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As the Nation’s principal conservation agency, the Department

of the Interior has basic responsibilities for water, fish, wildlife,

mineral, land, park, and recreational resources. Indian Territorial

affairs are other maior concerns of America’s “Department of

Natural Resources”,

The Department works to assure the wisest choice in managing

all our resources so each will make its full contribution to a better

United States–now and in the future.

FOREWORD

This is one of a continuing series of reports designed to present

accounts of progress in saline water conversion and the economics of

its application. Such data are expected to contribute to the long-range

development of economical processes applicable to low-cost demineraliza-

tion of sea and other saline water.

Except for minor editing, the data herein are as contained in a report

submitted by the contractor. The data and conclusions given in the report

are essentially those of the contractor and are not necessarily endorsed by

the Department of the Interior.
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Ai3STRACT

‘l’his report describes the work that was carried out in the development

of a calibration module for trace oxygen analyzers. The purpose of the device
i

is tti provide a stream of water having an accurately known dissolved oxygen

(1). O. ) content for calibration of trace oxygen analyzers in the O to 50 ppb

range.

Laboratory research was conducted to evaluate methods for deoxygenation

and ~jxygen-addition and to screen analytical methods for accuracy in D. C).

analysis. Based on this research a Dissolved Oxygen Calibrator was desi,qned,

1
fabricated, and tested. The calibration module achieves deoxygenation in a

,/
two-stage spinning-disc stripper by flowing feedwater and oxygen-free nitrogen

w gas counter currently. Oxygen is added by coulometric generation into the

second-s tagti nitrogen purge gas. This instrument gives D. O. contents of

O Lo 100 ppb which are accurate to within ~ 2 ppb.

Inasmuch as existing methods for D. O. analysis were of undct~rmined

accuracy, a parallel research was conducted which resultecl in the develop-

ment of an Aerojet-rnodified Winkler procedure. The novel features of this

improved method include ( 1) sampling, fixing, and titrating under a nitrogen

atmosphere, (2) treating the sample by a novel combination of single and

double, normal and reverse mode of reagent additions to obtain data for the

absolute determination of sample D. O. content, and (3) measuring and cor-

recting for certain errors in the D. O. procedure. This has resulted in a

procedure with demonstrable accuracy, The improved method has a precision

and accuracy which is better than ~ 2 ppb,

h*J%
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I. INTRODUCTION

Corrosion inevitably

process waters because of

results during the handling of brines and other

the oxidizing effect of the dissolved oxygen

(D, 0, ). In evaporative desalination processes, for example, corrosion

is a problem even when the D. 0. content is reduced by mechanical stripping

to the low parts per billion (ppb) level. Attempts to correlate. the corrosion

rates with D. O. content have, heretofore, been unsuccessful because of

uncertainty in the value for D. 0, content derived by chemical analysis or

instrumental techniques. The magnitude of the problem is illustrated by the

fact that different types of monitoring instruments used in the measurement

of the D. O. content of a given brine stream, or of identical parallel streams

may, and more than likely will, furnish highly different read-outs. Although

it is not clear whether any confidence can be placed in even the relative value

of such measurements, it is obvious that reliable calibration techniques

must be developed if the attainment of real accuracy is to be achieved,

Aerojet-General’s Contract D. I. 14-01-0001-2127, with the office Of

Saline Water, was aimed at the development of this capability in the form

of a calibration module to be used on stream with existing commercial

trace oxygen analyzers. Although the primary application was to enhance

accuracy in the D. O. monitoring of evaporative desalination process-brines,

it is believed that the equipment developed will have a much wider use,

extending to any situation where D. O. analysis or monitoring is required.

Inasmuch as D. O. analyzers are typically clcsigned for continuous

str(; am analysis, the research and d~elopment of the calibration module

wiis oriented toward an instrument that would operate in the continuous

rather than an intermittent mode. The principal design objectives were

that:

(1) The calibration stream be a liquid having an accurately known

D. O. content;

I
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(2) This calibration liquid be

the sample stream itself, in order to

essentially (excepting Il. O. content)

eliminate chemical and physical errors

arising from di~similarities in media; and

(3) The calibration module feed-liquid be completely deoxygenated

or completely equilibrated with any (accurately known) oxygen-containing—

gas, as determined by the nature of

Accordingly, laboratory tests

appropriate for incorporation in the

the oxygen-injection step.

were conducted to evaluate

ultimate calibrator design.

techniques

The experi -

mental work thus included the examination of methods for complete water

deoxygenation, the evaluation of oxygen-addition techniques through gas &

equilibration and by direct injection for the production of stable, accurat.ely -

known D. O. concentrations. Concurrently a screening review of various v

analytical methods was made so that the D. O. levels produced by calibration

test systems could be verified. The program culminated in the design,

fabrication, testing, and delivery of a calibration module which produces

a product stream having a D. O. content of O to 100 ppb that is accurate to

t 2 ppb.

I
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I
H. SUMMARY

The work performed under this contract fell logically into three

separate tasks beginning with research and ending in equipment delivery.

‘~hc initial task was to evaluate various methods for deoxygenation and

oxygen addition, the second involved the evaluation and develop ~ment of

analytical procedures for obtaining precise and accurate determinations

of the D. o. content of treated feedwater streams, and the third was the

design, fabrication, and testing of a calibration module based on the results

of the preceding tasks. The investigations carried out under this contract

began with an evaluation of several deoxygenation methods with relative

efficiency values being determined by standard (ASTM ) Winkler analyses.

As the efficiency of deoxygena’cion increased so that water having D. O.

contents of less than 100 ppb were apparently routinely produced, it became

necessary to proceed with the evaluation of analysis methods to insure that

techniques of demonstrable accuracy were being employed. “rThis did not

prove to be the case, so an improved method was developed, based on the

Winkler titration. When the deoxygenation and analysis problems were

finally resolved satisfactorily, the work proceeded to the investigation of

oxygen-addition methods. Necessarily, the first twc~ tasks were conducted

and advanced more or less concurrently. After these two tasks had been

s~lc~-essfully completed, the effort was then directed toward the design,

dcvelapment, fabrication, and testing of the calibrator which was delivered

at the conclusion of this program. The results of these efforts are summarized

below and discussed in detail in the body of this final r~port.

During Lhe course of the first task, five separate deoxygenation rne~hods

wcrtx evaluated. These five methods were:

1. Vacuum dega ssing under mechanical agitation.

2. Purging by the evaporation of dry ice

3. Stripping in a packed column.

4. Dcuxygenation by membrane permeation.

5., Oxy~en removal. in a spinning-disc stripper.

I
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Each of these techniques was first evaluated in a preliminary screening

which indicated the relative merit and potential for reducing the D. 0.

content to less than 1 ppb. Although all these methods furnished some

D. O. removal, this preliminary screening evaluation indicated that the

spinning-disc stripper provided the simplest route to achieving the desired

efficiency. Further experimental and theoretical studies of the spinning-

disc stripper demonstrated that the D. O. removal efficiency is directly

related to the rotational speed of the discs and to the flow-rate ratio of

stripping gas to feedwater. Calculations indicated that a feedwater stream

saturated with O
2

at atmospheric pressure and flowing at a rate of 100 ml/min

could be deoxygenated to a D. O. content of less than O. 1 ppb in a two-stage

stripping operation in which 02-free N2 was passed counter currently at a

flow rate of 1000 ml/min. This was confirmed experimentally by means of

the Aerojet-modified Winkler method developed during the second task of

the program.

Methods for oxygen injection were also investigated during the first

task. Candidate methods for producing an 02/ Nz stream having an accurately

known composition included: ( 1) dilution of air with N2 in successive dilute-

split-dump stages to achieve a final concentration of 02 in N2 in the range

of O to 4000 ppm, and (2) constant-current coulometric (electrical) generation

of o
2

into a N
2

stream. Prior experience and literature searching showed

that accurate mixing of air and N2 to give the desired dilution of 02 in N
2

would be very difficult to achieve. Coulqtmetric generation was investigated

in laboratory experiments in which 02 was produced electrically and then

transferred into an O -free N
2

stream. The mixed-gas stream was then
2

equilibrated with the deoxygenated feedwater stream in a second- stage

spinning-disc stripper. Calculated values based on rate of 02 generation,

N2 flow rate, and 02 volubility vaiues were within 0, 1 ppb of measured

values obtained by means of the Aerojet-modified Winkler method, the develop-

ment of which is next discussed.

4



In the second task several standard analytical procedures for D. 0,

analysis were evaluated as candidate methods for establishing the true

D. 0. rontent of the calibrator-processed feedwater stream after complete

deoxygenaticm and after 02 additinn. In initial screening tests the Winkler

method (Alsterberg modification per ASTM D1589) had been used to measure

the relative efficiency of the various deoxygenation methods.

The analysis methods of ASTM IM88A (calorimetric, indigo carmine )

and ASTM D888C (Winkler method) were evaluated after the spinning-disc

stripper had been improved to the point that it routinely produced water

having a D. O. content of less than 100 ppb. Our experience dernonstra.ted

that results obtained by the indigo carmine method were dependent upon the

flow rate of the sample and other indeterminate factors. It was therefore

not further considered. Each of the two Winkler procedures tested exhibited

advantages and shortcomings, but neither appeared to offer the data quality

required to prove out the calibrator. Furthermore, none of the three pro-

cedures produced values whose accuracy could be reliably verified. The

investigation t’nen turned to the development of a modified Winkler procedure

incorporating the sought-for features of other Winkler methods and resulted

in the inclusion of several special adaptations.

Basically, the Aerojet-modified Winkler analysis involves collecting

the sample in a N ~-purged BOD bottle, fixing under N
2

according to the

Winkler chemistry, and titration of the prepared sample to a potent iometric

endpoint, again under a N ~ blanket, Through a novel combination of single

and double reagent additions in the normal and reverse mode, it proved

possible to derive nearly absolute values for D. O. content of the sample,

D. O. content of reagents, and net redox of the sample and the reagents. A

characterization of the new procedure, as limited by program requirements,

indicated th~t there is negligible interference from ion concentrations which

normally affect the iodine -thiosulfate reaction. It can be stated with con-

fidence that the newly developed procedure furnishes D. O. values which are

precise and accurate to 2 ppb,

5



In the third task a calibration module was designed, fabricated, and

tested to establish its performance characteristics. The calibrator incorpo-

rates the same design employed in the bench investigations. Feedwater and

purified N2 are flowed continuously through the two-stage spinning-disc

stripper. Feedwater flow to the first stage is automatically controlled by

means of a level controller/ solenoid valve arrangement so as to maintain

a constant liquid level. The partially deoxygenated feedwater stream from

Stage 1 flows by gravity to Stage 2 where further stripping and/or 02 addition

occurs. The calibration stream the~l flows out of the second stage to the D. O.

analyzer or sample container.

The N2 supply is divided into two streams. One passes

through the first stage and is discharged with entrained O ~ to

The other is directed through a third disc stripper which acts

count ercurrently A

the atmosphere.
v

as an electrolysis

cell, from which it passes with a fixed amount of 02 (including zero) through

stripper Stage 2 counter-current to the flow of water and thence to the atmos-

phere. I’he temperature of the feedwater and calibration stream are monitored

and indicated continuously by means of narrow-range dial thermometers.

Rotational speed of the discs in all three strippers is adjusted by means of

an electronic speed controller and is indicated by a tachometer. Oxygen

added to the N ~ stream in the third disc stripper is generated electrically

by a constant-current power supply. The 02 level in the calibration liquid

is calculated from instrument panel readings for coulometric current, N -flow
2

rate, the temperature of the calibration stream, and from tabulated 02 volu-

bility data. A correction must be applied for barometric pressure.

After the fabrication of the calibration module was completed, it was

tested to verify the accuracy of the calibration fluid and to determine its

response characteristics, The D. C). content of the calibration stream was

determined in a series of tests using sea water as the feedwater stream. For

nine values obtained at the O, 25, 50, and 100 ppb level, the’ measured D. O.

content differed from calculated values by an average of O. 26 ppb. The

standard deviation of the nine

deviation being 3. 1 ppb. The

measured values

response time to

averaged 1. 7 ppb, the maximum

stepwise increases in the rate

w I
I
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of o~ g eneration was found to be in good agreement with theory and to be

dependent only upon the volume of feedwater in Stage 2 and upon the flow -

rate of the calibration stream. Under typical conditions in which Stage 2

contains 500 ml of feedwater, the calibration stream is flowing at 70 rnl/min,

and a step

and 99. q~O

16. 5 rein,

slower for

change in the O ~ content of the N
2

stream occurs, the 907’0, 9970,

responses in the D. O. content of the calibration stream are

32.5 rein, and 49.5 rein, respectively. (The response time is

stepwise decreases in the O z-generation rate. ) The response
L

time is inversely related to the flow rate of the calibration stream. Step

changes in the salinity of the feedwater require approximately twice this

length of time for corresponding responses in the calibration stream, inas-

much as the change has to be effected in both stripper stages.

7



III. CIiEMICALS AND EQUIPMENT

Many chemicals and pieces of equipment were used extensively in the

tour se of studies involving deoxygenation, oxygen addition, and analysis.

Some pieces of equipment were designed and fabricated specially for certain

portions of the laboratory research; these items are described later in ap-

propriate sections of this report. The materials described in this section

were used more or less continuously throughout all three tasks of the program.

Detailed descriptions of chemicals and equipment used are given in Appendix I.

8



Iv. EVALUATION OF DEOXYGENATION METHODS

The experimental work of this program was organized around the premise

that the calibration module should generate a calibration stream by the addition

of 02 to completely deoxygenated water. Such an instrument would make it pos-

sible to provide a true nero D. 0. level for calibration of D. 0. analyzers. A

completely deoxygenated stream would serve as a convenient medium for check-

in~ out existing analysis methods and for developing and proving the absolute

accuracy of data derived by such methods. Complete deoxygenation is desirable

from ~he standpoint that it is easier to tnaintain a constant “zero” than it is to

maintain a constant D. O. level other than zero when the actual value is depen-

dent ~lpon liquid and gas flow rates, temperature, press [ire, salinity, and other

faclors. ‘1’bus, evaluation of deoxygenatiorr methods was considered to be a

n~?cessary first task upon which other tasks would depend.

A. IN’I’’RODUC TION

In the initial work, five methods for oxygen removal were investi-

gated. Simple laboratory setups were utilized to produce comparative data on:

a. Vacuum dcgassing with mechanical

b. Purging with evaporating dry ice.

c. Stripping on a packed colutnn

d. l?crm~ation through a membrane.

e. Disc stripping

‘l%c first two metl~c>ds are batch processes and were

agitation.

ther~fore givdn only pre-

liminary consideration. ‘l-lie last three involve corltin~lous methods c]f counter-

c~~rrrnt gas and liquid flow; these were gi,ve~~ prilnary consideration during the

{’valuation.

The laboratory investi~ations reported here were carried out usin~

distill~:d watfir at laboratory tempcraturvsj generally 2300 + 1= O°C. Williams—

and Miller (Reference 1) report that there is no difference in the de~as sing

rates of distilled versus saline water. Thus, the efficiency re suits obtainrd

with distilled water should be valid, especially because thr greater volubility

of’ 0/ in distilled water involves removin~ larger amounts of 02 than wc~uld.

9



be the case in the deoxygenation of sea water under the same conditions of

temperature, pressure, and flow rate.

Samples of deoxygenated water were collected in 300-ml 130D

bottles, except as otherwise noted. A few of the preliminary samples were

collected in BOD bottles containing air, but because it was anticipated that

deoxygenated water would pick Up a considerable amount of oxygen from this

air blanket, the sampling procedure was modified to include purging of the

empty sample bottles with inert, dry gas. For the data reported here, a

stream of C02 from subliming dry ice was used to sweep oxygen from the

sample bottles, except as noted.

In all the initial measurements of D. O. content, ASTM D1 589

(Alsterbcrg Modification) Method was followed. The analysis is capable of

measuring a range of values from 10, 000 ppb down to less than 100 ppb.

Inasmuch as the initial tests were exploratory and there was no way of

knowing what D. 0. levels would be achieved as a result of the deoxygenation

experiments, this broad-range procedure was considered appropriate.

Samples with D. O. values of 8000 ppb were titrated with O. 025 N thiosulfate

solution. As the D. O. content was reduced to lower and lower concentrations,

the titrant was diluted appropriately to O. 010, 0.005, and O. 0025 N. In some

cases titrations with O. 001 and 0. 00025 N thiosulfate solution were attempted,

but these titrant concentrations bordered on being so dilute that visual end

point detection was not reliable.

The procedure of ASTM D1589 does not provide for a correction

for the 02 content of the Winkler reagents, inasmuch as the correction is

small by co~mparison with the total amount of O normally measured.
2

Typi-

cally, the D. O. content of the water sample would be 8000 ppb as compared

to a reagent correction of approximately 20 ppb, a negligibly small int.er -

fercncc. In the preliminary evaluations conducted during this report period

the D. O. levels, for the most part, were sufficiently high so as to rnakc the

rcag(?nt correction unnecessary. In any case, the intent was to obtain rela-

tive values for comparing stripping efficiencies; the data may be compared

with or without this rtiagent correction. The data of Tables 1 through 8 have

10



not been corrected,

determination of the

except where noted. Obviously, for more accurate

deoxygenation effect, the reagent correction needs to

be determined and applied, especially when the true D. O. content of the

deoxygenated water is less than 500 ppb. In tests made subsequent to the

preliminary evaluation of deoxygenation methods, this reagent correction

was measured and applied.

B. VACUUM DEGASSING

In this series of tests distilled water was vacuum degassed in

a 500 ml Erlenmeyer flask modified as shown in Figure 1. Water was in-

troduced into the flask, stirring was begun, and the flask evacuated for a

specific length of time. The vacuum obtained at the surface of the sarnplc

corresponded to the vapor pressure of water at the sample temperature,

24° C (22. 4 torr). At the end of the degas sing period the vacuum was in-

terrupted, the degas secl water was pressurized at 4 to 5 psig with purified

nitrogen and the sample transferred to a 300-ml BOD bottle. The se samples

were then analyzed by titration to a visual end point ( starch-iodine) with

O. 0255 N sodium thiosulfate solution. The results of this series of tests

are shown in Table 1. These data indicate that much of the dis solved

oxygen can be removed in 5 minutes (or probably less), but that continued

vacuum degas sing does not reduce the D. O. concentration to an adequate

degree. This method was not considered worth furiler study.

c. DRY ICE OXYGEN REMOVAL

The effectiveness of using evaporating dry ice for deoxygena -

tion was investigated by introducing roughly weighed quantities of the finely

powdered material into l-liter quantities of distilled water contained in

lar~r f’ilter flasks. These were set aside (without stirring) and the dry ice

allowed to evaporate. As the last of the solid disappeared, the treated water

was transferred to DOD bottles and then analyzed. Expectedly, the water

tempc~ratur.e was lowered in proportion to the amount of dry ice added. As

shown in Table 2, this method of treatment is surprisingly efficient in re-

ducing Il. O. content; however, the solution effervesces when acidified, I
which poses problems of analysis and in the potential use of the liquid as

a calibration medium. In any case, the still unacceptably high residual

D. O. content made this (batch) method unsuitable for further consideration.

11



l). PACKED COLUMN

Feed water and purified Nz were flowed count ercurrently through

a column containing an inert packing to effect transfer of oxygen from the

liquid to the gas phase. Ideally, the bed is a water-wettable, non-reactive

material of large surface area. In passing over such a bed, the water is

distributed in a thin, uniform layer and thus presents a large transfer

surface to the gas phase. If the gas and liquid film transfer coefficients

favor it, complete deoxygenation can be achieved by properly dimension-

ing the process.

The packed column used in this series of tests consisted of a

1 -inch I. Il. by Lz-inch long glass column packed with a 9-inch section of

small Raschig rings. There were an estimated 534 Raschig rings each

having approximately 2. 19 cmz of surface area; this corresponds to 1169

cm’ of available transfer surface. Details of the column are shown in

Figure 2. Purified nitrogen gas was introduced below the Raschig rings

and allowed to flow upward through the column and to vent at atmospheric

pressure, except in one test when the N2 was vented through a Z-inch head

of mercury (about 1 psig of pressure). Water introduced at the top vf the

column was allowed to flow downward over the Raschig rings, and finally

was collected in a 1301) bottle as it flowed out the bottom of the packed col-

umn. The inlet and outlet flow of water was adjusted by means of two

stopcocks to give the desired flow rate and to avoid flooding. The D. 0.

content of the samples was determined immediately after collection. In

this series of tests both the liquid and gas flow rates were varied over a

limited range to show the effect of the flow rate ratios. The data obtained
4

in this series of tests are given in Table 3.
4

In view of the probability that the packed column was not ideally b

dimensioned for efficient deoxygenation, the fact that it lowered the D. 0,

content from 7700 to 1000 (vented to 2-in. Hg pressure) or to 1500 ppb

(vented to atmosphere) was considered encouraging. It is apparent from

the data that by optimizin~ the flow rate ratios, selectin~ appropriate

packing column diameters and lengths, perhaps incorporating a more

efficient packing material such as Intalox saddles or Pall rings, and

12



choosing a higher (but practical) vent pressure, the D. O. content could be

reduced to well below 1000 ppb. It was believed, however, that th~? transfer

surface area possible in a practically sized packed column could not begin

to compare with the larger transfer surface area attainable in a similarly

dimensioned spinning-disc stripper.

E. MEMBRANE PERMEATION

Transfer of D. 0. from a feedwater stream to a stripping gas

by membrane permeation depends largely upon the characteristics of the

membrane separating the two phases. The membrane should possess the

ability to pass oxygen selectively in relatively large quantities, and it should

be as thin as mechanical strength requirements permit to provide maximum

02 transfer. Deoxygenation

water to the stripping gas at

the membrane and on the 02

membrane.

occurs because the 02 migrates from tho feed-

a rate depending upon the 02 permeability of

concentration gradient existing across the

The intention was to examine the permeation characteristics

of two membranes - FEP Teflon and a newer experimental “copolymer of

silicone rubber with polycarbonate resins. ‘t The latter, a membrane de-

veloped by General Electric Company (Reference 2), was reported to diffuse

gases up to 30 times faster than materials previously tested. Attempts to

acquire samples of’ this copolymer were unsuccessful inasmuch as General

Electric Company has, for the present time, suspended all plans to make

the membrane commercially available. The membrane permeation tests

were confined,

has a reported

temperature.

therefore, to FEP Teflon film and tubing, This material
.

02 permeability of 1.045 ~l/(cm~)/( min)/(mil) at room
/

The test setups employed in our laboratory for preliminary

evaluation of film and tubing permeation are shown in Figure 3. For the

tubing permeation study~ 1 /8-inch diameter (1, II, ) F.EP Teflon tubing having

a 10-roil wall thickness (the thinnest wall commercia”l~y available) was used.

The test apparatus had 4 tubes, each having a 22-inch effective length. This

corresponds to 223 sq. cm. of active exchange area. l’or the film tests the



liquid and gas phases were separated by 1 -roil thick FEP Teflon film, The

films were separated and held in place by ring-type spacers cut from a 4-in.

(I. D. ) Plexiglas tube. Each film was 4 inches in diameter, giving 81 cm2

of active surface per film or 162 cmz for both films. The data reported in

Table 4 are for single and paired film surfaces.

In both tubing and film tests, water and purified nitrogen gas

were flowed count ercurrently. These data showed that only 4 to 5 per cent

of the D, 0, was removed by this treatment. From these data alone this

approach would appear to be impractical. But, calculating the theoretical

amount of O that should have been removed indicated a different picture.
2

For a permeation rate of 1.045
F

/(cm2)/(min)(mil) of thickness gave cal-

culated removal values which compared with those experimentally derived

as follows:

Configuration

Tubing

2 Films

Flow Rates, rnl/min
(N2/Feedwater)

100/85

100/78

Reduction D. O. Content, ppb
Experimental Theoretical

390 391

325 3100

The very good agreement between theoretical and experimental removal

values for tubing permeation indicated that further tests were warranted.

One can calculate theoretical maximum removal rates for

various lengths of tubing at the same temperature. For example, 100 ft

of tubing:: should allow the D. O. content to be lowered by as much as 5332

ppb. This does not necessarily mean that feedwater containing 5332 ppb

of D. O. could be completely deoxygenated, for as the D. O. content of the

sample is reduced, a smaller concentration gradient across the membrane

would cause a reduced rate of permeation. In the subsequent tests, l/8-in

dia. (I. D. ) tubing was inserted into 3/8-in dia. (O. D. ) polyethylene tubing.

.—, ——

It would, of course, be advantageous to use a thinner-walled tube of a
proportionally shorter length, but thinner-walled FEP-Teflon tubing is
not commercially available,

14



End connections were made using appropriate Swagelok connections. A

total of 30 ft. each of FEP Teflon and polyol~fin tubing was used. Distilled

water was passed through the Teflon tubing at a rate of 100 ml/min and

purified NZ was flowed count ercurrently in the annular space between the

Teflon and polyolefin tubing at 1000 ml/min. Under these conditions the

II. 0. level in the distilled water could theoretically be reduced by as

much aS 1600 ppb. In actual measurements, however, the D, 0. conteut

was reduced from 7772 to 7468 ppb, a net removal of only 304 ppb. Thus,

it was concluded that further tubing permeation experiments would not be

profitable.

F. DEOXYGENATION WITH THE SPINNING- L>ISC STRIPPER

The spinning-disc stripper provides a means for distributing

02 between a gas and liquid phase. The device consists of a large number

of parallel shaft-mounted discs cross- sectionally arranged in a trough or

horizontal cylinder. Water is flowed through the bottom of the cylinder

while a stripping gas passes count ercurrently in the upper portion. As

tht: shaft rotates, the wettable discs pick up a thin film of water which can

then transfer the D. O. into the stripping gas. The advantage of th~ disc

stripper is that a relatively small area of discs can, through the rotational

process, provide a highly effective surface for gas-liquid exchange.

The spinning-disc stripper was used by Williams and Miller

(Ref. 1 ) for stripping dissolved gases from sea water into a stream of

hcli~l~n for subsequent gas chromatographic analysis. In view of their

claim that “water can be completely purged of its gas content in a single

pass through this unit, ‘t it seemed worthwhile to fabricate a~d evaluate

suci~ a dcvicc for these deoxygenation studies. For the first experimental

run rlimcnsions were selected that seemed appropriate. Fortuitouslyj the

dimensions and numbers selected proved nearly ideal for these deoxygena -

tion studies and essentially no changes or modifications were subsequently

required.
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The disc stripper used in these preliminary studies (see Fig. 4)

consists of an acrylic tube (1/4-in. wall) envelope 12-3/4-in. long and 4-in.

I. D, The ends are capped with 1/4-in. thick acrylic plates fitted with Teflon

supports to allow the free rotation of the center shaft. The latter, constructed

of l/4-in. O. D. stainless steel tubing holds thirty 3-1/2-in. diameter Mylar

discs; the latter are separated by spacers consisting of l/4-in. lengths of

polyethylene tubing. The shaft and discs are rotated by a variable speed

electric motor. Water and gas connections (inlet and outlet) are also pro-

vided.

Data taken in the preliminary evaluation of this device are shown

in Table 5, These values were obtained with the discs rotating at poorly

controlled speeds, probably ranging from between 100 and 400 rpm. The

data shown in Table 5 represent samples successively taken; i. e. , in the

order listed. It may be noted that the early samples show higher residual

D. O. contents; the gradual lowering of D. O. content is no doubt attributable

to the purging of air from the system at startup. In any case, the data in-

dicated clearly that increasing the flow rate of the stripping gas should

enable one to lower the residual D. O. content much further.

Based on the preliminary results reported above, test emphasis

was placed cm developing and improving the spinning-disc stripper.

16



v. DE TAILED EVALUATION OF THE DISC STRIPPER

A. PARAME TERIZ ATION

Further tests were conducted to determine the effects of variables

which might have a bearing on the stripping efficiency and, more importantly,

on the lower attainable limit of O concentration.2
In considering the principle

of operation of the disc stripper, one can conclude that the most important

parameters are: (1) flow rate of gas and liquid or, perhaps, the ratio of these

flow rates, and (2) the rate of surface area exposure of the discs and, for

high rotational speeds, the rate at which the water of this surface exchanges

its D. O. with the N2. Flow rates and flow-rate ratios are easily controlled

$ and measured. Surface and exchange characteristics are more difficult to

parametrize, because the total effective surface area and the rate of exchange

between gas and liquid phases are difficult to determine. Using a fixed
w

stripper design (30 discs) and operating at constant temperature (23° C),

transfer characteristics may be evaluated in an indirect way as a function

of superficial contact area by measuring the effect of rotational speed of

the discs. This section presents experimental and theoretical analyses of

both of the parameters mentioned; i. e. , flow rate ratios and speed of rotation.

B. FLOW RATE RATIO EFFECTS

This series of tests was run at constant disc speed and water

flow rate; the nominal values were 390 rpm and 98 ml/min. The gas/liquid

flow rate ratios were varied over the range of approximately 1:1 to 12:1 by

adjusting the N2 flow. The experimental values for flow rate ratios and

measured residual D. O. contents of the water samples are given in Table 6.

From the data it can be seen that the first sample of a series at a single
b

flow -rate ratio is not consistent with subsequent values obtained. This is

believed to be attributable to the fact that a measurable time is required to
,V

reach a new steady-state condition at a higher or lower D. O. content based

on different flow rate ratios. Additionally, the data show that the residual

D. O. content is inversely proportional to the gas flow rate.

On eliminating the first sample of each series, correcting for

reagent D. O. , and averaging the data in Table 6, the values shown in Table

7 result. These adjusted data show that the D. O. content has been reduced

1.7



to fairly low values at the higher flow rate ratios. It is also interesting to

note that the value of the blank increases as the water is stripped to lower

residual D. O. content-s. This should be expected in that the lower the oxygen

content of the water, the greater the driving force will be to acquire any

available oxygen. These data wili be further discussed in Section V, D where

theoretical efficiency values are considered.

c. ETFECT OF ROTATIONAL SPEED

After the preliminary evaluation of the disc stripper had been

completed, the motor driving the rotating discs was replaced with a more

powerful one whose: speed could be adjusted and controlled in the range from

approximately O to 500 rpm. Distilled water was passed through the disc 4

stripper countercurrent to a flow of purified N2 stripping gas. While the

discs were being rotated at various speeds, the product water was collected w

and analyzed. The results of these tests are given in Table 8. The data

indicate that stripping efficiencies at rotational speeds of 378 and 518 rprn

(measured with a Veeder counter) do not significantly differ, and speeds as

low as 250 rpm apparently do not influence the efficiency of the stripper.

However, at 172 rpm deoxygenation is noticeably less effective. From these

tests one can conclude that above about 400 rrnp, oxygen transfer is essen-

tially independent of shaft velocity.

D. THEORE’rICAL ANALYSIS OF FLOW RATE RATIO EFFECTS

The operational efficiency of the disc stripper depends upon

several parameters; namely, D. O. concentrations and per cent saturation,

flow rates, temperature, pressure, and feedwater salinity. If these quan-

tities are appropriately defined and related mathematically, one should be

ablt. to calculate the D. O. in the product from the disc stripper under dif-

ferent operating conditions. The key parameters are symbolized and de-

fined as follows:
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c =
s, w, p
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a

F =
g

F =
w

r,1 =
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~
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g

c ——.
w

D. 0. content of feedwater, pprn

02 volubility in feedwater at temperature, ‘1’, pressure, P, and

salinity, S, mg/1 (ppm)

Concentration of 02 in atmosphere, 20.946 vol!lo

Flow rate of 02-free nitrogen stripping gas, ml/min

Flow rate of feedwater through the spinning-disc stripper, ml/min

Temperature of feedwater in the spinning-disc stripped, ‘C

Salinity of feedwater, ppt

Density of water at

Temperature of N2

Concentration of 0.

temperature, T, and salinity, s, g/rrrl

stripping gas (assumed to be identical with T), ‘C

, in the N7, vol%
& L

D. O. concentration in the Water, mg/1 (ppm)

In ord~r to develop an understanding of the operation of the spinnin~

disc stripper, it is convenient to begin by considering a closed, static systcm

in which volumes, Vg and V replace flow rates F and F respectively.
w’ g w’

If’, for example, a theoretical vessel initially contains 100 ml of feedwater

(Vw) having a D, O, content of 8.000 ppm (Cf) and 100 ml of 02-free N2 (V E),

onc can calculate the distribution of O that would result after equilibration.2
‘l%c total volume of 02 (V) presel~t in the 100 ml of feedwater is:

CfxdTx V
v=

273 i-T
1.4277 X 10~0 x 273

(1)

ltl tl~is t’quationj 1.4277 is the factor for converting from ml 02 to mg (>2.

Assurnir~~ the feedwater to be distilled water at 20° C, V is found to be

(). 000 rlll. At cq~lilibriurnj the 02 will be distributed between the two pllasesj

with the lar~est percentage appearing in the gas phase.
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The volubility of 02 in water obeys Henryls law; i. e. :

C=dp

where: C = concentration of 02 in solution, ppm

@ = volubility coefficient, ppm/atm

P = 02 pressure in gas phase, atm

In more conventional oceanographic terms the equation is expressed:

c =
s, w, p

~ Ga

where, now: < = volubility coefficient, ppm/vol%

or, more ~enerally:

C=dcw g

Combining equations 3 and 4 gives the

c =Cxcsw
w

Ca’ ‘
P

more general equation:

Considering again, the example, if the O. 600 ml of 02 were all to end up

in the 100 ml of N2, the gas phase composition, C would be:
g’

c=
0.600 x 100 ~ 0 60 vc)l~o
100 i- O. 606 .

g

Froln Equation 5 one calculates the D. O. content of the distilled water

(at ZooC, C. w ~ = 9.40) to be:
t~

c= 0.60 x 9.40
w 20.946

= O. 269 ppm

(2)

(5)

(6)

*.

(7) w
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Thus, the original 8. 000 ppm has now been reduced to O. 269 ppm. This

means that 3. 4% of the D. O. remains in the water and that 96. 67’o has been

transferred to the gas phase. Continuing the example of the static system,

if the volume of nitrogen were increased to 200 ml, the per cent 02 would

be halved and the D. O. content of the water (at equilibrium) would be simi-

larly reduced. Similar dilutions would occur for still larger volumes of

N2. ‘rabul.ated, the values would be approximately as follows:

V,ml c, V0170 c w, ppm ~o D. O. removed

100 0.60 0.269 96.6

200 0.30 0.135 98.3
~

500 0.12 0.054 99.3

1000 0.06 0.027 9907
*

The foregoin~ discus sion has dealt with equilibrium in a static system.

The dynamic system represented by the disc stripper may be treated in an

analogous manner using Nz and feedwater flow rates instead of volumes.

‘l’he analogy can be very illuminating and helpful in understanding the opera-

tion of the disc stripper, but it should be understood that while in a flowing

Systelm the transfer of 02 tends toward equilibrium, it does not necessarily

attain it.

The static system used in the foregoing discussion would represent one

theoretical plate. If a disc stripper of a length, L, were constructed that

gav~ exactly the values obtained in the example cited previously, L would

be the height equivalent to one theoretical plate (H E T P). In the disc

stripper, where O ~ is transferred by a differential rather than by a step-
W

wise action, it is theoretically correct to speak of L as being the height

c;quivalent to one transfc~r unit (H T U). HETP and HTU may be, but are
*

not necessarily, equal for the disc stripper.
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Using flow rates in place of volumes would give approximate

equations for C and Cw, as follows:
g

CfxdTx F
c=

w 273 + T

g 14.277 x F ‘~
g

c xc c
S*W$P – SJW* P

XC~dTx Fwx~73XT
and: C =

w c- Ca X Fg X 14.277 () 273
a

(8)

(9)

Using the conditions of the experiment involving flow rate ratios

given in Table 7, one can calculate theoretical values with which to compare

the experimental data. The comparison is shown in Table 9. The reasonable

agree tn~nt between theoretical and experimental values indicate that the disc

stripper used in this experimental work has the efficiency of approximately

one transfer unit; 1. e. , it is equivalent to 1 HTU. Although 1 transfer unit

is usually considered unimpressive, the distribution here favors the transfer

of D. 0. to the gas phase, and a single transfer unit under practical flow con-

ditions can effect 99. 7% D. O. removal. Obviously, increased efficiency could

be achieved by adding another transfer unit to the single spinning-disc stripper.

E. SOME THEORETICAL CONSIDERATIONS RELATED TO
ROTATIONAL SPEED

For a fixed design the exchange characteristics of the disc stripper

are a function primarily of water and N2 flow rates and the rotational speed of

the discs. The rate of area exposure in gas-liquid exchange is:

A=

where: A=

R=

N=

‘2 =
dl =

2RN x 3* 14 ~.)’ - +)2]

.
rate of area exposure of the Mylar discs, cm~/min

rotational speed, rprn

number of discs

outside diameter of the Myler disc, cm

diameter of hole at center of Mylar disc, cm.
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Using values from the experimental work with 30 discs having a diameter of

3-1/2 in. (9. O cm) and a negligibly small center hole, at 400 rpm, the rate

of area exposure is 1, 5209 000 cm2/min. This area is far larger than could

be provided by a similarly sized packed column.

This calculation only shows how much surface area is available;

it does not tell how efficiently it is used. It could be assumed that all the

area is wetted and exposed for gas-liquid transfer, but this is not rreces -

sarily true. Further, it does not help establish the rate at which 02 is

exchanged between the feedwater and the N2 gas. The rate of exchange is

determined by diffusional processes in the gas, liquid, and interface phases.

In the two-film concept, where there is exchange without chemical reaction,

the interface phase is considered to offer no resistance to the passage of the

slightly soluble 02. The resistance to transfer lies within the gas or liquid

phases; the higher resistance may be in either the gas or the liquid phase,

in which case the transfer may be gas-phase limited or liquid-phase limitcdi

The rate of transfer is also dependent upon th~ drivin~ force; i. e. , the corr -

cerltration gradients in the gas and/or liquid phases. Irr the disc stripper

the composition of the N
2

and the water vary continuously as they pass

throllgh it, and consequently the driving force also varies. It is conven-

tional to employ the concept of a mean driving force rather than actual

point-to-point concentration gradients.

IrI a stripping operation, gas d

111(-’limiting factor in liquid-gas transfer.

ffusivity in the liquid is probably

Thus, the rate of stripping,

writtrn on a liquid-phase basis, may be described for our system by thv

equation:

W = KAAC (11)

where: W = rate of 02 removal, ppb/min

K = stripping coefficient., ppb/cmZ/ppb

A = rate of area exposllre, cm2/min

AC ~ concentration gradient (mean driving force), ppb
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Conventionally the stripping coefficient, K, is given in units

of mass/area/unit time/concentration, but in the disc stripper the units

listed above, although not rigorously correct, are more directly applicable.

The concentration gradient, A C, in the above equation is related to the

operation of the disc stripper in the following manner:

Ac =
‘f - ‘w

2

Thence:
[1

w.? Cf-c
w (12)

where A and C ~ are the quantities given by equations IO and 9, respectively.

This equation, then, relates the stripping action to the number and size of

the discs, the rotational speed of the dj.scs, and flow rate of N2 and feed-

water. No doubt the equation will have to be modified and refined to give a

quantitative description of the disc stripper operation. For example, at the

present time the value of K is not known, and the upper and lower limits of

operation have not been established. No doubt the upper limit

speed, insofar as increasing D. O. rernovall is established by

phase diffusion coefficient of 02; the lower limit is probably a

NZ and feedwater flow rate.

This is a very interesting problem and, obviously,

on rotational

the liquid-

function of

more ex -

perimental data needs to be obtained before any detailed comparison between

calculated and experimental values can be made.

I?. TWO-STAGE S TRIPPING

The experimental and theoretical values suggested that the

total removal of 02 from water samples might be accomplished more easily

by employing a second stripping stage rather than by further increasing the

gas/liquid flow rate. For example, if the incoming water contains 8000 ppb

of D. O. and is flowing at 100 ml/min, the product D. O. content (at 20° C)

should be, after a single pass, 269 ppb for a gas flow of 100 ml/min, 26.9

ppb for a gas flow of 1000 ml/min, and 2. 69 ppb for a gas flow of 10, 000

ml/min. Obviously, gas flows as high as 10, 000 ml/min would be impractical

24



and could possibly lead to unstable conditions. Alternatively, one might

operate two stages, each having water and gas fl~w rates of, say, 100 and

1000 ml/min, respectively. The water coming into the first stage at 8000

ppb of D. O. would enter the second stripper with a D. O. content of 26.9

ppb. This water would, in turn, exit from the second stripper, operated

under the same flow conditions, with a D. O. content of .090 ppb. Water

with such a low residual D. O. content would be adequately deoxygenated

for use in the contemplated calibration module.

Two disc strippers were, therefore, set up to operate as just

indicated. Water samples were collected as they exited from the second

stage of stripping and analyzed. The indication was that the D. O. content

was essentially zero. However, the accuracy and precision of the analy-

tical procedure used were such as to render the results uncertain. The

further evaluation of two-stage stripping thus became involved with the

task of developing a method for more accurate D. O. analysis.
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v L EVALUATION OF CANDIDATE ANALYTICAL METHODS

A. INTRODUCTION

I
Three ASTM methods (ASTM 13888A, ASTM D888C, and

ASTM D1589) for D. O. measurement were evaluated in conjunction with
I

the deoxygenation experiments carried out during this report period.

ASTM D1589 (Alsterberg modification) is the Winkler method for dissolved I
oxygen in industrial waste water. Although this method is not primarily

intended for measuring D. O. at the ppb level, it is well- suited to our

application because by selecting the appropriate titrant strength one can

quantify deoxygenation effects from 8 pprn down to the low ppb level.

ASTM D888 Referee Method C is the Winkler titration with a potentiometric G

end point. This method is described as being: “applicable to the determi-

nation of dissolved oxygen in steam condensate, boiler feedwater, and d

industrial water having oxygen concentrations below 1 ppm,. ‘1 ASTM D888

Referee Method A, a calorimetric indigo carmine procedure is: “applicable

to water containing less than O. 06 ppm of dissolved oxygen, such as steam

condensate and deaerated boiler feedwater. 11

Most of the analyses conducted during these preliminary evalu-

ations of dcoxygenation procedures were performed by ASTM D1589. The

method is versatile, allowing measurement over a wide range of D. O. values.

As the oxy~en stripping capability was improved to give less than 100 ppb of

residual oxygen, the procedure was modified to permit D, O. quantification

at these low levels. The two referee methods (ASTM D888A and ASTM 13888C)

were compared with it at various times during the laboratory studies. The

ASTM D1589 procedure, as modified in our laboratory, is our choice for the
.

andlyses, even at th~? low ppb level. The primary reason is that, among other
:

complications, the referee methods give good results only when the deoxygenated

water is sampled at a high flow rate; in our tests the typical flow rate for the
w

stripped water is 100 ml/rnin. It has been our experience that this flow rate

is too low to provide adequate rinsing under the sampling conditions specified

in ASTM D888A and ASTM D888C.
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B. ASTM D888A , CALORIMETRIC INDIGO CARMINE

This method is reportedly quite sensitive to the D. O. content and

tc slight changes in the D. 0. level. It was our experience that this procedure

consistently gave higher values than did ASTM D1589, as modified in our

laboratory. For example, in a series of runs in which samples were collected

in 300-ml BOD bottles, results from the two methods compared as shown in

Table 10. The samples were taken intermittently in a single stripping run

and analyzed alternately by ASTM D1589 and ASTM D888A. Thus, there

should have been no bias introduced by the sampling technique. It is believed

the consistently higher results by ASTM D888A are attributable to problems

associated with reagent introduction — problems that cannot be overcome at

the low sample flow rates. Furthermore, the ASTM method makes no claim

as to the absolute accuracy of results derived and it is difficult to imagine

how absolute values could be obtained and verified. Thus, after this preliminary

evaluation the method was not considered further.

c* ASTM D888C, POTENTIOMETRIC WINKLER

For this series of evaluations, water was deoxygenated in the disc

stripper, collected, and analyzed following the procedure of ASTM D888C,

except that samples and blanks were taken sequentially instead of simultaneously.

The analyses for these tests are given in Table 11. It will be noted that two of

the four experimental values agree very well with calculated values; Sample 1

shows reasonable agreement and it appears that the measured value for

Sample 5 may be grossly in error.

Sample and blank were sampled sequentially rather than simultaneously

because the deoxygenated water was flowing at only 100 ml/min. This means

that in order to change the water 10 times in the 500 ml McLean sampling

bottle, the water sample would have to flow through a single flask 50 minutes

or through two parallel flasks for 100 minutes. The samples were actually

taken after 30 min of flushing, which means that there were only an equivalent

of 6 changes of water in the single McLean bottle. Much higher sample flow

rates would be required if the 10-fold volume change were to be achieved.
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Our practice in adding the reagents was to rinse the calibrated

Z-ml tip with distilled water prior to or between additions and to dry with a

slow stream of nitrogen gas. This represents a modification of the recom-

mended ASTM procedure - a modification which should improve the results

derived by this method of D. O. analysis.

The two chief advantages of the method are potentiometric end-

point detection and the use of iodized alkaline iodide solution to lower or

eliminate interferences from reducing agents. The disadvantages for the

present application are the need for a high sample flow rate and the loss of

a small portion of the precipitate during acidification. After weighing the

advantages and disadvantages, it appeared advisable to incorporate the ad-

vantages into a modification of the ASTM D1589 procedure.

D. ASTM D1 589, WINKLER TITRATION (ALs TERBERG
MODIFICATION )

*

In this procedure the liberated iodine is titrated with an O. 025 N

thiosulfate solution to a visual end point using the starch-iodine indicator.

For low D. O. contents (less than 1000 ppb) it was convenient to dilute the

thiosulfate titrant to O. 01, 0. 005, 0. 0025, or O. 0001 N as lower and lower

D. O, levels were attained. In some cases titrant with a normality as low

as O, 00025 was tried. These analyses with decreasing titrant normalities

were made with a view to improving the precision of the visual end-point

titration. As it turned out, the color change at the very low normalitiess -

0.001 and O. 00025 N - became less distinct so that there was no real benefit

from the use of the more dilute titrants. The optimal titrant concentration

appeared to be O. 0025 or O. 0050 N; these normalities were used in a majority

of the tests reported herein. Each of the standard Winkler methods evaluated 4.,

possessed advantages and shortcomings. For ASTM D888C the advantages

were: potentiometric titration and the use of iodized alkaline iodide to take u

care of negative blanks; the disadvantages were: 10.ss of precipitate during

acidification and the need for a high sample flow rate. In the case of ASTM

1589 the advantage was the use of a convenient sample bottle which prevents 10SS

of precipitate, Thus, the research was directed to the development of a modi-

fied Winkler procedure that would incorporate the desirable features and avoid

the undesirable points of the two methods.
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VII. DEVELOPMENT OF THE AEROJET-MODIFIED WINKLER METHOD

The Winkler analysis, as commonly practiced, involves sampling,

iixing, and. titration. Water is collected in an appropriate sample bottle

from which extraneous 02 can be excluded or purged. Following that, the

fixing step involves several chemical reactions by means of which D. O. is

converted to an equivalent amount of 12; the latter is then titrated with a

standard sodium thio sulfate solution to an appropriate end point. In the

fixing step typically 2.0 ml of an alkaline iodide solution and 2.0 ml of a

MnS04 solution are added to the water sample and allowed to react. During

this first step the D. O. oxidizes Mn(II) to a higher valent state. Then 2.0

i
ml of H2S04 is added to acidify the mixture and dissolve the precipitated

hydroxides. In the acid solution the higher vaknt manganese ions oxidize

iodide to iodine. It is this liberated iodine which is then measured in the
*

subsequent titration with thiosulfate solution. Being an iodometric method,

the Winkler analysis is subject to the errors and interferences of the iodine-

thio sulfat e titration. Two important sources of error are air oxidation of

iodide in an acid solution and loss of iodine by volatilization. Certain ions

can catalyse the air oxidation of iodide or can, of themselves, act as oxi-

dizing or reducing impurities. These and other problems associated with

the Winkler method have been reviewed and investigated by White, L“eland,

and Button (Reference 3).

The third source of error is in the titration and end point detection.

It has been shown by those authors that the visual end point and the poten -

tiometric end point do not coincide; our investigations corroborated this

Iinding. They also demonstrated that 02 of the atmosphere can react with

● iodide durin~ the titration to give high results.

In the development of an improved method, consideration was given
,b

to each step in the process and to an evaluation of the various ways in which

errors and inaccuracies could occur. Three areas must hc considered in

any such analysis; namely, sample handling, reagent blanks, and chemical

interferences and errors. Handling routines were designed to exclude ex-

traneous 02 wherever it might interfere. Reagent problems were investigated
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with a view to reducing, eliminating, or measuring and compensating ac-

curately for blank values. Chemical interferences and errors were evaluated

with a view to nullifying or correcting for their effects. These various areas

of the research and development are considered in this ord~r, although it

should be noted that this is not necessarily the order in which the problems

were attacked. Consequently, the data presented does not show the step by

step improvement achieved.

A. MODE OF REAGENT ADDITION

The key to the success of the developmental work was the formu-

lation of a unique set of measurements. By using a novel combination of

single and double reagent volumes added in the normal and reverse modes,

it was possible to derive the four quantities which characterize the sample-

reagent system; namely, ( 1) the D. O. content of the sample, (2) the D. O. +

content of the reagents, (3) the net

sample, and (4) the net oxidizing or

these are designated, respectively,

oxidizing or reducing capability of the

reducing capability of the reagents;

H Ra , H, and R,n}
-2 -2

In the conventional Winkler

samples are collected simultaneously.

the other as the sample. The reagents

procedure of ASTM D 888C, two

One is designated as the blank and

are added to the sample in the or-

1

der: 2.0 ml iodized alkaline iodide solution, 2.0 ml manganese (II) sulfate

solution, and 2. 0 ml sulfuric acid solution. When reagents are added to

determine the blank, the order of addition of the acid and manganese re-

agents are reversed. In the case of the sample, the reagent addition

(normal) order allows D. O. to react, eventually converting it to an equiva-

lent amount of 12. The total 12 titrated is the sum of: ( 1 ) 12 added with the y

alkaline iodide solution; (2) I formed due to the D. O. present in the water
2

sample and added with the reagents; and (3) 12 liberated by any net oxidizing
G

ability (exclusive of the D. 0. moiety) or consumed by any net reducing

ability of the sample itself. Expressed as an equation this becomes:
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NR=R+H+RO +HO (13)
2 2

where: NR = total 12 titrated:

R = net redox of the

H = net redox of the

R02
= D. O. content of

H02
= D. 0. content of

normal reagent (NR) mode, ppb:~

Winkler reagents, ppb’~

water sample, ppb;~

Winkler reagents, ppb

the water sample, ppb.

Free iodine is added to the alkaline iodide solution to insure that there will

be a net oxidizing ability, even if the other reagents and the water sample

have residual reducing capacities. It is possible, for example, for H to

have a negative value.

In the case of the blank, the last two reagents (MnS04 and H2S04)

are added in the reverse order so that the D. O. in the water sample and re-

agents cannot react. Consequently, this reverse reagent (RR) mode gives a

~neasurc of the net redox capacity of reagents and water sample. Expressed

as an equation, this becomes:

RRz R+H

where: RR = total 12 titrated; reverse reagent (RR) mode, ppb:~

14)

In AS’1’M D 888C the calculation of the net D. O. content of the water sample

is obtained by difference, In terms of the quantities defined above:

H
02

=NR-RR-RO (15)
2

~02
is assumed to be 10. 4 ppb where 500 ml McLean bottles are used for

sample and blank. This is equivalent to 17.3 ppb for the same amounts of

reagents handled in a 300 ml BOD bottle.

‘:~Calculated as D. O. content
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The goal of our research was to prove that two-stage deaeration

in the spinning-disc stripper lowers the D. O. content of the water sample

(HO ) to essentially O ppb, and, secondarily, to verify the reagent blank

of 17.3 ppb for RO . An added benefit developed, that of being able to

calculate the separ2ate residual redox contributions of the water sample and

of the Winkler reagents. The procedure employed was to obtain NR and RR

values, and additionally to secure similar titration values for the addition

of double reagent volumes in the normal (DNR) and reverse (DRR) reagent

modes. In so doing one measures the following quantities:

DNR = 2R+H+2R0 +HO (16)
2 2 ,:

and DRR=2R+H (17)
-1

where: DNR = total 12 titrated: double normal reagent n

(DNR) mode, ppb’~

DRR = total 12 titrated: double reverse reagent
I

(DRR) mode, ppb)>

Values for the four unknowns (R, H, RO , HO ) can then be derived from

the following four equations:
22

R = DRR - RR (18)

H = 2RR - DRR (19)
I

R. = DNR -NR-R (20)
“2

H02
=2NR-DNR-

Thus} it is readily apparent

provides a means for characterizing the

H (21)

that this set of determinations
:

reagents and the water sample.

*

‘:’Calculated as D. O. content.

32



B. TEST PLAN

A test plan was devised to include series of measurements in

which selected volumes of the Winkler reagents would be added either in the

NR or RR mode. The purpose of this test plan was to organize a systematic

approach to the examination of various reagent, sample, handling, and titra-

tion parameters. The set of tests is shown in Table 12. Although not all

possible combinations of reagents are included here, this series does allow

the variables of immediate interest in this program to be examined.

c* HANDLING PRECAUTIONS

From the very beginning of the test program it was believed

necessary that the water sample be collected in a container that had been

purged of air with an inert gas. In early tests, especially during the evalua-

tion of deoxygenation techniques, C02 (from dry ice) was used to sweep 02

from the 130D sample bottles. Later this was abandoned in favor of NZ

purging simply because N2 was readily available and at a higher flow velo -

city. The studies covered in this section dealt primarily with collecting,

fixing, and titrating in a protected atmosphere and with magnetic stirring

versus mixing by inversion.

1. Sampling and Fixing in an Inert Atmosphere

A series of tests were made in order to assess the value

of protectirig the sample from atmospheric oxygen during sampling and fixing.

Two sets of samples were treated identically except that “regular” samples

were collected and fixed in air and “protected” samples were collected and

fixed in a BOD bottle bathed in an N2 stream. The special container used to

accomplish this protected sampling is shown in Figure 5. Distilled water

samples were taken from the second stage disc stripper. Data obtained for

the two techniques (Table 13) represent actual volumes of O. 0051 N thiosulfate

solution required to reach the potentiometric end point. Regular and protected

samples were taken randomly throughout a given run to avoid possible systemic

errors. The data ‘show that titration volumes for protected samples are much
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lower and more reproducible. In fact, the D. O. contents of the protected

samples were so low that no starch-iodine color appeared when the indicator

(potato starch in these tests) was added. The volumes given in Table 13 -

0.228 and O. 07 ml - correspond to 46.5 and 14.3 ppb D. O. , respectively. I

The difference (32. 2 ppb) probably represents the oxygen picked up in the

handling procedure. It should be noted that these values are not corrected

for the D, O, content of the reagents.

z. Titration in an Inert Atmosphere

Inasmuch as iodometric analyses are subject to errors

because of air oxidation, it was believed possible to improve the precision
v

and accuracy of the Winkler method by carrying out the titration, as well

as the sampling and fixing, in an inert atmosphere. Accordingly, a special

container was fabricated that would accept a standard 250-ml beaker. The
‘1

container (Figure 6) was designed so that the beaker could be purged with

NZ belore the sample was pipetted in and a N2 blanket could be maintained

over the solution during the titration. The cover of this vessel contains

ports through which the electrodes (platinum -calomel pair) and buret tip

can be inserted into the solution being titrated. By having the buret tip

inserted below the surface of the sample, it is not necessary to rinse the

drops of titrant into the solution with distilled water, another source of 02

introduction. During this program over 95% of the more than 400 samples

analyzed were titrated in an inert atmosphere using the special vessel de-

scribed above. Inasmuch as the parameters investigated here also are

cancerned with impurity and pH interferences, iodine loss, the details of

laboratory investigations involving inert atmosphere titrations are presented

later in Section VII, E.

3. Magnetic Stirring

In the conventional Winkler procedure (ASTM D 1589)

mixing is effected after reagent addition by repeated inversion of the BOII

bottle. As handling procedures were modified to include sampling and fixing

in an N,
L

atmosphere, the BC)D bottle was removed from the N2 environmtint

to accomplish mixing in this marmer.

I

I
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It is possible, of course, for 02 to be picked up by

the sample -reagent mixture in this manipulation even though it is contained

in the tightly stoppered BOD bottle. The logical way to anticipate this prob-

lem would be to stir the sample magnetically under the N2 blanket, thus

avoiding any possible air exposure. Tests were made in which Teflon-,

‘l’YgOn-, and Pyrex-coated magnetic stirring bars were used. The higher

D. O. results obtained with the Teflorl and the Tygon stirring bars indicated

that the coatings contain a measurable amount of absorbed OZ. The Pyrex-

coated stirring bar proved satisfactory, but values obtained with its use were

only slightly lower ( -~ 1. 4 ppb) than those derived when mixing was achieved

by inversion. These data are shown in Table 14.

Assuming the net D. 0. content to be the difference between

tests TP-13 and ‘rP-l (obtained by inversion), it is estimated that the Teflon

and Tygon coatings contained, respectively, 3.2 and 2. 1~1 of absorbed or

dissolved 02. It was noted that if a given Teflon-coated (or ‘rygon-coated)

stirring bar were used in successive tests, the amount of coating-contained

02 gradually decreased. Thus, it would be difficult to make an accurate

correction for this source of interference.

In cases where the water sample is at a temperature lower

than room temperature, the slight warming that tends to occur during fixing

would help to exclude atmospheric 02 during inversion mixing. However, if

the sample temperature is higher than room temperature, some cooling is

likely to occur during the fixing step and air might be drawn into the sample.

‘1’hc problem can be avoided by stirring magnetically in the N2 environment.

‘1’bus, it was concluded that the more favorable (and convenient) procedure

woulcl be to stir magnetically in all cases.

D. EVALUATION 01’ REAGENT PARAMETERS

in an ideal analytical titration the blank is zero and the titration

volum~? is stoic biometrically proportional (without correction) to the quantity

l~ring determined. In the Winkler procedure the primary titration (NR) gives

I

I

i

I
I



a total of R, H, RO , and HO ; the latter is

Thus, if the titratio% were to %e made ideal

the actual quantity of

it would be necessary

interest.

to reduce

R, H, and RO to zero. However, it is probably not practical to adjust R
-1

or H to zero. ‘The evaluations of reagent parameters reported here were

therefore aimed at measuring R and H and at reducing RO to the lowest
7

possible value.
&

1. Characteristics of Iodized Alkaline Iodide

In some of the preliminary measurements, iodized alkaline

iodide was evaluated in the Winkler chemistry with and without added sodium

azide. Inasmuch as azide is capable of behaving as either a reducing or as

an oxidizing specie, it seemed advisable to omit it from the iodide reagent to f

avoid possible ambiguity. The alkaline iodide solution contained 700 g KOH

and 150 g KI per liter. The solution was “iodized” by adding an appropriate w

volume of O. 1000 N 12 solution (6. 346 g 12 + 75 g KI in 500 ml solution). The

appropriate volume was found to be about 8 ml of the I solution per lit&r of
2

alkaline iodide solution; this was sufficient to react with reducing materials

present in the latter and to leave a slight excess over any reducing materials

that might be present in the MnS04 solution, H2S04, and water sample. The

amount of 12 added is theoretically equivalent to 42. 3 ppb of Il. O. in the Winkler

titration. The amount actually found in excess varied from as low as 6.5 ppb

to as high as 35.5 ppb. Tests indicated that the reducing materials respon -

siblc for the diffc?rences noted were largely present in the alkaline iodide

solution and their level varied widely from batch to batch.

Tests conducted over a long period of time indicated that

alkaline iodide solution treated with iodine was stable with respect to fur-

ther chemical reaction and physical loss of 12. When stored in air, under

vacuum (water aspirator), ‘~ or under an N2 purge, the concentration of the

—.,. .
‘~rl’hc vacuum provided by the water aspirator would be the vapor pressure
of water. Neglecting salt effects, a solution at the same temperature would
have the same vapor pressure.



solution remained constant. This indicates that there is sufficient excess of

KI to tie Up the 12 as the 13- complex so as to prevent its physical loss. ‘The

iodized alkaline iodide containing azide showed a corresponding reducing-

impurity loss and stability against 12 loss. Typically, the reverse-reagent

titration volume would agree to within + O. 002 ml (O. 4 ppb) after 5 days of—

storage in air or after 24 hours in vacuo or NZ purging.—

2. Redox of the Winkler Reagents

A series of determinations encompassing Test Plan tests

No. O through 5 were made to measure the residual redox capacities of each

of the three Winkler reagents. The water samples used here were deoxygen -

atcd distilled water. The results of these tests are given in Table 15. It

will be noted that the average titration volumes for tests TP-0, 1, and -2

agree quite well (RR mode), as do those for TP-3, 4, and 5 (DRR mode).

As shown in the table, the variable in TP-0, -1, and -2 is the amount of

MnS04 solution added, and in 3, 4, and 5 the variables are the amount of

MnS04 solution and H2S04 added. Taken as groups, the first three tests

average out at O. 1329 ml, with an average deviation of + O. 0017 ml (27. 2—

~0. 3 ppb) and the second group at 0.2530 ml ~ O. 0023 ml (52. 8 + O. 5 ppb)..

These series of tests indicate that there is no si~nificant redox capacity in

eit}~er the MnS04 solution or the H2S04. From these values one calculates

R to be 25.6 ppb (R = DRR-RR) and H (H = 2RR-DRR) to be 1.6 ppb. This

R would, then} represent the net redox of the iodized alkaline iodide solution.

Val~les for R. will, of course, be a function of the atnount of 12 added. Values

of 1-1for dis~illed water were typically found to fall within the range of O + 2—

ppb.

3“ D. O, Content of the Winkler Reagents —

A reagent 02 correction of 10.4 ppb in 500 ml samples,

as specified by ASTM D 888C, would correspond to a correction of 17.3 ppb

for 300 ml samples if identical volumes of reagents are used. Attempts

were made to reduce this reagent-contained 02 blank to zero by deoxygena -

tion, first by evacuation and then by Nz stripping of the iodized alkalint:
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iodide and h4nS0 solutions. No attempt was made to deoxygenate the HZS04

(which reportedly has a very low D. 0. content), and because it is added at

such a point in the titration as to make a negligible effect on the titer even

if some 02 is introduced.

Although it was possible to reduce the D. O. content of the

two reagents by approximately 7570, apparently the conditions necessary to

achieve complete deoxygenation were never reached. A D. O. content equi -

valent to approximately 5. 0 ppb or less was obtained, but it was difficult to

maintain this low level throughout the day while the two reagents were being

manipulated within the special reagent-handling systems.

Vacuutn degas sing proved difficult to reproduce and was 7.

soon abandoned. Reagent deoxygenation by N2 stripping was accomplished

in the apparatus shown in Figure 7. Its use would typically result in RO w

valutis ranging from 4 to 9 ppb. This variable 02 content caused poor p#e -

cision in the analyses. The data in Table 16 show typical data for RR, NR,

DRR, and DNR; and for R, H, RO , and HO where the reagents were (1)
I

Nz purged overni~ht and during th~ time of <se, and (2) air purged to

saturation, In comparing values for R, H, R , and H it will be noted
02

02 ‘
that R and Ho agree very well for the two series, and that H is comparable
for the two Se$ies

, and that R. shows a high value for the air-saturated

reagents and a lower value for &e N2-purged reagents. ‘rhese values, all

(Jf which are reasonable, help demonstrate that the single- and double-

reiagent modes of analysis, when used comparatively, are useful in es-

tablishing the absolute accuracy of the results.

It will be noted that the sea water values for H arc on the -,

order of 13 + 2 ppb as c~mpared to O + 2 ppb for distilled water. The aver-— —

age deviations for all values are less than 2.0 ppb. It is believed, however,
*.

that this dots not represent the ultimate precision obtainable from this

method. Nonetheless, it is well within the 2 ppb precision reported for

AS’1’M D 888C.



The D. O. contents of the individual reagents were not

determined during this program. A series of tests involving TP-1, 2, 3,

8, 13, 14, 15, and 20, would give values for the D. 0. content of the in-

dividual reagents. According to White, Leland, and Button (Reference 4),

the D. 0. content of the various reagents is as follows:

D. 0. Error
D. O. Content, Introduced in

Reagent mg/1 Sample Analysis, ppb—

Alkaline Iodide Solution 128 0.9

Sulfuric Acid 57 0.4

Manganese (H) Chloride 2370 16. o

Total 2555 17.3

If the D. O. concentration of the MnS04 solution used in our procedure is

the same as in the MnC12 solution used by white, et al, then nearly all t}~e

reagent-contained D. O. would have to come from the MnS04 solution.

Yet in all the tests that were made using air-saturated reagents, an R.

value as low as the 17. 3 ppb reported by these authors was never obtain2ed.

Perhaps this may be attributed to the fact that MnS04, not MnC12, solution

was used in our studies.

In view of the results obtained in these tests and consider-

ing the extra equipment and manipulation involved in dcoxygenating the Winkler

reagents, it was concluded that the use of air-saturated reagents is pr~ferable.

It is, however, recommenced that these reagents be handled in, and delivered

from, Koch-type automatic burets. This topic will be further discussed in

Section VII, F.

E. lN’I’ERFERENCES AND ERRORS

A number of factors are reported or have been shown to le:id to

errors or to be potential sources of error in the Winkler analysis. A large

percentage 01’ these have to do with the titration step. ‘~he tests and data

discus sed here were aimed at evaluating and eliminating or correcting for
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these effects. Specifically, the problem areas included ( 1) rate of air oxida-

tion, (2) pH effects, (3) ion interferences, (4) end point characteristics, and

(5) iodine loss. While it is realized that the results and conclusions presented

here are not in all cases supported by exhaustive studies nor a statistically

adequate degree of replication, it is believed that further experimentation

would confirm and strengthen the findings presented.

1. Rate of Air Oxidation

The rate of air oxidation of iodide was estimated from a

single test. After the titration of sample #47 (TP - 1) under N2, a slight ex-

cess of thiosulfate was added beyond the end point. The sample was then

exposed to air and stirred magnetically until the starch-12 color reappeared. $

The rate of air oxidation was estimated from the known excess of thiosulfate

(0. J40 ml = 27.3 ppb D. O. ) and the time to the reappearance of the indicator

color (1. O hr). This corresponds to a rate of air oxidation of approximately

0.5 ppb/min. A normal titration takes about 4 minutes; thus up to 2 ppb

error could result for titrations done in air.

Subsequent tests indicate that any problems associated

with air oxidation of iodide during the titration step could probably be avoided

by the simple expedient of performing the operation in an N2 atmosphere.

The relatively small amounts of 02 that might be introduced or admitted

aside from that reacted during the fixing step should produce an air-oxidation

error less than O. 1 ppb.

2. Effect of pH

A series of tests were conducted to determine the effect of

pH on the stoic biometry. The results of these tests are shown in Table 17.

In all these tests the samples were deoxygenated distilled water. The three

series were run on different days. The variation in titer from one series to

the next, as for example in TP - 1, is primarily because of differences in the

amount of I in the iodized alkaline iodide solution,
2

The pH values varied by

less than O, 02 units for replicates and from the beginning to the end of the

40

.



titrant addition. It will be noted that Series ,,all ~ho~~ a regular increase ‘n

titer in going from a pH of 1.72 to a pH of O. 73; this is as expected. The lar-

gest change occurs in the first step - in going from a pH of 1.72 to 1.20. The

other three data points obtained at pH values from 1.20 to O. 73 compare as well

as would replicates. In the case of Series “b” and “c” (except for what is

probably an anomalous value at a pH of O. 93 in Series “b”), the data seem to

indicate that, at worst, there is only a small difference in the titration volume

required at the various pH values. Most importantly, these tests indicate

that under routine analytical conditions, where repeatable amounts of reagents

are added to give essentially the same pH for each titration, the titer will be

reproducible.

3. Effect of Ion Impurities

The effect of Fe
+-?”+

, cut+, and N03 - on the titration was

examined using the apparatus for titration in an N2 atmosphere. These three

oxidizing impurities were selected becauset if they interfere, they should

give a higher titer. The sample employed for these tests was distilled water

to which a measured quantity of stock ferric chloride and cupric nitrate solu-

tions had been added. Ten ml of the FeC13 solution and 10 ml of the CU(N03)2

solution were added to 5 gallons of distilled water. The resulting solution

contained 100 ppb of Fe ‘++, 30 ppb of Cu++ (in each case, 10 times the quantity

normally found in sea water) and 58.8 ppb of N03”. These correspond, re-

spectively, to 14. 3, 3.77, and 22, 8 ppb of D. O. if the ions reacted stoi -

chiometrically with iodide. The data of Table 18, obtained on disc stripper

c?eoxygenated water samples, show that the contaminants had no detectable

effect on the titration, and thus did not react with iodide to form I
2’

These

tests probably should be repeated using sea water samples to establish con-

cl~lsively that no interference is caused. Additionally, the effect of other ions,

such as Fe++, Cu+, and N02-, should also be tested.

4, End Point Characteristics

Several factors having to do with the end point of the IZ -

thiosulfate titration were investigated or observed

Aerojet-modified Winkler titration. It was noted,

while developing the

for example, that the

I
I

f
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end-point potential is inversely proportional to the concentration of KI added

in the iodized alkaline iodide and that the potent iometric end point break is

not always sharp in the presence of starch indicator. Details of further in-

vestigations of these characteristics are presented below.

a. End-Point Potential

In the measurement of emf with the platinum -calomel

electrode pair during titrations, it was observed that increasing the amount

of iodized alkaline iodide added to the samples caused the end point break to

occur at lower emf values, and conversely. At first this change in potential

was thought to be the result of pH changes caused by the KOH in the reagent.

However,
●I

experiments in which only the amount of acid was varied (reported

in Srction VII, E, 2 above) did not show corresponding end-point potential

shifts. The tests reported here showed that the end-point potential is a func-
%’

tion of the KI concentration in the sample. Typical data are given in Table

19 and shown graphically in Figure 8. These values are for distilled water;

this same general dependence was also observed for sea water samples.

The K1 concentrations correspond to O, 018, 0.0060, and O. 0036 M for the

100, 300, and 500 ml samples, respectively. From the Nernst relationship

(E = E“-~log (13 ‘, the calculated potential shifts would be 42 and
1?

(1- )J
20 mv, as compared to observed shifts of 18 and

differences between theoretical and observed are

presence of other ions which might associate or

11 mv, respectively.

probably attributable

complex with the free

T?le

to the

iodide

to alter its concentration in the sample. Although not verified, rnanganous

ion appears the most likely to bring about this deviation from theoretical in

that it is added irl excess in the fixing step and both Mn
+i-

and I“ are known

to form complex ions.

b. Starch Interference

In some of the earlier tests starch solution was added

ro~ltinely so that a visual indication of the progress of the titration was avail-

able to accompany the measured potent iometric change. This was particularly

convenient because of the fact that the starch end point occurred some . 02 to

1

.,
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● 08 ml before the potentiometric end point.

many of the potent iometric titration curves

starch was present. The curves plotted in

It was observed, however, that

were skewed and indistinct when

Figure 9 illustrate this behavior.

In order to avoid any possible error from this source, the use of starch in-

dicator was discontinued. No attempt was made to determine the reason for

this phenomenon; it may, perhaps, be attributable to a s low de sorption of 12

from the starch at the very low concentrations existing in the end point region.

c. Method of End Point Determination

The volume of sodium thios. ulfate solution required in

the titration was derived from the characteristics of the ml-emf data. volu-

metric increments of titrant and ernf were read and recorded through the end

point region and somewhat beyond in order to obtain full curve definition. The

volume of titrant corresponding to the inflection point in the ml-emf curve was

~?stimated visually from a graph of the data and also by mathematical inter-

polation between data points. On the average, the titration volumes obtained

by the two methods differed by approximately O. 001 ml (0. 2 ppb).

5.

past half-century

Lration of oxygen

Iodine Volatilization Loss

Attempts have been made by several investigators over the

to derive highly accurate values for the saturation concen -

in sea water in equilibrium with air. For years the corl~monly

accepted volubility data were those of Fox ( 1909). More recent determinations

by Trues dale, et al (Reference 4) showed solubilities that were on the order of

.370 lower than the data of Fox. Still more recent investigations by Mont~omery,

et al (Reference 5) confirmed the data of Fox. Their investigations indicated—.

that the solubilities published by Trues dale, et al, were in error because of

12 losses introduced by a variant in the Winkler method which they employed.

The notable fact here is that 12 losses can cause errors on the order of’ several

per cent. Several series of analyses were therefore made specifically to

nlcasure tl~e 12 loss under the conditions employed in our laboratory.

Iodine losses are believed to occur primarily in the titration

step inasmuch as at this point the free I
2

in scllution (as evidenced by the brown

or yellowish tin~e) can be lost through volatilization into the slow streanl of N
2

I

I
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purge gas. The extent of this loss was measured by adding excess thiosulfate

solution (O. 005 N) and back-titrating with iodate solution (approx. 0. 005 N);

then excess iodate solution (which liberates 12) was added and back-titrated

with thiosulfate solution. Irr the first case, where excess thiosulfate was

titrated with iodate, no 12 loss should be pos sible. In the second case, the

excess iodate liberates I2
which might be lost during the back titration with

thiosulfate. The 12 loss should then be calculable from these titration data.

The first tests were made with a flowing N2 blanket over

the solution. being titrated, The titration volumes showed 12 losses on the

order of 5 to 670 at levels equivalent to a D. 0. content of 100 ppb in sea water.

l’urther tests were then made in which the Nz blanket was not flowing. These 7 I
tests showed 12 losses of approximately 3% at similar D. O. levels. The data

for these tests and for determination of losses at other D. O. levels and for *

distilled water are given in Table 20. One particularly interesting feature

of these data is the indication that there is no I~ loss when larger quantities

of K1 are present (i. e. , when 4.0 ml of iodized alkaline iodide was added).

This means, then, that in correcting data involving both single and double

reagent volume s(under a stagnant N2 blanket), a 2.97’0 correction would he

applied to the former and no correction to the latter. The result of this type

of correction is demonstrated in Table 21. The values given there indicate

that there was a 57’o loss of Iz, provided, of course, that this is the only

correction to be applied and that the value for H for this deoxygenated
‘2

sample is truly zero. This value is in reasonable agreement with the

values measured directly by titration.

IOne might ask why 12 is lost during th~ titration of sample, ?

I

hut Ilot iri the purging of the iodized alkaline iodide reagent itself (see Sec-
1

tii>n VII, D, 1) and not when 4 ml instead of 2 ml of the iodized alkaline iodide
\

sollltion are added to the sample. The theoretical free 12 concentration can

b(? calculated for each solution, based on the amounts of KI and I added or
-?

gen{:rated. These are calculated to be, respectively, 6.2 x 10 M, 8.4x

10
-6

M, and 4.6 x 10-6M for the three conditions: (1) iodized alkaline ic]dide,

1
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(2) sample containing 12 equivalent to

alkaline iodide per 300 ml of sample,

100 ppb of D. 0. and with 2.0 ml iodized

and (3) the same as (2) but with 4.0 ml

iodized alkaline iodide. These calculations are based on the reaction:

13
1- + 12 (22)

(1-) (12)
where: K=— = .0014 (23)

(13-)

The data indicate that loss is minimal when the free 12 concentration is less

than approximately 5 x 10
-6

M, and becomes noticeable at concentrations

somewhat greater than that. Certainly

tween loss and no-loss conditions.

The important factor

this is not a sharp dividin~ line bc -

in determining the free 12 concentra -

tion and thus the loss of IZ is the ratio of 13- to 1-, as indicated by Equation

23.
-1

For exarrrple, when the (13-) /(1-) ratiois 10 , the free 12 concentration
-4 -6

isl. 4x10 M and when the ratio is 10 the free 12 concentration is 1.4 x

10-9M. Thus, the losses can probably be avoided if the (I 3-) to (1-) ratio is

less than 5 x 10 ‘4 (i. e. , the iodide concentration is at least 2000 times that

of the 13- Or I ); otherwise)
2

12 loss corrections will be necessary. Although

Carritt and Carpenter (Reference 6) mention the problem of iodine loss and

the possibility of its control via the iodide ion concentration, they do not give

data on IZ loss vs 1- concentration. Inasmuch as our research in this area

was incomplete because of insufficient time, further investigations need t.o

be conducted to determine optimum I- concentrations at various D. 0. (IZ)

levels.

F. DATA CORRECTION

The data obtained in the Winkler analysis are titration volumes;

in tlkc At’roj et -modified Winkler method four values are obtained, corres-

ponding to titration volumes derived by procedures TP-1, TP-13, TP-5,

and TP-17. These volumes are then calculated as equivalent ppb of D. 0, ,

giving values designated respectively as RR, NR, DRR, and IINR (discussed

i.n Sc:ction VII, A). In order to obtain values which accurately represent the
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~)pl)of D. 0. and redok (as D. O. ) of reagents and sample, there are three

corrections that must be applied in converting from ml to accurate ppb values.

One correction is for 12 loss, the second deals with the dilution of the sample

because of reagent addition, and the third involves a correction for the exact

amount of reagent added.

In the case of 12 loss, the correction amounts to approximately

E 3Y0, as discussed in the preceding section. The addition of reagents (6 ml
—

total) to 300 ml of sample requires a +2Y0 correction; in the double reagent

mode a +47’o correction is necessary. The third involves the correction of

tht~ quantity of reagent to a specified volume. It has been noted previously

that the net redox of the reagents (R) is contained in the iodized alkaline

ic}dide solution and the D. O. content (R ~2) resides chiefly in the MnS04

solution. Typically, R has a value of 36 ppb and R. a value of 24 ppb.

“%If 1.990 tnl of each reagent is added instead of the In ended 2.000 ml, a

correction must be added to make up for the I
2

and 02 not added in the

0.010 ml of each reagent (2. 000 - 1.990). In the case of the iodized alka-

line iodide solution this correction amounts to O. 18 ppb and for MnS04 it

an]ounts tO O. 12 ppb. If the added volume had been 2.010 ml in each case

the correction would be subtracted. If the dispensing error had been gr~?ater

or less, the correction would be correspondingly larger or smaller. If the

values of’ R and R were sufficiently small and/or if the volume added were
‘2

sufficiently close to 2. 00 ml, a correction would not be needed. Our exper -

ieflct: l~as been, however, that the volume of iodized alkaline iodide added

from a buret is typically reduced by approximately O. 04 ml after allowance

[or wall drainage. ‘1’his corresponds to a correction of O. 7 ppb. Similarly,

in thv addition of the MnSO solution, the correction may bc of the same order Y
4

of nlagnitud[~. The need for this type of correction points up the advantage

and even the necessity of adding reagents from lmrets rather than from pipets *

if onv is to obtain accuracy as well as precision.

‘1’hc effects of these three correction steps on a series of data

is shown in Table 22. In this specific instance, the chan~e in going from

uncorrected vallles to ones corrected for all three factors is, in each case,

4

.



less than 2 ppb; R increased by 1.4 ppb, H by 1.9 ppb, RO by O. 9 ppb, and

%2
not at all. However, the magnitude and absolute valu~ of the correction,

especially for reagent volumes, will not always be the same, and so larger

or smaller corrections may be encountered. These corrections have essen-

tially Im effect upon the precision of the values, but do have a significant

effect upon the accuracy.
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VIII, DETAILED AEROJET-MODIFIED WINKLER METHOD

A detailed procedure was worked out for the analysis of sea water samples

based upon the research conducted in the course of the program, as described

in the preceding section. The method discussed here is the detailed procedure

as developed and used in the latter part of the program, The results given here

include those obtained in the evaluation of the calibrator fabricated and delivered

under this program.

A. METHOD

The procedure for the Aerajet-modified Winkler method has been

committed to the general format of an ASTM method. It has been shown to give

good precision and accuracy so long as the details and manipulations are care-

fully followed. It is believed that both the precision and the accuracy can be *

further improved by additional development work. The complete procedure

is given in Appendix 11.

B. RESULTS

The Appendix II procedure and minor modifications thereof were

used to obtain several sets of values for R, H, R. , and H at various times

throughout the latter part of the program. 2
02

These ata are shown in Table 23,

which also gives the special conditions for each series of tests. These data

“show that an experienced analyst can routinely obtain data permitting R, H,

Roz’
and H values to be derived whose precision (based on the average

‘getter than 2.0 ppb of D. O.dev~ation) is The data of this table show good

consistency for values for R, H
02’

and reasonable consistency for H; the

average deviations are, respectively, 1, 8, 1, 1, and 2.5 ppb. Note also that

there is good agreement among comparable R. values derived by each of
:

three methods for each series; the deviations a~e not greater than 1.0 ppb

for any series and average O. 4 ppb for all 6. The accuracy of the values is
.

indicated for the H values.
02
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In passing through the two stages of the spinning disc stripper,

the D. O. content should theoretically be reduced to less than O. 1 ppb as

shown previously in Section V, F. The Ho values have an average value

of -1.0 ppb and an average deviation of 1. ~ ppb. Thus it can be concluded

that the accuracy is at least as good as the precision of the method.

b

a

?

.

,,
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lx. OXYGEN ADDITION

Experiments were conducted to evaluate the addition of 02 to deoxy -

genated distilled water and sea water. The laboratory setup used in these

experiments is shown in Figure 10. The 02 was generated electrically at

a constant current in a disc-stripper cell so as to effect quantitative 0. -
2

transfer into the N2 carrier gas. The purified N2 from the combustion

furnace was passed first through the electrolysis cell wherein it acquired

the generated 02 and then through the second stage stripper wherein the gas

mixture equilibrated with the water sample to give appropriate D, O. contents.

The first stage spinning-disc stripper was used only for sample stream de-

oxygenation. Although the output water was not completely freed of 02 in

the first stage, the D. O. content of the water passing to the second stage

was sufficiently low to allow the D, O. concentration to be brought up or

down to a saturation value corresponding to the volume composition and

pressure of the 02 -Nz mixture from the electrolytic generation and to the

temperature and salinity of the water.

It is important to realize that the water entering the second stage

stripper does not have to be completely freed of its D. O. content for the

oxygen addition to be accurate. D. O. contents as low as O ppb would, of

course, be acceptable. The upper D. O. limit will depend on a number of

operational characteristics such as the flow rate of the feedwater and the

nitrogen, the D. O. level desired, longitudinal mixing in the spinning-disc

stripper, and probably other factors. From a practical standpoint the D. 0.

level must be low enough so that the stripper can further reduce the 02 con-

tent in the front section and still have adequate length in the back section of

Lh(> stripping stage to equilibrate with the OZ-N2 mixture produced by elec-

trical generation. That is to say, whatever the concentration profile of the

1>.0. content vs distance traveled may look like in the stripper, the compo-

sition at the exit end is the value of importance. This concentration profile

may decrease and level$ decrease and increase, or increase and level; at the

present this characteristic is not known. Inasmuch as the D. O. level is low

cnu~lgh so that the second stage can further reduce the oxygen content to 0,

~hc problem is not one of having too much 02 in the water entering the second
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stage. And, inasmuch as the amount of 02 available in the 02 -N2 mixture

generated electrically is sufficient to bring the D. O. content of approximately

500 ml/min. of completely deoxygenated water up to that representing equi-

librium, the problem is not one of having too little 02 available to supply the

amount required by the sample stream.

Generally speaking, the D. O. content measured by the Winkler method

was within 2 to 5% of the theoretical values calculated from the measured and

corrected electrolysis current, N flow rate, salinity, barometric pressure,
2

and sample temperature. Differences between measured and theoretical

values could result from errors in the measurement of: (1) 02 gentiration

rate, (2) rate of N2 flow, (3) equilibration temperature and pressure in the

second stage disc-stripper, or (4) the actual D. 0. content determination by

the Winkler method. The agree tnent between measured and theoretical values

is considered adequate for the intended application.

A. OXYGEN GENERATION

Oxygen for these experiments was produced el~ctrically in an OZ -

generation apparatus (described in Appendix I), which was constructed like

the spinning-disc stripper shown in Figurre 4. ‘~he function of the 02-generation

apparatlls is to introduce 02 at a known rate into a stream of N ~ flowing at a

known rate. In this series of tests the N2 flow rate was measured by m(?ans

of a wet-test meter connected to the N2 exit line from the second stage strippvr.

(In t-he?calibration module the N2 flow rate is read froin accurate, calibrated

rotamcters, ) The rate of 0. production was based on the electrolysis c~lrrent.
2

k’ron~ tht; se two quantities, and the temperature and pressure} it was possible

to calculate the vol-~o of OZ in the N2 stream passing to thti second stage for

equilibration.

Oxygen is generated coulo~metrically at a r~tc of 3.482 ml (ST.P)

per arnpcre per minute. Correcting to laboratory tc~rnperature and pressure,

giv(:s the following current-volume relationship:



24)

where:
F02

= rate of O generation at temperature, T,
2

and pressure, p, ml/min

I = generating current, amperes

T = temperature, ‘c

P = barometric pressure, torr.

The volume per cent 02 in N2 is the quantity which actually de -

t~~rmines the D. O. content that will result from a given rate of 02 generation.
u

‘1’his quantity is a function of the rate of

in the system, thus:

c
~

~ (F. /FToLal)
2

where: c= concentration
g

02 generation and of the N2 flow rate
.,

+

x 100 (25)

of O in carrier gas, vol 70
2

F
Tot al

= total volume of gas passing through the

spinning-disc stripper, n~l/min.

In this case:

1?
Total = ’02 + ‘NZ + ‘H20

(26)

where: ~ N2-flow rate at temperature, T, and pressure,
‘“Nz

P, ml/min.

F
H20

= volume flow of water vapor through the spinning-

disc stripper, ml/min. v

].n our laboratory work the purified nitrogen carrier gas was

IJa SSCd through a pressure regulator and rotameter before it was directed .

throllgh the spinning-disc stripper. The flow rate was controlled by means

of a needle valve. The gas passing through the rotameter was purified

nitrogen only. The total volume of gas passing through the system was



mrasur~ci by means of a wet-test meter connected at the vent of the spinning-

disc s.tripper. This measured volume of gas corresponded, then, to I’total.

“rhe concentration of oxygen in the carrier gas was then determined by means

of equations (24) and (25), above.

It is important to note that the rotarneter was ~+ead in terms of the

total volume of gas passing through the spinning-disc strippers even though

only purified nitrogen actually flowed through the rotarneter. It is important

to note further that if the flow-rate measurements were made with no oxygen

hein~ generated, the wet-test meter values would be the same for readings

taken ( 1) at the exit of the spinning-disc stripper, and (2) just after the rota-

rIlt:ter_. In the former case the gas sample is nitrogen gas saturated with

watri- vapor and in the latter case the sample is nitrogen gas only. However,

gas samples passing throu~h the wet-test meter become saturated with water

vapor b(:f’orc being measured, and no distinction is made between wet or dry

samples. l“urther note, if the flow-rate measurements are made without

oxygen being generated, the measured flow rate must be increased by the

volume of oxygen produced per minute to get Ftotal.

B. SOI..UBILITY DATA

In S~?ctiorl VI, E, 5, it was mentioned that there is solme uncertaifity

as t.o the true soluhility of O in distilled water and sea water at various
2

salinities and temperatures. Riley and Skirrow (Ref. 7) have reviewed the

oxy~en volubility data of various researchers and indicated that the values

derived by Fox arc probably the most accurate of those currently published.

‘f’he values adopted as the standards for this work were the volubility data

of F’ox (fl+om Reference 7) given in part in Table 24.

It should .be borne in mind that the accuracy of thd D. O. content

of th(: calibration liquid will depend not only upon the accuracy of the sol~l-

“bilit.y data but also upon the reliability with which volubility data derived

iL1. oxy~er! levels corresponding to atmospheric composition can bc applied

at lower O. contents,
L

down to zero oxygen. The theoretical values usccl for
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comparison in our laboratory investigations were derived based on the assump-

tion that Henryls law (Equation 2) is valid over the oxygen vapor pressure range

corresponding to a D. O. content of O to 15000 ppb. Generally, Henryls law is

valid in dilute solutions and so long as the dissolved gas does not undergo asso-

ciation or ionization. Inasmuch as our experimental conditions meet the re-

quirements for conforming to Henryls law, the assumption should certainly be

valid.

Fox’s volubility data

per liter of water in equilibrium

in Table 24 are expressed in ml of 02 (STP)

with a dry atmosphere at 760 torr at sea level

and 45° N latitude. The se volubility data fit the equation:

G = 10.291 + (-O. 2809T + O. 006009 T2-0. 00006320 T3)
S,v

(27)

- (0.1161 - 0.003922 T + O. 00006310 T2) Cl

where; c
S,v

= volubility of 02 (STP) in water equilibrated with

dry air at a total pressure of 760 torr at sea level

and 45°N latitude, ml/1

c1 = chlorinity, ppt.

From the standpoint of conditions and units employed, a more piac -

tical form of the equation would express the volubility in terms of the weight of

02 per liter of water in equilibrium With a water-vapor-saturated atmosphere

at 760 torr (sea level and 45° N latitude) as a function of the salinity of the sea

water.

The volume-to-weight conversion involves multiplying by 1.4277,

the weight in mg of 1 ml of 02 (ST P).

The conversion from a dry atmosphere to a water-vapor-saturated

atmosphere involves compensating for the vapor pressure of water which, in

turn, is a function of the water temperature and salinity. In the case of dis-

tilled water, the vapor pressure is given by the equation:

5

.

-?

*

.,. %\
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log Pd = 9.1642 - ~72;~T (28)

. .,,

where:
‘d ‘

vapor pressure of distilled water at temperature, T,

torr.

The vapor pressure of sea water is close to that of distilled water. It is low-

ered in proportion to the salinity by a factor of 1 - 0.000537 S. A more gen-

eral equation for the

log P =
w

where: P
w

vapor pressure of the water sample would then be:

(9.1642- 2;53~T )( )
1 - 0.000537 s

/
(29)

= vapor pressure of the water sample at temperature,

T, and salinity, S, torr.

The correction of the volubility equation for the vapor pressure of

the water sample has the form:
760 - P

w
760

The conversion from a chlorinity factor to a salinity terms involves

simply the empirical equation relating the two terms:

S - 1.805 C1 +.030 (30)

Thus , the equation fitted to Fox!s volubility data has the expression
s - 0.030

1.805

in place of Cl.

Application of these corrections results in the following equations:

c - 10.291 + (-0.2809 T + 0.006009 T2 - 0.00006.320 T3) (27a)
s,v-

(
- (O. 1161 -0.003922 T +0.00006310 T2) S -0.030

1.805 )

and C = 1.4277 C
S,w S,v (l&&)

where: c = volubility of 02 in water equilibrated with air
S*W

saturated with water vapor at a total pressure

of 760 torr at sea level and 45° N latitude, mg/1

(PP~)

(31)
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This latter equation was solved by computer at temperatures from

O to 30°C and at salinities from O to 39 ppt in integer steps. The computer

program and the data print-out for these 1240 points are given in Table 25.

Values at temperatures or salinities between these points can be obtained by

interpolation.

In order for these volubility data to be used in the derivation of

calculated D. O. values in the 02-addition experiments, the listed (Table 25)

or interpolated values for C S w must be further corrected to the local baro-

metric pressure. The equati’on for making these corrections is:

c =C (“B+l+a+b
S,w, p S,w 76 0)

where: B = measured barometric pressure, torr

1 = latitude correction, torr (-O. 8 torr)

a= altitude correction, torr (-O. 1 torr)

b = barometer scale correction, torr (-2. 7 torr)

Correction to the local barometric pressure involves several fac-

tors, expressed in the above equation as the factor: (B + 1 + a + b)/760, The

local barometric reading needs to be corrected for the temperature, altitude,

and latitude at which the barometric reading was made. In our laboratory

(approx. 34°N latitude) the latitude correction is -0.80 to O. 82 torr, The

altitude (250 meters) correction is -. 06 torr. The temperature correction

for the barometer reading (brass scale) amounts to -2.7 -i- O. 3 torr (750 torr,—

20 to 25°c]. Correcting sea-level data to our location involved applying all

three of these corrections to the barometric readings.

For the conditions prevailing in our laboratory the equation was 7

simplified to:

c
S,w, p

= GS,w (+) (33) “

At typical barometric pressures in our laboratory (740 to 750 torr), this rep-

resented a further correction of 1. 8 to 3. lYo.
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c. RESULTS OF OXYGEN-ADDITION EXPERIMENTS

Experiments were conducted in which 02 was added to distilled

water and to sea water. In these tests the rate of 02 generation was selected

to give approximately 20 to 25 ppb, 50 ppb, and 100 ppb. NO attempt was made

to obtain these values precisely, although this could have been done. The elec-

trolytic current required varies with sample temperature and salinity and with

the N2 flow rate, thus making the generation of arbitrarily preset 02 levels

somewhat inconvenient. Oxygen was generated into the N2 stream and this

02-N2 mixture was then equilibrated with the deoxygenated water in the

second-stage spinning disc stripper. The water issuing from this disc

stripper was collected in a 300-ml BOD bottle and analyzed by the Aerojet -

modified Winkler method. The D. O. content obtained by the Winkler proce-

dure was designated as the measured value. The theoretical D. O. content

was calculated from the O ~“g eneration and flow parameters measured during

the run, from the equation:

c
1000 c

“Ut= d x CS*WJP
(34)

where: c = D. O. content of the product water, ppb.
out

Theoretical and measured values were then compared.

The experimental data presented in Table 23 and discussed in Sec-

tion VIII, B, showed that complete deoxygenation can be achieved. The water

flowing from the second-stage spinning-disc stripper contains O ppb of D. 0.

when the N2 carrier gas contained no 02. The measured D. O. content of

samples during 02- addition experiments can be determined by either of two

analytical approaches. One method is to run a series of analyses by the RR,

NR, DDR, and DNR modes at a single generation rate and from the derived

vall~e~ calculate H the D. O. content of the water sample. Inasmuch as no
02’

02 generation gives a D. O. content of O ppb, the value for H will be the

true D. O. content produced by 02 generation.
02

A simpler approach is to cal -

culate %2
from the difference between the NR value with and without 02

generation. In the case of NR without 02 generation, the quantity derived
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represents a blank which is the sum of R, H, and R ~, ; HO is O. With 02

generation, Ho takes on the value corresponding to &e D~O. content of the

product water a%d the measured value of NR increases accordingly. The

situation is as follows:

Hoz
= NR (gen) - NR (35)

where: NR(gen) = total 12 titrated; normal reagent (NR) mode

with 02 generation, pp”b (calculated as D. O. content)

In a series of tests where R, H, and R. are constant, this method will give

the true D. O. content of the sample mor% rapidly than the first-described

procedure.

The values for Ho obtained during these 02-addition experiments

were, with one exception, zobt med by difference as in Equation 35. A single

value for H02 obtained from the RR, NR, DRR, DNR mode of measurement

agreed quite well with the theoretical and the by-difference values.

The data obtained for 02-addition to distilled water and sea water

are given in Table 26. The sea water data shown there were obtained using

the laboratory model and later using the calibration module fabricated for

delivery under this contract. The values within the individual groups were

obtained in a relatively short period of time (i. e. , a few days). The data of

the three groups were, on the other hand, obtained at widely spaced time in-

tervals (i. e. , on the order of weeks). Corrections have been applied for 12

loss in accordance with system conditions (see Table 20); in this case, 1. 670

for distilled water and 2.9’70 for sea water. The overall agreement between

theoretical and measured values is indicative of the accuracy of the method.

The average deviation for distilled water samples was 1. 7% or O. 8 ppb and

for sea water samples, 1. 9% or O. 7 ppb. Values obtained during the evalua-

tion of the calibration module had an average deviation of 3. 4?10or 1.4 ppb.

These data were obtained by an analyst who, initially at least, was less

familiar with the manipulative aspects of the Aerojet-modified Winkler tech-

nique. It is especially significant that for all 30 values shown in Table 26,

the average difference between measured and theoretical values was only

O. 12 ppb Or O. 15%. This suggests that the accuracy may be significantly

better than the precision of the method.
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x. DESIGN OF THE CALIBRATION MODULE

The calibration module or Dissolved Oxygen Calibrator (DOC) was de-

signed and fabricated following closely the configuration and arrangement of

the laboratory apparatus. The DOC, packaged in a castor-mounted two-bay

console, achieves deoxygenation of the water sample by passing purified N2

countercurrent to the flow of water through two stages of spinning-disc

strippers. Appropriate liquid level controls are incorporated to maintain

constant the optimum water level required for efficient stripping. Speed

control and tachometer units serve to control and indicate the rotational

speed of the discs. Oxygen is generated electrically in a third spinning-

disc stripper by current provided from a constant current power supply;
Y

the 02 is introduced into the purified N2 which passes to the second strip-

ping stage. The DOC also includes instruments for measuring the level of
●

electrical current, N2 supply pressure, Nz flow rate, and water tempera-

ture. The DOG is shown photographically in Figure 11. Details covering

its design and the components used in its fabrication are given below. An

Operating and Maintenance Manual is provided under separate cover.

A. NITROGEN-FLOW SYSTEM

A schematic diagram of the N2 -flow system is shown in Figure

12. Cylinder Nz or other nominally pure N2 is supplied at 30 to 50 psig.

This flowing gas is purified in the combustion furnace and then cooled to

rooim temperature in coils of stainless steel and copper tubin~. The puri-

fied N2 is then divided into two streams for use in the two stripping stages.

The pressure of stream 1 is adjusted to 15 psig by means of

pressure regulator, PC V-l; the pressure is indicated on pressure gage,.

P-1. The flow rate is adjusted by means of the needle valve, NV-1, located

on the base of the rotameter, R-1. The metered N2 stream is then passed

through the Stage-1 spinning-disc stripper and to a vent.

The pressure of stream 2 is adjusted to 15 psig by means of

pressure regulator, PCV-2, and indicated on pressure gage, P-2. The

flow rate is adjusted by means of flow control valve, FCV-2, located just

below the rotameter. The flow control vaIve was selected to give a constant

N2 flow rate where the downstream pressure is constant and the supply
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pressure is variable. The needle valve,

is normally left open. It may be used to

NV-2, on the base of the rotameter,

adjust the NZ flow in place of FCV-2.

This NZ stream is then passed successively, through the OZ-generation stage,

through the Stage-2 spinning-disc stripper, and to a vent.

13. WATER- FLOW SYSTEM

A schematic diagram of the H20-flow system is shown in Figure

13. The sample water should be supplied at 5 to 30 psig. The inflow of water

is controlled by the solenoid valve, SV-1, and needle valve NV-3. The sole-

noid valve (normally closed) is controlled by the level-control system, LC - 1,

which includes the control box and level sensing probes. When the level rises

so as to contact all three probe tips, a signal from LC-1 closes SV-l; when

the level drops so that the two upper electrodes, i- (Hi) and - ( Lo) no longer

are in contact with water, a signal from LC-1 activates the solenoid opening

Sv-1. Water flows through SV - 1, through needle valve, NV-3, and through

rotameter R-3 into Stage 1. Water flows by gravity into Stage 2 and out

through needle valve NV-4 to the point of use. The rate at which water flows

into Stage 1 when SV - 1 opens is determined largely by the setting of NV-3;

this flow rate is indicated by rotameter R-3. The temperatures of feedwater

and product water streams are indicated continuously by means of dial thermom-

eters T-1 and T-2, repsectively. Lines carrying the product water from

Stage 2 to the point of use should be kept as short as possible; longer runs of

tubing should be of Pyrex glass so as to avoid the intrusion of atmospheric 02

into the dcoxygenated water stream.

As presently constructed, the DOC is capable of delivering product

water at flow rates of up to about 100 rnl/min. Flow between the two stages

is limited. Flow rates of over 100 ml/min result in level-control problems

because the flow is gravity dependent.

I’he rate at which SV-1 opens and closes is determined largely by

the spacing of the Hi and LO level-sensing probes. As delivered, the probes

are set to control the level to within approximately 1/ 16-in. , and as a conse -

qucnce SV-1 opens and closes every 30 to 40 seconds.
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engthened by allowing the water level to vary by l/8-in. or l/4-in. ; this

:an be done simply by raising the Hi electrode the appropriate distance.

l’he solenoid valve is suitable for continuous use, but after some 10, 000

cycles the diaphragm tends to stick to the valve seat and must be replaced.

Less frequent activation of SV - 1 would allow the valve to be serviced less

frequently.

G* LEVEL CONTROL SYSTEM

Figure 14 gives a schematic diagram of the electrical wiring for

the level control systelm. Strip 1 and Strip 2 are terminal strips located,

respectively, inside the left and right doors as one faces the front of the

DOG. The letters B, R, and G refer, respectively, to black, red, and

green color-coded wires. The numbers refer to positions on Terminal

Strip 1. Position 7 is a common ground for all electrical power. Elec-

trical power (110 V, 60 cps) is supplied to positions 5, 6, 7. Power to th

level ccmtroller LC-1 is controlled by means of a double-pole on-off switc

SW-1, which is connected to 5 and 6, providing power to LC-1 through 3

[arid 4. An indicator light L-1 is also connected to 3 and 4. The level sen

probes are connected to Strip 2 at points designated R (Hi), B (Lo) and G

(Ground), thence to Strip 1 and to LC-1, When LC-1 senses the need for

more water, an actuation signal is sent to SV-1 via 1 and 2 on the two stri

An indicator light L-2 connected to 1 and 2 shows when SV - 1 is activatc?d.

‘l’he switch SW-1 and lights L.-1 and L-2 are located on the front panel of

Lh[? J)oc. The level controller is located inside the DOC cabinet; it con-

tains its own power switch and indicator light.

D. SPINNING DISC STRIPPERS

Details of the spinning-disc strippers are shown in I“igure 15.

Each is basically the same as those used in the research and develop~rle]lt

portions of the pr~~gram, c:xcept that 40 mylar discs were USCC1instead of

30. SomV clct ails of t.l~e end seals were changed to promote lon~er servic~

life iind bettrr seal, ing effect; the changes may be ~~oted by comparing l-i~-

urc 15 with l+igure 4. 13y lubricating the Teflon washers with a light grad
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of silicone grease and adjusting the spring tension, it is possible to obtain a

s[?al that will hold several psig pressure. This is more than adequate for a

system that is being vented to atmospheric pressure.

The spinning-disc stripper used for 02 generation is identical to

the others in the major details. However, shorter spacers were used so that

a smaller portion of the cylinder would be occupied by the discs. Twenty

Mylar discs were positioned at each end of the tube and the generating elec-

trodes were placed in the middle of the spinning-disc stripper, as indicated

in Figures 12 and 13.

E. MECHANICAL DRIVE SYSTEM

The drive system for the spinning-disc strippers consists clf a

low-speed, fractional-horsepower motor with a speed controller, a chain-

and-sprocket drive system, and a tachometer for continuous indication of

the rotational speed of the discs. The motor is a 1/ 15 hp. shunt wound,

reversible motor geared down to furnish low shaft speeds. The motor speed

is controlled by means of an SCR speed controller. The speed controller has

a I-ii and Lo speed range and is supplied with a FORWARD-BRAKE-REVERSE

switch so that the motor may be instantly started and stopped at any speed

s~~tting under full load. Gn the Hi range the motor speed may be varied

from 11 to 500 rpm; on Lo, the speed range is 11 to 341 rpm. The torque

supplied at the drive shaft is 5. 5 and 10.2 in. -lb for the Iii and Lo speed

ran~es, respectively. The torque requirements for the system should not

be ~r[’ater than 4-in. lb under any circumstance, estimated from the star-t-

ing torque of the system and the frictional (viscous) drag of water at lC)W

temp(?rat’ures.

A chain-and-sprocket arrangement supported in case iron pillow

blocks with bronze bearings forms the drive system. Each individual spinning-

disc stripper is connected to its drive shaft by rrieans of a flexible coupling,

All colnpunents are driven at the same speed, as is the tachometer used to

measure and indicate the rotational spedd. IIowtiver, tile tachometer reading

is one-half that of the actual speed and thus all tachometer readings must be

multiplied by 2 to get the true rotational speed.
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F. OXYGEN-GENERATION SYSTEM

The OZ-generation system is shown schematically in Figure 16.

The system consists basically of a constant-current coulornetric power supply,

a current meter, and the spinning-disc stripper which serves as the 02-

generation stage. The current level is adjusted at the power supply to any

value from O to 1. 00 amperes. The current is read orI meter M-1. Cur-

rent levels from 100 to 1000 ma are read on the Hi range; currents of O to

100 ma are read on the Lo range. The range switch SW-2 has three positions:

Hi, Lo, and Off. The center off position allows the power supply to be turned

on, warmed up, and adjusted to the desired current le~~el, and then held on a

standby (off) position in preparation for addition of O to the sample strealm.2

The I). O. content of the product water theoretically can be varied

by changing the N2 flow rate and holding the 02 generation rate constant. For

cxampl~, ~enerating oxygen at a current of 1000 ma into a NZ stream flowing

at 1000 rnl/min would give a D. O. content of 109 ppb for sea water of salinity

34.0 ppt at 30° C. If the N2 flow rate were reduced to .500 ml/min, the D. 0.

content of sea water at the same salinity and temperature would b{? 218 ppb.

However, this approach is more tedious and subject to problerms. For one,

th(’ response time of the system would be increased if the NZ flow were de-

creased. Also, chan~es in the N2 flow of this magnitude will causb the tem-

perature of the combustion furnace to change (increase) by as much as 100° C.

This higher temperature might cause the dissociation of any C02 in the N2 to

form CO and 02, This would be highly undesirable. A stepwise control of

th(’ composition of the 02 -N2 mixture is most easily achievtid by changin~ t:hti

gcn(’ra,ting (:urrent.

G. EI. EC’l’RICAL SERVICE

The DOC is designed to operate on 1 10V, 60 rps, 20 ampcrr {,lec -

tric. al service. Electrical power is supplied to a 4-outlet box inside the in-

str~lrntint through a Hubbell-type connecto~. Thfi combustion furnace is con-

tlect~’d to one of the four outlets of this box; the furnace consumes a maximum

of 800 watts of power (7 amperes) and has its own fuse. Othrr electrical needs
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are supplied by way of a Pilot Strip located behind the combustion furnace

and connected electrically to a second outlet of the 4-outlet box. The Pilot

Strip has a built-in circuit breaker and pilot light; it is designed to carry up

to 15 amperes. The Pilot Strip has 5 receptacles each with its own pilot

light and switch. Electrical connections are made to the Pilot Strip to ob-

tain power for the coulometric power supply (Coulometric P/S), Speed

Control, and Level Control; the maximum power requirements for these

components are, respectively, 0.75, 2, 1, and 8.0 amperes.

H. ACCURACY OF COMPONENTS

All components were selected for 8-hrs/day operation. The

temperature of the combustion furnace is constant and repeatable to within

better than 5°C at a constant NZ flow rate. The motor driving the spinning

disc strippers is overrated so that the speed will remain constant for any

given setting to within 10 rpm under normal variations in water level in the

system.

Component accuracy was primarily of concern where parameters

were measured or controlled which directly influenced the D. O. content of

the product water; namely, water temperature, N2-flow rate, and 02-genera-

tion rate. The dial thermometers provide temperature readings that are

accurate to O. 570 of full scale reading (O. 25° C in this case). The Nz-flow

rate in Stage 2, as determined by R-2, is accurate to within 1~0 of full scale

(maximum calibrated accuracy) and reproducible to within O. 5% of the in-

stantaneous reading. Through the use of the flow control valve, FCV-2, the

flow rate is held constant to within a narrower limit than this so long as the

downstreatn (vent) pressure remains constant. The rotameter in Stage 1 is

capable of similar accuracy; however, flow rate here is not very critical.

A flow controller was ~herefore omitted from this stage. The power SUppIY

included as the main component of the 02-generation apparatus will hold the

current constant to within + O. 002~0 or 0. 200 ma, whichever is greater, for

line or load variations down to a short circuit across the output terminals.

The accuracy of 02 generation is,

with which the current can be set.

therefore, determined by the accuracy

The generating current is set and read
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on the special DC ammeter which is accurate to + 17’o. Thus, the accuracy—

with which the D. O. output of the DOC (assuming equilibrium between gas

and liquid and that the volubility data are accurate) is estimated to be:
.-.

I
.....

Accuracy = a2+b2+c
2

(36)
1.

where a=

b=

c=

This means that

should be within

accuracy of temperature-dependent parameter, approx,

O. 47’o as median value.

accuracy of N2 -flow parameters, l%

accuracy of 02-g eneration parameters, 1%

from the standpoint of components the system accuracy

1.4570.

.

.
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xl. C1IARACTERIZATION OF THE DISSOLVED OXYGEN CALIE.RATC)R.—

‘1’he completed DOC was run through a series of tests to determine

its operating characteristics. The accuracy and stability of the 130C output

stream were measurccl and the D. O. concentration-time profile was dcler -

minf:d at several D. 0. levels and H20-flow rates, The response to a step-

wise change in salinity of the feedwater was also determined. The accuracy

of the D. O. output was measured using the Aerojet-rnodified Winkler method.

‘1’he stability and response characteristics were determined using the Magna

Corporation Model 10755 Oxyrneter with Recording Aclapter and rticordrd

using a Varian Model G-10 recorder.

A. ACCURACY u

The accuracy of the D. 0, output at various levels was repc>rted pre-

viously in Sections VIII, B, and IX, C. These data arti shown in Tables .23
.

and Z6. In sumtnary, these data showed that the accuracy was comparable

to that of val~les obtained throughout the laboratory tests. For deoxygenated

water (Table 23) the measured values compare to calculated val~les in all

tests to within 1. 0 ppb with an average deviation of 1. 1 ppb; for the DOC

the measllred value differed from the calculated value by 0. 8 ppb with an

average deviation (inexperienced analyst) of 4.46 ppb. During Oz-generation

at 25, 50, and the 100 ppb level (nominal) all tests (Table 26) gave measured

values which were, on the average, lower than calculated values by 0, 12 ppb

+ O. 89 ppb and the DOC gave values which were low by O. 2 ppb + 1.4 ppb.—

Thu S, the DOC provides a calibration stream of unprecedented accuracy in

the O to 100 ppb range.

B. RESPONSE CHARACTERISTICS

1. Changes in D, O. Level and H20-F10W Rate

A series of tests were run in which the D. O. content of the

product water was continuously monitored by means of an in-line D, O.

analyzer (Magna Corporation Model 10755 oxymeter); the signal from the

sensor was fed to a Varian Model G- 10 Recorder through a Recording Adaptor.

The response time of the DOC was calculated from the record; it was assurnrd

that the response time of the analyzer was negligible with respect to that of the

DOC.
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ation occurring

deoxygenation.

50, or 100 ppb.

First, water was passed to the analyzer without OZ-gener -

in the DOC until the graphic recording indicated steady- state

Then 02 generation was initiated at some level, such as 25,

The system was then operated in this mode until the new

steady- state condition was attained, as indicated by the recorder plot. The

rate of O generation was next increased or decreased to some new level
2

and the system again allowed to reach the new steady- state condition. It

was found that the time required to achieve steady-state operation is the

same for large or small increases in O ~-g cmeration rate so long as the

HzO-flow rate is held constant, The response time is Iongcr for decreases

in the Oz-g eneration rate. The observed response follows closely that of

the logarithmic mixing equation (C/C = e
-kt

), In the DOC the equation
o

would be expressed in the form given below to incorporate the parameters

of the N2- and H20-flow system:

log c = log c
o

where: C z D. O. content of

Co = D. O. content of

I-t

- -V

the output stream at time, t, ppb

the water delivered before a change

(37)

in 02-generation rate (time, to) ppb

F = flow rate of the output stream, rnl/min.

t = elapsed time, min.

V = volume of H20 in Stage 2,

Equation 37 shows that the response time is

water (V) in Stage 2 and of the rate at which

ml.

a function only of the volume of

water flows (F) through Stage 2.,

Inasmuch as the volume of water in Stage 2 is fairly constant (> 500 ml), the

response time is primarily a function (an inverse one) only of the flow rate, F.

Table 27 shows values for C (C = 100 ppb) at increment times from O to 104
0

min. and for selected flow rates. Note that the 907’o response time at 50 and

100 ml/min. are, respectively, 23 and 11. 5 minutes, and that the 99% re-

sponse times are correspondingly, 46 and 23 minutes. A typical response

curve for the DOC is shown in Figure 17 along with a theoretical curve cal-

culated from equation 37, above. It will be seen that in general the two curves

are quite similar. In the DOC response curve, however, a delay of approxi-

mately 2 minutes at the beginning occurs. This is due to the delay brought
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about by the response-time characteristic of the 02-generation cell. In

this case the response time is a function of the N2-flow rate, not of the

HzO-flow rate,

2, Changes in Salinity of the Feedwater

Changes in the salinity of the feedwater cause 02- volubility

differences and thus would affect the D. O. level in the output stream, ‘The

response time of this two-stage system may therefore be determined by

monitoring the D. O. content of the output stream. One would predict that

the response time for two stages in series would be approxi~mately double

that for a single stage. This was checked experimentally by monitorin~

the D. O. contc?nt of the product stream continuously while the salinity of
.

the ftiedwater stream was changed from 33.6 ppt to 18. 0 ppt. The 1<20- flow

rate during this test averaged approximately 60 ml/min. Full recorder .

response was reached in 95 minutes. Based on the data of Table 27 the

99’7’0 and 99. 9% response times should have been 77 and 115 minutes, respec-

tively. Thus, there is adequate agreement between measured and theoretical

response times. Here,

water in each of the two

too, the response time will depend on the volume of

stages and upon the flow rate of the product water.

c. STABILITY

There are several factors that will affect the stability of the

D. O. level in the output stream. The first is the constancy of the parameters

which determine the composition of the 02-N2 mixture, namely: the

02. generation rate and the N2-flow rate. These factors have been discussed

in Section X, H, foregoing, A second set of factors is the constancy of the

temperature, pressure, and salinity as they relate to the volubility of 02 in

the sample stream. The volubility of 02 in sea water changes by approxi-

mately 170 per ‘C at or near room temperature and for salinities around

34 ppt, Under the same conditions it changes about 0. 7% per ppt salinity.

The interrelationships of salinity, temperature, and 02 volubility are shown

in Table 25. Volubility will also be directly related to the vent (atmospheric)

pressure,

pressure

For example, an increase in atmospheric pressure (or vent

by 7.6 torr will increase the 02 volubility by l~o; the 02 Volubility
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is directly (linearly) related to the O pressure and thus to the total pressure
2

orI the system. Thus if the temperature is constant to + O. 5°C, the salinity

is constant to + O. 2 ppt, and the pressure is constant to + 2 torr, the D. O.

content should not change by more than O. 907’0 (0, 50~o + O. 147’0 + 0. 267’0).

Assuming these factors to vary randomly, and not so as to give errors in

the same direction, the total of all the aforementioned factors should COrn-

bine to give an error of not greater than 1. 6Y0. If one is careful in the con-

struction of delivery tubes sothat no O
2

can diffuse into the calibration stream

this then should represent the stability and accuracy of the output stream.

Our experience during the evaluation of the DOC has been that once the D. O.

level in the product stream has reached a steady state, the output of the D. O.

analyxer as measured by the recorder will show no further change.

An additional important point should be made at this time. It

has been noted previously in Section V, B, that the D. O. content of the out-

put from Stage 1 depends upon the relative flow rates of N2 and water through

that stage. Likewise it may be inferred from Section V, F, that there will

be some minor dependence of the D. O. content upon flow rate ratios through

Stage 2 during deoxygenation. This variation will, however, be minor in the

DOC. For example, if a N2- flow rate of 1000 rnl/min is taken through the

two stages, and if the H20 flow rate is allowed to vary from 50 ml/min to

100 ml/min, the residual D. O. content will theoretically still remain below

O. I ppb. When the generated 02 is transferred into the N
2

stream, 02 is

supplied at such a rate as to provide sufficient O z for H20 flows of up to

497 ml/min. Thus, even large relative changes in the H20 flow rate will

not bring about instability or inaccuracies so long as the instrument is

operated as it was designed,
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XII. CONCLUSIONS AND RECOMMENDATIONS

A. CONCLUSIONS

The experimental work performed during this program has

demonstrated that the concept of a calibration device that will furnish fluids

having accurate D. O. contents in the O to 100 ppb range is indeed realizable.

The evaluation of methods of deoxygenation showed that the spinning- disc

stripper is extremely efficient in effecting the transfer of gases between

the vapor and liquid phase. This was pointed up by the fact that by the proper

selection of liquid and gas flow rates and choosing appropriate disc parameters

(number, size, and rotational speed), 99. 999% of the D. O. can be removed

from water in a single pass through a two-stage disc stripper. Extensive
.

laboratory tests indicated it was possible to develop an improved Winkler

method to give D. O. analyses that are precise and accurate to at least 2 ppb .

for measurements in the O to 100 ppb range. Oxygen addition by electrical

generation was shown to be an accurate and convenient method for providing

D. 0. levels of calibration quality. The Dissolved Oxygen Calibrator designed

and fabricated as a result of this research was evaluated and found to deliver

a calibration stream having an accuracy equal to that demonstrated in the

experimental laboratory model. Thus, it will now be possible to generate

streams for the calibration of D. O. analyzers and/or for other applications

requiring an accurately know D. 0. content.

B. RECOMMENDATIONS

It is believed that the achievements under the present program

have pointed the way to several important areas which require further develop-

ment work, The two main areas have to do with the Winkler Method and with >

improvements in the calibrator itself.

1. Further Improvement of the Winkler Method
.

The research conducted under the present program resulted

in an improved Winkler method whose accuracy could be demonstrated. The

Winkler method is widely accepted as the

and will probably be used more and more

method of choice for D. 0. analysis,

extensively in the years to come,
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especially for measurements at the low ppb level. Therefore, it IS recom-

mended that further studies of the Winkler method be initiated in the im-

mediate future, The goal of this research should be several-fold, Reagent

parameters should be explored in detail, interferences should be investi-

gated, and a handling routine should be developed; these three should all

be orienkd to the generation of a standardized procedure that is as simple,

routine, and accurate as possible. Although the D. O. range of primary

interest should be O to 100 ppb, the procedure should also be evaluated for

wid~?- range applicability. The end product of this work should be an opti-

mized Winkler method published as in ASTM style.

2. Improvements in the Dissolved Oxyg en Calibrator

The performance of the DOC is well within proposed objec-

tives and within the expectations of the instrument design. As it is presently

designed there

on the rate and

use, The 130C

are two limitations on the instrument, or more specifically

pressure at which the calibration stream is delivered for

is capable of delivering up to about 100 ml/min)of product

water at atmospheric pressure. It would be highly advantageous to be able

to have a flow of up to 500 or 1000 ml/min at pressures of up to 20 or 25 psig;

this would allow product water to be provided at greater pressures and flow

rates for test setups or sensors requiring this increased capacity. It is

believed that these improvements could be effected by making changes in

the sizes of the spinning-disc strippers and associated tubing and by incorpo-

rating commercial mechanical seals designed to maintain the required pressures

The delivery pressure could be established by adjusting and controlling the

vent pressure from each stripping stage. An improved version should includt?

the capability for set-point calibrations; i. e. , by dialing in volubility -

deterrnining factors such as salinity, temperature, and N2 flow it would then

be possible to dial in and get the desired D. O. content in the product water.

‘I’his might be essentially a manual process wherein a dial or dials are set

based on nornograph values. Or, it might be a completely automatic operation

wherein in-line transducers continuously monitor the volubility -determining

parameters and provide compensating signals to modify the OZ-generation
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current so as to give a specified D. O. level in the output stream. The goal

of such a program should be to develop a versatile calibration model of pro-

totype quality that might be made available for a variety of applications such

as calibration of D. 0. analyzers, investigation of corrosion phenomena,

verification of 02- solubility data at various salinities, temperatures, pres-

sures, and 02 levels, research on new Il. O. analyzers, production of media

for biological studies, and other scientific endeavors.
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TAB LE 1

13EOXYGENATION BY VACUUM

Treatment D. O. Content,

DEGASSING

ppb

None Run 1 7680

2 7790

3 7800

4 7850

Avg 7780 0

Vacuum, 5 min. Aun 1 590

2 640

Avg 615 92

Vacuum, 10 min. Run 1 490

2 410

Avg 450 94

Vacuum 20 min. Run 1 350

2 440

Avg 395 95
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TAB LE 2

DEOXYGENATION WITH EVAPORATING DRY ICE

Wfiight of Sample Temperature

Dry Ice, ~ After Treatment, C D. O. Content, ppb

None 24 8160

50 22 2530

100 20 780

200 17.5 170

~o Removed

o

69

90

98

75



TABLE 3

DEOXYGENATION IN A PACKED COLUMN

FICIW Rate, ml/ rnin

(N2/Feedwater) D. 0,, Content, ppb To 02 Removed

Initial Run 1 769o

2 7740

Avg

100/100 Run 1

2

3

4

Avg

100/50 Run 1

2

Avg

200/50 Run 1

2

Avg

2130

2050

2050

1980

1500

1570

1570

1600

7715

2052

1535

1585

200/50* Run 1 1090

2 1250

Avg 1170

------ ------ ------ ------ ------ ------ --.-+- -

X~Nitrogen gas vented through 2-inch head of mercury.
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FIGURE 6

APPARATUS FOR TITRATION IN A NITROGEN ATMOSPHERE
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FIGURE 7

APPARATUS FOR PURGING AND HANDLING
WINKLER REAGENTS UNDER NITROGEN
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Figure 9
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FIGURE 11

PHOTOGRAPHIC VIEW OF THE DISSOLVED OXYGEN CALIBRATOR
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APPENDIX I

C HEMI.CALS AND EQUIPMENT —

I. CHEMICALS

A. REAGENTS

The chemicals used to make up reagent solutions for the Winkler

analysis (KOH, KI, MnS04. H20, 12), titrants (AgN03, Na2SJ03. 5 1+20, K103),

indicators (K2Cr04, starch), reagent solutions of interfering ions (CU(N03)2.

3H20, Fec13. 6 1120), and solutions and reagents for the colurimetric indi~o

carmine procedure (C OC12. 6 H20, FcC13. 6 H20, CI.C504. 5 H20, HC1, dextrose,

giyccrine, KOH) were all Baker Analyzed Reagents. Exceptions to this were

NaN1 and indigo carmine, which were practical grade, and 112S04 which was is,

d~lPont reagent ~rade chemical, The sodium thiosulfate solution was sti~ridard -

izcd a~ainst wei@led quantities of primary standard K2Cr207 (99. 97q0 assay)

or against wcighc?d quantities of 13aker Analyzed Reagent K103 ( 100. oyo assay).

B. PURGE GASES

The purge gases employed throughout this program were C02, N2,

and purified N 2“
The C02 was obtained from subliming dry ice; although the

purity was not specifically determined during this research, past experience

has 5h0Wn it to assay over 99. 99!70. I?or purging BOD bottles, purging the vessel

in which the 130D bottle was handled, and in purging and maintaining an inert

blanket in the titration vessel, the N2 was used as received from the N2 outlet

in the laboratory. The N2 plumbed to our laboratory is pressurized N2 generated

from a liquid N2 storage vessel. The oxygen content of this gas typically is less .

than 100 ppm and maybe as low as 10 ppm level (O. 001 vol. Yo). The laboratory

N2 was passed through a combustion tube containing a mixture of Cu and CUO

maintained at 525 + 25° C to obtain a supply of purified N2 of constant purity,—

The Cu removes 02 by forming CUO; organic impurities are oxidized to H20

and C02 by the CUO. In some initial runs H20 and C02 were removed on an

Ascarite/Anhydrone column, but this purification step was removed shortly

inasmuch as C02 and H20 were not considered detrimental. There was some

question as to whether the residual 02 content of this purified N2 might he
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significant. If, for example, the residual 02 amounted to O. 011 vol-~o dis-

tilled water in equilibrium with it at 20°C would contain a D. O. content of

5 ppb. Consequently, several tests were made to determine the O ~ content

of the purified N.
L“

In one test indigo carmine reagent (ASTM D888A) was

introduced directly into deoxygenat(+d water in the disc stripper. The color

was observed initially and after deoxygenated N2 had purged through the sys-

tem for measured periods of time. The 02 content of the stripping gas was

estimated from the flow rates and the sensible color change to be less than

0.001 vol. 70.

In another test the Winkler method was used to estimate the

rcsid~lal 0. content.
L

Tile apparatus employed here consisted of two iden-

tical ~jas-washing columns in series, as shown in Figure 1. Each column

ronsistccl of a test tube 1. 5-in, 1. D. and 24-in. long, fitted with a rubb~r

stopper and a fritted-disc gas bubbler which extended to the bottom of the

tube. Gas exiting from the train was passed to a wet-test meter to measure

the flas flow rate. With 500 ml of distilled water added to each scrubber,

the gas was forced to pass through approximately 20 in. of liquid in each

column, A carefully ordered and timed procedure was adapted for adding

reagents and allowing the reaction of 02 in the scrubber. The apparatus

was cleaned and set up and then the procedure below was followed:

1. Add 500 ml distilled water to each scrubber.

2. Add 2. 0 ml MnS04 solution to each scrubber.

3. Assemb].e apparatus for purging with sample N2.

4. Begin flow of gas through the two columns and simul -

tan~, ously start stopwatch.

5-. Allow 15-rninutc purge of the two columns. As the end

of the 15-min purge (900 seconds) approaches, draw iodized alkaline iodide

into the pipet and prepare to add 2, 0 ml of reagent to column No. 1.

6. At precisely 900 seconds, begin adding the 2.0 ml of iodized

alkaline iodide to column No, 1.
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7. As soon as Step 6 is complete, add 2, 0 ml of iodized alkaline

iodide to column No. 2.

8. Allow N2 to continue purging through the 2 columns. As 1200

seconds approach, prepare to add 2. 0 ml H2S04 to each.

9. At precisely 1200 seconds begin adding 2.0 ml of H2S04 to

column No. 2. When reagent addition is complete, stop the flow of Nz to col-

umn No. 2 by lifting the stopper from column No. 1.

10. Quickly pipet and add 2.0 ml of H2S04 to column No. 1. When

reagent addition is complete, stop the flow of Nz through column No. 1.

11. Pipet 200 ml of fixed solution from column No. 1 into 250 ml

beaker and titrate as in Aerojet-modified Winkler procedure. (See Appendix

H for procedure. )

12. Repeat Step 11 for fixed solution No. 2.

The procedure outlined in these 12 steps furnishes the blank, The

02 analysis of the N2 stream is obtained in a similar process by allowing N2

to flow 30 minutes ( 1800 seconds) beyond the 1200 second stop point in Step 8.

The actual N2 flow rate is measured during the 15-minute purge in Step 5.

The 02 content of the N2 stream was first estimated from the

difference between sample and blank run as described above. The net dif-

ference measured corresponded to O. 000174 VO1-70 02 in N2. Of this amount

0.000056 VO1-YO was in column No. 1 and O. 000118 VO1-YO was in column No. 2.

Thus, column No. 1 did not collect all the Oz. This means, then, that the

02 content is not less than the sum, or O. 000174 VO1-YO.

Further tests were made to determine the per cent of 02 ab-

stracted using this setup. An electrolysis cell was inserted in the N stream
2

just ahead of column No. 1. The procedure followed was as for the sample

gas described above, except that additional 02 (generated at a current of 100

ma) was added to the purified N z for five minutes duration at the 5-minute

timing point in the 30-min sampling period. The increased 02 content was
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measured by titration, in the same manner as the sample and blank. The

02 produced during the steady-state 5-rein generation time corresponds to

an 02-N2 mixture that is O. 080 VO1-7’O 02. Altogether 2.486 mg of 02 were

formed, but only O. 2174 mg, or 8. 7% of the total, was absorbed according

to the measurement. This confirms that the scrubber is not 1007o efficient

in removing the 02 in the gas stream, at least not at the O. 080 vol-~o level.

It is realized that any estimate of recovery efficiency at O. 0002

vol-~0 based on a value derived for a level some 400 times higher is subject

to uncertainties. The absorption efficiency in a given column and at a given

sample flow rate would be expected to be greater at O. 0002 vol-vo than at

O. 080 VO1-70. The 02 content measured for the purified gas stream was

O. 000174 VO1-YO; this must be regarded as a minimum 02 value. If the

absorption efficiency were 8. 7!lo this would correspond to a true O 2
con-

centration of O. 002 vol-yo. If the absorption efficiency is greater than

8. 7~0 at 02 concentrations lower than O. 080 VO1-’7’O, the true 02 concen-

tration would be less than 0.002 vol-yo. Thus, the series of tests demon-

strated that the 02 content of the purified N2 stream lies within the range

of 0. 000174 to 0. 002 Vol-yo. These gas concentrations would be in equili-

brium with distilled water at 20°C having a D. O. content of O. 07 and O. 9

ppb, respectively. The two tests, taken together, indicate that the 02

content of the purified N2 is on the order of O. 001 vol-~o.

c. WATER SAMPLES

The water samples used throughout the program were either

bottled distilled water or sea water. The sea water was collected in a 55-gal

stainless steel drum several miles offshore in the Santa Catalina channel

and brought to this laboratory. After it was received here, it was trans-

ferred to 5-gal glass bottles and retained for use. The chlorinity of this

sea water was determined by the procedure of Strickland and Parsons;>:

the sea water was compared with standard sea water (chlorinity: 19.374

ppt) by titration with O. 21 N AgN03 solution. The analysis showed the sea

water to have a chlorinity of 18. 604 ppt which is equivalent to a salinity of

33.610 ppt.

Bulletin, Fisheries Research Board of Canada,
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II. EQUIPMENT

A. SPECIAL RESEARCH APPARATUS

Although no attempt will be made in this section to describe here

in detail the specific design of special research apparatus, some generalized

comments are in order. Laboratory models for the various investigations

were generally fabricated f~om Pyrex glass or Plexiglas. To the extent that

it was possible, contact of metal parts with the water sample was avoided so

that corrosion would not contaminate the water or limit the life of the part.

Pyrex glass tubing wa~ found to be especially beneficial in transferring the

deoxygenated water to the receiving vessel or to the D. O, Analyzer, In one

instance completely deoxygenated distilled water passed through a 2-foot sec - ~

tion of polyethylene tubing ( 3/8-in. O. D. , l/4-in. I. D. ) to the sample con-

tainer (300 ml 130D bottle) consistently gave an analysis corresponding to a ,;

D. O. content of approximately 20 ppb. 13ased on the permeation character-

istics of the tubing, the diffusion of 02 into the water was calculated to cor-

respond to approximately 10 ppb/ft. When the 2-foot section of polyolefin

tubing was replaced with Pyrex glass tubing, the D. 0. analysis immediately

dropped to approximately O ppb, Thus, the need for care in the selection of

tubing materials for transporting the deoxygenated water is clear.

B. SAMPLE CONTAINERS

Samples of water for analysis by the Winkler method or by the

Acrojet-modified Winkler procedure were collected in 300 ml BOD bottles

or in 500 ml McLean sampling tubes, as recommended in ASTM D 1589 and

ASTM D 888C, respectively. Samples for analysis by the calorimetric in-

digo carmine method were collected in 300 ml BOD bottles, as allowed in

ASTM D 888A. The McLean tubes were calibrated with respect to one an-

other as recommended in ASTM D 888 C. The 130D bottles were all assumed

to have volumes of exactly 300.0 ml; relative volumes obtained by measuring

the volume delivered to a graduated cylinder indicated that the volumes are,

on the average, all within O. 3Y0. This is well within the precision aimed for

in this research.
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c. ROTAMETERS

The flow of N2 stripping gas utilized in the deoxygenation studies

and in all subsequent tests during the development of the spinning-disc strip-

per, research of 02 addition techniques, and refinement of the analysis pro-

cedure was monitored continuously be means of appropriately sized rotameters.

These rotameters were calibrated periodically in the various systems and

under various conditions of use by the wet-test-meter or bubble -in- buret

method.

D. LIQUID FLOW

The flow rate of sample water was measured either by collecting

the discharge for 1 minute or by collecting the total discharge during samp-

ling and measuring the time of sampling.

E. TITRATION APPARATUS

Throughout the entire program the end points in the potentiometric

titrations were derived from the inflection in the emf vs titrant volume curve.

The emf values were measured by means of a Pt-saturated calomel electrode

(sleeve type) in conjunction with a Beckman model H2 pH meter.

F. OXYGEN-GENERATION APPARATUS

Oxygen was generated in a spinning-disc stripper which had been

fitted with electrodes to serve as an electrolysis cell. An O. 5 M sodium sul-

fate solution was used as the electrolyte because it is known to give 100~’ 02-

generation efficiency. The solution was electrolyzed between platinum elec-

trodes. Oxygen was generated at an anode having a surface area of approxi-
2

mately 2. 6 cm . Hydrogen was generated at a wire electrode located within

a compartment separating it from the bulk of the electrolyte by a fritted disc;

the H2 was vented to the atmosphere. A constant DC current in the range from

O to 1000 ma was passed between the electrodes to generate the required vol-

Unle of 02. The current was provided by means of a constant-current power

supply and read from a multirange DC ammeter that was accurate to 1’70. The

formed 02 was then transferred to the gas phase by the spinning-disc stripper,

the gas phase being the purified N2 carrier gas flowing to the second sta~e

disc stripper at a rate of 1 liter per minute.
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APPENDIX II

PROCEDURE FOR
AEROJET-MODIFIED WINKLER METHOD

(July 1969)

i. SCOPE

This method covers the determination

water vr natural sea water in the range of O

II. APPARATUS

A. BEAKER

One 250 ml Pyrex beaker,

B* BURET

of D. O. content

tO 100 ppb.

of distilled

One l-ml Koch-type burct with Teflon stopcock and O. 01-ml

subdivisions. This buret is used to deliver the sodium thiosulfate solution

during sample titration.

c. BURETS

Three 5-ml Koch-type burets with Teflon stopcocks and O. 01-ml

subdivisions. These burets

fixing.

D. BOD BOTTLES

are used to deliver the Winkler reagents during

Several 300-ml BOD bottles having a raised lip around the neck

and glass stoppers ground to a conical lower tip.

E. GRADUATED CYLINDER

One 100-ml graduated cylinder with l-ml subdivisions. This i.s

used to check sample flow rate, if necessary.

F. BOTTLE CONTAINER

The sample container should be as shown in Figure 5. The

thermometer may be deleted if another means of temperature measurement

is available.
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G. TITRATION CONTAINER

The titration container should be as described in Section VII, C, 2

and shown photographically in Figure 6.

H. PO TENT IOMETRIC END POINT APPARATUS

The apparatus consists of (1) a pH meter with a total range of

+ 1400 rnv and a limit of error of not greater than 3 mv, (2) a platinum—

sensing electrode, and (3) a saturated calornel reference electrode of

either the glass sleeve or asbestos wick type.

L STIRRING BARS

Two Pyrex-coated stirring bars approximately 1-1 /8-in, lon~

by l/4-in, diameter.

J. MAGNETIC STIRRER

Two variable-speed motor-driven magnetic stirrers are re-

quired.

K. PIPET

One 100-ml or 200-ml pipet,

L. PURGE TUBES

Two purge tubes, each consisting of a l- ft. section of 9-mm

0, D. Pyrex tubing connected via rubber or Tygon tubing to a source of N2

for purging.

111. REAGENTS

Reagent grade chemicals shall be used in all tests.

A. IODINE SOLUTION

Dissolve 6, 346 g of resublimed iodine in a solution of 75 g of

KI in 60 ml of distilled water and dilute with distilled water to 500 ml in

a volumetric flask. Store in a dark, stoppered bottle.
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B. SULFURIC ACID

Concentrated sulfuric acid is used for acidification.

c* MANGANOUS SULFATE SOLUTION

Dissolve 364 g of MnSO ~. H20 in water, dilute to 1 liter, and

filter.

D. IODIZED ALKALINE IODIDE SOLUTION

Dissolve 700 g KOH in enough distilled water to make approxi-

mately 700 ml of solution. Cool to room temperature. Dissolve 150 g of

iodate-free KI in 200 ml of distilled water. Add the KI solution and 10 ml

of the iodine solution to the KOH solution. Mix. Dilute to 1 liter with dis-

tilled water, mix, and store in a stoppered flask.

E. SODIUM THIOSULFATE SOLUTION

Dissolve 24.82 gof Na2S203. 5H20 in 800 ml of distilled water

that has just been boiled and cooled. Dissolve 1 g Na2G03 in the solution

to stabilize it. Dilute to 1 liter with boiled distilled water.

Standardize the sodium thiosulfate

standard or known purity K2Cr207 or K103 as

iodate-free KI and 2 g of NaHC03 in 300 ml of

iodine flask containing a stirring bar, Add 12

solution against primary

follows: Dissolve 2 g of

distilled water in a 500-ml

ml cone. HC1 (Sp. g. 1. 19)

s lowly. Swirl the flask and stopper lightly. Place a small quantity of dis-

tilled water around the stopper to effect a seal. Weigh out 100 mg K103 or

KZCr207, Add the weighed salt to the flask. Calculate the normality of

the Na2S203 solution as follows:

N _ 1000 A
MB

where:- N = normality of Na2S203 solution

A = grams of standard salt used

M= equivalent weight of standard salt

B= ml of Na S O solution required for titration.
223
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It has been our experience that either K103 or KZCr Z07 may be used. The

same normalities are obtained for each. The preferred standard is KIC)3

because of the more distinctive color change at the end point. Wash down

the inside of the flask with a small amount of distilled water. Restopper.

Swirl to dissolve the salt. Place a small quantity of distilled water around

the stopper to effect a seal. Allow to stand for 10 min. Titrate with O. 1

N Na2S203 solution using starch solution as the indicator. If K103 is used

as the standard the solution color will change from blue to colorless; if

K2Cr207 is used the change will be from blue to green.

F. SODIUM THIOSULFATE, TITRANT SOLUTION

With a calibrated pipet transfer 10.00 ml of the standardized

O. 1 N NaZS203 solution to a 200-ml volumetric flask. Dilute to the mark

with d istilled water and mix completely. This solution should be prepared

fresh daily just before use.

G. POTASSIUM IODATE OR POTASSIUM BICHROMATE

These should be primary standard or known-purity salts.

IV. PROCEDURE

A. PREPARATION

1. Winkler Reagents

These solutions should be made up several days or more

before the time of use and set aside to equilibrate with 02 in the atmosphere.

At the time of us e the three 5-ml burets should be set up and filled with the

thr~?e solutions in preparation for the fixing step. The reagents may be stored

in these Koch-type burets provided that the reservoir is covered to prevent

changes in concentration or contamination,

2, Sodium Thiosulfate Titrant Solution

This solution should be made up daily in the morning in

preparation for the day’ s analyses. The l-ml Koch-type buret should be

rinsed several times with the titrant and then filled in preparation for the

titrations. Normally a single filling of the buret and reservoir will be

adequate for a day’s work.
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3. Purging of Sampling Vessels

Prior to sampling a BOD bottle containing a Pyrex-coated

magnetic stirring bar is placed in the bottle container, Turn on the N2 to

give a flow of approximately 2 liters per minute through the purge tube.

Remove the stopper of the BOD bottle and insert the purge tube. Allow

the 130D bottle to be swept with N2 for 5 minutes, Remove the purge tube

and restopper the BOD bottle. Disconnect the Pyrex glass tube and connect

the rubber or Tygon tubing to the side arm of the bottle container. After 5

minutes or more the sampling vessels are ready for collecting a water

sample.

4. Titration Container

Place a 250 ml beaker containing a Pyrex-coated stirring

bar in the titration container. Position the cover, Turn on the N2 to give a

flow of approximately 2 liters per minute through the purge tube. Insert

purge tube into the 250-ml beaker.

nect platj

rated KC

5. pH Meter

Prepare pH meter for potentiometric measurements. Con-

urn and calomel electrodes. Fill the calomel electrode with a satu-

solution, if necessary,

6. Pipet Purging

Connect the 100-ml or 200-ml pipet to a stream of N2 flow-

ing at approximately 1 liter per minute. Allow N2 to flow until the pipet is

used. This purging dries the pipet and sweeps out the air.

B. SAMPLING

Note: The flow of N2 through the bottle container is to continue

throughout this step. Remove the stopper of the BOD bottle and position the

bottle container and BOD bottle under the tube delivering the sample stream

so that the tube is approximately l/4-in. from the bottom of the BOD bottle.

Allow the sample water to flow through and sweep out the BOD bottle for 25

to 30 minutes. As a general guide the volume of water passed should be at



l{:ii~t 5 ti~mes the volume of the BOD bottle. Samples flowing at flow rates

~r(’at:cr than 100 ml, /rein may be sampled for a shorter time and at rates

1(:ss t}]an 50 rnl/min for correspondingly longer periods of time. Just be-

fore the conclusion of sampling, read and record the temperature of the

watrr sample. At the conclusion of sampling, lower the bottle container

qllickly away from the sample tube and restopper the BO13 bottle. The stopper

of the ROD bottle should be dry or should be wiped dry with a clean, dry,

lint-free cloth or absorbent paper. Wipe the cover of the bottle container

inside and outside (without removing from the vessel) to blot up droplets

of’ water. Once these droplets have come into contact with air they must

not he allowed to fall back into the water in the BOD bottle. Measure the

flow rate of the sample by collecting water from the tube delivering the

sample stream for 1 min. ; collect the water in a 100-ml graduated cylinder.

c. FIXING

Fill each of the three burets from the reservoir to just slightly

above th(: zero mark. Wipe the tip of each buret with a clean, dry, lint-

frce disposable paper. NOTE: The flow of N2 through the bottle container

is to continue throughout the fixing step.

1. Sample (NR)

Add 2.0 ml of the iodized alkaline iodide solution to the

sample. This is done in the following manner: Remove the stopper of the

130D bottle and lay it on a clean, dry paper. Insert the tip of the buret in-

side the bottle container but outside the BOD bottle. Allow the solution to

flow out of the buret until the upper liquid level (meniscus) is at the zero

mark. Then insert the huret tip to the bottom of the BOD bottle. Allow

2.0 ml of the solution to flow slowly into the BOD bottle. Stop the flow and

quickly lower the bottle container and BOD bottle down and away from the

ti~~ of the burct. Do not allow liquid running down the tip of the buret to

drop into the BOD bottle. Set the bottle container and BOD bottle on the

magnetic stirrer. Wipe the stopper of the BOD bottle dry with a clean,

dry, lint-free paper and place it lightly into the BOD bottle with a slight

,.4
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turn. Wipe the tip of the just-used buret and discard the paper. Turn on

the Inagnetic stirrer at a slow speed that is adequate to give complete mix-

ing of the contents of the BOD bottle. Allow the contents to stir 30 seconds.

Turn off the stirrer. Add 2. 0 ml of the MnS04 solution in exactly the same

manner as described above for iodized alkaline iodide solution. After the

30-second stirring allow the precipitate to settle 5 minutes. Then add 2.0

ml of H. SO in exactly the same manner as for the above two solutions, cx-
24

c~?pt that the H2S04 is delivered near the top of the solution instead of at the

bottom. This sample is now ready for titration.

2. Blank (RR)

The blank is fixed by exactly the same procedure. except

that the reagents are added in the order: H2S0
4’

iodized alkaline iodide

solution, MnS04 solution. There need be no waiting after any of these

additions inasmuch as the chemical reactions are all rapid. In distilled

water it makes no difference whether the H $0 or the iodized alkaline
24

iodide is added first, but in sea water a precipitate is formed in basic

solution. Certain metal ions might be present in sea water, especially

in sea water which has been in contact with metal parts, and these metal

ions might undergo some reaction with D. O. This potential problem is

largely avoided by the order of addition suggested above.

3. Sample (DNR)

The fixing procedure is identical to that for Sample (NR)

except that 4. 0 ml of each reagent is added instead of 2. 0 ml.

4* Blank (DRR)

The fixing procedure is identical to that foi” 131ank (RR)

except that 4. 0 ml of each reagent is added instead of 2. 0 ml.

5. Volume of Reagents

The delivered volume of MnS04 and of iodized alkaline

iodide solutions are read at least 15 minutes after the fixing step to allow

adequate time far wall drainage. Read to the nearest O. 001 ml and record

as V
M

and V
I’

respectively.
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D. TITRATION

NOTE: The flow of N2 through the bottle container is to continue

Iintil the? sample is pipetted out for titration.

1. Sample (NR)

Remove the purge tube from the titration container. Posi-

tion the platinum- calornel electrode pair through the cover and in the 250-ml

beaker. Fill the buret to above the zero mark and then drain out titrant solu -

tiorl to hrillg the liquid level (meniscus) down to zero. Wipe the tip of the

burct with a clean, dry, lint-free paper wiper. Position the buret so that

the tip extends through the cover of the titration container and into the 250-

rnl beak-er.

Remove the stopper from the BOD bottle and pipet 200 ml

of the samplti into the 250-ml beaker in the titration container. Be sure

that the electrodes are positioned properly and that the buret tip touches the

surface of the sample. Turn the pH meter dial to read. Start the stirrer.

Read and record emf and ml (0). Add titrant in O. 10--ml increments, read-

ing and recording ml and emf in vertical columns at each increment. When

the end point is approached, as indicated by a disappearance of any trace of

brown or yellow from the solution being titrated and by the lowering of the

emf to 300 to 310 mv, reduce the size of increments added to O. 01 ml. Ti-

trate in O. 01-rnl increments through and approximately O. 05 ml beyond the

cmd point, recording mnf and ml at each increment. In a third column para-

llel to those in which ml of thiosulfate and ernf were recorded, write the

A mef values for the O. 01-ml increments. Estimate the end point to + O. 001—

ml from a plot of ml vs emf or by interpolation of A emf values.

2. Blank (RR). ..—

This procedure is identical to that for Sample (NR).

3. Salmple (DNRJ

This procedure is identical to that for Sample (NR) except

that the potential just before the end point break will be some 20 mv lower.
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4. Blank (DRR)

This procedure is identical to that for Sample (DNR).

v. CALCULATION

A. UNCORRECTED VALUES

The volume of thiosulfate titrant required to reach the end point

is converted to an uncorrected equivalent D. 0. content, as follows:

Du =

where: Du =

N=

v=

40,000 NV

equivalent D. O. content, ppb

normality of thiosulfate titrant (nominally, 0. 005)

ml of thiosulfate solution required for titration of

the sample.

Dll corr(lsponds to values for NR , RR DNR and DR,R depending l>J~
U7 u’ u’

wh~?ther the volumes were for Sa”mple (NR), Blank (RR), Sample (D.NR), or

Blank (DRR), respectively.

B. CORRECTED VALUES

Uncorrected values for R and R02 (Ru and R02 ) are calculated
u

from the preceding uncorrected values (NR RR DNR
u’

~, and DRRU) as
u’

follows:”

R = DRR - RR
u u u

Ro ~ =DNRU-NR -R
u a

:1

Corrected values for NR, RR, DNR, and DRR are then calculated from un-

corrcctrd values (NRU, RRU, DNRU, and DRRU, respectively) as follOws:
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NR ❑ 1.0506 [NRU + R02 (2.ooo-VM) + Ru (2.ooo - VJ

RR = 1.0506 [RRU + Ru (;.000- VI)]

DNR = 1.040 [DNRU -t R02 (4. OOO-VM) + R,l (4. 000 - VI)]

DRR = 1. 040[DRRU + RU (:. OOO-Vi)]

where:
‘M

is in each case the ml of MnSO solution delivered for J
4

that specific sample

VI is in each case the ml of iodized alkaline iodide solution

delivered for that specific sample.

These corrected values are then used to calculate R, H, Rm , 1

a])d H , as follows:
‘L

R=

H=

R02 =

H02 =

where: R=

H=

R02 =

H02 =

DRR - RR

2RR - DRR

DNR-NR-R

2NR - DNR - H

net redox of the Winkler reagents, ppb

as D. O. equivalent)

net redox of the water samp

D. O. equivalent)

D. O. content of the Winkler

u.
,7.2

calculated

e, ppb (calculated as

reagent.+, ppb

D. O. content of the water sample, ppb.

VI. PRECISION AND ACCURACY—. --—.- ..—.—, —.——..-.--—

This method js capable of giving values for R, H, R02, and H02

which are precise and accurate to + 2 ppb or better.—
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FIGURE 6

APPARATUS FOR TITRATION IN A NITROGEN ATMOSPHERE
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FIGURE 7

APPARATUS FOR PURGING AND HANDLING
WINKLER REAGENTS UNDER NITROGEN
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Figure 9

115



116

1



FIGURE 11

PHOTOGRAPHIC VIEW OF THE DISSOLVED OXYGEN CALIBRATOR
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APPENDIX I

CHEMICALS AND EQUIPMENT .

I. CHEMICALS

A. REAGENTS

The chemicals used to make up reagent solutions for the Winkler

analysis (KOH, KI, MnS04. H20, 12), titrants (AgN03, ‘Na2SZ03. 5 1+20, K103),

indicators (K2Cr04, starch) , reagent solutions of interfering ions (CU(NO 3)2.

,31120, FeC13. 6 H20), and solutions and reagents for the calorimetric indigo

carmine procedure (COC12. 6 H20, FeC13. 6 H20, C(d304. 5 F120, HC1, dextrose,

~lyccrine, KOH) were all Baker Analyzed Reagents. Exceptions to this were

NaN:l and indi~o carmine, which were practical grade, and H2S04 which was

d~~Pont reagent grade chemical. The sodium thiosulfate solution was st~nda~d-

izecl against weighed quantities of primary standard K2Cr207 (99. 97!70 assay)

or against weighed quantities of Baker Analyzed Reagent K103 ( 100. O% assay).

13. PURGE GASES

The purge gases employed throughout this program were C02, NZ,

and purified N2. The G02 was obtained from subliming dry ice; although the

purity was not specifically determined during this research, past experience

has shown it to assay over 99.9970. For purging BOD bottles, purging the vessel

in which the BOD bottle was handled, and in purging and maintaining an inert

blanket in the titration vessel, the N2 was used as received from the N2 outlet

in the laboratory. The N2 plumbed to our laboratory is pressurized N2 generated

from a liquid N2 storage vessel. The oxygen content of this gas typically is less

than 100 ppm and maybe as low as 10 ppm level (O. 001 vol. Yo). The laboratory

N2 was passed through a combustion tube containing a mixture of Cu and CUO

maintained at 525 + 25° G to obtain a supply of purified N ~ of constant purity.

‘rh(: Cu removes 02 by forming CUO; organic impurities are oxidized to H20

and C02 by the CuO. In some initial runs H20 and C02 were removed on an

Ascarite/Anhydrone column, but this purification step was removed shortly

inasmuch as C02 and H20 were not considered detrimental. There was some

question as to whether the residual 02 content of this purified N might he
2
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significant. If, for example, the residual 02 amounted to O. 011 VO1-70 dis-

tilled water in equilibrium with it at 20°C would contain a D. O. content of

5 ppb. Consequently, several tests were made to determine the 02 content

of the purified N2. In one test indigo carmine reagent (ASTM D888A) was

introduced directly into deoxygenated water in the disc stripp~r. The color

was observed initially and after deoxygenated N2 had purged through the sys

tern for measured periods of time. The 02 content of the stripping gas was

estimated from the flow rates and the sensible color change to be less than

0.001 vol. %.

In another test the Winkler method was used to estimate the

rcsicl~lal 02 content. The apparatus employed here consisted of two iden-

tical gas-washing columns in series, as shown in Figure 1. Each column

consisted of a test tube 1. 5-in. 1. D. and 24-in. long, fitted with a rubber

stopper and a fritted-ciisc gas bubbler which extended to the bottom of the

tube. Gas exiting from the train was passed to a wc%-ttist meter to measure

the gas flow rate. With 500 ml of distilled wate~+ added to each scrubber,

the gas was forced to PJSS through approximately 20 in. of liquid in each

column. A carefully ordered and timed procedure was adapted for adding

rea~ents and allowing tile reaction of 02 in the scrubber. The apparatus

was cleaned and set up and then the procedure below was followed:

1, Add 500 ml distilled water to each scrubber.

2. Add 2. 0 ml MnS04 solution to each scrubber.

3* Assemble apparatus for purging with sample N2.

4. 13egi]] flow of gas through the two columns and simul -

tan~’ously start stopwatch.

5. . Allow 15-minute purge of the two coh-umns. As the end

of the 15-min purge (900 seconds) approaches, draw iodized alkaline iodide

into the pipet and prepare to add 2. 0 ml of reagent to column No. 1.

6, At precisely 900 seconds, begin adding the 2.0 ml of iodized

alkaline iodide to colunln No, 1.
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7. As soon as Step 6 is cornp:

iodide to column No. 2.

ete, add 2. 0 ml of iodized alkaline

8. Allow N. to continue purging through the 2 columns. As 1200
L

seconds approach, prepare to add 2.0 ml H2S04 to each.

9. At precisely 1200 seconds begin adding 2.0 ml of H2S04 to

column No. 2. When reagent addition is complete, stop the flow of N2 to col-

umn No. 2 by lifting the stopper from column No. 1.

10. QuicMy pipet and add 2.0 ml of H2S04 to column No. 1. When

reagent addition is complete, stop the flow of N2 through column No. 1.

11. Pipet 200 ml of fixed solution from column No. 1 into 250 ml

beaker and titrate as in Aerojet-modified Winkler procedure. (See Appendix

H for procedure. )

12. Repeat Step 11 for fixed solution No. 2.

The procedure outlined in these 12 steps furnishes the blank. The

02 analysis of the N2 stream is obtained in a similar process by allowing N2

to flow 30 minutes (1800 seconds) beyond the 1200 second stop point in Step 8.

The actual N2 flow rate is measured during the 15-minute purge in Step 5.

The 02 content of the Nz stream was first estimated from the

difference between sample and blank run as described above. The net dif-

ference measured corresponded to O. 000174 vol-’!lo 02 in N2. Of this amount

O. 000056 vol-~o was in column No. 1 and O. 000118 vol-~o was in column No. 2.

Thusj column No. 1 did not collect all the 02. This means, then, that the

02 content is not less than the sum, or O. 000174 vol-~0.

Further tests were made to determine the per cent of 02 ab-

stracted using this setup. An electrolysis cell was inserted in the N stream
2

just ahead of column No. 1. The procedure followed was as for the sample

gas described above, except that additional 02 (generated at a current of 100

ma) was added to the purified NZ for five minutes duration at the 5-minute

timing point in the 30-min sampling period. The increased 02 content Was
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measured by titration, in the same manner as the sample and blank. The

02 produced during the steady-state 5-rein generation time corre’sponcls to

an 02 -N2 mixture that is O. 080 VOI-YO 02. Altogether 2.486 mg of 02 were

formed, but only O. 2174 mg, or 8. 7% of the total, was absorbed according

to the measurement. This confirms that the scrubber is not 1007o efficit?nt

in removing the 02 in the gas strearni at least not at the O. 080 VO1-7’O level.

It is realized that any estimate of recovery efficiency at O. 0002

VO1-70 based on a

to uncertainties.

sample flow rate

value derived for a level some 400 times higher is subject

The absorption efficiency in a given column and at a given

would be expected to be greater at O. 0002 vol-yo than at

0.080 VO1-7’O. The 02 content measured for the purified gas stream was

O. 000174 VO1-!70; this must be regarded as a minimum 02 value. If the

absorption efficiency were 8. 7% this would correspond to a true O 2
conc-

entration of O. 002 vol-yo. If the absorption efficiency is greater than

8.77’0 at 02 concentrations lower than O. 080 VO1-YO, the true O
2

concen-

tration would be less than 0.002 vol-~o. Thus, the series of tests demon-

strated that the 02 content of the purified N2 stream lies within the range

of o. 000174 to o. 002 Vol’qo. These gas concentrations would be in equili-

brium with distilled water at 20°C having a D. O. content of O. 07 and O. 9

ppb, respectively. The two tests, taken together, indicate that the 02

content of the purified N2 is on the order of O. 001 vol-~o.

c. WATER SAMPLES

The water samples used throughout the program were either

bottled distilled water or sea water. The sea water was collected in a 55-gal

stainless steel drum several miles offshore in the Santa Catalina channel

and brought to this laboratory. After it was received here, it was trans-

ferred to 5-gal glass bottles and retained for use. The chlorinity of this

sea water was determined by the procedure of Strickland and Parsons;>::

the sea water was compared with standard sea water (chlorinity: 19. 374

ppt) by titration with 0.21 N AgN03 solution. The analysis showed the sea

water to have a chlorinity of 18.604 ppt which is equivalent to a salinity of

33.610 ppt.

‘J. D. H. Strickland and T. R. Parsons, “A Manual of Sea Water Analysis”,
Bulletin, Fisheries Research Board of Canada, 125, 185 (1960).
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11. EQUIPMENT

A. SPECIAL RESEARCH APPARATUS

Although no attempt will be made in this section to describe here

in detail the specific design of special research apparatus, some fieneralized

comments are in order. Laboratory models for the various investigations

were generally fabricated from Pyrex glass or Plexiglas. To the extent that

it was possible, contact of metal parts with the water sample was avoided so

that corrosion would not contaminate the water or limit the life of the part.

Pyrex glass tubing was found to be especially beneficial in transferring the

deoxygenated water to the receiving vessel or to the D. O. Analyzer. In one

instance completely deoxy,genated distilled water passed through a 2-foot see-,

tion of polyethylme tubing ( 3/8-in. O. D. , 1 /4-in. I. D. ) to the sample con-

tainer (300 ml 130D bottle) consistently gave an analysis corresponding to a

D. O. content of approximately 20 ppb. Based on the permeation character-

istics of the tubing, the diffusion of 02 into the water was calculated to cor-

respond to approximately 10 ppb/ft. When the 2-foot section of polyolefin

tubing was replaced with Pyrex glass tubing, the D. 0. analysis immediately

dropped to approximately O ppb. Thus, the need for care in the selection of

tubing materials for transporting the deoxygenated water is clear.

B. SAMPLE CONTAINERS

Samples of water for analysis by the Winkler method or by the

Aerojet-modified Winkler procedure wc<re collected in 300 ml BOD bottles

or in 500 ml McLean sampling tubes, as recommended in ASTM D 1589 and

ASTM D 888C, respectively. Samples for analysis by the calorimetric in-

digo carmine method were collected in 300 ml BOD bottles, as allowed in

ASTM D 888A. The McLean tubes were calibrated with respect to one an-

other as recommended in ASTM D 888 G. The BOD bottles were all assumed

to have volumes of exactly 300. 0 ml; relative volumes obtained by measuring

the volume delivered to a Eraduated cylinder indicated that the volumes are,

on the average, all within O. 37’0. This is well within the precision aimed for

in this research.
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c. ROTAMETERS

The flow of N2 stripping gas utilized in the deoxygenation studies

and in all subsequent tests during the development of the spinning-disc strip-

per, research of 02 addition techniques, and refinement of the analysis pro-

cedure was monitored continuously be means of appropriately sized rotarneters.

These rotameters were calibrated periodically in the various systems and

under various conditions of use by the wet-test-meter or bubble -in- buret

method.

D. LIQUID FLOW

The flow rate of sample water was

the discharge for 1 minute or by collecting the

ling and measuring the time of sampling.

measured either by collecting

total discharge during samp -

titrat

E. TITRATION APPARATUS

Throughout the entire program the

ons were derived from the inflection in the emf vs titrant volume curve.

end points in the potentiometric

The emf values were measured by means of a Pt-saturated calomel electrode

(sleeve type) in conjunction with a Beckman model H2 pH meter.

F. OXYGEN- GENERATION APPARATUS

Oxygen was generated in a spinning-disc stripper which had been

fitted with electrodes to serve as an electrolysis cell. An O. 5 M sodium sul-

fate solution was used as the electrolyte because it is known to give 1007’002-

generation efficiency. The solution was electrolyzed between platinum elec-

trodes. Oxygen was generated at an anode having a surface area of approxi-
2

mately 2. 6 cm . Hydrogen was generated at a wire electrode located within

a compartment separating it from the bulk of the electrolyte by a fritted disc;

the H2 was vented to the atmosphere. A constant DC current in the range from

O to 1000 ma was passed between the electrodes to generate the required vol-

ume of 02. The current was provided by means of a constant-current power

supply and read from a rnultirange DC ammeter that was accurate to 1%. The

formed 02 was then transferred to the gas phase by the spinning-disc stripper,

the gas phase being the purified N2 carrier gas flowing to the second stage

disc stripper at a rate of 1 liter per minute.
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APPENDIX II

PROCEDURE FOR
AEROJET -MODIFIED WINKLER METH013

(July 1969)

1. SCOPE

This method covers the

watt~r or natural sea water in

11. APPARATUS

A. BEAKER

One 250 m,

E. BURET

determination

the range of O

Pyrex beaker.

of D. O. content of distilled

tO 100 ppb.

One l-ml Koch-type buret with Teflon stopcock and 0. 01-ml

subdivisions. This buret is used to deliver the sodium thiosulfate solution

during sample titration.

c. BURETS

Three 5-ml Koch-type burets with Teflon stopcocks and O. 01-rnl

subdivisions. These burets are used to deliver the WinMer reagents during

fixing.

D. BOD BO”rTLES

Several 300-rnl BOD bottles having a raised lip around the neck

and glass stoppers ground to a conical lower tip.

E. GRADUATED CYLINDER

One 100-ml graduated cylinder with l-ml subdivisions. This i.s

used to check sample flow rate, if necessary,

F. BOTTLE CONTAINER

The sample container should be as

thermometer may be deleted if another means

is available.

shown in Figure 5. The

of temperature measurement
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G. TITRATION CONTAINER

The titration container should be as described in Section VII, C, Z

and shown photographically in Figure 6,

H. POTENTIOMETRIG END POINT APPARATUS

The apparatus consists of (1) a pH meter with a total range

+ 1400 rnv and a limit of error of not greater than 3 mv, (2) a platinum—

sensing electrode, and (3) a saturated calomel reference electrode of

either the glass sleeve or asbestos wick type.

I. STIRRING BARS

of

Two Pyrex-coated stirring bars approximately 1-1 /$-in. long

by l/4-in. diameter.

J. MAGNETIC STIRRER

Two variable-speed motor-driven magnetic stirrers are re-

quired.

K. PIPET

One 100-rnl or 200-ml pipet.

L. PURGE TUBES

Two purge tubes,

O. D. Pyrex tubing connected

for purging,

each consisting of a l- ft. section of 9-mm

via rubber or Tygon tubing to a source of N2

111. REAGENTS

Reagent grade chemicals shall be used in all tests.

A. IODINE SOLUTION

Dissolve 6, 346 g of resublimed iodine in a solution of 75 g of

KI in 60 ml of distilled water and dilute with distilled water to 500 ml in

a volumetric flask. Store in a dark, stoppered bottle.
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B. SULFURIC ACID

Concentrated sulfuric acid is used for acidification.

c. MANGANOUS SULFATE SOLUTION

Dissolve 364 g of MnSO ~. H20 in water, dilute to 1 liter, and

filter.

D. IODIZED ALKALINE IODIDE SOLUTION

Dissolve 700 g KOH in enough distilled water to make approxi-

mately 700 ml of solution. Cool to room temperature. Dissolve 150 g of

iodate-free KI in 200 ml of distilled water. Add the KI solution and 10 ml

of the iodine solution to the KOH solution. Mix. Dilute to 1 liter with dis-

tilled water, mix, and store in a stoppered flask.

E. SODIUM THIOSULFATE SOLUTION

Dissolve 24.82 gof Na2S203. 5H20 in 800 ml of distilled water

that has just been boiled and cooled. Dissolve 1 g Na2C03 in the solution

to stabilize it. Dilute to 1 liter with boiled distilled water.

Standardize the sodium thiosulfate solution against primary

standard or known purity K2Cr O or K103 as follows: Dissolve 2 g of27
iodate-free KI and 2 g of NaHC03 in 300 ml of distilled water in a 500-ml

iodine flask containing a stirring bar, Add 12 ml cone. HC1 (sp. g, 1. 19)

slowly, Swirl the flask and stopper lightly. Place a small quantity of dis-

tilled water around the stopper to effect a seal. Weigh out 100 mg K103 or

‘2cr207*
Add the weighed salt to the flask. Calculate the normality of

the Na2S20 ~ solution as follows:

~ . 1000 A
MB

where: N = normality of Na2S203 solution

A = grams of standard salt used

M = equivalent weight of standard salt

B = ml of Na2S203 solution required for titration.
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It has

same

been our experience that either K103 or KzCr207 may be llsed The

normalities are obtained for each. The preferred standard is KIC)3

because of the more distinctive color change at the end point. Wash down

the inside of the flask with a small amount of distilled water. Restopper.

Swirl to dissolve the salt. Place a small quantity of distilled water around

the stopper to effect a seal. Allow to stand for 10 min. Titrate with O. 1

N Na2S203 solution using starch solution as the indicator. If K103 is used

as the standard the solution color will change from blue to colorless; if

K2Cr207 is used the change will be from blue to green.

F. SODIUM THIOSULFATE, TITRANT SOLUTION

With a calibrated pipet transfer 10.00 ml of the standardized

O. 1 N Na2S203 solution to a 200-rnl volumetric flask. Dilute to the mark

with d istilled water and mix completely. This solution should be prepared

fresh daily just before use,

G. POTASSIUM IODATE OR POTASSIUM BICHROMATE

These should be primary standard or known-purity salts.

IV. PROCEDURE

A. PRE PARAT ION

1, Winkler Reagents

These solutions should be made up several days or more

before the time of use and set aside to equilibrate with 02 in the atmosphere.

At the time of use the three 5-ml burets should be set up and filled with the

three solutions in preparation for the fixing step. The reagents may be stored

in these Koch-type burets provided that the reservoir is covered to prevent

changes in concentration or contamination.

2, Sodium Thiosulfate Titrant Solution

This solution should be made up daily in the morning in

preparation for the day’s analyses. The l-ml Koch-type buret should be

rinsed several times with the titrant and then filled in preparation for the

titrations. Normally a single filling of the buret and reservoir will be

adequate for a day’s work.
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3. Purging of Sampling Vessels

Prior to sampling a BOD bottle containing a Pyrex-coated

magnetic stirring bar is placed in the bottle container. Turn on the N2 to

give a flow of approximately 2 liters per minute through the purge tube.

Remove the stopper of the BO13 bottle and insert the purge tube. Allow

the BOD bottle to be swept with N2 for 5 minutes, Remove the purge tube

and restopper the BOD bottle. Disconnect the Pyrex glass tube and connect

the rubber or Tygon tubing to the side arm of the bottle container. After 5

minutes or more

sample.

4.

the sampling vessels are ready for collecting a water

Titration Container

Place a 250 ml beaker containing a Pyrex-coated stirring

bar in the titration container. Position the cover. Turn on the N2 to give a

flow of approximately 2 liters per minute through the purge tube. Insert

purge tube into the 250-ml beaker.

5* pH Meter

Prepare pH meter for potentiometric measurements. Con-

nect platinum and calomel electrodes. Fill the calomel electrode with a satu-

rated KC1 solution, if necessary.

6. Pipet Purging

Connect the 100-ml or 200-ml pipet to a stream of N. flc}w -

ing at approximately 1 liter per minute. Allow N2 to flow unti

used. This purging dries the pipet and sweeps out the air.

B. SAMPLING

L,

the pipet is

Note: The flow of N2 through the bottle container is to continue

throughout this step. Remove the stopper of the BOD bottle and position the

bottle container and BOD bottle under the tube delivering the sample stream

so that the tube is approximately l/4-in. from the bottom of the BOD bottle.

Allow the sample water to flow through and sweep out the BOD bottle for 25

to 30 minutes. As a general guide the volume of water passed should be at
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least 5 times the volume of the 130D bottle. Samples flowing at flow rates

grcatcr than loo ml/min may be sampled for a shorter tim~ and at rates

less than 50 rni/min for correspondingly longer periods of time. Just be-

fore the conclusion of sampling, read and record the temperature of the

water sample. At the conclusion of sampling, lower the bottle container

q~lickly away from the sample tube and restopper the BOD bottle. The stopper

of the 130D bottle should be dry or should be wiped dry with a clean, dry,

lint-free cloth or absorbent paper. Wipe the cover of the bottle container

inside and outside (without removing from the vessel) to blot up droplets

of water. Once these droplets have come into contact with air they must

not be allowed to fall back into the water in the BOD bottle. Measure the

flc~w rate of the sample by collecting water from the tube delivering the

sarnplc stream for 1 min. ; collect the water in a 100-ml graduated cylinder.

G. FIXING

Fill each of the three burets from the reservoir to just slightly

above the zero mark. Wipe the tip of each buret with a clean, dry, lint-

frce disposable paper. NOTE: The flow of N2 through the bottle container

is to continue throughout the fixing step.

1. Sample (NR)

Add 2.0 ml of the iodized alkaline iodide solution to the

sarrlple. This is done in the following manner: Remove the stopper of the

1301) bottle and lay it on a clean, dry paper. Insert the tip of the buret in-

side the bottle container but outside the BOD bottle. Allow the solution to

flow out of the buret until the upper liquid level (meniscus) is at the zero

mark. Then insert the buret tip to the bottom of the BOD bottle. Allow

2.0 ml of the solution to flow slowly into the BOD bottle. Stop the flow and

quickly lower the bottle container and BOD bottle down and away from the

tip of the buret. Do not allow liquid running down the tip of the buret to

drop into the BOD bottle. Set the bottle container and BOD bottle on the

magnetic stirrer. Wipe the stopper of the BOD bottle dry with a clean,

dry, lint-free paper and place it lightly into the BOD bottle with a slight
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turn. Wipe the tip of the just-used buret and discard the paper. Turn on

the lnagnetic stirrer at a slow speed that is adequate to give complete mix-

ing of the contents of the BOD bottle. Allow the contents to stir 30 second[s.

Turn off the stirrer. Add 2.0 ml of the MnS04 solution in exactly the same

manner as described above for iodized alkaline iodide solution. After the

30-second stirring allow the precipitate to settle 5 minutes. Then add 2. ()

ml of H, SO in exactly the same manner as for the above two solutions,
24

~,~-.

cept that the H2S04 is delivered near the top of the solution instead of at the

bottom. This sample is now ready for titration.

2. Blank (RR)

The blank is fixed by exactly the same procedure except

that the reagents are added in the order: H2S0
4’

iodized alkaline iodide

solution, MnS04 solution. There need be no waiting after any of these

additions inasmuch as the chemical reactions are all rapid. In distilled

water it makes no difference whether the H 50 or the iodized alkaline
24

iodide is added first, but in sea water a precipitate is formed in basic

solution. Certain metal ions might be present in sea water, especially

in sea water which has been in contact with metal parts, and these meta’

ions might undergo some reaction with D. O. This potential problem is

largely avoided by the order of addition suggested above.

3. Sample (DNR)

The fixing procedure is identical

exce, pt t}~at 4. 0 ml of each reagent is added instead

4. Blank (DRR)

The fixing procedure is identical

cxccpt that 4. 0 ml of each reagent is added instead

5. Volume of Reagents

to that for Sample (NR)

of 2. 0 ml.

to that for Blank (RR)

of 20 0 ml.

The delivered volume of MnS04 and of iodized alkaline

iodide solutions are read at least 15 minutes after the fixing step to allow

adequate time for wall drainage. Read to the nearest O. 001 ml and record

as V
M

and V ~, respectively.
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D. TITRATION

NOTE: The flow of N2 through the bottle container is to continue

Ilntil the sample is pipetted out for titration.

1. Sample (NR)

Remove the purge tube from the titration container. Posi-

tion the platinum -calornel electrode pair through the cover and in the 250-ml

beaker. Fill the buret to above the zero mark and then drain out titrant solu-

tion to bring the liquid level (meniscus) down to zero. Wipe the tip of the

bl.lret with a clean, dry, lint-free paper wiper. Position the buret so that

the tip extends through the cover of the titration container and into the 250-

ml beaker.

Remove the stopper from the BOD bottle and pipet 200 ml

of the sample into the 250-ml beaker in the titration container. Be sure

that the electrodes art: positioned properly and that the buret tip touches the

surface of the sample. Turn the pH meter dial to read. Start the stirrer.

Read and record emf and ml (0). Add titrant in O. 10-ml increments, read-

ing and recording ml and emf in vertical columns at each increment. When

the. end point is approached, as indicated by a disappearance of any trace of

brown or yellow from the solution being titrated and by the lowering of the

emf to 300 to 310 mv, reduce the size of increments added to O. 01 ml. Ti-

trate in O. 01-”ml increments through and approximately 0.05 ml beyond the

cnd point, recording emf and ml at each increment. In a third column para-

llel to those in which ml of thiosulfate and emf were recorded, write the

A mef values for the O. 01-ml increments. Estimate the end point to -t O. 001

ml from a plot of ml vs ernf or by interpolation of A emf values.

2. Blank (RR)——. ——

This procedure is identical to that for Sample (NR).

3* Sample (DNR)

This procedure is identical to that for Sample (NR) except

that the potential just before the end point break will be some 20 rnv lower.
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4. Blank (DRR)

This procedure is identical to that for Sample (DNR).

v. CALCULATION

A. UNCORRECTED VALUES

The volume of thiosulfate titrant required to reach the end point

is converted to an uncorrected equivalent D. O. content, as follows:

Du = 40, 000 NV

where: Du = equivalent D. O. content, ppb

N = normality of thiosulfate titrant (nominally, 0. 005)

V = ml of thiosulfate solution required for titration of

the sample.

D~l rorri, spends to values for NR , RR , DNR , and DR.R depending on
u’

whether the volumes were for Sa;ple (UNR), 13~ank (RR), Salnple (D.NR), or

Hlank (DRR), respectively.

13. CORRECTED VALUES

Uncorrected values for R and R02 (Ru and R02 ) are calculated
u

from the preceding uncorrected values (NR RR DNR (1, and DRRU) as
u’ u’

follows:

R = DRR - RR
u u u

Ro~ =DNR -NR -R
u u :1

u

Corrected values for NR, RR, DNR, and DRR are then calculated from un-

correctt~d values (NRU, RRU, DNRU, and DRRU, respectively) as follows:
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NR = 1.0506 ~NRu + R02 (2. OOO-VM) + Ru (2. 000- vljl
u

RR z 1.0506 [RRU + Ru (2.000 - VI)]

DNR = 1.040[DNRU + Roz (4.ooo-vM) + Ru (4.ooo - VI)]

DRR = 1. 040[DRRU + Ru (;.OOO-Vi)]

where:
‘M

is in each case the ml of MnSO solution delivered for
4

that specific sample

VI is in each case the ml of iodized alkalin~? iodide solution

delivered for that specific sample.

These corrected values are then used to calculate R, H, Rfi ,

a*l{]Ho2’as follows:

R=

H=

R02 =

Hoz ‘

where:: R=

H=

R02 =

H02 =

u.
2

DRR - RR

2RR - DRR

DNR - NR-R

2NR - DNR - H

net redox of the Winkler reagents, ppb (calculated

as D. O. equivalent)

net redox of the water sample, ppb (calculated as

D. O. equivalent)

D. O. content of the Winkler reagent.+, ppb

D. O. content of the water sample, ppb.

VI. PRECISION AND ACCURACY—. --— ---- —.—.———————. . . —

This method is capable of giving values for R, H, R02, and H02

which are precise and accurate to + 2 ppb or better.—
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