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EXECUTIVE SUMMARY

The objective of this research study, performed under Contract No.
DAMD17-76-C-6049, was a comprehensive statistical evaluation of ring oven/
spot test procedures developed for the field monitoring of natural waters. J
These procedures were previously developed under Army Contract No. DADAl7-

73-C-3112, and consisted of ring oven tests for the ions copper, calcium,

magnesium, zinc, iron, lead, nitrate, fluoride, chloride, and sulfate.
Statistical test matrices were designed in a manner that permitted the
accuracy, precision, operator variability and the effect of environmental

variables on the ring oven procedure to be ascertained.

Permanent standard rings were prepared during this contract effort.
Several methods for the preparation were investigated, including color photo-
graphy and four-color printing. The method of choice for the standards was
the dye transfer process, which was used to manufacture permanent standards
for eight of the ten ions investigated. These standards were then used
for the statistical qualifications testing.

Fractional factorial testing was performed for the ten ions,
using a half-replicate design. This testing was designed to show the effects

of varying certain factors that can change with environmental conditions.

Synthetic water samples were prepared to simulate the factors being tested
in order to determine their effect upon ring oven methods. The factors
investigated were turbidity, color, reagent age, reagent temperature,
chlorine content and ion level. Standards were prepared by the project

chemist and treated with fresh reagent at ambient temperatures at the same

time the samples were treated. It was found that reagent age had a signifi-
cant effect for the ions zinc, magnesium, calcium, and nitrate. Reagent
temperature had a significant effect for zinc, magnesium, chloride, fluoride,
and nitrate. The results at the high ion concentration were generally less
accurate than those at the low ion concentration for copper, zinc, calcium,
chloride, sulfate, fluoride, and nitrate.

Qualifications testing was performed for seven of the ten ions:

copper, magnesium, calcium, zinc, sulfate, fluoride, and chloride. Lead,
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iron, and nitrate were deemed insufficiently reliable after fractional
factorial testing for further statistical analysis. The high levels

of iron present in filters, reagents, etc. caused erratic results. These
background levels of iron could not be eliminated. Lead, too, was subject

to interference by high background levels of iron, which also reacted with

the lead reagent. The nitrate test proved to be too sensitive to the
variations in operator technique and experience during the fractional factorial

testing to warrant further statistical evaluation.

Three operators analyzed five natural water samples at four ion
levels in duplicate for each of the other seven ions. These samples, which
were numbered randomly, were compared to the permanent dye transfer standards.

Results of the qualifications tests for six of the ten ions
(copper, calcium, zinc, magnesium, chloride, and sulfate) demonstrated that
these tests can be used with a high degree of reliability as general screen-
ing tools. The results for the fluoride qualifications tests were erratic,
apparently because of pH levels of some of the natural waters. For this
reason, the ring oven fluoride test does not appear feasible at this time
for screening waters.

An investigation of the feasibility of using the ring oven/spot
test technique for analysis of water for pesticides and as a tool for rapid
general ion scans was also performed. Ring oven reagents with sensitivities
on the order of one microgram for the pesticide classes organophosphorus,
organochlorines, and arsenicals were found. Successful general scan reagents
for cations (pyridylazo-naphthol) and anions (silver nitrate) were tested.
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FOREWORD

This program was undertaken in order to statistically
evaluate the ring oven/spot test technique as a method for
the field monitoring of water pollutants. The study was
performed in fulfillment of Contract No. DAMD17-76-C-6049
and was conducted from April 1, 1976, through September 30,
1977, with Mrs. Jean V. Smith, U. S. Army Medical Research
and Development Command, as the Contract Officer. Dr.
Eugene Meier served as the Technical Representative of the

Contract Officer.
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1.0 INTRODUCTION

The requirement of the United States Army for water test kits
centers around the need for accurate, simple, rapid methods for monitoring
natural waters in field locations in order to determine their potability.

In 1972, the Water Quality Division of the U. S. Army Environmental Hygiene
Agency (USAEHA) identified criteria required for such kits. These criteria
are summarized in Annex C, Appendix B of the Final Report under USAEHA-EW
Study 24-001-71/72. This summary is reproduced as Table 1. The criteria

in Table 1 were developed by USAEHA as requirements for the individual
components of the Water Quality Analysis Sets being developed by the Army.
The simplest set, the Engineer Set, is intended for use by Army engineers

in identifying and establishing water supply points. The Preventive Medicine
Set is intended for use by preventive medicine personnel in assuring that
the water is safe for consumption. The Medical Laboratory Set is intended
for use by medical units for more detailed analysis to assure that the water
is safe for consumption over longer periods of time.

The ring oven/spot test technique appeared to fulfill the Army's
need for such a monitoring method. From May, 1973, to September, 1975,

a study was performed (Contract No. DADA17-73-C-3112) by Atlantic Research
Corporation in which ring oven procedures were developed and subsequently
evaluated using natural water samples. Results of this investigation
demonstrated that the ring oven technique is a feasible field approach for
the semi-quantitative determination of specific ions in natural water samples.
These studies encompassed the entire concentration range, as set forth in

the USAEHA-EW Study 24-001-71/72 for each ion investigated during this
program.

At the completion of this initial study, it was felt that a more
in-depth statistical evalaution was necessary to assess the accuracy, pre-
cision and operator variability factor before any final decision as to
production of a prototype kit could be made. In addition, it was mutually
agreed by the Army and Atlantic Research Corporation that subsequent research

emphasis for each ion should revolve around the decision concentrations




E were to:

listed in the USAEHA-EW Study rather than the broader concentration ranges
given for each ion. 1In accordance with these requirements, a statistical
evaluation was performed by Atlantic Research from April, 1976, to September,
1977, under Contract No. DAMD17-76-C-6049. The objectives for this program

Perform fractional factorial and qualifications tests in order
to determine the statistical reliability of ring oven tests for
ten ions, which were developed under Contract No. DADA17-73-C-3112.

Determine the feasibility of using the ring oven/spot test

technique to determine pesticides in natural waters.

Determine the feasibility of using the ring oven to perform
multiple-ion analysis of natural waters.
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2.0 BACKGROUND

During the period from May 1, 1973, to September 30, 1975, Atlantic
Research performed a study to determine the feasibility of using the ring
oven/spot test technique for monitoring specific cations and anions in
natural waters (l1). It was anticipated that these monitoring techniques,
if acceptable, would eventually be used to determine in situ the potability
of various natural waters.

Since the ring oven/spot test technique was envisioned as being
used by relatively untrained personnel, it was felt that the final kit should
utilize the simplest, most direct, and foolproof hardware items possible.
This would include not only the ring oven, but also sample reagent delivery
systems and filter papers. Compactness and ruggedness were also of concern
since the kit might have to be carried by combat troops in the field. 1In
order to determine the absolute feasibility of the ring oven technique for
use by the Army, a concurrent program of chemical and methods screening
was made. It was felt that the entire study should be geared toward the
"average person' and not exclusively toward the chemical aspects. It would
accomplish little to have adequate chemistry, coupled with cumbersome, diffi-
cult hardware. The results of this work, which was performed under Contract
No. DADA17-73-C-3112, are summarized in the following paragraphs. (This
work is described in detail in Reference 1.)

The eight ions considered during the first year of contract effort

were magnesium, zinc, iron, lead, nitrate, sulfate, fluoride and chloride.
The Army felt that these ions offered the greatest potential for development

of successful ring oven procedures. During the second year's effort, the
ions copper, calcium, cadmium,chromium, manganese, cyanide and phosphate
were added to the first group.

The concentration range of interest for each of these ions was
selected to fulfill the requirements of the Preventive Medicine (PM) kit,
as shown in Table 1. Standards were selected to encompass the entire range
of concentrations as stated in the specifications of the PM kit (Table 1).
The colorimetric detection reagents chosen were able to show a colorimetric

intensity gradation over the entire concentration range of interest for

each ion investigated. 1In fact, colorimetric detection reagents were
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selected based upon their ability to discriminate over the entire concentra-
tion range of interest, rather than to determine small concentration changes.
Preliminary feasibility tests on natural water samples demonstrated that the
procedures and ring oven techniques developed during this study were worthy

of further investigation for the ions zinc, copper, calcium, iron, lead,
magnesium, nitrate, fluoride, chloride, and sulfate. Suitable reagents
of sufficient sensitivity were not located for the other ions. A brief
review of the ring oven procedure and results of the initial study are

given in Appendix A of this report.




3.0 EXPERIMENTAL APPROACH

3.1 Selection of Permanent Standard Values

At the initial meeting under this contract, it was agreed upon by
both the Army and Atlantic Research that the purpose of the program would be
better served by evaluating ring oven performance in the critical areas
around the decision concentrations rather than over the entire concentration
ranges set forth in the USAEHA-EW study. This conclusion was baséd upon the
fact that the values around the decision concentrations would be the most
useful criteria in establishing water potability. In most cases, the
decision value selected as being most important was that value given as the
maximum for long-term consumption, except for chloride, magnesium and sulfate,
where the field consumption value was considered suitable. The most desir-
able values for the standard rings were considered to be the decision level,
plus or minus the tolerance values for the PM kit. (See Table 1, pp. 3 - 5.)
These tolerance values were designed to indicate the maximum permissible
concentration of a particular ion in water. At concentration values above
the decision concentration plus the tolerance value, the water should not
be used for drinking purposes because of health hazards or aesthetic reasons.

In order to establish tolerance values that would produce rings
of sufficient intensity difference for each of the ions investigated,
various standards were prepared which bracketed the decision concentration
of each ion. The standards were then subjected to the ring oven procedure
and the concentration increments adjusted around the decision level until
the minimum tolerance values capable of establishing a distinct color
gradation were established. This effort, which is described more fully in
Section 5.0, frequently consisted of procedural adjustments, so that rings
of sharper intensity and better intensity differences were produced. The
initial standard values are shown in Table 2.

During the period when this preliminary standard selection was
carried out, methods of preparing permanent standards were also being

investigated. In the course of this effort, which is further described in

Section 3.2, it was found that subtle ring gradation differences were present




TABLE 2. Initially Proposed Standard Concentrations
(Decision Concentrations Underlined)

Ion ppm
Magnesium* 75 125 175 225
Zinc 3 2 7 9
Iron 0.1 0.3 0.5 0.7
Copper 0.5 1.0 1.5 2.0
Calcium 150 250 350 450
Lead ‘ 0.01 0.05 1.00 5.0
Nitrate 7 10 13 16
Fluoride 0.6 1.0 1.5 5.0
Chloride 250 400 600 800
Sulfate 200 300 400 500

i *Initially the magnesium de.ision level was to be the long-term
consumption level; this was dropped in favor of the field
consumption level later in the program.




which could not be easily reproduced by common methods (for example, by an
artist). This led to serious questions about the reproducibility of the

ring oven gradations in the context of the tolerance values previously
established by simply obtaining a color gradation between the decision
concentration and the minimum possible concentration intervals on either side
of the decision limit.

Consequently, several tests were performed to establish the
reproducibility of the ring oven technique within the initial tolerance limits
that had been established as being those values which first produced a
distinguishable color gradation between rings. (See Table 2, p. 9.) The
evidence was conclusive: operator variability was a significant factor,
and the ring oven standards could not be matched to duplicate standards pre-
pared at the same time. The color gradation between rings prepared at the
concentrations shown in Table 2 was evident in each set of standards
examined. If, however, one set of standards was used to determine concen-
trations of individual members of a second set of unlabeled identical stan-
dards, the values for the second set could not be determined accurately.

Some deviation resulted from subtle changes in ring width. Thus, color-
intensity/ring width variances were magnified when concentration gradients
were small, as in working with close tolerances around the decision concentra-
tion.

Therefore, to avoid introducing errors due to operator variance,
it was decided to increase standardization increments between standards
until the variance fell within well defined limits. It was apparent, however,
that the primary cause of ring width effects is unavoidable variance in
operator technique from one ring to the next. While the variance of a single
operator's technique was incorporated into the selection of standards shown
in Table 2, it was imperative that the variability in techniques of differing
operators be considered before permanent standards were prepared. Operator
variability tests were performed to accomplish this.

During these tests, two operators performed approximately 20
synthetic water sample tests for each ion in which the sample concentration
was unknown to the operator. At the same time, samples were prepared and

treated with reagent by the Project Chemist for comparison. If the results

10




of the comparison were not satisfactory, the standard increments were
broadened, and the two-operator analyses repeated. Standard values obtained
during this effort were then submitted to the Army for their approval.

These standards are shown in Table 3.

At this time, the Army and Atlantic Research Corporation agreed
that some additional refinement should be performed on the same standards
which had been previously submitted to limited operator variability testing.
Such refinement would ideally bring the bracketing values closer around
the decision level. Limited work was performed in the laboratory in order
to check the refined values.

At the same time, some questions arose as to whether better results
could be obtained when fhe decision level was not included as part of the
standard ring set. This might allow a tighter bracketing of the decision
level with the same minimum ring differentiation. For example, if a minimum
visible gradation increment of 2 ppm could be seen, eliminating the decision
level could allow the use of two standards, 1 ppm on each side of the absent
decision level, while still maintaining the 2 ppm gradation increment.

It was decided to perform limited laboratory tests to prove or disprove this
theory before a final decision concerning standard values was made.

In order to facilitate this decision, tests were performed using
the zinc and copper ions and two sets of standard rings: one set including
the decision level, and the other set without this value, but including rings
more closely bracketing it. The results of these tests are given in Tables
4 and 5. As can be seen from the tables, no apparent advantage was obtained
when the decision. level was excluded from both ions. In fact, readings
with the decision level were always as good as (or better than) those obtained
when this value was eliminated. Thus, it was decided to leave the decision
level in the standard sets.

The standard values obtained after the limited refinement testing
had been accomplished were submitted to the Army. These standards, which
are shown in Table 6, were subsequently approved and were used for the

preparation of permanent standards.

11




TABLE 3. Suggested Standard Levels After
Limited Operator Variability Testing
(Decision concentrations are underlined.)

Ion ppm
Zinc 1 i 9 15
Copper 0.1 Sl bl 4 8
Calcium 50 250 450
Magnesium 25 125 500 1000
Chloride 15 250 600 1250
Sulfate 50 250 1000 3000
Nitrate _ 5 10 20 30
Iron *Blank 0.3 0.7 2.0
Fluoride *Blank 0.5 1.5 5.0
Lead 0.01 0.05 1.0

*Blanks consisted of deionized water plus all reagents.
Some background color was produced in the ring.
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TABLE 6. Permanent Standard Levels (ppm)
(Decision concentrations underlined)

Ion ppm

Zinc 2 B 8

Copper 0.5 e 2

Calcium 50 250 450
Magnesium 50 150 300
Chloride 200 400 600
Sulfate 50 400 1000
Nitrate . 6 10 14
Iron *Blank 0.3 0.7
Fluoride *Blank 0.5 1.5
Lead 0.01 0.05 1.0

*Blanks consisted of deionized water plus all reagents.
Some background color was produced in the ring.

15

600
1000
2700

25




3.2 Preparation of Permanent Standards

During the initial contract meeting, it was also decided that
permanent standards should be prepared for use in the qualifications testing
in order to determine accuracy, precision and operator variability. Per-
manent standards which were easily mass-produced and were stable over a
long period of time were necessary, should the technique prove suitable
for kit production. Several methods for production of the standards were
investigated in order to insure that these conditions were met in the

optimum manner. The following paragraphs describe this investigation.

3.2:1 Color Photography

Color photography was used during the initial study in order to
generate exemplars for reporting purposes. At that time, difficulty was
encountered in reproduction of the color prints due to changes in various
lots of film development chemicals. This made reproducibility by color
photography suspect. In addition, color prints are not stable with respect
to time. For these reasons, color photography was eliminated from

consideration.

3.2.2 Colored Ink Reproduction

Consideration was given to using colored inks to reproduce the
ring gradations, either by a representation of the total filter paper
or by the use of colored blocks matching the rings in both hue and intensity.
The La Motte Company of Chestertown, Maryland, which is heavily
involved in the manufacture of standards for water test kits, test papers,
etc., was contacted with respect to production of colored ink standards
for the ring oven. The photographs of the rings from the first year's
final report were sent for examination. The initial response from La Motte
concerning the preparation of permanent color standards was negative. They
reported that the photographs of the rings which we sent to them differed
from their expectations, and that they had no method for reproducing such
colors.

16




We then consulted with the Atlantic Research Corporation Art Department.

Some promise was exhibited by a technique using varying intensities of water
color paints sprayed on a flat surface paper that matched individual ring
background colors. It was found, however, that subtle ring gradations
existed, which could not be reproduced successfully by the artists. For
example, calcium rings varied in intensity not by changing color, but by
changing width. Some success was obtained with circles (14 mm in diameter)
with circumferences of varying widths, but of a single color, drawn

with a compass. The same procedure would probably be required for sulfates
and chlorides. In the case of magnesium, however, ring gradations over the
decision concentration neighborhood were not due to a change in ring width
or in color, but to minute changes in ring intensity which were extremely
difficult to duplicate with inks or paints.

3.2.3 Dye Transfer Process

A method which appeared to show great promise involved the use
of a color separation of color transparencies and a four-color press, or
a dye transfer process. The stability of the color separations, which are
prepared on black-and-white film using three colored filters, appeared to
offer a definite advantage since the resulting silver density images have
an estimated stable life of hundreds of years, when properly processed
and stored.

Upon the recommendation of Mr. Don Fisk, a photographic specialist
with the U. S. Government, a decision was made to use dye transfer as the
method for preparation of the permanent standards. Multiple sets of the
rings were prepared and photographed as 4-inch by 5-inch transparencies.
For convenience, transparencies were prepared in two groups, thus allowing
qualifications testing of the first set to be performed while permanent
standards for the second set were in preparation.

Berkey K and L, Inc., of New York, which is one of only two firms
on the East Coast performing dye transfer work, prepared the dye transfer

prints. The overall quality of the final prints was excellent, and as

17




discussed in the preceding paragraphs, the stability of the images used in
preparing the dye transfers is superior to the stabilities involved in
other method. Each proof dye transfer was obtained at a cost of $145,

with a $20 charge for each additional dye transfer print. The dye transfer
prints of the standard rings were used in the qualifications tests to deter-

mine accuracy, precision, and operator variability, as discussed in Section
5.0.

3.3 Selection of Ion Concentrations for Fractional Factorial and
Qualifications Testing

As with the selection of permanent standard concentration levels,
it was desirable that the selection of concentrations for the waters used
in statistical testing closely reflect areas bracketing the various decision
concentrations. The Army and Atlantic Research, using the permanent stan-
dards as guidelines, mutually selected the values shown in Table 7 as
being suitable for qualifications analysis. As can be seen from the table,
four ion concentrations for each ion were necessary for the qualifications
testing. These four ion concentrations were selected to bracket the decision
concentration as closely as the ring oven method would allow. Two ion test
concentrations were placed below the decision level, and two above. The
highest concentration value for each ion was considered to be of particular
importance. These high values were chosen so that they were in excess
of acceptable water potability standards.

On the other hand, the fractional factorial testing required two
ion concentrations for each ion. With the Army's approval, it was decided
that the highest and lowest values of each ion's qualifications test concen-

trations be used as the fractional factorial test levels. These values
are given in Table 8.

3.4 Investigation of Packaging Methods for Reagents

It was initially planned to perform fractional factorial and
qualifications testing using reagents packaged in a manner suitable for use
in an actual field test kit. The use of sealed, metered aerosol sprays

appeared to be the most efficient method for reagent application in several
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TABLE 7. Suggested Test Water Concentrations (ppm) - #
. Qualifications Testing
Zinc 1 3 7 10
Copper 0.4 0.7 1.5 3.0
Calcium 50 175 350 600
Magnesium 40 100 200 400
Chloride 300 500 800 1100
Sulfate 40 200 600 1200
Nitrate 4 8 12 16
Iron Blank 0.2 0.5 1.0
Fluoride : 0.4 0.6 4,7 6.0
Lead 0.02 0.07 0.4 1.1

TABLE 8. Suggested Test Water Concentrations (ppm) -
Fractional Factorial Testing

Zinc 1 10
Calcium 50 600
Magnesium 40 400
Copper 0.4 3
Iron Blank 1
Lead 0.02 1.1
Sulfate 40 1200
Chloride 300 1100
Nitrate 4 16
Fluoride 0.4 6

i
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cases. This would allow the delivery of known amounts of reagent, thus
preventing over application of colorimetric indicators and the resultant
masking of ring colors.

Several specialists in the field of aerosol packaging were con-
sulted with respect to metered sprays. It was found that the use of a freon
propellant with a water-based solution might lead to difficulties. The
low solubility of freon in water could cause the freon to sink to the
bottom, where it would cease to function as a propellant. While this could
be compensated for by using emulsifying agents, determination of the proper
emulsifier is often time consuming. To circumvent this, attempts were made
to change solvents from 100 percent water to organics or mixed water-organics.
However, it was felt that it was better not to introduce additional variables
into the analysis_sqheme at the last moment, such as a change in reagent
composition. For this reason, any sprayed reagent was applied by using
aerosol jet packs, as in the past.
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4.0 METHODS AND MATERIALS
4.1 Apparatus

The apparatus used during this program is briefly described in
the following sections. A more complete discussion of the various types

of equipment which were evaluated for ring oven use is given in Reference 1.
4.1.1 Ring Oven

The ring ovens used during this program were Thomas Air Pollution
Trace Ovens, Model E-10. Each ring oven was Teflon coated by Atlantic
Research Corporation on the surfaces that come into contact with the filter
papera. This was done in order to prevent corrosion of the original ring

oven surface which might result in contamination of samples during analysis.
4.1.2 Pipets

The pipets utilized were Pipetman micropipets, P-20, obtained

from Rainin Instrument Company. These pipets are digital with disposable
polyethylene tips to prevent contamination.

4.1.3 Filters

During the previous contract effort, Whatman #40 filter papers

were used exclusively for ring oven work. At the conclusion of that effort,

however, it was discovered that the newer lots of Whatman #40 filter papers

were contaminated with iron and chloride species. Therefore, further

investigation was performed during this study to determine the optimum
filter type for ring oven use.

Various kinds of synihetic fiber filters were considered, such as
Millipore's Duralon nylon filters. These appeared to be unsuitable for
several reasons. The thermal stability of the nylon filters was suspect,
as they are not recommended for use above 75°C. Ring oven procedures for
water based samples and reagents require a temperature of approximately
100°C for efficient evaporation and ring formation. In addition, synthetic
fiber filters, in general, do not have the required capillarity for ring

oven use. These factors would seem to eliminate synthetic fiber filters
from consideration.
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Whatman #541 filter papers were also tested. These papers were

reported by the manufacturer to contain one-fifth as much iron as the #40
grade. Testing of the #541 paper showed considerably less iron and chloride
than the #40 papers contained. Iron content, especially, was markedly
reduced. Some residual iron was present, which appears to be inevitable
regardless of the type of filter papers used. The Whatman #541 papers,
however, exhibited capillary action inferior to that shown by the Whatman
#40 papers, which meant that ring formation on the #541 type was inferior.
For this reason, it was decided to use Whatman #40 papers for all ring

oven testing except chloride and iron, for which Whatman #541 papers were

used.

4.2 Preparation of Standard Solutions

All standard solutions for cations and anions were prepared by
diluting appropriate known volumes of primary standard solutions in volu-
metric flasks with deionized water. The primary standards were either
1000 ppm solutions purchased from chemical companies, or were prepared by
weighing known amounts of dried salts and dissolving these in deionized
water.

Pesticide standards were prepared in the same manner, except that
organic solvents were used instead of water in order to obtain standards
solutions of sufficient concentrations. This was necessary due to the

relatively low solubilities of organochlorines in water.

4.3 Fractional Factorial Testing

The fractional factorial tests were intended to determine the
effect of varying the factors (experimental conditions) listed in Table 9.
Two levels for each factor were selected. These levels, which were chosen
in consultation with the Army, were, for the most part, the extremes given
for the parameters listed in Table 1 (page 3). Levels for factors (4) and
(5) were chosen by the Army as being of particular interest for their
purposes. Two levels of ion concentration, as shown in Table 9, were also

utilized. The level of ion concentration was considered as a sixth factor.
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TABLE 9. Levels of Variables, Fractional Factorial Testing

Variable
1) Turbidity (JTU)
2) Color (Standard Units)
3) Reagent Temperature (°C)
4) Reagent Age
5) Chlorine Concentration (mg/1)
6) Ion Concentration (ppm)
Zinc :
Calcium
Magnesium
Copper
Iron
Lead
Sulfate
Chloride
Nitrate
Fluoride

Low Level

0.1
10
10

1 Hour

50
40
0.4

0.02
40

300

0.4

High Level
5

100
40

6 Months
10

10
600
400

1.1
1200
1100
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A one-half replicate (32 of the possible combinations of experimental
conditions) was used, making two measurements for each of the combinations
of experimental conditions measured by a single operator. This allowed
for an unbiased estimate of the experimental error, based upon the repeated
measurements, but still allowed for testing for the significance of the six
main effects and the fifteen first order interactions between the factors.
It also allowed for a test to determine whether certain higher order inter-
actions were significant.

The measurements were made according to Plan 6A.6 by Cochran and
Coxfz) Using the notation in Cochran and Cox, the measurements listed in
Table 10 were made. In order to determine which of the two levels for each
of the six factors (1, 2; 3, 4, 5, 6) was to be used, one looks at the
symbolic representative in the Table. If the number for that factor was
present, the second level for that factor was used. If the number for that
factor was absent, the first level for that factor was used. Thus, for the
measurements 1,3,5,6 in the table, the second levels for the factors 1,3,5,6
were used and the first level for the factors 2,4.

An adjustment in the test matrix was required, however, due to
the interaction between factor 2, sample color, and the high level of factor
5, chlorine concentration. It was found that the chlorine effectively
decolorized the water. This, of course, meant that neither the color nor
the chlorine in the samples was at the level of interest, as both quantities
decreased due to chemical reactions. It was decided to eliminate color
from those samples containing chlorine. This permitted the analysis of
samples with a chlorine level, which was of greater interest to the Army.
(The adjustment was considered in the analysis of the fractional factorial
test results.) The elimination of color from chlorinated samples is reflected
in Table 11, which gives a point-by-point interpretation of the test design.

4.3.1 Preparation of Samples and Reagents for Fractiomal
Factorial Testing

The actual values of each parameter examined in the fractional

factorial testing are given in Table 9, along with each ion concentration
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3.2
3:3
2.3
1,5
1,6
1,4
2,4

TABLE 10. Experimental Design for (2)

[« NNV R - L

Fractional Factorial Testing

1,2,5,6 1,3,4,5 2,3,4,6
5,6 1,3,4,6 2,3,4,5
4,5 1,2,4,6 2,3,5,6
4,6 1,3,5,6 1,2,4,5
2,6 3,4 1,2,3,4,5,6
2,5 1,2,3,4 3,4,5,6
3,5 1,2,3,5 2,4,5,6
3,6 1525355 1,4,5,6

all factors at lower levels
turbidity

color

reagent temperature
reagent age

chlorine concentration

ion concentration
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investigated. The following discussion describes how each of the desired
characteristics was achieved in the individual samples investigated during
the fractional factorial testing. 2

Turbidity was simulated through the use of a kaolin suspension.
The turbidity of this suspension was read using a Jackson Candle Turbidimeter.
Appropriate aliquots of this suspension were then used to give the two
turbidity levels of interest.

It was important that the species used to produce color be

water soluble rather than a suspended material, as it was required that

the color migrate to the ring. Therefore, food coloring was used to prepare

the colored water. A standard colored water solution (KPtCl6 and CoClz)

was matched spectrophometrically with the food coloring solution in order

to insure the latter's accuracy. (Food coloring was used because of the
potential interferences from the metals in ring oven procedures and the
chloride in the cobalt-platinum solution.)

Five milliliters of a solution of household bleach was diluted
to one liter with deionized water, and standardized using iodometric
mehtod I from Standard Methods for the Examination of Water and Waste-

(3)

water, for residual chlorine. This standardization was repeated at

regular intervals due to the possibility of the chlorine levels changing
in the solutions. Samples containing chlorine were stored in brown glass
bottles, and analyzed on the same day that they were prepared.

Ion concentrations were obtained by adding appropriate known
amounts of standard ion solutions to the known amounts of turbidity, color,
and chlorine solutions, then diluting to a known volume in a volumetric

flask with deionized water. Samples were not analyzed by standard methods

after spiking with known amounts of ions.

Reagents were aged for ten months at 90°F and 90% relative humidity
in a Blue M CFR-7552 Temperature/Humidity Cabinet. The longer aging period
(ten months, as opposed to six months as originally planned) was due to

scheduling changes which were found to be necessary during contract effort.

Solid reagents were stored in sealed polyethylene-lined packets. Liquid
reagents were stored in amber bottles.
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4.3.2 Treatment of Fractional Factorial Procedures

The following paragraphs present a general description of the
statistical analysis of the fractional factorial tests performed during
this program. The actual results and their interpretation for each ion
of interest are presented in Section 5.0.

For each ion, 32 water samples'were prepared. An operator made
two measurements on each water sample. The order in which the 64 measure-
ments were made was randomized. The set of all measurements was in the
form of a half replicate of a 26 factorial. Since the results for the
high ion concentrations seemed quite different from those for the low ion
concentrations, separate analyses were made for the sets of measurements at the
two ion levels, as well as for an overall analysis at all ion levels.

Since thisz is a one-half replicate of a full factorial, there
will be an "alias" for each factor and interaction listed in the tables.

The "alias'" can be found for each factor and interaction as che interaction
of all the other factors. Thus, for the factor 2, the "alias" is the fourth
order interaction involving factors 1, 3, 4, 5, 6; for the interaction 1,3,
the "alias" is the third order interaction of the factors 2, 4, 5, 6. The
term "alias" is used since either the factor or the interaction listed

in the table or its "alias" are tested. Thus, if factor 2 had a significant
effect, it is possible (though highly unlikely) that, in fact, it is its
alias which has a significant effect. In general, the higher order inter-
actions can be assumed to be (and are) negligible. When tests are

performed at just one ion concentration, the "“aliases'" are found in the same
way, and are, in fact, the same except that factor 6, the ion level, is

no longer involved. Thus, the "alias'" for factor 2 becomes the third order
interaction involving factors 1, 3, 4, 5.

In all cases, the actual ion concentration was subtracted from
the value measured using the ring oven. Thus, the analysis was performed on
the error in measurement. Due to the orthogonality of the design, this
has no effect on the statistical tests, except for factor 6, ion concentration.
For all other factors and interactions, the results would be the same if the

original measurements were used.
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One problem in the analysis was the question of the residual
mean-square (the divisor for the F ratio). If a new water sample had been

utilized for the second measurements on each water sample, then
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would have been the residual mean square. (In the analysis, the average

of the two measurements was used at each combination of the various factor

levels, so Sp2/2 would have been the appropriate residual mean square.
Even though the same water samples were used (and, therefore,

it was not truly a replication of the experiment), the quantity Sp2/2

was used for the residual mean square, which would tend to inflate F

ratios. Analyses were also performed, however, using the '"lumped" higher

order interactions (which provided 10 degrees of freedom). If, in fact,

there were no higher order interactions, this would be valid. If there

were higher order interactions this would tend to over-estimate the true
residual mean square, and, therefore, to deflate the F ratios. As can be

seen from the tables in Section 5,0, the conclusions one draws are about

the same either way. For the data separated according to ion level, it
was necessary to use the Sp2/2 for residual mean square, because of the

small number of samples examined.

Tables Presented in Section 5.0 Describing Fractional Factorial
Tests Analyses

For each ion subjected to fractional factorial testing, several
tables are given in Section 5.0. A description of these tables is presented
in the folowing paragraphs.

a) Analysis of Variance Tables Using All Observatians

These tables list the various factors by numbers, together with
that part of the sum of squares which is attributable to that factor.
Table 9 (p. 23) lists the factors corresponding to the numbers in the

Analysis of Variance tables. When two numbers are given together for a
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factor that indicates the interaction of the corresponding factors, e.g.,
2, 4; 2 represents the interaction of color and 4 represents the reagent

age.
The F value is calculated by dividing the sum of squares (which

is also the mean square since there is only one degree of freedom for each fac-

tor) by SP2/2 which is used for the residual mean square. A large value
for F indicates that the corresponding factor has a significant effect.

In order to determine whether a factor has a significant effect, the
calculated F value is compared to a table of critical values for the F
distribution (using one degree of freedom for the numerator and 32 degrees

of freedom for the denominator). If it exceeds the critical value for a

given significance level, then the factor is judged significant at that level.
Following the F value, a single asterisk (*) signifies that it was significant

at the 0.05 level, but not at the 0.01 level; two asterisks (**) signifies
that it was significant at the 0.01 level, in which case it is termed
highly significant.

"Significant at the 0.05 level'" means that if the factor actually
had no effect, there would be only one chance in twenty (a probabilty
of 0.05) of obtaining such a large F value. Similarly, "significant at
the 0.01 level'" means that if the factor actually had no effect, there
would be only one chance in a hundred (a probability of 0.01) of obtaining
such a large F value. For instance, for the iron ion (Table 63a, p. 134),
the F value for factor 6 has two asterisks. From Table 9 (p.23), we see
that factor 6 corresponds to the different ion concentrations. We conclude

that there is a highly significant difference in the measurement accuracy
at the two ion concentrations.

b) Tables of Average Errors for Factor Levels

Tables are also given in Section 5.0 for the average errors for
the high and low levels of each factor. Using all observations for factor
1 (Table 63c, p. 136) for instance, we see that the average error of all
measurements made with factor 1 at its high level is -0.256. From Table 9
(p. 23), factor 1 is turbidity and the high level of turbidity is 5 JTU.




Thus, for all 32 measurements (16 water samples) with turbidity at its high
level, the average error (measured in ion level minus actual ion level)
was 0.256.

c) Analysis of Variance Tables for Individual Ion Concentrations

Analysis of Variance Tables are also given separately for those
measurements made at the high fon concentrations and those made at the
low ion concentrations. The only difference here is that only 16 degrees
of freedom are allowed in the denominator for the critical values of F

distribution.

d) Tables of Average Errors for the Individual Ion Concentrations

Tables of Average Errors are also given separately for the mea-
surements made at the high ion concentrations and those at the low ion

concentrations.

e) Graphs of Distribution of Fractional Factorial Test Results

Graphs of the results of the fractional factorial tests were
prepared by plotting ring oven value versus percentage of the total results
obtained at that value. Two graphs were prepared for each set of data,
one at each of the two nominal ion concentrations tested. These graphs
do not show the effects due to the other five factors tested. This
should be taken into consideration when evaluating the graphs.

In interpreting the results, it should be noted that a great
many hypotheses are being tested, and some spurious results would be
expected. If there is only one chance in twenty of finding an effect
when there is really none (corresponding to a 0.05 level test), then
if 20 independent tests are performed, we might expect a spurious result.
The tests performed were not independent, so the relationships are some-
what more complicated. A more rigorous justification of the statistical

analysis is given in Appendix B.

4.4 Qualifications Testing

The qualifications tests were designed to provide estimates of

the following:
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a) Accuracy of the ring oven procedure.
b) Precision (repeatability) of the ring oven procedure.
c) Variability due to different operators.

Using natural water samples obtained from five different sources, each of
three operators made two measurements on each natural water sample at
each of the ion concentration levels prescribed for that particular ion.
For each ion concentration level there were a total of 30 measurements.,
If we let "k" denote the number of ion concentration levels for a parti-
cular ion, there were a total of 30 k measurements.

Four concentration levels were selected for each ion, as seen in
Table 7 (p. 19). TFor a given ion, bottles were prepared for each of the five
natural water samples at each of the prescribed ion concentration levels.
In order to avoid the possibility that the operators had any advance
knowledge as to the ion concentration level, the bottles were dispensed
to the operators in a random fashion. Using a computer program, tables
were generated which gave random assignments of water sample and ion level.
Figure 1 shows a sample randomization chart.

In addition, fifteen blank samples were analyzed for each of the
ions. These blank samples, which were not a part of the statistical matrix,
were designed in order to uncover any tendencies for the test to give
false positives. A false positive was considered to be significant if it
were equal to or greater than the decision concentration for the particular
ion. Although a blank sample should theoretically produce no color in
the ring zone, this was not always the case due to background ion levels in
reagents and filter paper. In some cases, however, no color was present
in the ring when blank samples were run. Operators were asked to give

a numerical value to blank samples whenever possible.

4.4.1 Selection of Natural Water Types for Qualifications Testing

Atlantic Research selected five natural water types for use

in the qualifications testing, using as a guide USAMEERU Report No. 73-03 (4).
These natural water types are described below:
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Water Ion Parameter Levels
Sample 1 2 3 4
: 6 20 25 8 31 30 33 29
18 39 & 17 34 10 32 24
205223 38 16 37 28
35 26 22 27 14 36 72
19 1 15 21 9 13 40 11

nepwn =
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w

Sample Water Ion Concentration
Number Sample Parameter

-
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N
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Figure 1. Sample Randomization Chart
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(1) Colored water - This natural water was to contain between
50 and 100 standard units of true color.

(2) Turbid water - The turbidity was to fall in the 100 to 200
JTU range, with total dissolved solids less than 500 mg/1.

(3) High total dissolved solids water - Water with a TDS
of approximately 1500 mg/l was to be used, with bicarbonate
as the dominant anion.

(4) Organically polluted water - This was to be water discharged
before chlorination from secondary treatment at an appropriate
sewage treatment plant, mixed in a 1:3 ratio with deionized
water, to simulate water polluted by domestic waste.

(5) Interference water - This water was to contain elements

that frequently interfere in the test procedures.

For testing the ring oven procedures, it was felt that a water
of the number (5) type would be redundant, as all four of the other types
should contain potential ring oven interferences. Therefore, a well water
type was substituted for the interference water. The Bull Run Pond, which
is used as a polishing pond after treatment at the Lower Potomac Waste-
water Treatment Plant, was used as the sample for high color. The plant
operator reported that the color in this pond was due to both organic
matter (an aerator in the pond promoted algae growth) and to metal ioms
(ferric chloride was used in the treatment of water in the pond, and the
water also contains zinc, copper and mercury). Bull Run Marina was chosen
to represent turbid water. This site was sampled immediately after a heavy
rain, in order to insure high turbidity. A well water was chosen for the
high total dissolved solids water, as it was believed that dissolved
minerals would be present at a high level, as the area‘'s water is, in

general, hard.

4.4,2 Initial Analysis of Natural Water by Standard Methods

Standard methods for the analysis of the ten ions of interest
were selected and submitted to the Army for approval. These methods, which
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are summarized in Table 12, were taken from EPA's Methods for Chemical

(5

Analysis of Water and Wastes and from Standard Methods for the Examina-

tion of Water and Wastewater!3) All methods were approved for use.

Table 13 shows the sampling sites used to obtain the natural
waters for the qualifications testing. Twenty liter samples of each water
type were collected in glass carboys. Each sample was stored in a cool
area, and each was bubbled slowly with air to prevent anaerobic degradationm.

The data in Tables 14 and 15 show the results of the physical
and chemical analyses of the water samples. The samples were not analyzed
for lead at a greater sensitivity, because this ion was later dropped
from the qualifications testing.

In order to fulfill the requirements for the various water types,
as discussed in Section 4.4.1, some adjustment of various physical proper-
ties was required. Turbidity and color were augmented in the same manner
as used in the ruggedness tests (with kaolin and food coloring). A high
total dissolved solids level was attained by addition of solid sodium
carbonate and sodium bicarbonate to the bulk water sample. This resulted
in a buffering effect for this particular natural water sample.

It was decided that samples for both qualifications testing and
fractional factorial testing which contained turbid matter would be filtered,
rather than digested, prior to analysis, since in most field situations
the water would be filtered prior to human consumption. It was discovered
during preliminary testing that the turbid matter caused erroneous results

due to dissolution of metals from the turbid matter by acid wash solutions.

4.4.3 Preparation of Samples for Qualifications Testing

The values obtained in the analysis of the natural waters (Tables
14 and 15) were used to calculate the amount of primary standard solution
needed to bring the natural water samples up to a predetermined ion con-
centration. The correct amount of the primary standard was then added to
the appropriate volume of natural water sample. These spiked samples were

not subjected to further analysis to determine ion content by standard
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TABLE 12. Analytical Methods Summary Sheet

Ion Method Reference
Iron AA—CZHZ, air Storet No. 01045, EPA, p. 110
Zinc AA-CZHZ, air Storet No. 01092, EPA, p. 155
Mg AA_CZHZ’ air (La required) Storet No. 00927, EPA, p. 114
Pb AA_CZHZ’ air Storet No. 01051, EPA, p. 112
(extraction recommended <0.01 ppm)
Cu AA—CZHZ, air Storet No. 01042, EPA, p. 108
Ca AA—CZHZ, air Storet No. 00916, EPA, p. 103
(La corrects for interferences)
No3 Chromotropic acid Standard Methods of Water and
Wastewater, p. 429
F Specific ion electrode Storet No. 00951, EPA, p. 65
Cl HgN03 titration EPA, p. 29; Standard Methods, p. 304
SO4 Turbidimetric EPA, p. 277, Standard Methods, p. 496
TABLE 13. Sampling Locations, Natural Water Samples
Sample Type Sampling Locale
Colored Bull Run Pond, Lower Potomac Waste-
water Treatment Plant
Turbid Water Bull Run Marina
Organically Polluted Water Secondary Effluent, Lower Potomac

Wastewater Treatment Plant (Diluted
1:3 with deionized water)

High Total Dissolved Solids Water Vienna, Virginia, well (spiked with
sodium carbonate and sodium bicarbonate)

Well Water Vienna, Virginia, well (unspiked)
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Ion

Zn
Fe
Ca
Mg
Cu
F
Cl
804
NO
Pb

3

TABLE 14.

Turbid

<0.02
<0.0216
36.4
9.44
<0.019
0.270
14.67
8.25
1.88
<0.2

Ion Analysis

Colored

0.061
0.12
26.6
6.18
0.250
1.06
30.4
46.5
6.25
<0.2

Well

0.071
0.026
3.90
2.65
0.036
0.034

12.67

1.3
2.4

<0.2

(ppm) of Natural Water Samples*

Organically
High TDS Polluted
<0.02 0.057
<0.026 0.030
12.7 8.90
2.94 1.42
0.156 <0.019
0.043 0.219
12.14 5.18
2.1 7.1
1.25 1.25
<0.2 <0.2

*These samples were spiked when necessary, in order to bring turbidity,
color and TDS within limits.

pH

Turbidity

(JTU)

Table 15.

Turbid
7.71
200

Color (Stan- 15
dard Color Units)

TDS (mg/1) 5.6

*These samples were spiked when necessary in order
color, and TDS within limits.

Physical Properties of Natural Water Samples*

Colored

5.49
9.8

100

572

Well
6.79
4.6

226

Organically
High TDS Polluted
8.98 7.65
1.4 4.6
20 7
1110 364

to bring turbidity,




methods. Blank samples consisted of deionized water. All samples were

placed in acid-washed pélyethylene bottles numbered randomly.

4.4.4 Treatment of the Results of the Qualifications Tests

For each of five water samples, three operators made two measure-
ments at each of four ion concentrations for a total of 120 measurements
for each ion. The order in which the measurements were made was randomized.
The set of all measurements was in the form of a complete 5 by 3
by 4 factorial design with two replications. In the analysis, the different
water samples were considered to be a fixed effect, since they represented
distinct types of water. The ion concentrations were also considered a
fixed effect, but the operators were considered a random effect. The actual
ion concentration was subtracted from each measurement, so the analysis
was performed on the errors of the measurements. The results of the analysis

are given in a series of tables in Section 5.0 for each of the ions considered.

a) Overall Analysis of Variance Tables

An analysis of variance was performed using all of the data for
each ion. The results are given in the analysis of variance tables in Section
5.0. The analysis was performed for the operator, ion concentration, water
sample type factors and their first order interactions. In the tables in
Section 5.0, the letter X (read cross) separates the two factors in each
interaction. Thus OP X ION LEV means the interaction between operator
and ion level. The sum of squares (SS) for each factor was that part of
the total sum of squares which was attributable to that factor. The mean
square (MS) was obtained by dividing the sum of squares by degrees of
freedom. The values of F were calculated as ratios of mean squares. In
each case, the numerator was the mean square for that factor. For operator,
and for three interactions, the denominator was the precision mean square.
Por ion concentration, the denominator was the mean square for the operator-
ion concentration interaction, and for water sample, the denominator was

the mean square for the operator-water sample interaction.
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A large value for F indicated that the corresponding factor has
a significant effect (on measurement accuracy). In order to determine
whether a factor had a significant effect, the calculated F value was
compared to a table of critical values for the F distribution. (The degrees
of freedom for numerator and for denominator were those for the mean squares
in the numerator and denominator of the F ratio.) If the calculated F
value exceeds the critical value for a given significance level, then the
factor was judged significant at that level. (Note that the critical values
depend also upon the numerator and denominator degrees of freedom.)
Following the F value, a single asterisk (*) means it was significant at
the 0.05 level, but not at the 0.01 level; two asterisks (**) signify

that it was significant at the 0.01 level, in which case it was considered
highly significant.

b) Tables of Average Errprs of Measurement

Tables are presented in Section 5.0 which give the average errors
of measurements for different levels of two of the three factors, and also
average errors for the different levels of the factors taken individually.
For instance, for the zinc ion (Section 5.0, page 81) it may be seen that,
for the second operator, the average error (averaged over all water samples)
of all measurements made at ion level 10 was -2.70, and that the average
error for Operator 2 for all measurements made on Water Sample 2 was
-0.25. Also, the average error for all measurements at ion level 10 was

-1.233. 1In each case, the error value is the measured ion level minus
actual ion level.

c) Estimates for Precision and Operator Variability

Estimates are also given in Section 5.0 for the precision of the
measurements and for the operator variability. The precision was estimated:

§2 = 1( y2/120

P Yigk ~ Vi
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and measured the variation in repeated measurements of the same sample by
a single operator.
The operator variability was estimated by:

g2 = Operator Mean Square - Precision Mean Square
o 40

where Operator Mean Square and Precision Mean Square are given in the Analysis

of Variance Table.

d) Analysis of Variance for Individual Ion Concentration Tables

Since the results seemed to vary with the different ion concen-
trations, a separate analysis of variance was performed for each ion con-
centration. The value for S§ was given with each table and, if the operator
effect was significant, the value for Si was also given. The equations

2 2
for determining Sp and So were the same as in (c) above, except that in each
case the denominator was divided by 4.

e) Use of the Ring Oven Procedure as a Screening Device

In addition to the above analyses, the potential usefulness of
the ring oven procedure as a screening device was also considered. For
each ion, four standards were selected, one of which was the decision concen-
tration. If the ion concentration was above the decision concentration,
presumably the water would not be used. Of the ion concentrations used
in the indivfdual experiments, two were above the decision concentration
and two were below. If the ring oven procedure was to be considered as a
screening device, then the only determination of interest would be whether
the ion concentration was above or below the decision concentration. One
might consider different strategies for using the ring oven results for
screening. A procedure that might work reasonably well would be as follows.
The operator makes two measurements. If both are above the decision con-
centration, it would be concluded that the ion concentration was above the
critical level. If both were below the decision concentration, it would

be concluded that the ion concentration was below the critical level.

If one measurement was above the critical level and one measurement was
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below the critical level, additional measurements would be necessary.
Ideally, such a procedure would leave room for few mistakes, particularly
if the actual ion concentration is far from the critical level.

This procedure was tested for each ion using the data for these
experiments. For several reasons the results must be regarded as only

tentative for reasons noted below.

1) In the experiments, the order in which measurements were made

was randomized over the various ion levels and repetitions of
measurements. Thus when the operator made the second measurement
at a particular combination of water sample and ion concentra-
tion, he was unaware of the result of his first measurement.
In the field, the operator would know the result of his first
measurement when he made the second measurement. This could result
in a bias toward the second measurement. It could also lead to a
re-examination of the measurements if the results were widely
different, or could result in making an additional measurement.

2) The measurements were made in a laboratory and not in the field.

3) Since only two measurements were made by an operator, it was not
at all clear what the result would be if, knowing those results,
he made additional measurements (presumably more carefully).

4) A number of measurements were made at the critical level (which
was one of the standards) If the criterion was both above or
both below, then the operator would presumably try to determine

whether it was actually slightly above or below.

In addition, graphical representations of the results of the
general screening analysis are presented. These bar graphs, which can be

"go-no go'" decisions

found in Section 5.0, related to the number of correct
made at each ion concentration for each ion. The following criteria were

used in preparing these figures:

* A sample was considered to contain an unacceptable ion concen-
P - tration if the ion concentration was equal to or greater than f
the decision concentration.




. A sample was considered to warrant a 'go' decision if the ion

concentration was less than the decision concentration.

. Thirty samples were run at each concentration for a total of

120 samples.

. Results diagrammed in the figures in Section 5.0 are those

obtained in the qualifications tests only.

4.5 Types of Operators Used During Statistical Evaluation Tests

Attempts were made to use operators of widely varying educational
and technical experience in order to test the ring oven in a manner which
was as realistic as possible. Table 16 gives a brief description of the
background of the operators used. Operators were not varied during a single
phase of testing of an ion; that is, the same three operators performed all
of the qualifications tests for copper, and so on. The numbers used to
designate each operator in Table 16 do not necessarily refer to the designat-
ing numbers of the operators who performed a test as given in Section 5.0.

Little difference was noticed among operators according to edu-
cational level or previous ring oven experience. This demonstrates the

simplicity of operation of the ring oven/spot test technique.

4.6 General Ion Schemes

In addition to qualifications testing and fractional factorial
testing of the procedures developed under Contract DADA17-73-C-3112, it
was thought that it would be desirable to develop general screening methods
that would indicate the presence of a large number of ions with one reagent.
A procedure using such a reagent would save analysis time by eliminating
the need to examine a sample for each ion of interest individually unless the
general scan showed a total ion concentration level above a predetermined
threshold 1imit. Ideally, the sample would be applied, washed to the ring
zone with an acid or buffer (metals) or with deionized water, and the reagent
applied.

The intensity of the resulting rings would then be compared to

standards consisting of rings of equal intensity containing varying known
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TABLE 16. Operators Used in Ring Oven Testing

Educational Previous Ring
Operator No. Professional Experience Oven Experience
1 Sergeant /USAMERDC; involved None
in water quality ;
2 Masters Degree in civil eng- None
ineering/USAMERDC
3 Some college; chemical tech- 4 months
nician/ARC
4 Some college; junior tech- 4 months

nician, part-time/ARC

5 Technical typist/ARC None

6 Some college; Junior tech- None
nician/ARC

7 Bachelor's Degree in English; None

part-time technician/ARC

8 Two years' college chemistry; None
chemical technician/ARC
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amounts of ions. For example, a ring of intensity A is compared to standard
rings, also of intensity A. These standards might contain 0.1 ug irom,

2 ug lead, and 2 ug zinc respectively. One could then say that the unknown
ring of intensity A contained no more than 0.1 ug Fe, 2 ug Pb and 2 ug 2n.

A question arose as to the effect of various ring colors from
different ions on intensity readings. Especially in the cases of the metals,
one reagent will usually produce a different color with each individual ion.
In order to circumvent this problem, the use of black-and-white standard
photographs was found to be an effective means of neutralizing the contrasting
color possibilities.

General ion scan tests were performed by depositing a known amount
of a specific ion in the ring zone, treating it with the screening reagent
and comparing its intensity to that of other ions similarly prepared using
the identical screening reagent. Rings of equivalent intensities, but
not necessarily the same color, were then grouped and photographed in
black-and-white in order to compare their photographic contrast. The
results of these studies are described in Section 5.2.

4.7 Evaluation of Ring Oven/Spot Test Techniques for Monitoring
Pesticides in Water

The proliferation of pesticides throughout our environment has
induced serious concern with respect to health hazards in recent years.
Of particular importance in connection with this problem is the fate of
the earth's water supplies.

As discussed previously, the Army's requirements for water test
kits center around the ne:d for decisions concerning water supply potability.
It can be seen that the criteria upon which such decisions are based are
highly dependent upon the ways in which the water will be utilized.

For example, if the water is to be consumed over a long period of time,

it is important that the most stringent standards be met with respect to
safe concentrations. The National Academy of Sciences, in conjunction with

the National Academy of Engineering, have set such standards for the
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pesticides in surface water in their report, "Water Quality Criteria,"” March,

1973. These standards were selected by the Army for use in ring oven feasi-

bility studies and are shown, along with the concentration range required
by the Army, in Table 17.

TABLE 17. Pesticide Limits for Ring Oven Feasibility

Studies
Detection Concentration
Pesticide Limit m) Range Required (ppm)
Organophosphorus 0.01 0.01 - 4.0
Organochlorine (dieldrin) 0.001 0.001 - 2.0
Arsenical (as As) 0.1 0.1 - 5.0
Cyanide 0.2 0.2 - 40.0

In the case of pesticides, the possibility of short term consump-
tion of water supplies must be considered. It is probable that in certain
situations, such as in a battlefield environment, only one water supply
may be available. This may require a lowering of water quality standards
if safety factors can still be met for a short period of time.

Another aspect of water quality of particular military concern
is the threat of sabotage. Again, this is of very great importance when
only one water supply is available. It appears likely that such readily
obtainable and highly toxic chemicals as :pesticides would be prime candidates
for use in sabotage of water supplies. When evaluating and selecting suit-
able field monitoring methods for pesticides in water, then, one should
consider the uses to which the water will be put. The sensitivity required
for any field monitoring technique will be dependent upon whether long-term
or short-term consumption is intended, or whether massive contamination must
be detected.

The ring oven seemed to offer promise as a method of monitoring

pesitcides in natural waters in a field situation. One chemical was selected
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to represent each of four classes of pesticide during ring oven feasibility
testing. These chemicals are given in Table 18. Several criteria were
used in selection of pesticides. Low toxicity dosage coupled with low
volatility were to provide a good safety factor for the ring oven operators
during laboratory testing. A relatively high water solubility was also

desired in order to insure initial high values for preliminary reagent
scans.

Table 18. Selected Pesticides for
Ring Oven Feasibility Studies

Pesticide Pesticide
Class Selected
Arsenical Methanearsonic acid,

disodium salt (DSMA)

Cyanide Sodium cyanide
Organochlorine Dieldrin
Organophosphorus Malathion

Pesticide standards were prepared for dieldrin (200 ppm in
benzene), malathion (138 ppm in benzene), arsenic (100 ppm As as disodium
methyl arsenate), and cyanide (1000 ppm CN as sodium cyanide). Benzene

was used as the solvent for the organochlorine and organophosphorus
compounds so that solutions of a sufficiently high concentration for

preliminary reagent scanning could be prepared. The standards were kept
refrigerated.

Feasibility studies were performed by depositing varied amounts
of the pesticide in the ring zone, treating with reagent, and comparing

intensities. The results of the feasibility studies for pesticides are
given in Section 5.3.
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5.0 RESULTS AND DISCUSSION

5.1 Statistical Evaluation of the Ring Oven Method

The following section documents the results of the statistical
evaluation of the ring oven method for copper, calcium, magnesium, zinc,
iron, lead, nitrate, fluoride, chloride, and sulfate. Included are dis-
cussions and data obtained from the operator variability tests, fractional
factorial tests, qualifications tests, and blank tests for these ten ions.
Ring oven procedures for each ion used for the laboratory statistical
studies are given in Appendix C. More detailed information as to the
development of the reagents and procedures tested can be found in Reference (1).

Several factors must be considered in evaluation of test results.
The nature of the tests required the operators to make a great number of
repetitive measurements (up to 55 for the qualifications tests) following
a single procedure. Within a procedure, multiple applications of sample
were frequently necessary. It is very easy to forget how many applications
have been made, unless extremely close attention is paid to the operation.
Likewise, during quantitation of a great number of rings, a tendency exists
for all rings to look alike after a period of time. It must also be
recognized that samples spiked with various amounts of the particular iomns
were not analyzed for ion content after the spiking, due to time constraints.
Therefore, ion concentrations were only nominal and errors obtained may

have been due to errrors in producing test samples.

3:1.% Copper

The reagent selected, dithiooxamide, was originally evaluated
over the range of 0.1 to 5.0 ppm, with standard values of Blank, 0.1, 0.5,
1.0, 2.5, and 5.0 ppm.

Procedure Adjustment

During the initial operator variability testing, it was observed
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that some of the more inexperienced operators were having difficulty in

forming rings using the 3M ammonium hydroxide solution. This difficulty
disappeared as the ammonium hydroxide solutions aged. As no appreciable
change in concentration was seen between new and aged ammonium solution,
it was thought that a possible change in carbon dioxide content of the
solution might prove to be causing the difference in ease of ring formation.
For this reason, then, the wash solution was changed to include one gram of
solid ammonium carbonate in every 100 ml of 3M NH40H. Use of this wash
solution proved to be successful. The procedure used in all subsequent
copper analyses is shown in Appendix C.

Dithiooxamide is also sensitive to cobalt and nickel ions under
the conditions used in the ring oven test. The metals iron, silver, bismuth,
mercury, palladium and platinum, which ordinarily react with dithiooxamide,
are precipitated in the center of the filter paper by the ammonium hydroxide-
ammonium carbonate solution. For a more detailed discussion of the inter-
ferences and their elimination for the dithiooxamide-copper test, see

Reference (1).

Operator Variability Tests

Initial standard values tested during this study for copper were 0.5,
1, 2, and 4 ppm. The results of tests with these standard rings are given
in Table 19. As can be seen from these data, results are low, almost without
exception. Run No. 2 for copper, which is given in Table 20, was performed
using standards of 0.1, 1, 4, and 8 ppm. Results were still showing a
tendency to be low.

One possible explanation for these low readings was thought to be
difference in experience between the operators and the project chemist who
prepared the standards. For this reason, a run was made in which operator
No. 3 prepared the standard rings for Operator No. 4 and vice versa. The
rings from Run No. 2 were compared to operator-generated standards. The
results of this test are given in Table 21. On the average, the results
were erratic, especially at 1 ppm or less. Differences in experience did
not seem to be the cause of this erratic tendency; however, it must be

recognized that both operators in this test had some ring oven experience.
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TABLE 19. Operator Variability Tests - Copper, Run No. 1

Actual
Concentration
(ppm)

Ring Oven Results
Operator No.3

(ppm)

Blank
1.0
0.5
4,0
0.5
4
1.0
2.0
4.0
2.0
1.0
2.0
4.0
0.5
1.0
0.5
4.0
2.0
2.0
1.0

H »n ¥ O W O Z2 XM R GH DO MmMm OO ® >

50 pl Samples
Standards: 0.5~-1-2-4
Decision Level: 1 ppm

>4.0
1.0
<0.5
4.0
<0.5
<0.5
<0.5
1.0
2.0
1.0
<0.5
1.0
2.0
0.5
0.5
<0.5
2.0
2.0
1.0
<0.5

Ring Oven Results
Operator No. 4

(ppm)

Blank

0.5
0.5
4.0
0.5
2
0.5
1.0
0.7
0.5
0.5
2.0
4.0
0.5
0.5
<0.5
4.0
0.5
<0.5
<0.5




TABLE 20. Operator Variability Tests - Copper, Run No. 2 {

Actual Ring Oven Results Ring Oven Results
Concentration Operator No.3 Operator No. 4

Sample (ppm) (ppm) (ppm)

A Blank <0.1 0.1

B 1.0 : <0.1 1.0

C 0.5 0.1 0.5

D 4.0 2.0 3.0

E 0.5 2.0 0.7

F 4.0 1.0 4.0

G 1.0 0.1 0.9

H 2.0 <0.1 2.0

I 4.0 1.0 2.0

J 2.0 0.1 0.9

K 1.0 0.1 0.5

L 2.0 0.5 0.9

M 4.0 <1.0 1.0

N 0.5 0.1 0.2

0o 1.0 0.1 0.2

P 0.5 <0.1 0.1

Q 4.0 1.0 1.0

R 2.0 0.1 0.9

S 2.0 1.0 1.0

T 1.0 0.1 0.1

U 8.0 4.0 3.0

v 8.0 1.0 4.0

W 0.1 <0.1 0.5

X 0.1 <0.1 0.1 ]

b 8.0 4.0 7.0 :

50 ul Samples
Standards: 0.1-1-4-8
Decision Level: 1 ppm
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TABLE 21. Operator Variability Tests - Copper, Run No. 2a

: Ring Oven Results Ring Oven Results
Actual Operator No. 3 Operator .No..4
Concentration Stnds by Operator No. 4 Stnds by Operator No.3
Sample (ppm) (ppm) (ppm) 1
A Blank 0.1 0.1 |
B 1.0 0.1 2.0
c 0.5 0.5 1.0
D 4.0 4.0 4.0
E 0.5 8.0 0.7
F 4.0 8.0 0.4
G 1.0 0.8 1.0
H 2.0 1.0 3.0
I 4.0 8.0 4.0
J 2.0 0.7 2.0
K 1.0 0.5 0.2
L 2.0 1.0 2.0
M 4.0 0.1 4.0
N 0.5 : 0.1 0.2
0 1.0 0.5 0.1
P 0.5 <0.1 0.1
qQ 4.0 4.0 1.0
R 2.0 0.3 0.7
S 2.0 4,0 0.5
T 1.0 0.5 0.1
u 8.0 8.0 5.0
v 8.0 5.0 8.0
1} 0.1 <0.1 0.5
X 0.1 0.1 0.1
ot Y 8.0 8.0 9.0
4 50 uyl Samples
+ Standards: 0.1-1-5-8
Decision Level: 1 ppm
l
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As low analysis values had previously been encountered due to
copper adsorption and biological action, it was decided to prepare fresh
synthetic water samples. An analysis of these samples by one operator,
as shown in Table 22, proved successful. Tests were then performed using
two operators and fresh samples. Table 23 gives the results. It would
appear that results for Sample A, which was thought to contain "8", but
for which both operators read "4" in repeated analyses, was an incorrectly
prepared sample. Unfortunately, time was not available for an atomic
absorption analysis to substantiate the actual concentration.

At the request of the Army, Atlantic Research performed some
further limited investigations of the first four copper standards (0.5,

1, 2, and 4 ppm). After this limited investigation, which consisted of
preparation of multiple sets of standards and comparison of the gradations
of equivalent standards of different sets, it was decided that using 0.5,

1, 2, and 4 ppm copper as permanent standard values sufficiently encompassed
any operator variability.

Fractional Factorial Tests

The results of the fractional factorial tests for the copper ion
are presented in Table 24 and shown graphically in Figure 2., Tables 25a,

25b and 25c give the statistical analyses of the results, while Table 26
summarizes the various effects.

As can be seen from Table 25a for all observations, there is a
highly significant interaction between factors 2 and 3, color and reagent
temperature (indicated by a double star). This interaction, which is also
confirmed as being significant by the alternate analysis using all higher
order interactions in Table 25 b is only critical at the higher ion concen-
tration.

On the other hand, a significant effect is shown by turbidity
and color interactions at the high ion concentration, and by detection
reagent temperature and chlorine concentration at the low level, indicated

by a single star. The 0.75 ppm value obtained for sample r (nominal value =

3 ppm) may be due to the first of the two interactionms.
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Table 22. Operator Variability Tests - Copper, Run No. 3, Fresh Sample

Ring Oven Results

4 Actual Concentration Operator No. &4

Sample (ppm) (ppm)
A 8.0 8.0
B 1.0 0.9
C 4.0 4.0
D 4.0 4.0
E 1.0 1.0
F 8.0 8'0
G 0.1 0.1
H 0.1 0.5
I o 1'0
J 0.1 0.1
K 1.0 1.0
L 4.0 4.0
M 1.0 1.0
N 4.0 6.0
(0] 1.0 1.0
P 8.0 8.0

50 ul Samples
Standards: 0.1-1-4-8
Decision Level: 1 ppm
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TABLE 23. Operator Variability Tests - Copper, Run No. 4

Actual Ring Oven Results
Concentration Operator No. 5
Sample (ppm) (ppm)
A 8.0 4.0 (4.0)%
B 1.0 1.0
c 4.0 4.0
D 4.0 4.0
F 8.0 5.0
G 0.1 <0.1
H 0.1 <0.1
1 Blank <0.1
3 0.1 0.1
L 4.0 3.0
N 4.0 3.0 (3.0)
P 8.0 6.0
Q 1.0 1.0
R 1.0 0.9
S 1.0 1.0
T 4.0 3.0

50 pl Samples
Standards: 0.1-1-4-8
Decision level: lppm

*Numbers in parenthesis represent repeat analysis.
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Ring Oven Results
Operator No. 6

(ppm)

4.0 (4.0)

0.5
3.0
3.0
7.0
0.1
<0.1
<0.1
<0.1
2.0
1.0
6.0
0.6
0.9
1.0
3.0

(3.0)
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(Refer to Table 11, p. 26 for actual sample content)

Results of Copper Fractional Factorial Tests
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PERCENT OF RESULTS

PERCENT OF RESULTS
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Figure 2. Percent Distribution of Copper Fractional

Factorial Test Results at Tested Ion Concentrations
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TABLE 25(b). Statistical Analysis of Copper
Fractional Factorial Tests

Analysis of Variance - |
All Observations 1

Residual mean Square = 0.246%

Factor SS F Value
1* 0.00 0.00
2 0.14 0.57 t
3 0.67 2.72 |
4 0.00 0.00 ’
5 0.11 0.45 11
6 7.48 30.40%* |
12 0.67 2.72 ﬂ
13 0.22 0.87
14 0.02 0.10
15 0.41 1.67
16 0.00 0.02
23 1.82 7.38%
24 0.06 0.24 4 3
25 0.06 0.24 :
26 0.14 0.57 :
34 0.00 0.00 b
35 0.06 0.24 |
36 0.22 0.87 i
45 0.11 0.45 '3
46 0.01 0.05 :

56 0.01 0.05 t

tFor this table, the lumped higher order interactions were
used for the residual mean square.

A two digit number represents the

1 = turbidity . interaction between the two factors

2 = color corresponding to the composite 1
3 = reagent temperature digits; i.e., 24 = color interact- i
4 = reagent age ing with reagent age. “ N
5 = chlorine concentration

6 = ion concentration * = significant effect

*% = highly significant effect
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TABLE 26. Suzmary of Factor Effects for All Observations
Encountered During Fractional Factorial Tests - Copper
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- = no significant effect
* = gignificant effect
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Another factor shown as being highly critical for all observations
is ion concentration. This is confirmed by the individual analyses performed
at the high and low ion concentrations, which show both a lesser precision
and a greater average error at the high ion concentration. This is probably
due to the fact that at higher ion concentrations, ring intensities are
darker. When a slight change in ring intensity occurs at higher concentra-

tions, the eye has more difficulty distinguishing this change.

Qualifications Tests

The results of the qualifications testing for copper are shown in
Table 27. Table 28 presents the results of the blank tests. Figure 3 shows
the permanent standards used for the copper qualifications (It was not
practical at this time to reproduce sufficient copies of the permanent
standards for wide distribution. Therefore, this figure and subsequent
figures illustrating permanent standards appear in only four copies.)

For this ion, the standards were 0.5, 1.0, 2.0 and 4.0 ppm. The
ion concentrations used were 0.4, 0.7, 1.5 and 3.0 ppm. The data are, in
general, quite consistent, except for high measurements by Operator 3 at
0.7 ppm (High TDS Water) and one low measurement by Operator 3 at 3.0 ppm
(Organically Polluted Water). The low measurement is probably due to failure
to apply the correct amount of sample. This procedure requires three sample
aliquots.

Table 29 shows the statistical evaluation of the qualifications
tests. The analysis of variance shows significant effects due to the
different operators and interactions of the operators with both ion concen-
tration and water samples. The value for S: (the estimate of precision)
is somewhat smaller than that obtained from the fractional factorial testing.
The estimate of operator variability, Sz, is much smaller than Si. The
average errors at the individual ion levels do not exceed 0.16 ppm, which
is excellent. The high total dissolved solids water gave greater positive
error than the other four water types; this was not expected, as it would

seem that a negative error would be encountered through precipitation of

copper carbonate. On the other hand, the greatest negative error was




Copper Qualifications Tests

TABLE 27.
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TABLE 28.

(All samples contained deionized water)

Operator 1
Blank

Blank
Blank
Blank
0.1
Blank
Blank
0.2
Blank
Blank
0.1
0.1
Blank
Blank
0.1

Copper- - Blank Tests (ppm)

Operator 2

Blank
Blank
Blank
Blank
Blank
Blank
Blank
Blank
Blank
Blank
Blank
Blank
Blank
Blank
Blank
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Operator 3
Blank

Blank
0.1
Blank
Blank
0.1
Blank
0.1
0.3
Blank
0.1
0.3
Blank
Blank
Blank
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TABLE 29.

Analysis of Qualifications Tests - Copper Ion

(Refer to Section 4.4 for explanation of terms)

Analysis of Variance -~ All Ton Concentrations

Source
Operator
Ion Level
Water Samp
OPXIONLEV
OPXWATSAM
WATSMXIONL
Precision

SS
1.778
0.495
8.737
4.011
4.610
5.449
15.820

DF

@ &N & WU N

12
60

MS

0.889
0.165
2.184
0.668
0.576
0.454
0.264

Average Errors of Measurement

F
3.372%
0.247
3.790
2.535%
2.186*
1.722

(Measured Ion Concentration Minus Actual Ion Concentration)

Operator
1
2
3
Water Sample
Turbid
High TDS
Colored
Wall
Organically Polluted

Water Sample

Turbid

High TDS

Colored

Well

Organically Polluted

-0.10
0.32
0.12

-0.12

-0.20

-0.03
0.31
0.34
0.22
0.22

65

Ion Concentration (npm)

0.7 < 15N
0.10 0.19
0.07 0.07
0.30 -0.10
-0.13 -0.28
1.15 0.33
0.02 0.03
-0.20 0.18
-0.05 0
Operator
2 3
-0.23 -0.45
0.46 0.86
0.25 0.05
0.05 0.25
0.11 -0.59

$2 = 0.264

o

S_ = 0.0156

onN

Third order
interaction

MS = 0.0637

3.0
0.54
0.31

'0'[61

-0.42
0.38
0.68
0.17
0.08




TABLE 29. (Continued)

Analysis of Variance for Each Ion Concentration

The ion concentration is 0.4 ppm

Source ss DF MS F Si = 0.022
Operator 0.139 2 0.069 3.200
s2 o 0(1)

Water Sample 1.065 4 0.266 4.616%* o

OPXWATSAM 0.461 8 0.058 2.662% z: = 0.403

Precision 0.325 15 0.222

The ion concentration is 0.7 ppm

Source S DF MS F S§ = 0.122

Operator 0.313 2 0.156 1.285 2 )

Water Sample 7.562 4 1.890 2.458 B, =9

OPXWATSAM 6.154 8 0.769 6.323%% 'z = 0.857

Precision 1.825 15 0.122

The ion concentration is 1.5 ppm

Source S DF MS F Si = 0.265

Operator 0.425 2 0.212 0.800 a0 0(1)

Water Sample .51 4 0.318 4.720% 2

OPXWATSAM 0.539 8 0.067 0.254 X =1.553

Precision 3.980 15 0.265

The ion concentration is 3.0 ppm

Source S DF MS F Ss = 0.646

Operator 4,913 2 2.456 3.802%

Water Sample 4.288 4 1.072  2.406 sz - 0,181
‘ OPXWATSAM 3.564 8 0.445 0.690 5 = 3.147
; Precision 9.690 15 0.646 =

(l)If the F value for operator effect is not significant, we take Sg = 0.
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Table 29. (Continued)

Average Errors Obtained

Qgetator

Water Sample
Turbid

High TDS

Colored

Well

Organically Polluted

Ion Concentration
0.4 ppm
0.7 ppm
1.5 ppm
3.0 ppm

Average Error

0.215
0.130
-0.075

-0.233
0.546
0.212
0.008

-0.083

0.003
0.157
0.053
0.147
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encountered with the turbid water samples, which had also occurred during
ruggedness testing in the second year's contract effort during work with
turbid waters. This was apparently due to absorption of copper by the
turbid matter. The data in Table 28 (p. 63) for the blank tests show no
false positives greater than the lowest water test concentration of 0.4 ppm.
A false positive (not significant, however) was obtained in 247 of the tests.

Referring to the method suggested in Section 4.4.4 (p. 38) for
using the ring oven as a screening procedure, we see that it would appear
to work quite well for this case. The distribution of results for each ion
concentration for the 15 pairs of measurements are given in Table 30. Note
again that these are rather tentative conclusions, as discussed in Section
4.4.4.

Figure 5 gives a bar graph illustrating the copper tests' efficacy
for general screening. As can be seen from this figure, at the two levels

above the 1.0 ppm decision concentration, a correct '"go-no go' decision
was made 1007 of the time.

Conclusions

The dithiooxamide-ring oven test for the copper ion appears to
offer much promise for determination of copper in water. The average error
does not exceed 0.16 ppm at any of the four ion levels tested. The pre-
cision is quite satisfactory, and little variability is shown for different
operators. Effects were shown from the interaction of color-reagent

temperature, and by ion concentration.

As a general scan method, the ring oven procedure shows great
promise. At the levels above the 1 ppm decision concentration, the concen-

ration is found to be equal to or greater than the decision level 30 out of
30 times.

5.1.2 Zinc

The zinc test was based upon the color formed by the reaction of
Zn+2 with 1-(2-pyridylazo)-2-naphthol (PAN). The original range for which
this reagent was evaluated was from 1 to 20 ppm, with standard values of
1, 5, 10, and 20 ppm zinc.
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TABLE 30. Distribution of Replicate Results Around
Decision Level for Copper Qualifications Tests

Decision Concentration = 1 ppm

Ring Oven Results
1)
(2)

Both Values > 1 ppm
Both Values < 1 ppm
Other(3)

1)
(2)
@A3)

Sample Ion Concentration (ppm)

0.4 0.7 1.5 3.0

e 3 15 15
13 10
1 2

The ion concentration is deemed unacceptable

The ion concentration is deemed acceptable.

More Measurement is required before a decision can be made.

Y

o

L

ha i et

3

% CORRECT GO-NO GO DECISIONS
-]

14

0.4 ppm 0.7 ppm 1.5 ppm 3.0 ppm

Figure 4.

SAMPLE ION CONCENTRATION LEVEL

Percent Correct “Go-No Go" Decisions
for Copper Ion (Based upon a decision
concentration of 1 ppm)

U



Procedure Adjustment

During preliminary work, when operator technique was being developed,
it was decided to cut the amount of thioacetamide added to 2 ul. This limits
the amount of (NH4)ZS deposited, making it easier for relatively inexper-
ienced operators to form symmetrical rings. The procedure used to obtain
all of the following results is given in Appendix C.

The metals cadmium, lead, copper, mercury, and iron also reacted
with the pyridylazo-naphthol. These interferences were eliminated through
precipitation as sulfides by thioacetamide (lead, cadmium, copper and mercury),
or by precipitation as the hydroxides by ammonium hydroxide (iron). Further

discussion of the interferences in the zinc test can be found in Reference (1).

Operator Variability Tests

Initial standards used were 1, 5, 9, and 15 ppm zinc. The results
of the sample analysis are shown in Table 31. The first erroneous result
obtained by Operator No. 6 for sample T would seem to be due to failure to
apply sample, as a repeat result gave the correct answer.

The standard values of 1, 5, 9 and 15 were submitted to the Army
for approval. Some additional refinement was requested however, in order
to bring closer together the values bracketing the decision level of 5 ppm.
Accordingly, the values of 2, 5, 8 and 11 ppm zinc were used as standard
values in the fractional factorial testing, and in preparation of permanent

standards for qualifications testing.

Fractional Factorial Tests

The results of the fractional factorial tests for zinc are given
in Table 32. Figure 5 graphically represents these results. Tables 33(a),
33(b) and 33(c) give the statistical analysis of this data. As can be
seen from the analysis for all observations in Table 33(a), several highly
significant effects were encountered (indicated by stars). Detection
reagent temperature, detection reagent age, and ion concentration all pro-
duced highly significant effects, as did interactions between color and rea-

gent age, reagent temperature and ion concentration, and reagent age and ion

70




TABLE 31. Operator Variability Tests - Zinc, Run No. 1

Actual Ring Oven Results Ring Oven Results
Concentration Operator No. 5 Operator No. 5
Sample (ppm) (ppm)_ (ppm) |
A 15.0 >15.0 >15.0 r
B Blank 0.9 <1.0 ?
C 9.0 6.0(7)* 6.0(9)
D 5.0 5.0 4.0
E 5.0 4.0 5.0
F 15.0 >15.0 >15.0
G 1.0 1.0 1.0
B 9.0 7.009) >15.0
1 1.0 0.9 1.0
J 9.0 7.0 9.0
K 5.0 5.0 9.0
L 15.0 >15.0 >15.0
M 1.0 1.0 3.0
N 9.0 14.0(15) 15.0(9)
0 9.0 ' 15.0 15.0(8)
P 15.0 >15.0 >15.0-
Q 5.0 6.0(5) 3.0(4)
R 15.0 >15.0 >15.0
§ 1.0 1.0 1.0
i 5.0 5.0 <1.0(5)

15ul Samples
Standards: 1-5-9-15
Decision Level: 5 ppm

*Number in parenthesis represents repeat analysis.




TABLE 32. Results of Zinc Fraction Factorial Tests
(Refer to Table 11, p. 26 for actual
sample content)

U O—

Actual
Concentration Ring Oven Results

j Sample (ppm) (ppm)

] a 1 2 2
b 1 2 2
c 1 <2 <2
d 1 <2 <2
e 1 <2 <2
f 10 5 7
g 1 <2 3
g 1 <2 2
i 10 8 8
h| 10 8 9
k- 1 <2 <2
1 10 10 11
m 10 5 11
n 1 <2 3
Q 1 <2 <2
P 10 <2 2
q 1 <2 2
r 10 10 10
s 10 6 11
t 10 <2 2
u 1 2 5
v 1 <2 2
w 10 <2 2
X 1 <2 <2
y 10 8 8
z 1 <2 <2
aa 10 5 8

! bb 1 <2 2
cc 10 8 11
dd 10 11 11
ee 10 : 5 8
£f 10 11 11

Standards: 2 - 5 - 8 ~11
Operator No. 4
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TABLE 33(b). Statistical Analysis of Zinc
Fractional Factorial Tests

Analysis of Variance -
All Observations

Residual Mean Square = 2.331t

Factor Ss
1 1.13
2 0.78
3 11.28
4 40.50
5 0.50
6 84.50
12 0.50
13 1.13
14 3.78
15 0.03
16 : 0.28
23 0.28
24 12.50
25 0.50
26 0.13
34 21.13
35 1.13
36 8.00
45 2.53
46 30.03
56 5.28

+For this table, the lumped higher order interactions
were used for the residual mean square.

turbidity

color

reagent temperature
reagent age

chlorine concentration
ion concentration

75

F Value

0.48
0.34
4.84
17.37%%
0.21
36.25%*
0.21
0.48
1.62
0.01
0.12
0.12
5.36*
0.21
0.05
9.06*
0.48
3.43
1.09
12,88%*
2.27

A two digit number represents the
interaction hetween the two factors
corresponding to the composite
digits; i.e., 24 = color interact-
ing with reagent age.

* = gignificant effect
** = highly significant effect
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- concentration. The 5 ppm value found for sample u (nominal value equal to
o 1 ppm Zn) may be due to detection reagent temperature and age, while the
low values obtained for samples p and t may be due to elevated reagent
’. temperature. Most of these effects were confirmed, although to a lesser
degree, by the alternate statistical analysis for all observations in
Table 33(b). Table 34 summarizes the factors' effects for all obscrvationms.
.5 In addition, as with copper, all of the effects discussed in the
preceding paragraph are much more significant at high ion concentration-

than at the low ion concentration. The values at the low ion concentration

. also showed a smaller standard deviation, resulting in a greater precision,

e and a smaller average error than was demonstrated at the high concentration.

1 ‘ Qualifications Testing

The results of the qualifications testing for the zinc ion are

presented in Table 35, while Table 36 shows the results of the blank tests.
Table 37 gives the statistical analysis of these results.

For this ion, the standards were 2, 5, 8, and 11 ppm and the ion
concentrations used were 1, 3, 7 and 10 ppm. Figure 6 shows the permanent
standards used in qualifications testing. ‘A number of measurements were

recorded as <2 (below the lowest standard). In the analysis, these measure-

4

ments were taken to be 1 ppm. A number of measurements were recorded as
>11. These measurements were arbitrarily assigned the value of 12 ppm.
Most of the data seems reasonably consistent, although Operator 1 recorded
10 and 2 for the colored water at 3 ppm ion concentration, and Operator 2

recorded lower measurements at 10 ppm than at 7 ppm. (This may be due to

overapplication of reagent.) The few cases where large discrepancies
occurred between the two measurements should probably not happen in field
use of the equipment since a conscientious operator, upon seeing the large
variation, should make additional measurements to resolve the discrepancies.
For the analysis using all the ion concentrations, we see that
the variability among operators and the variability of measurements at the

different ion concentrations give highly significant results. The variability
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TABLE 34. Summary of Factor Effects for All Observations
Encountered During Fractional Factorial Tests - Zinc

o ]
e 0
o gl -
& o &
q N | ®
9 3 ol -
2 o| o Q| &
g &b o] =
> g sl < ol o
& S 0 O 2! Q
- - o] W |2 9 &
o O El e " c| o
-l o O O] U x2S O
B8] 09} =)o o
R (eon (o RS =l
E|SIR | |R
Turbidity = Lale e AL R0 E SIRb
Color - S S S R (S
Detection Reagent & s aw b os b
Temperature
Reagent Age - ki | k| kk | - | ®%
Chlorine = S| I ] AR
Concentration
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- = no significant effect
* = gignificant effect
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TABLE 35. 2Zinc Qualifications Tesis

Standards: 2 -5 -8 - 11

Ion Concentration

Water Sample _Operator Measurement 1 pom 3 ppm lopm 10 ppm
1 2 5 7 7
Turbid 1 2 <2 7 >11 10
1 <2 2 4 8
2. 2 0 2 7 8
1 2 4 8 7
1 2 2 3 8 10 !
1 <2 5 7 >11
High TDS 1 2 <2 8 7 11
1 2 2 6 6
2 2 <2 S 7 11
<2 5. = 10 10
2 2 2 8 9 10
1 2 10 7 7 .
Colored 1 2 <2 2 8 10
1 <2 3 8 6
2 2 2 2 9, 6
1 1 4 4 11
3 2 2 2 11
1 2 4 >11 11
Well 1 2 3 2 5 9
B ®
1 <2 4 2 5
2 2 2 4 8 7
E 1 <2 5 7 10
3 2 <2 5 5 8
1 3 5 3 6
Organically 1 2 3 <2 5 11
Polluted 3 i X : g
2 2 <2 <2 6 8
1 3 3 6 8
3 2 <2 4 8 11

i it il il




TABLE 36. Zinc - Blank Tests (ppm) £
(All samples consisted of deionized water) '

Operator 1 Operator 2 Operator 3
2 Blank Blank
2 Blank <2
2 Blank <2

<2 Blank <2
2 Blank 2
<2 Blank <2
Blank <2

Blank Blank

Blank <2

Blank <1l

<2 2 <2
<2 Blank <1
<2 <1

Blank Blank

Blank Blank




TABLE 37 - Analysis of Qualifications Tests - Zinc Ion
(Refer to Section 4.4 for explanation of terms)

i Analysis of Variance - All Ion Concentrations

Source SS DF MS F S§ = 3,225
Operator 46.867 2 23.433 7.266%%
i s? = 0.505
I Ion Level 88.825 3 29.608 12.689%* o g
i Water Sample 19.450 4 4.862 2.424 Third Order
Int ti
n OPXIONLEV 14.000 6 2,333 0.724 T
MS = 4,503
k| OPXWATSAM 16.050 8 2.006 0.622
] WATSMXIONL 29.217 12 2.435 0.755
Precision 193.500 60 3.225

Average Errors of Measurements
(Measured Ion Concentration Minus Actual Ion Concentration)

Ton Concentration (ppm)

Operator e 3 7 10
1 1.10 1.90 0.30 -0.60
2 0.20 -0.10 -0.50 -2.70
3 0.60 1.30 0.00 -0.40
Water Sample
Turbid 0.33 0.83 0.67 -1.67
High TDS 0.33 2.50 0.67 0.00
Colored 0.50 0.83 -0.17 -1.50
Well 0.67 1.00 -0.50 -1.67
Organically Polluted 1.33 0.00 -1.00 -1.33
Operator
Water Sample 1 2 3
Turbid : 1.13 =1.25 0.25
High TDS 1.25 -0.25 1.63
: | Colored 0.63 -0.63  -0.25 i
: Well 0.75 -1.13 0.00

Organically Polluted -0.38 -0.63 0.25




TABLE 37. (Continued)

Analysis of Variance for Each Ion Concentration

The ion concentration is 1 ppm

Source ss DF MS F s;‘; - 0.567
Operator 4,067 2 2.033 3.588 2 (1)
(s” = 0.147)
Water Sample 4.133 4 1.033 0.805 o
OPXWATSAM 10.267 8 1.283 | 2.265 X = 1.633
Precision 8.500 15 0.567
The ion concentration is 3 ppm
Source Ss DF MS F Si = 4.367
Operator 21.067 2 10.533 2.412 2 (1)
(S =.9.617)
Water Sample 19.800 4 4.950 1.489 o
OPXWATSAM 26.600 8 3.325 0.761 z: = 4.033
Precision 65. 500 15 4.367
The ion concentration is 7 ppm
Source SS DF MS F S§ = 4.667
Operator 3.267 2 1.633 0.350
62 = -0.303)®
Water Sample 12.867 4 3.217 0.391 o ;
OPWATSAM 65.733 8 8.217 1.761 X = 6.933
Pre:ision 70.000 15 4.667
The ion concentration is 10 ppm
Source ss DF Ms F s§ - 3.300
Operator 32.467 : 2 16.233 4.,919% 5
s~ =1.293
Water Sample 11.867 4 2,967 1.102 o
OPXWATSAM 21.533 8 2.692 0.816 z = 9.767
Precision 49.500 15 3.300

If the F value for operator effect is not significant Sz should be
i considered to be zero.
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TABLE 37. (Continued)

T Average Errors by Individual Factors
1 vy
! Operator Average Error
Bl 1 0.675
B 2 -0.775
ii 3 0.375

Water Sample

| U Turbid 0.042
§ High TDS 0.875
i Colored v -0.083
: Well 0 10%

Organically Polluted -0.250

Ion Concentration

1 ppm 0.633

- 3 ppm 1.033
- 7 ppm : -0.067
10 ppm -0.233
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due to different water samples is not significant, and none of the inter-
actions are significant. The magnitude of the operator effect (measured
by Sz) is considerably less than tge variability of regeated measurements
by the same operator measured by Sp)' The values of Sp at the high (10 ppm)
and low (1 ppm) ion concentrations are very close to those obtained at the
same concentrations in the fractional factorial tests. The average errors for
the individual ion concentrations do not appear excessive, the maximum positive
error occurring at the 3 ppm zinc level being 1.0 ppm. For the individual
water samples, the greatest positive error was obtained with the high TDS
sample, as in the case of copper. This error, however, amounted to a value
of less than 1 ppm, which is very good for even an atomic absorption procedure
in this range. Only one significant false positive was obtained in the blank
testing, this at the decision concentration of 5 ppm. This occurred in only
2% of the cases.

At each ion level, fifteen pairs of measurements were made for
a total of 60 pairs of measurements. Table 38 shows the distribution of
these measurements around the decision concentration. Referring to the
method suggested in Section 4.4.4 (p. 38) for use of the ring oven pro-
cedure as a screening test, we see that it would appear to work very well
for this case. When the ion concentration is close to 5 ppm, we would fre-
quently need to make additional measurements. When the ion level was far
from 5 ppm, we would determine this from the initial measurements. Figure
7 illustrates this analysis for general screening purposes graphically.
As can be seen in this graph, at the level of 10 ppm zinc, 100% of the number
of the "go-no go'" decisions were made correctly, while at the level slightly
above the 5 ppm decision level, 87% of the '"go-no go'" decisions as to water

potability were correct.

Conclusions

The ring oven can be used as a screening tool for zinc in natural
water with some success. Although greater error at higher ion concentrations
than at lower concentrations is demonstrated, it can be seen from the dis-
cussion in the preceding section that at the maximum ion concentration tested
(10 ppm Zn), the ring oven overwhelmingly places the level over the decision
level of 5 ppm. At levels near to, but above, the decision level (e.g., 7 ppm)
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TABLE 38. 'Distribution of Replicate Results Around
Decision Level for Zinc Qualifications Tests

Decision Concentration - 5 ppm

’ Sample Ton Concentration (ppm)
Ring Oven Results 1 3 5 7

Both Values > 51 0 4 T A
Bokh Values < 57 14 8 0 0
other (3 1 3 4 0

(l)The ion concentration is deemed unacceptable. (’

(2)
3)

The ion concentrations is deemed acceptable.

More measurement is required pbefore a decision can be made.

100,

3
1

P
% CORRECT GO-NO GO DECISIONS
2

1ppm 3 ppm 7 ppm 10 ppm
J: SAMPLE ION CONCENTRATION LEVEL

Figure 7. Percent Correct "Go-No Go" Decisions for

Zinc (Based on a decision concentration
of 5 ppm)
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a majority of the samplés are placed at levels above the decision concen-
tration. This majority could show an increase in a field situation by making
successive measurements on the same sample as discussed in Section 4.

One cause of low results in this test, such as those obtained on
well water at the 7 ppm and 10 ppm level by Operator 2, is over-application
of the reagent due to excessive spraying. This over-application, which
tends to obscure ring intensity, should prove easily correctable through
the use of meter sprays. These were investigated to a slight extent during
this program; however, lack of time and funds prevented further pursuance
of this item. Highly significant effects were shown for ion concentration,
reagent age and temperature; and for the interactions between color-
reagent age, reagent temperature-reagent age, ion concentration-reagent

age and ion concentration-reagent temperature.

5.1.3 Magnesium

The reagent selected for magnesium, p-nitrophenylazo-resorcinol
(Magneson) was originally evaluated over the concentration range of 10 to
5000 ppm magnesium. Standard values used to cover this range were 10, 100,
500, 1000, 2500 and 5000 ppm magnesium.

Procedure Adjustment

The separation procedure designed originally to eliminate iron,

chromium, copper, and mercury interference was considered unnecessary, because

if sufficient quantities of these metals are present to interfere with the
magnesium test, the water is unusable in any case. For example, 60 ppm iron
does not present an interference in the Mg test, and this is 200 times the
iron decision level of 0.3 ppm. Similarly, high levels of the other metals
are required before interference in the magnesium test occurs. In place

of the separation procedure, then, an acid wash was used. This resulted in
better-formed rings, aiding in quantitation. The procedure used for the
statistical evaluation of the ring oven procedure for magnesium is given in
Appendix C.

Operator Variabilty Tests

Using the standard values of 25, 125, 300, 500 and 1000 ppm magnesium,

twenty synthetic water samples were analyzed by each operator. The results
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are presented in Table 39. Five standards were used because some difficulty
had been encountered by the operators in differentiating between 300 and 500
ppm Mg during technique practice. As can be seen from the data in Table 38,
this proved to be the case in the analysis of the samples.

For this reason, the 300 ppm Mg standard was dropped, and the 20
unknowns were again analyzed using the ring oven technique. The results
are given in Table 40. Use of the four standard values of 25, 125, 500
and 1000 ppm Mg gave more satisfactory results. The data in Table 40 also
suggested that we cannot differeﬁtiate between 300 and 500 ppm (i.e.,
Samples No. B and H).

The values of 25, 125, 500 and 1000 ppm Mg were then submitted to
the Army for use as permanent standards. At the Army's request, Atlantic
Research performed limited laboratory work to narrow the range, at the same
time discarding the 125 ppm decision level in favor of the 150 ppm decision
level. Thus, the approved standards used for fractional factorial testing,
production of permanent standards, and qualifications testing were 50, 150,

300 and 500 ppm magnesium.

Fractional Factoriai Testing

The results of the magnesium fractional factorial tests are given
in Table 41. The sample content of the factors tested in each sample can
be obtained from Table 11,(p. 26). Figure 8 represents these results
graphically.

Tables 42(a), 42(b) and 42(c) give the statistical analysis of
these sample results. Table 42(a) shows that for the magnesium test, several
single factors (reagent temperature, reagent age, and ion concentration)
and one interaction (reagent age/ion concentration) show highly significant
effects, indicated by a double star beside the respective F values. This is
fairly well confirmed by the supplementary analysis performed for all ob-
servations as shown in Table 42(c). At the two individual ion concentrations
(the high and the low level), similar effects are observed. Table 43

summarizes these effects for all observations.
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TABLE 39. Operator Variability Tests - Magnesium, Run No. 1

Actual Mg Mg found, Mg found,
Concentration (ppm) Operator 1 (ppm) Operator 2 (ppm)

Blank Blank Blank

A
B
c
D
E
F
G
H
I
J
K
L
M
N
0
P
Q
R
S
T

Standards Used:

Decision Levels:

300
25
500
500
125
1000
300
125
25
125
300
125
25
125
1000
500
125
25
300

15 ul Samples

25-125-300-500-1000 ppm
125-150 ppm

125
<25
125
590
<25
1000
100
125
125
<25
125
100
<25
25
1000
1000
<25
<25
25

500
125
1000
1000
125
1000
100
125
<25
125
300
125
25
125
1000
500
25
125
500
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Sample

A
B
(¥
D
E
F
G
H
1
J
K
L
M
N
0
P
Q
R
S
T
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