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ABSTRACT

A one-reagent indicator solution has been-prepared for the analysis of
iodine concentrations in the range of 0.5 to 12 mg/l of Iz.for use on the
- potable water proposéd for the Skylab project. The indicator solution was
formulated to contain the minimum concentrations of reagents for optimum
analytical performance. Performance tests indicated that the reégent is
stable for at least six months and is reliable for the determination of I,
under a variety of conditions of 1~ concentrations and sample temperatures,.
Visual estimations as low as 0.5 mg/l were obtained without difficulty and
the étability of the developed color a}lows visual determinations from 0.5

to. 12 mg/l of I, with a relatively small error.
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SECTION I

INTRODUCTION

1.1 Justification For -Study

For extended space flight anticipated in the Skylab project; it is
essential that the crew have available .a method of determining iodine in..
the concentration .range of 0.5 to 12’mg/l.§f Iz-inlordef that the potable
water be maintained:in‘a safe microbial condition at all-times.. The
method must be:. (1) sénsicive, accurate and reptroducible; (2) insensitive:
to constituents o;her thap iodipe; (3) easily -manipulated and performed;
and (4) composed of stable reagents which possess a low toxicity and. are:
non-corrosive to goptainer materials.
1.2, Backgroundv |

Two methods. for iodine determination have begn‘considered for
possible use in Skylab.” Both of these depeﬁﬁ,upon.the‘development‘of¢a4
color,'visiﬁle to the eye, the'intensityaof:which‘is'prpporfional:to-the .
iodine. concentration. - The iodine concentration in each case is. estimated
Sy comparison of the developed color with appropriately colored standards.
The two methods are: (1) the starch-cadmium iodide method; .and  (2) the
leuco crystal violet method (LCV). Initial investigations indicated
that the starch method is relatively insensitive to iodine concentrations
lessg than 1.5 mg/lrand;.additionally, the intensity of the developed
color is a function of temperature. On the other hand, gApreliminagy_‘,_f

investigation of a modified LCV method indicated that  the presence of
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iodide ion interferred with color dévelopmepp; While it is.thought that-
the"starch;methgd—may;ﬁotvbe'greatiyyimproved;because;of inherent pre- ~—~ -~~~
perties, the same is not-true for the.LCV methed which can be mq&ifiéd
in a variety of ways tQ'meet_the,stated-criteria.
1.3 Objective of‘Study
The  specific objective of,thislstﬁdy.is to medify the leuce crystal -
3 vielet procedure or otherwise develop a new or modified. procedure for

determining iodine residuals in spacecraft potable water.whicﬁvwill meet

the criteria .cited in 1.1 above.



SECTION IT

TECHNICAL -APPROACH

2.1 Theoretical .Considerations
On the addition of elemental ‘iodine .to water hydrolysis occurs with~
the formation of hypoiodous acid,;HOI,.hydrégenfion,iand'igdide ien.
I, + Hp0 == HOI + H* + I~ N
K. =3 x.10713 ar 25°C
In addition, dissociation of HOIL takes place with the' formation of the
hypeiedite ion, OIT:
oI == nh 10~ | (2).
Ka = 4.5 x 10713 at 25°¢
At high pH values, conversion .of HCT to iodate, Iogi may occur.
"3HOI -+ 20H == H" + To3'+ 2I " + 2H20 (3)

In distilled water or water with near neutral pH, only Equation (1) .is:

3
In the colorimetric method for iodine proposed by Black -and

of .interest .as the concentrations of OI” “and OI, will be insignificant.
Whittle (1967), the oxidatien of leuco crystal violet (LCV) to crystal
vielet dye was postulated to occur through hypoiedous acid exclusively.
The mechanism of this reaction has been described previously (Black

and ‘Whittle, 1967 and Whittle, 1969). The oxidation of,LCV by I, is-
slow as the production .of ‘iodide ion during the course of .the reaction
opposes the hydrolysis of I and, therefore, the formation of HOI-as
shown in Equation (1).- The additien of mercury as the soluble mercuric
chloride results in.complexation of "iedide .ien..

CHgCl, + 417 9= HgIy + 2C1° (&)



The stability of the tetraiodide .complex is much greater than of any.

chloro complex.

= 2+. -
Hgl, == Hg # 4L~ (5)
K, = 1070 at 25°

HgCl,(s) == HgCl,(aq.) (6)

Ks = 2.7 x 1071 at.25°C

1]

2* 4 4 c1m - (7)

Ky = 10 e 25%

HgCl, == Hg

The~reaction in Equation (4) when combined with the hydrelysis in
Equation (1) results iﬁ the-stoichiometric formation of HOI.
41, + 4Hy0 + HgCly = 4HOT + HglZ .-+ 20i’;+«AHf (g>a

The HOI instantaneously oxidizes LCV-to the crystal vielet dye which in .
aqueous solution exhibits maximum-absorbance .at pH 4.0 at 592 fim.

The formation of the veryuinsoluble.mercuric.iodide,

Hgl, == HgZt# 21 Q)
Ks = 1.2 x 10728 at 25°C,

may be prevented by controlling the mercury-iodide ratio such that
complexatien is.favered over precipitatioen.

For .elémental iodine solutions, Beer's iéw:is-followed‘inathe LCV .
method  over.-a wide range of .iodine -concentrations with .a molar absorp-

4 liter/mole-cm. .

tivity of 9'x 10
2.2 Skylab Considerations

The proposed procedure for disinfection of -water aboard Skylab
involves treating the water prior to flight .to contain near 12 mg/l as
I,. Because of the iodine depletion characteristics during sto;age, it

will be necessary for the flight crew to. determine iodine .concentrations .

and, if required, to maintain a certain minimum concentration by.injection -



of a concehtrated_stock‘iodinejsolu;ion% The limited solubility of

élemental:iodine in water will require the use of.a tri-iedide, IS, :
sglution which has been proposed to contain a 1:2 mole ratio of 12.£o
I” at a total concentratica -0of ;30,000 mg/l as I5. During spaceflight,
the I™ concentration will progressively .increase not only because of .
3

I". 1In the LCV procedure, -the increasihg concentration of I~ in the

injection of I, but also because.of the depletion or,re&uction of Iy to

spacecraft potable water requires-an_adéi;ional-consideratipn of the-
mercury complexation rééction outlined in previous ‘equations:

The proposed one-reagent container abeard Skylab néqessitatés
redesign of .the presently proposed LCV method which now.requires two
reagents, an indicator and a.buffer solution.,‘ln-édditien, the pro-
posed 5:1 sample:to reégent_ratio' proposed for Skylab involves a
further modification of the LCV. procedure which nQW"employs-a.SO:l
sample-to reagent ratio. ThHe approach to these wvarious quificgtion
steps is outlined in the foilowiqg sub-section.

2.3 - Experimental Design -

The following are the experimental procedures to be applied for

the design and selection of the optimum indicaﬁor‘system.

'2.3.1 Reduction of Reagent .Concentrations:

The proposed sample to reagent ratio of 5 to. 1l indicates a 10-fold
reduction in reagent concentrations of the presentiy.proposed LCV
reagents. Solutions contaihing reduced concentrations of LCV and HgCljp
will be evaluated for determining I, with«particulér regard to estab-

lishing minimum reagent quantities required for the anticipated I, and



2.3.2 Substitution of New Complexing Agents

Other iodide complexing agents will be evaluated in analytical
performance tests in an effort to replace the mercuric chloride salt
by a less toxic substance. Mercury salts other thaﬁ the chloride will
also be evaluated for possible reduction of the required mercury
concentration.

2.3.3 One Reagent Addition

Efforts to produce a single analytical reagent will be directed

toward formulation of: (1) new buffer solhtions; (2) combination indi-

"cator - buffer systems; and (3) weak acid solutions of the indicator.

2.3.4 Performance Evaluation

All candidate reagent solutions will be evaluated for determining-
iodine in the concentration range of 0.5 to .12 mg/l of I, as a function
of increased iodide concentrations. Performance criteria will be:

(1) adherence to Beer's law or good repreducibility of results under a
variety of conditions; (2) visual estimation of developed colors, par=-

ticularly the detection of 0.5 mg/l of I,; (3) minimum complexing agent

' concentration required for an anticipated I~ concentration; (4) stability

of the developed test solution; (5) reproducibility of results.for a
range of sample temperatures; and (6) stability of the indicator
solution (in glass) as a function of gterage: .time:.

2.3.,5 Selection of Analytical Procedure

The optimum indicator reagent will be selected and recommended for

consideration in the Skylab based upon the results of this study.



SECTION IIL

EXPERIMENTAL

3.1 Reagents

The leuco crystal violet reagent was purchased as Eastman Organic
Chemical EK 3651, 4, 4', 4" - methylidynetris(N,N-dimethyaniline). The
high quality of this product was such that no additional purification
was required. |

All acids, salts and other reagents were of reagent grade quality.

The water employed was deionized by a Continental Water Conditiohipg
system to a range of specific resistances of 12 to .18 uegohm.u
3.2 Equipment

Iodine concentrations were determined employing a Wallace and
Tiernan amperometric titrator. |

Absorbance values were measured using a Coleman Model 124 Spectro-
-photometer and a Sargent Model SRG recorder.  Absorption cells providing
a 10 mm light path length were employed for solutions having aBsorbancé
values less‘than 2.0, and 5 mm cells for solutions having absorbance
values greater than 2.0.
3.3 Measurement of Absorbance

The procedure followed for relating absorbance values to iodine
concentration involved treating 50 ml of sample with 10 ml of indicator
solution. The absorbance of the color developed in the 60 ml total
sample was measured using 10 mm cells when the absorbance values were

.less than 2.0. For absorbance values greater than 2.0, the sample
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was initially dilhtéd;tovloo mi with dilution water containing the appropriate
fatio of sample water to indicator solution. The absorbance offthis‘
solution was obtained with 10 mm cells and the initial absorbance in the
60 ml sample was calculated, assuming Beer'’s law was followed. Later
the use of 5 mm cells allowed a direct absorbancelreading of the undiluted
sample, which was multiplied by two, eliminating any dilution errors.
3.4 Indicator Concentration

For a 50/10 sample to indicator ratio.it was calculated than an
LCV concentration of 0.25 g per liter would provide a 2,7-fold excess
of indicator for stoichiometric recovery of the highest I, concentration
of 12 mg/l. With the exception of a few trial runs, all indicator
solutions were prepared at the concentration of 0.25 g/l of LCV,

A previous study (Black and Whittle, 1967) sho&ed that for indicator
solution stability, the pH of the final solution must be 1.6 or less.
3.5 Evaluation of Complexing Agents |

For each of the candidate LCV-acid indicators prepared in 3.4 above,
the minimum complexing agent required to. produce a maximum absorbance
value as a function of added I concentration was determined as follows,
with HgCl2 given as an example,

Prepare the following

HgCl,_ solutions:

2 .
Solution 1 - 0.250 g/l Soluticn 2 - 0.625 g/l
Solution 3 -.1.25 g/l Solution 4 - 7.2 g/l

Pipet a 50-ml sample of standardized elemental I solution (0.5 to
12 mg/l) into a 100-ml volumetric flask. - Add various combinations of
HgClzfsolutions_and a strong acetic acid-sodium acetate, pH 4.0, buffer

such. that the sum of volumes of these solutions equaled 5 ml. To this



adjustment of solutions of crystal violet dye. Wavelength scans were

was added 5 ml of the indicator solution containing 0.5 g LCV. per liter.
This procedure was designed to simulate the addition of a mixed indicétor"
composed of LCV, complexing agent, and buffer in the sample/indicator ratio
of 5 to.1., For a given 1” concentration, the minimum quaﬁtity of Hg@li
required to produce a maximum. absorbance value was recorded.

In addition té HgCl,, Hg(CL0,),, Hg(C2H302>2, Hg(Noj)z, HgS0,, and
other possible complexing agents including Sn(II),.Sn(IV), Cu(l), Pt(I1),
and Pd(II) were evaluated.

New mixed indicator solutions were:prepared incorporating the
minimum complexing agent required to prevent interference from an
assumed maximum concentration of I~ -of 70 mg/lf Standard absorbance

curves were obtained employing a stock I; solutions prepared on a 1/2

I, to 1™ mole ratio and containing 30,000 mg/l of L.

A stock KL solution was prepared by dissolving 1,300 g of KI in
water and diluting to a liter (L ml = 1 mg I7). Increments of the KIL

solution were added to I3 solﬁtions to contain various coneentrations
of I; and added I ion. These solutions were then analyzed colori-
metfically and the maximum I~ concentration which-produced no inter-
ference was recorded.
3.6 New Buffer Compositions

In the initial investigationsj,alll .samplés were treated separately
with a4 strong acetic acid-acetate buffer to.produce a sample pH of 4.0,
the pH of maximum absorbance of 592inm., Other buffer compositions were

prepared to produce sample pH values of 1.0 to 3.1. The effect of pH

on the intensity and hue of the developed color was studied by pH

run to determine the wave length of maximum absorption at each solution

pH.
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Combination indicator-buffer mixtures were,preparddito produce
various pH environments in the test sample. Stability tests were initiated
to determine the stability toward color development in the indicator-
buffer solution and also the ability of the mixed system to reproduce
12 determinations as a function of the age of the indicator solution.’

3.7 One-Reagent Method
Rather than combine the indicator with a buffer solution, solutions
of LCV in weak acids were prepared for use as single reagents. Solutions
of weak acids héve some buffering capacity and if the sample to indicator -
ratio is near constant, the pH of the final test solution will exhibif a
fixed value. Solutions of LCV, compelxing agent,'phosphoric acid, and
citric acid were prepared and stability test initiated. Standard:
absorbance curves were prepared as described previously and the maximum
1” interference was recorded.
3.8 Samplé to Indicator Ratioes
In an effort to improve performance toward iodide interference,
the sample to indicator ratios were varied from 50/20 to 50/50 and the
results evaluated.
3.9 Temperature Effects
Standardized I; solutions with added Ié~concentrations were heated
to 35°C and codled to 5°C and an analysis performed. The performance
was evaluated by reference to the standard absorbance curve prepared
at room temperature.
3.10 Visual Estimation
The ability to detect as low as 0.5 mg/l of I, and the ability
. to.discriminate between adjacent high concentrations of I, temporary
standards were evaluated by laboratory personnel for the more promising

candidate indicator systems.
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SECTION IV

RESULTS ‘
4,1 Selection of Complexing Agent

In the investigation where the HgC12 solution was added separately
to the sample'priorvto the indicator and buffer solutions, the results
indicated low HgCly concentrations were required for full color develop-
ment at relatively high added I~ concentratiods, This is illustrated
in Figure 1 where, for example, only 0.3 g of HgCl, per liter of mixed
indicator solution is required for an 12 solution containing 25 mg/l of
‘I-. This study was repeated employing an Ig (1:2 I, to KI) solution
and a mixed indicator solutions containing various concentrations of
HgCl,. The results are shown in Table L below.

| TABLE I
Minimum HgCly Concentration

Required for Iodide Ion Concentration.
I, (as: 13) Concentration Range 0-12 mg/l

Added 17, : ', . Total I in ' HgClyp,
mg/1 oo X2 gL To, (1) g/l (2)
' 7t mgfl

0 24 0.75

10 . 34 0.75
20 : A ‘ 0.75
30 54 0.75
50 7b 1.25
70 94 3.60

(1) Based on addition of a 1:2 molar ratio of I, to KI.

(2) Based on addition of 5 volumes of sample 6 1 volume of mixed
indicator :34=l.

This study indicated much higher mercury concentrations are required

when a 81ng1e-step, mixed indicator is employed than when the nglz

solutlon is added separately.



HgCly, mg/l In Final Sample Volume
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- .- Figure 1, Minimum HgCl, Concentration to Produce Complete Color
Development for Various Iodide Ion Concentrations



Altheugh other mércury salts appeared promising in the initial
studies, all exhibited similar relationships with added 1" as shown in
Table-I. In addition, all mercufy salte, with the exception of HgCl,;
. produced unstable mixed indicator solutions witﬁ»precipitation being the
primary problem.

Palladium salts appeared.promising in elemental I2 solution but
precipitation occurred on the addition of 1“5;and solﬁtioné of these
sﬁlts.produced a dark color on standing.

The results obtained with other complexing agents showed, in mest
cases, an inability to complex iodide ion ;nd-precipitation in mixed
indicator solutions.

In Table IL below, the results of attempts to formulate mixed
indicators are summarized.

¥ TABLE 1L

Stability of Mixed TIndicator-
Complexing Agent Systems

Complexing Agent Stability Results
Mefcuric-Acetate . Precipitation
Mercuric Nitrate Precipitation
Mercuric Perchlorate : Precipitation
Mercuric Sulfate ' o Insolubility
Stannous Chloride Lack of Complexing

- Ability
Stannic Chloride A Little Complexing
: -Ability
Platinum Salts - Color Productien .in
" Solutien
- Palladium Salts ~ Color Production in_
o T e T Solution
Cuprous Chloride _ ~Precipitation

Mercuric Chloride | o .Stable

13
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In this study} only mercuric chloride exhibited the desired

complexing ability and stability in a mixed indicator system and in
subsequent studies no other complexing agen;s‘wére considered further.
The concentration of 3.6 g of HgCly per liter of indicator solution was
adopted as the minimum mercury concentration‘for an anticipated total I
3

concentration of approximately 94 mg/l.
4.2 Combined Indicator-Buffer Solutioﬁs

Several combined indicator-buffer solutions wére.prepared.and
evaluated in I3 determinaticn tests and for stability as a functioen
efastorége time, All sclutions contained 3.6 g/l of HgCl2 and initially
produced good results for I; concentrations up to 12 mg/l in the presence
of 70 mg/l added I~. Stability tests showed that all solutions with the
exception of one exhibited some instability in that a color was formed in
the indicater solution with increased storage time. The résults of
stability tests are summarized in Table 111 for storage in clear glass
bottles. Duplicate storage tests in brown glaés bottles showed slightly
less color development in all cases. The sblﬁ;ion 34-1 was found to be
the most stable toward color development, During.a total storage time —
of six months, this solution developed an absorbance of 0,020 which
-produced a negligible blank correction when a&ded to a sample. in the
ratio of 5/1 sample to indicafor solution.
4.3 Evaluation of One-Reagent Indicators

Because of the superior characteristics of'Soln. 34-1;, most of the
remaining efforts were directed toward determiningiallicharacteristics
of this indicator in the analysis for iodine. Several other acids were
investigated for the solution of LCV and 5igp;¢,2 shows aLcoyparison of

the absorbance curves obtained with H3P64, HZSO4<and HNO3 as the
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dissolving acids. In add;tion, sol&tions were"prepared'using:perchlori;
-~ -acid. ~As expected, HNOj solutions were unstable toward oxidation of LCV
and were not considered further. The H3SOAxand HClOA»acid solutions
were stable but offered no advantagés over the.use of phosphoric acid.
In addition, these strong acids would have. less Bufferiﬁg capacity for-
slight changes in sample pH than H4PO, and, fo? these reasons, use of
these acids was not considgred'further.
In an early stud?,iﬁhe efféct of éamplelpH oen ‘color and abserbance
was thought to be simulated by the use of crysfal violet dye solutions,
It was found, however, that freshly prepared dye solutions adjusted to
-pH values less than 4.0 did not correspond stoichiopetrically to the
absorbance values obtained with I, solutions at the same sample:pH values.
In fact, it was observed that en aging the‘dye sclutions increased in
absérbance values toward a maximum correspwnding to the I, steichiometric
vélue. This inusual and, at the moment, unknowﬁ Behavior of dye
solutions precluded their use in this study. The effect of small cha;ges
in sample. pH on absorbahce values is shown later in this section.
Figure 3 shows fhe-standard absorbance curve obtained with Soln. 34-1
on-I;~solutions (1:2 Iy to KI) for the concentration range of 0.5 to
.12.0 mg/l. The absorbance values obtained ﬁsing the initially»prepared .
.Solution '34-1, the same solution after 6 months storage, ana an}ecently
prepared solution are shown in Figure 3. °
The results obtained with.fresh and aged Soln. 34-1 in analyses of:
I;«éontaining.added 1 are shown graphically invFigure 4 where the
absorbance cufve in Figure 3 is ﬁsed as a refefence. The significance of
the results sbown in Figures 3 and 4 is: summarized in tbe foliuwing

.section, Discussion of Results.,
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The effect of slight changes in sample*pﬁrand the sample to indicator’

ratio «8: shown in Table IV, Under the heading Percent Relative Error;
vthé errors for changes in sample to indicator ratios are sepérated
from the errors due to changes in sample pH.
4,4 Sample to Indicator Ratios

In an effort to improve the performance of Soln. 34-l, iodine
determinations were.peyformed using sample to-indicator‘ratios of 50:20,
50:50, and 50:5. For the low sample to indicator ratios some precipitatien
of what appeared to be red Hgl, occurrgd in solutions qoﬁtéining 70 mg/1
of I, For the high sample to indicater ratio, lower ab;orbance values
were opta?neq at higb ;lj.'-concentrations°
4.5 Temperature Effects

Samples of I3 with and without added I” were heated to 35°C (95°F)
and cooled to 5°C (41°F) and analyzed colorimetrically employing
Soln, 34~1l. . The results are shown in Table V.,

TABLE V
Effect of Temperature.On Iy Recovery

Titration Added Sample Colorimetric Pefcent

Io, mg/l -~ I°, mg/l  Temp., °C Abs. Ir.mg/l Relative Error
0.8 50 35 0.220 0.7 =1.2
3.2 0 35 0.750 3.1 =3:0-=
3.4 50 ' 35 0.871 3«5 +3.0
11,2 0 35 2.801 11.2 0.0
11.6 70 35 24651 10}7 '=10,0
0.5 70 5 0.151 0,65 0 +3,0
2.6 70 5 0.662 2565 C+2.0
10.8 0 5 2.751 11.0 +2,0
10.8 0 5 2.550 :10.0 =8,0

4,6 -Stability of Developed Colors

The absorbance of developed colors employing.Soln. 34~1 were obtained

as a function of time, Typical results are presented in the following:. .

Table VI.
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Added 1=,

I,

_ig/1 mg/1
2.90 0
2.90 70

©.10.00 0

.10.00 70

4.7 Visual Tests

TABLE VI

Stability of Developed Colors
Soln, 34-1

Absorbance=Time in.min,: ..

0 5 10 15
0.700 0.695 0.690 0.680
0.690 0.685 0.670 -0.660
2::501 2.490 2.45 2.400
2.450 2.420 2.400 2.380

A series of temporary I2

in the concentration range of 0.5 mg/l to 12.0 mg/l of I

. a

60

22

I5 min,
Percent
Relative Error

" 0,630

10.630

2.300

2.350

standards were prepared using Soln. 34-1

2

-in increments —

of 1 mg/l. These solutions were placed in 15 mm diameter test tubes

and mounted on a white background.

Iodine solutions were then-prepared

colorimetrically and presented to several members of the laboratory staff

for visual determination.

I3y mg/L)
(Unknown)

TABLE VII

Visual Estimation

Added

17, mg/l

e © o © o o

°o o

HF~OWVWORNFHOO
~NWuiEE N O P00 N

g

0
70
70
-0
70
70

0
70

0
70

Visual Estimation, I, mg/l

Person
Y 2 3
! 0.5 0.5 £0.5
0.7 0.6 0.9
-1.5 1.5 1.5
3.0 3.0 2,7
4.0 4,0 4.0
6.0 6.0 6.0
9.0 8.5 9.0
- 9.5 9.2 - 10.0
12.0 -11.0 .11.5
-10.,0 11.0 -1L.0
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SECTION 'V

DISCUSSION . OF RESULTS

5.1 One=~-Reagent Indicator
N The results of this study shew that Indicator Solution 34~l represents
the optimum .combination of reagents to produce the most stable and relfable
one=gtep indicator. The compoesition of this solution is. repeated below.
. Soln, 34~l'(wt.V¢itgr)
6.25g .LCV _
6.9g 85 percent H3PO4
3.6g HgC12
The LCV is first dissolved in about 200 ml of watér éontaining the
H3PO4. . The solution is then diluted to-abeut 900 ml, the HgCly added,
.and after solution is complete, diluted to 1 liter. Best results are
obtained when the solution is carried eut in a brown»glasé containeroA
The use of HgCl, was required as other mercury salts and other
complexing agents failed to produce stable indicator de@tions-or the
desired complexing . ability, It is thought that the stability of HgCly
is due to the fact that the molecule HgCly is the predominate species in
solﬁtion-rather than the free mercury ien., Other mercury salts ionize -
readily to H32+ which is subject to. precipitation as insoluble complexes
or salts, The HgClyp readily exchanges:liquids-%o-form the more stable. -
tetraiodo complex,»HgIzg which~allows thé-;eactiqp betwegn LCV and
iodine to. proceed to comialetion° |
5.2 Maximum Total I Concentration
The 3.6 g/l of HgCl, in the indicator solution was originally taken
as the:minimum amount to allow full coler developmeng in high concentra-
ti;hégbfkig-hifh added 70 mg/l of I=. Reference to Figure.5, which shows

the results of accumulated data, indicates that up to 50 mg/l of added
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I~ (74jmg/1-totai-I’in;a:lZ%Q»mg/l of I3 as-13) may béfséfely taken- as. the
upper I~ concentration for full color development, - Concentrationé'@f;GO |
te 70 mg/l of added I" show somewhat less than-full color development..
The  area between theltwo-curveé-shpwn*invFigure'S,représen;s-the'relaEive
error expected with7added'17 of 70 mg/1 (94 mg/l. total I'atle:Ofmg/llIZ,
ad IS). The relative-error was..calculated fo.beﬂminus-lQ.percent, The:
expected: errors: for selecéted Izaconéentrations centaining;70 mg/l-of

added I7 are-shown in. Table- VIII,

, : TABLE VIII

Expected Errors For -I5:
Concentrations..- 70 mg/l Added. 1™

Iy ' Expected
_Eﬁél‘ : . _Error, mg/l
0.5 j -0.05-
3.0 ; ' -0.3"
6:0 5 -0.6°
10.0 ‘ -1.0"
12:.0- | -1.2.

Inuso;UtionSHCQﬁtaining added I7 ;f 50- mg/1 ér~lésé;,the.relétiven
error.is estimated to be le$5fthan~f.2 percent when the abSorbance is.
measﬁred spectrophotometrically. The visual errer‘iS'estimaﬁed‘;o‘be
about + 10" percent relative for Izicqnéeﬁtratibns greater;than-lQ mg/l.
Below 10 mg/l of 12,_visual error -is.much less and is estimated-to be;
about * 5 percent relative.’

5.3 Skylab Iodine~Addition
A Thégvélue of_70;mé/l-éddéd}i;-coffespoﬁd;ftg é tét;iEI;o%-24‘mg/ll

when 12 mg/l'of I, as I3 is present. The effort to.develop a reliable.

2
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test for 12 under these conditions was based on three dqsings of the
potable.water to-12 mg/l of I, during the entire Skylab-project, assuming
that the Ip previously dosed had depleted completely to'I™, Under these
severe conditione, this would produce in the final mission a concentration
of 72 mg/l total I. The goal of 92 mg/l total I would aIiow-one~additionaI
dosing to-12 mg/l I, or several smaller dosings to maintain the iodine
concentration at an acceptable level. .The-results of this investigatien
show that the developed LCV test is mest reliable up ié 7a‘mg/1 totalll
which corresponds to three maximum dosings to 12 mg/I*Izﬁ “"Additional
ddsings to a total of 94 mg/l would produce a relative error of up to
-10:percent.in the colorimetric test. Since the error is relative, the
absgiute magnitude of the error would be small in theiyower critical I,
concentrations of 0.5 to 6 mg/l.,

5.4 Stability of Reagent

The results indicate that Soln. 34-1 is stable in. glass toward color
change in the indicator and toward I, analysis for a.peried of at least six
months, The final proof of this was the duplication of analytical results
using a freshly prepared and a 6 months old reagent.
5.5 Stability of Developed Colors

Some instability of the test color was found by a. slight decrease in
absorbance with time, No sericus error is expected if the color is
estimated within 5 minutes with a maximum of =3 to =7 percent rélative
error for a l5=-minute waiting.period.
5.6 'Effect of Temperature |

The results indicate no significant effect of sample temperature on

I, recovery within the sample temperature range;of_359Q ﬂ?5°F) to.SQC'
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(41°F). The developed colors produced essentially the same percent
relative errors.and exhibited the same stability as found with samples
analyzed at.room.temperature.

5.7 Visual Estimation-

Visual tests performed by laboratory personnel. indicated that as low
as.0.5 mg/l of I (or lower) .could be easily estimated. From 1.0 to 9.0
mg/l of I, the colors:wereucorrectly.estimated~within4i 0.5 mg/l and.above

9.0 mg/l most.estimations were within * 1.0 mg/1.
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SECTION VI

CONCLUSIONS

A stable, one-reagent indicater solution has been developed which -
will allow accurate determination of Is (as I3) concentrations in the |
range of 0.5 to 12.0 mg/l. The compesition of the sglution on a weight
per 1itér of solution basis is given belowoll

Solution 34~1
0.25g LCV
6.9g 85 percent HaPOy
3.6g HgCl,

The presence of iod;ge-i@n does not interfere with the test up
to.50'mg/l:of added I~ or a total of 74 mg/l total I. Above 50 mg/1
of added Ié, the relative error is approximately =10 percent. The
tesé has been designed to produce no éerious error due to I for up to
3 dosings from 0 to.12.0 mg/l of I, as I;~of the potable water aboard
Skylab.

The developed test colors are relatively stable and no significant
error will be obtained if the sample is estimated within 5 te 15 minutes
after preparation,

Sémple.temperatures within the range of 359C (95°F) and 5°C
(41°F) produced no significant effect on the developed tést:°

Visual estimation of as low as 0.5 mg/l I, was obtained without
difficulty. A visual error of p 0.5 mg/l may be expected in the I,
concentration range of 1.0 to. 6.0 mg/l and t 1.0 mg/1 in the concen=

tration range of 9.0 to 12.0 mg/l.
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SECTION VII

RECOMMENDATIONS

It is recommended that the proposed ene-reagent indicater, Solution
34=1, be evaluated for stability and performance when stored in Skylab
-container material for possible~usé as the analytical reagent for deter-

mining iodine during the Skylab project.
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APPENDIX I

~°~ ~ ~ EQUIPMENT PURCHASED WITH CONTRACT FUNDS

S§-75631-15 Spectrophotometer,
Coleman Model 124

S5-72180~75 Recorder,
Model SRL-G .

S-75643 Long Path Cell
Holder

S=75646 Cell Holder
' Temperature Controlled

Series A=790 Amperometric
Titrator

i

Sargent-Welch
Scientific Company
Birmingham, Ala.

Sargent-Welch
Scientific Company
Birmingham, Ala,

Sargent-Welch
Scientific Company
Birmingham, Ala.

Sargent=Welch"
Scientific Company
Birmingham, Ala.,

Wallace & Tiernan, Inc.
.Belleville, N.. J.

TOTAL

31

$3,289.50
'1,335.00
114,75
25305@

360,00

$5,362.75



