were slightly arc-shaped.

The deviation from linearity of the standard calibration
curve for some of the colorimeters emphasizes the
importance of using at least four or five standard solutions
of different concentrations to obtain a satisfactory curve.
Dependence on a calibration curve derived from a standard
solution of only a single concentration can lead to large
errors in clinical chemical determinations. Further,
standards and unknown samples should be processed in

the same manner throughout the entire procedure.
Reagents

Silver iodate: Concentration and commercial variation The
effect of increasing concentrations of silver iodate in the
procedure (Equation 1) was investigated by adding, to a
series of standard test solutions containing 50 mEq/1 NaCl,
20mg increments of silver iodate in a range between
20-120 mg. Commercially available iodate from three
different manufacturers, A, B, and C were tested. Judging
from the final color reaction (Figure 4), the iodate from
companies A and C precipitated a fixed amount of chloride
irrespective of the amount of iodate added, but that of
company B showed an increase in chloride proportional to

Chloride in Urine

Sample B Cl 1 Difference
B Ultramicro- =
Method  Chloride Meter

ik
11 169 170 -1
12 276 278 —i2
13 249 248 +1
14 205 206 -1
15 93 G +2
16 207 208 =i
17 266 269 =3
18 267 267 0
19 236 239 -3
20 237 238 -1

[ 3 i+ Gilford, Coleman Junior Il type, [ 6a type
LFUTE 6e type QILGF T, FhfhofaitHEsuid
DT éH A, Gilford, Coleman Junior [l type T Lambert
Beer MiLRIZHEVWEFEINTH - /24", Coleman 6a type
BFEU fe type Tl FRE b2/ s
7.

HEFCLE - THRESROERESIEHL 22 20, 2

BMBEHEERI DR, LEELBEBBIIHERL

4 — 5 ADEBREIHVAZ LI AVED2THEIZ L%

B RET S, A5 1 REOAZOEBEEFERAL THL
5\

MMz, BEEREFERMICAE ZAELE
LHEL. FIT, BAOEEEEHV T sample & [k
ICBEL THREELBNETHAS.

SAEMBE: TOBEEHHRS S0mEq ¢ NaCl & &
BT 5 OB 7 ERRE20— 120 mgz HML
T, MFOBE(RKEBR L) 2H5nT I 7 EBROEE
ML B A0mEsH~s A, B, C3ftolilay
REBRERB LY, BAaomaroiaigf (H4), AL
FLUCHO I TEEBHRTIE, 2oHENBECMERELEZ—E
HOBto ekl %5522, Biho 3 7 EEULIRINAIC
Hofl L cHafedmaismL 7. Zhii CH o iz tiElt



CHLORIDE CONCENTRATION
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the amount of iodate added, indicating considerable
contamination with chloride rendering the reagent unfit
for use in the method without further purification.

Comparison of the variation between different lots of silver
iodate made by companies A and C showed no major
differences. The products of these two companies could
be used directly without further purification.

Sodium iodide: Conceniration and volume The effect of
different concentrations of sodium iodide (Equation 2) on
the color reaction was investigated. Standard test samples
containing 100 mEq/l NaCl were processed in the usual
fashion (see Procedure). To the final 0.02 supernates,
3ml of sodium iodide were added, in the following
concentrations: 0.4%, 0.6%, 0.8% and 1.0%. Over
this range of reagent concentration, there were no
differences in the optical densities of the test solutions,
and the 0.4% concentration was chosen for the procedure.

Review was made of the color reaction when 2,3,4 and 5ml
of 0.4 % sodium iodide were added. The color intensity of
the reaction decreased with increasing volume of reagent,
which is obviously a dilution effect. Adequate color
intensity was attained with 2ml of 0.4% sodium iodide
solution. Thus, the volume of sodium iodide may be
adjusted according to the size of the colorimeter cuvette.
In this laboratory 3 ml is a convenient volume to use.

Color reaction time and fading time

As shown in Figure 5, at 25C, maximum color intensity
developed immediately after addition of sodium iodide and
remained stable for at least 90 minutes.

Effect of temperature

An incubator with an adjustable temperature control was
used to test the effect of temperature at 10,20,30,35,40
and 50C. Within this range, there was no significant
effect on the Cl determinations (Figure 6).

Effect of other substances in blood

Protein (human albumin 10g/100ml, hemoglobin (14g/100ml),
bilirubin (20 mg/100 ml), glucose (100 mg/100 ml), urea N
(100 mg/100 ml), vitamin C (100mg/100ml) and cholesterol
(200 mg/100 ml) in amounts of 0.02 ml respectively were
added to standard test solutions containing 20,40,60,80
and 100 mEqg/] NaCl, and Cl value was determined. No
effects due to these substances could be detected.

WO HEYS - T, BEBELZVEDERIZE 2
TwZEERT.

T, BEHoavRBRRIIOVWT, HlotllLsREMED
@ AL AP AEZZ (O, A, CHOBmIERH
BOBMBEILETEL, TOTEHEMTES

SbFrUDL: TORELHERE Xttt a3
TAEF R MREORE SR L A (KIER2). 100
mEq /£ NaCl # &% ¥ 5 £ 4 sample % A 70 W % (#
EDE A L) CRIEL, 50750 02_];2"1’-?\'3. 0.4 %,
0.6%, 0.8%L LU L.0%IZHB LI 9{LF MY
T AFER 3ml FoFEmL . ,m.‘ﬂyﬁo)@% EX BT

WAEZEEF ok, FIT, KBEIZIZ0.4 %8
23k & v fz

0.4%32fk+rY7AHE2, 3, 45LU5ml &40
ATHBESE, ZOFEHEEZN %‘t.#wﬂﬁumu

THEDBRIFETFLAY, ZHEIRBICEIFERsA
BHIIETIRETH,04% (L) )y LET
HNII2ml TE Lw ) BARBTIZLERDE. LE
HoT, WBFHOFaNy bOKkESIZE->TIEI I
FRUSLOBPMHEL T LS, SBEZFTHRVS
0 J‘E'u-.\m]ﬁ’ffﬁ:]bf;-

RERBES LUER

50Tk, BClzEwT Ik Py a&HmML
EPEHEFEEBL, P LE0SMIZEEL TV

mEC & B

LR AT O ATRE 2 EEM A EA L, 10, 20, 30, 35, 40%
FUBCIIHEVTRFIZLIHELRARLY, ZOWH
NBETHVWThE 27074 FRIEBECRZ2R o8
Ao (B16 ).

fhOomFEENEDTE

Protein ( human albumin 10 g .~ 100 ml ), Hemoglobin
(14 g 100 ml ), Bilirubin (20mg 100 ml ), Glucose
{ 100 mg,~ 100 ml }, Urea N ( 100 mg~ 100 ml ), Vita-
min C ( 100 mg,” 100 ml ) & £ ¥ Cholesterol ( 200 mg~
100ml Iz TEFRFH0.02ml 37220, 40, 60, 80 &
ST 100mEq /¢ NaClEEERIZIRML T s 034 Filf
EFRELAZA, WTFh b HELTEb Lo,



Precision and accuracy

Repeatability (Replicate determinations on the same sample,
by the same technician in any single run. Measure of
precision of individual.) Twenty replicate determinations
of the same serum were performed. Figure 7 shows the
results: Mean = 108.8 mEq; SD = 0.61; CV (Coefficient
of variation = SD/mean x 100)0.56% indicating excellent
repeatability.

Reproducibility (Repeated determinations on the same
sample on different days, not necessarily by the same
technician. Measure of precision of method.) Determi-
nations were performed over a period of 20 days using
the same sample. Figure 8 shows the results. Each point
in the upper panel is the average of duplicate determi-
nations for each day. Each point on the lower panel
shows the difference in mEq/] between the duplicates for
that day. The overall mean for the 20 day period
=108.5mEq; SD = 0.80; CV = 0.73%. Reproducibility
for this method is also excellent, though variation is
slightly greater than noted under “Repeatability.”

YR CERM

R (FA—REHEGEPRA—REISOTH25 &
MEET, MAOKE2®ET 5.) F—0co 5200
EMWEE TR, H7HRTEH0 EHYfl=
108.8 mEq ; SD =0.61; cv@@wﬂzﬁz%f—x
100) =0.56% & + < U KRB M 277 & h 7.

BHEME (A-BREZMALEMRSFA—BRFIZo>0T
By o HEFITAT 2 - 2 RERIE T, HEOMELBE
T5.) A—MmiEEMAVT20HMMEL T, B8 omTa
Ao, LoOHOZSIL, 1 HIZITE - 2 FEHEE
ENEHBEETT. TOROELE, AMUAIZFE- -
HHBEEDWREEL mEg ALHEMLIRLAELEOTH S, 20H
Mo#E6TH1E, 108.5mEg ; SD=0.80; CV=0.73%

Thol. FREOHRIEL T ChTWE Y, REED
BEENLESDENEDRE L,

TABLE 2 COMPARISON OF CALCULATED AND DETERMINED CHLORIDE CONTENT OF
VARIOUS TEST SOLUTION

#2 FWESRMECHETAZZOT4 FREOMIEMEE EAHE L o g

Sample Determined < ] Determined  Calculated %
. xmE O KO e B

1 10+C* 10.2 30.2 40,2 40.4 99.5

2 20+C 20.0 30.2 49.8 50.2 99.2

3 40+C 39.9 30.2 70.0 70.1 99.8

4 50+C 50.1 30.2 80.2 80.3 99.8

5 80+C 78.1 30.2 105.3 108.3 97.2

(i 100+C 96.8 30.2 1221 127.0 96.1

*C= Ion-free Chemvarion

Recovery experiments Table 2 shows the results obtained
by adding known amounts of chloride to test solutions and
comparing the calculated results to those obtained by
actual determination of the chloride content. Column 2
shows the amount of chloride added to an ion free carriert
Column 3 shows the chloride value determined colori-
metrically for each of these samples. Column 4 gives the
chloride content of a commercial preparation % which,
when combined with an appropriate volume of the test

EULEEE #2i, REEICHMED 7 974 FEFN
LTHEEmEEEY, dh¥Tr7udf FEHE: 70
FPEE R L, B2 S 2 M2 E A A4 b g
Lzzuos4 FEEFLAL. HBEIZL S X sample @
7074 FEEHEIMITRLE. TAMCRLATRST
DruFA FREFEIMBILBEEAFTHIE, 56

 Chemvarion — Clinton Laboratories, Los Angeles, California, USA.
f Versatol — Warner-Chilcott Laboratories, Morris Plains, New Jersey, USA.
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FIGURE 7 REPEATABILITY OF CHLORIDE DETERMINATIONS
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solution from column 3, gives a calculated total chloride
content shown in column 6. The chloride contents of these
artificial mixtures were determined and the results are
shown in column 5. Finally, the percent ‘recovery’
{observed/expected or determined/calculated) is shown in
column 7. The percent recovery was over 99% for all but

the two higher concentrations of chloride.

SUMMARY

An ultramicro-colorimetric method was developed based
on Hoffman’s modification of Sendroy’s iodine chloride
titration method using silver iodate. Thi§ method was
shown to be comparable to other methods for determination
of serum chloride and can be performed with as little as
0.02 ml of serum.

This methdd correlates well with chloridimetry (coefficient
of correlation 0.991). Repeatability of 20 duplicate deter-
minations was excellent (coefficient of variation = 0.56%);
reproducibility was also excellent (coefficient of variation
=0.73%).

Mizhsftitroyf FERBEN SIS, ZholRE
WOros4 FiEsllELT, 2OMEERESMIZRL
Po. REPRICE TR EINE (BB A E, £ A3l
EE EZE) 2EH LA Zo0@BBEsO T FiR
FROTE, ERERZS ST ETH - L.

E &

Sendroy ® 3 v KEHEHVAELI - FilEREL LA
Fiztg B L 7 Hoffman Ol E i zHEL T, M ELLS
EREEZMEL L. RBEIMOME 7974 FERRKLE
RESLMEL2 AL, b3 H»0.02ml O TH#lE THET

b3,

Ai% (L, chloride meter EiZFEHIZ & < FM L (FMEE &
(£ 0.991 ), 20 EHBEOREES (E8F5%=0.56%) ,
HEM (FSHFH=0.73%)b b ITNT w3,
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