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ABSTRACT

A STUDY OF ION PROFILES FOR
MAHONING RIVER SURFACE WATERS: 1963-1988

JANET EINFALT
MASTER OF SCIENCE

YOUNGSTOWN STATE UNIVERSITY

The Mahoning River in northeastern Ohio has become a reflection
of a population’s economic growth and decline with its significance in
envirommental studies warranted by its use and abuse through the past
decades. Chemical analyses of the river water and sediment throughout
the peak years of steel production and then through the years
following the industrial demise in the Mahoning Valley provide useful
information about the effects and consequences of uncontrolled human-
made pollution in a dynamic system such as a river. However, these
analyses have been sporadic and uncontrolled in that method
equivalency and standardizations have not been maintained.

Differences in testing though will always occur with constantly
improving technology. Ion analysis of water samples is especially
valuable in diagnosing a river’s condition in that both industrial and
municipal pollution can often be indicated with the determination of
ion concentrations. With the recent explosion in technology including
improvements in column efficiency and analysis time, ion
chromatography has become the tool of choice for a wide range of ion
analyses. For long-term, longitudinal envirommental studies which
involve repetitive work the advantages of using ion chromatography
over the traditional wet lab methods are tremendous. The project
presented in this paper involves the analysis of eight ions, five
anions and three cations, from Mahoning River surface water samples.
The procedure used in determining ion concentrations will demonstrate
the efficiency, speed and reliability of the ion chromatography
system. Results will be compared to previous data showing the value
of this method in water testing and the need for its permanent
incorporation into standard test procedures such as those dictated by
the U.S. Envirormental Protection Agency.
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CHAPTER 1

INTRODUCTTON

HISTORICAL PERSPECTIVE

The Mahoning River and Industry

The Mahoning River rises in northeasterly Chio near Alliance and
drains an area of 1,131 square miles of which 1,076 sq. miles are in
northeastern Chio and 55 sq. miles in western Pennsylvanial/2. It
flows from Alliance through Youngstown into Pennsylvania where it
joins the Shenango River below New Castle to form the Beaver River2.

The Mahoning River has been an area of focus for pollution
monitoring due to its key role in northeastern Ohio and Pennsylvania
industries. Heavy industries, such as steel and iron, have reliea on
an abundant flow of water nearby for the necessary process of cooling
but also as a convenient disposal site for unwanted substances and
waste. The Mahoning Valley region in northeastern Ohio has had a
varying history of success and decline in industry in the past decades
and is a reflection of the struggles the United States has had to face
in an increasing industrial and competitive world. These fluctuations
are, however, also an indication of the disastrous effects of pollu-
tion due to the commmnity’s self-interest and apathy toward the

envirorment as the Mahoning River received a notorious reputation as




containing anything but water. The vast number of industries
utilizing the river in the heyday of steel production is shown in
Figure 1. This map was part of a 1977 U.S. Envirommental Protection
Agency (EPA) study of wasteload allocation3.

Between Warren and Lowellville, Ohio, 25 miles of the Mahoning
- River was used by 15 major plants of 9 steel companies which operated
a total of 63 rolling mills. In addition, 35 other major industries
that included plastics, glass manufacturing and electrical industries

utilized the river2.

Studies of the Mahoning River

Several studies since the 1940s have focused on the quality of
water at sites along the Mahoning Riverl:2. The chemical and physical
properties of water include pH, temperature, and mineral and ion
concentrationsl. Ion concentrations are good indicators of the health
of the river and the extent of pollution. Sodium and potassium ions
occur naturally at low concentrations (> 15ppm) and in approximately
equal proportions with sodium increasing dramatically as pollution
increasesl. Ammonium is an indicator for municipal waste of
inadequately treated water as sewage treatment plants did not until
recently effectively remove ammonia from the water flow reentering the
river. Fluoride concentration in natural waters is usually very low;
readings around 1.0 ppm indicate fluoridation of public water
suppliesl. High nitrate concentrations show sewage contamination
since it is a product of the final stage of oxidation in the nitrogen
Cycle. Nitrate also originates from industrial processing wastes,

fertilizers and return drainage from irrigationl. Phosphate has long
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been the focus for damestic pollution with the use of products such as
detergents being linked to the death of fresh water aquatic life
through the overgrowth of algae with eutrophication. In unpolluted
fresh waters the total phosphate content as phosphorus from mineral
sources of phosphate is usually only fractions of 1 ppm?. Sulfate
concentration can indicate industrial pollution resulting from the
dumping of untreated sulfuric acid used in the pickling process of
steel2. It is also a sign of mine drainage as it is formed from the
oxidation of sulfidesl.

Probably the most significant indicator of pollution in river
waters is chloride concentration. In nonpolluted fresh waters the
concentration is normally in the range of a few ppm?. High levels
show sewage and industrial waste pollution as well as the high amounts
of CaCl; used to salt the city streets where thaws and rains wash the
salt into storm sewers connected directly to the Mahoning Riverl:2,
Industries use large amounts of hydrogen chloride in acid wash
processes with the chloride-filled waste dumped directly into the

river.

The Use of Ion Chromatography

The importance of ion determinations in a study of a water system
such as the Mahoning River is evident from the wide variety of infor-
mation that can be gathered from analyzing ion concentrations. In the
past ion analysis has been performed with traditional wet chemical
methods or techniques such as flame photametry which involve

individual ion determinations. For example, the 1974 EPA Methods

recommended determining potassium concentrations with a colorimetric




or flame photometric method, nitrate by a brucine colorimetric or
cadmium reduction method and chloride with a silver nitrate or
automated colorimetric-ferricyanide method®. To determine several
ions, such as those mentioned in the water studies, took tremendous
time and work since each ion required a unique method of analysis.

In 1975 with the publication of the article, "Novel Ion Exchange
Chromatographic Methods with Conductivity Detection," by Small,
Stevens and Bauman®, modern ion chromatography was born. The
significant development that this article presented was eluent-ion
suppression which eliminated the eluent conductance problem that had
been plaguing the use of conductivity detection. With the high
capacity ion—-exchange resins in use at that time, eluent electrolytes,
were very concentrated to allow shortened retention times. This
produced an overwhelming background signal in relation to the more
dilute sample. Eluent suppression dramatically lessened this
background allowing widespread use of conductivity detection for ion
analysis’?. Its applications now range from organic acids to
transition metals to oxyhalides and from such samples as toothpaste or
beer to polluted air8. Not only has the range of applications widened
but the ease and speed of analysis has increased due to improvements
in many components, such as the columns.

As a simple matrix a water sample can readily be analyzed by ion
chromatography, thus, applications to water pollution study should be
common. However, a lack of method equivalence to the published
methods of the EPA and the American Public Health Association/American

Water Works Association has stifled ion chromatography use8. Equiva-

lent methods should be used when doing studies which require following




the guidelines and regulations of these agencies®. But the EPA has
especially been indecisive in its choice of methods. In a 1979 EPA
manual ion chromatography is listed in test methods for inorganic
anions®. However, in another 1979 EPA manual, ion chromatography is
not mentioned in the test methods for inorganic normetallics where the
traditional wet lab procedures are detailedl?. The latest revision of
this manual, printed in 1983, also includes no ion chromatography
methodsll, As will be shown in the project for this paper, ion
chromatography is a practical and efficient method for ion analysis of
water samples in a pollution study and should be uniformly

incorporated into envirormmental analysis methods.

ION CHROMATOGRAPHY THEORY

Column Theory

Chromatography involves the separation of sample components due
to differences in the equilibrium distribution between two different
phases, the mobile and the stationary. Sample components mlgratem
the mobile phase through the chromatographic system with the velocity
of migration of a component dependent upon its equilibrium distri-
bution between the phases. A slower migration occurs for components
having distribution coefficients favoring the stationary phase
Ccompared to those favoring the mobile phase. Separation results from
different migration velocities due to the difference in equilibrium
distributionsl2.

Ion chromatography involves the separation and determination of

anions and cations using a liquid mobile phase and a porous resin bead




stationary phase packed into a column. Separation depends upon each

component’s unique affinity for the stationary phasel?. A
distribution coefficient, K, represents this affinity and is defined
as the equilibrium concentration of the component in the stationary

phase divided by its concentration in the mobile phase, orl3

K= (X)g / (X)m

Retention or the capacity factor, k’, is related to the time that
a component is retained on the separator column and is defined as the
number of column volumes needed to elute the componentl3. Thus,

retention can be expressed as
k! = (V1 = Vo) / Vo

where V; is the retention volume for the camponent and Vg is the void
volume. The ability to resolve the various camponents reflects the
efficiency of the column whereas the selectivity indicates the ratio
of column volumes required to elute two different peaks. The

selectivity is defined as
A = (Vp-Vg)/(V1-Vo) = k’2 / k/1 = Ky /Kp

where V; is the retention volume for component 1 and V, is the
retention volume for component 2. Selectivity is also related to the
Capacity factor and the distribution coefficient as the ratio of these

values for the two componentsl3.

WILLIAM F. MAAG LIBRARY
YOUNGSTOWN STATE UNIVERSITY




Column efficiency indicates the sharpness of peak bands and is

defined with N, the mumber of theoretical plates, as:

N =16 (ty/ wp)?2

where t, is the retention time and w, is the width of the peak at the
baseline. If the peak width is measured at half maximum, which gives

a more accurate value, for a Gaussian peakl3, then:

N = 5.54 (tr / w1/2)2 = (tr / wo.6)?

For expressing the length of colum required for one theoretical
plate, HETP or height equivalent per theoretical plate is utilized and

is defined as
HETP = L(ym) / N

where L equals the column length in millimeters. HETP can be affected
by several factors as shown in the following equation derived by van
Deemter,

HETP = Au®-33 + B/ u+ cu + Du

where u is the linear velocity of the mobile phase. Term A indicates
how the analyte is positioned in the column packing material; term B
shows the amount of analyte diffusion into the column pores; term C

shows the longitudinal diffusion of analyte into the eluent; term D




indicates the stationary phase diffusion. Of significance, though, is
the van Deemter equation’s implication that column efficiency
decreases as the flow rate or linear velocity of the eluent
increases13.

Resolution, R, or the degree of separation of two peaks is
illustrated in Figure 2 for peaks 1 and 2 where V is the retention
volume and w equals the width of the peak at the baselinel2.

Resolution is related to N,o<, and k’ as
R=1/4 Y2 [ec-1)4d [k7/kr+1)]
and accordingly to efficiency, selectivity, and capacity asl3

R = (efficiency)l/2(selectivity) (capacity)

The Ton Chromatograph and Modes
The basic components of an ion chromatograph include:

1. Eluent pump and liquid containers

2. Sample injection valve

3. Ion-exchange separating column

4. Suppressor column coupled to conductivity
detector, meter and output device

5. Regenerating pump with electronic timer

and control8.




Vo - V4
1/2(W1 + Wz)

R =

Figure 2,

10
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This set-up is divided into four modes, the delivery, separation,
detection and data, as illustrated in Figure 312. In the delivery,
the eluent pumping system pushes the eluting ions through the columns
and detector at a constant flow rate ranging typically from 0.7 to 4.0
mly/min. The problem of background noise can be reduced by the use of
pulse dampers though a mechanical pressure gauge also minimizes
pulsing by allowing continucus checking of the liquid "tightness" of
the other high pressure components 8. The sample injection valve,
which is another high-pressure component, is usually made from
chemically inert materials for suppressor-type ion chromatography
instruments. The sample is held in a fixed-volume Teflon loop and the
eluent stream is channeled through this loop during sample 'jnjection.
The sample and eluent then flow into the separator column which is
filled with a polymeric ion exchange resin® and comprises the
separator mode. For the analysis of inorganic ions a high performance
ion chromatography (HPIC) resin is preferred; the low capacity
pellicular ion exchange materials of this resin allow a separation
dominated by ion exchange. Polystyrene-based ion exchange resins are
produced through the copolymerization of styrene and divinylbenzene
(DVB) . The divinylbenzene allows crosslinking of polystyrene (PS)
chains together with the resulting rigidity enabling the material to
withstand the viscous forces generated by forcing the eluent through
the column. With greater crosslinking, the resin swells less in
liquid and less separation occurs. Thus, polystyrene comprises the
base of the resin bead and forms an inert hydrophobic core which is
then coated with ionic groups for the ionic exchange. For cations the

Core surface contains sulfonic acid groups covalently bonded to the
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copolymer as shown in Figure 412, For anions sulfonic groups are also
bonded to the core with small (0.1-10 jm) totally porous anion
exchange beads attached as shown in Figure 512. These beads are
aminated and held by coulambic forces and Van der Waals forces
resulting from the combined polystyrene-DVB matrix of the aminated
bead and the PS/DVB resin of the surface sulfonated substrateS.

In the mobilg phase, ions which are charged oppositely to the
surface ionic groups are in equilibrium with the resin as an ion pair.
Analyte ions in the eluent with the same ionic charge create an

equilibrium with the counterions as shown for both anion and cation

exchange12 -

Anion Exchange:

(Solute) ™ + (Eluent)~ *NR4-Resin == (Solute)~™ *NR4-Resin + (Eluent)~

Cation Exchange:
Mt + H' “03S-Resin &= Mt “03S-Resin + H*

Mt = Solute Cation

The chromatographic eluent is typically HOO3~ for anion exchange and
HY for cation exchange. The equilibrium established during anion

exchange can be expressed asl2

Resin Solute Eluent

K = (RgNt X7) (HOD3™) / (RgN' HOO3™) (X7)
Resin Eluent Solute
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The distribution coefficient, K, affects retention time in that a
higher value shows a stronger ionic solute interaction with the ion
exchanger and thus, a longer retention time. The distribution
coefficient is in turn affected by several factors including the
charge and size of the analyte ionsl2. Generally, the greater the
valence of the ion, the greater the affinity for the ion exchange
site; thus, monovalents typically elute before divalents. Similarly,
for ions with the same valence, the greater the ionic radius, the more
attraction for an ion exchange site. Thus, the halides will elute in
the order of increasing ionic size, F~, C1~, Br~ then I~ 12,

The anion eluent commonly used for HPIC is a bicarbonate-
carbonate mixture. The advantages include ready separation of both
mono- and divalent anions, easy manipulation of eluent strength by
changing the HOD3™/0032~ ratio, and the availability and low cost of
the carbonate salts. Monovalent cations are typically eluted with
dilute HCl solutions while divalent cations require a divalent eluting
ionl2,

After separation the effluent flows into the detection mode,
which, when a conductivity detector is used, includes a preceding
suppressor column. Conductivity detection is still the most widely
used mode, with high sensitivity and selectivity, a wide linear
dynamic range and ease of operation making it the "workhorse" of ion
chromatography detectionl2. Conductivity is effective when detecting
ions with a PKg or pKp less than 7; after flowing through the
Suppressor column, ions with values greater than 7 form weak acids and
bases with low conductivityl2.

A suppressor column is used to lower the background conductivity
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of the eluent which contains highly conductive species, hydrogen ions
in cation exchange and carbonate ions in anion exchange. Also, the
suppressor converts solute ions to their acid and hydroxide forms.
Thus, detection sensitivity is increased with decreased eluent and
increased solute conductivity due to the high mobilities of H' and OH™
in water. With a bicarbonate/carbonate eluent, reactions in the anion

suppressor arel?:

2(Ht-Resin) + Nay003 —> 2(Nat-Resin) + HyC03
(H*-Resin) + NaHCO3 —> (Na*-Resin) + Hy003

(H'-Resin) + Cation-X"—s (Cation-Resin) + HYX™

The eluent ions have been converted to the weakly dissociated acid
HyCO3 due to the constant inflow of H' ions from the regenerant
solutionl4. With an HCl eluent, reactions in the cation suppressor
are

HCl + Resin-OH —> Resin—Cl + H0

MtC1~ + Resin-OH —> Resin-Cl + MYOH™

The high conductivity of the HCl eluent ions is eliminated with the
formation of water with the constant supply of hydroxide ions from the
regenerant solution and the affinity of chloride to the resinl2. 1In
eéssence, the suppressor colum is the counter camponent to the
Separator column. For anion exchange, the suppressor is basically a
cation exchange colum; for cation exchange, the suppressor is an
anion exchange column.

The first suppressor colums for ion chraomatography were of a




packed-bed type, though such drawbacks as off-line regeneration and
band-broadening due to diffusion into the pores by weak acid analytes
(e.g. HNO;) created a less—ﬂuan-idéal system!3. The introduction of
fiber suppressors allowed continuous regeneration of the column and
eliminated the "water dip" problem which occurs as packed-bed
suppressors become expended and the water dip moves forward in
retention timel4. However, fiber suppressors have a limited ion
exchange capacity and cannot suppress more concentrated eluents
resulting in the necessity of an almost exclusive use of the
bicarbonate/carbonate eluentl3. Micromembrane suppressors (MMS),
which were introduced in 1985, eliminated these drawbacks with the
high ion exchange capacity of the packed-bed suppressor and the
continuous regeneration capability of the fiber suppressor. Both the
fiber suppressor and the MMS contain semipermeable membranes with the
regenerant flowing countercurrent to the eluent. For cation analysis,
hydroxide ions from the regenerant exchange with the chloride ions of
the eluent while the cations are unable to pass through the membrane.
For anion analysis, hydrogen ions exchange with sodium and other
cations through the membrane while the anions are excluded from
passage. The MMS uses variously sized ion exchange screens: a fine
screen for the eluent which minimizes the void volume and analyte
dispersion and a coarse screen for the regenerant which allows the
nNeeded ion exchange capacity and regenerant flow. These screens and
ion exchange menbranes are stacked and laminated together with the
resulting close contact allowing a high exchange capacityl3.

After the suppressor column the effluent enters the conductivity

cell which contains two oppositely charged electrodes separated by the

17
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effluent flowl2. Detection is based upon the measurement of
electrical conductance in microsiemens, pS, between the electrodes
resulting from the ions in solution. For low concentrations
conductivity is directly proportional to the concentration of the ions
in solution with such factors as the total ionic concentration and the
temperature of the solution affecting this linearity. For weak
electrolytes the degree of dissociation reflects the fraction of total
solute available for carrying electrical current. Deviations in
detector linearity occur at higher concentrations due to a decrease in
the ratio of ionized to non-ionized species. For strong electrolytes
which are completely dissociated in solution (at infinite dilutions),
ionic mobility affects detection linearity. Higher concentrations of
a strong electrolyte lessen the ionic mobility in solution and thus,
conductivity is decreasedl2. For ion chromatography analysis, the
linear range is usually between 0.05 and 100 or 200 ppm8. Temperature
also affects conductivity as an increase causes an increase in ion
conductance. Temperature variations can be accounted for by the
normalization of conductivities to 25°C; chromatographs are often
equipped with temperature compensation deviceslS.

After the analytes have been detected, the resulting data is
easily handled through electronic integration as detector output is
sent directly to an integrator which measures peak area or height and
retention time. These results can be be displayed on a recorder or
Computer screen for rapid interpretation. With standardized
conditions, both qualitative information from retention times and
Quantitative results from peak area or height as compared to known

Concentrations can be readily obtained12.
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CHAPTER 2

MATERTATS AND METHODS

MATERTATS AND APPARATUS

Solvents and Reagents

For the anion eluent solid Nay(C03 and NaHOO3 were used. For the
cation eluent double distilled HC1 (6 M) was used as well as DIL~2,3-
diaminopropionic acid monohydrochloride (DAP.HCl). For the anion
regenerant double-distilled H;SO4 was used. For the cation. regenerant
tetrabutylammonium hydroxide (TBAOH, 55% solution) obtained from
Southwestern Analytical Chemicals in Austin,Texas was used. All
dilutions, preparations and cleaning of glassware were done with

ultrapure deionized water.

Samples

All water samples were collected by the Youngstown State Univer-
sity Civil Engineering Department under the supervision of Dr. Scott
Martin. The samples were collected at five dates: July 13, August 4,
August 30, September 29, and November 3, 1988. Six collection sites
were used:
1. Lowellville Bridge, Washington Avenue

in ILowellville
2. Bridge Street in Struthers

3. Cedar Street in Youngstown
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4. McKinley Street in MacDonald
5. Main Avenue in Warren

6. ILeavitt Road in ILeavittsburg

Sample numbers corresponded to the order as listed above. These sites
are shown in Figure 616. samples were collected by the Wildco method
using a Grab cup which was lowered in the river just below the surface
of the water. These surface water samples are considered to be at 0
feet in depth. The samples were then stored in plastic bottles and

refrigerated at approximately 49C after collection.

Apparatus

The Dionex 2000i/SP ion chromatograph system was used. A diagram
of the interior of a Dionex chromatography module is shown in Figure
717, Detailed instructions from the Dionex Corpofation for the
operation of the system were followedl’. For the separator columns a
HPIC FAST SEP CATION 1 column and a HPIC FAST SEP ANION 1 column were
installed according to instructionsl8/1°2, These columns were designed
for rapid determinations of alkali metals and alkaline earths for
cations and mono- and divalent anionsl9. However, specifications of
the resin structure for the columns were unavailable from the
manufacturer, the Dionex Corp. The runs were extremely fast compared
to the previously used cation and anion columns which were the HPIC-
CS1 and HPIC-AS4, respectively. Twelve min runs were reduced to 2.5-
3.0 min with the new colums; the savings in time were immense and
resolution of the peaks was consistently good.

A conductivity detector was integrated into the system.
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Temperature compensation which eliminated baseline variations caused
by temperature changes of the solution was accomplished with a
temperature compensation select switch which was user-controlled20,
An auto-offset was used to zero the detector output to avoid negative
signals which some computers will not accept. The conductivity cell
contained two passivated 316 stainless steel electrodes which were
sealed into the cell. The cell had an active volume of 1.5 pL. The
detector cell output was shown in a range 0.0 to 10,000 pS and with a
sensitivity of 0.001 us20.

A schematic of the module’s analytical system with conductivity
detection is shown in Figure 817. According to the type of analysis,
cation or anion, one of the eluents was directed to the pump by the
eluent valve. It then flowed to the injection valve where a sample
had been loaded into the sample port. The sample was injected into
the eluent flow with a flip of the LOAD/INJECT toggle switch. Eluent
and sample were then sent through a separator column and fiber
suppressor which had been set by a COIUMN valve for "anion" or
"cation". Then the effluent flowed into the detector cell for
conductivity measurement.

The central component of this system was the computer which
communicated through a pre-made program and collected all output. The
Computer controlled the sequence of the runs as well as the
interpretation of data. The peaks from the resulting chromatograms .
Were analyzed for peak height and area for the corresponding retention
times.

Typical chromatograms for the cation and anion analyses are shown

in Figures 9-10. Specific ions were identified by retention times

23
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with the order of retention used as a quide. For example, in Figure
9, cations were retained on the column in the order lithium, sodium,
ammonium and potassium, from least to longest retention times. Reten-
tion times may vary with the conditions of the run, but this order was
consistently followed. In Figure 10, the anions were retained as
fluoride, chloride, nitrate, phosphate (in its monohydrogen form) and
sulfate, from least to longest retention times. With good peak
separation occurring in most analyses the specific retention time of
each ion was not as crucial for identifying species as its position
compared to the other ions. The positions of standard anion and
cation peaks where the species were known was also helpful in quick

identification.
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EXPERTMENTAL METHODS

Preparation of Eluents
For the anion eluent sodium carbonate, Nay;C03, and sodium

bicarbonate, NaHOD3, were used. For the recommended concentrations of
2mM NayO03 and 0.15mM NaHOO3 as instructed by Dionex Corp.2l, for each
liter of eluent prepared, 0.212 g Nap(003 and 0.0126 g NaHCO3 were
weighed out, dissolved, and diluted with deionized water. This
solution was used in all runs except the last (samples dated 11-3-88)
where the concentration was changed due to problems with the anion
separator column. The column was altered by an unknown cause or
accident with the resulting chromatograms showing poor resolution.
With the change in column character a new anion eluent concentration
was needed to give adequate peak separation since the ions were
eluting through the column too fast. Dilutions of 10, 15 and 20 % of
the original concentration were tested with 20 % dilution giving good
peak separation. For 20 % dilution, 0.170 g Nay(03 and 0.0101 g
NaHCO3 were weighed out for each liter of solution to prepare a 1.6 mM
NapQ03; / 0.12 mM NaHCO3 eluent. These concentrations were used only
for the 11-3-88 samples and some highly concentrated chloride samples
which were diluted by a factor of 20.

The cation eluent was prepared as follows: 3.33 mL of 6 M HC1 |
Was micropipetted and 0.04217 g of DAP.HCl weighed out for each liter
of solution made with deionized water used for dilution, thus

resulting in a 20 mM HC1 / 0.3 mM DAP.HCl eluent as recommended by the
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Dionex Corporation?2. These eluent concentrations were used for all

cation analyses.

Preparation of Regenerants

The anion regenerant consisted of 0.7 mL of concentrated (16M)
HySO4 per liter of solution with deionized water used for dilution.
This 11.2 mM solution was used in all anion analyses as recommended by
the Dionex instructions2l.

The cation regenerant for samples dated 7-13-88, 8-4-88 and
8-30-88 consisted of tetramethylammonium hydroxide (TMACH) in a 0.1 M
solution. Tetrabutylammonium hydroxide (TBAOH) replaced TMACH in the
0.1 M solutionl8 for the 9-29-88 and 11-3-88 samples after the Dionex
Corp. cited certain advantages with the use of TBAOH including lower
background conductivity due to less diffussion through the suppressor
membrane of the larger sized TBAOH molecules?3. The 0.1 M solution
was prepared by diluting 48.54 mL of the stock TBAOH (2.06M) with

deionized water per liter of regenerant.

Preparation of Standards
Standards for cations and anions were prepared from stock

solutions of 1000 ppm except for potassium (10,000 ppm). Three
standards for each ion were prepared with concentrations based on the
expected range of sample values. The concentrations of the six anion
and cation standard solutions for the eight ions are shown in the
Table 1.

Since only 100 mL of each standard solution was prepared, micro-

Pipettes were used for measuring the volumes of stock solutions to



Table 1. Anion and Cation Standards

ANION STANDARDS (ppm)

30

ION # 1 # 2 # 3
Fluoride 1.0 2.0 4.0
Chloride 1.5 3.0 6.0
Nitrate 5.0 10.0 20.0
Phosphate 7.8 15.0 30.0
Sulfate 7.5 15.0 22.5

CATION STANDARDS (ppm)

ION # 1 # 2 . # 3
Sodium 12.5 25.0 3Z...5
Ammonium 1.0 2.0 3.0
Potassium 4.0 8.0 12.0
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ensure accuracy. Thus, for a concentration of 1 ppm fluoride in the
anion standard #1, 100 uL of the 1000 ppm stock solution was micro-
pipetted to a 100 mL flask and after the addition of the other stock
solutions, the mixture was diluted to 100 mL with deionized water.
These standard solutions were used for all analyses. They were stored
in plastic bottles to prevent loss of ions from the solution and were

kept in a refrigerator except during analysis.

Preparation of Samples

Sample preparation was accomplished by the YSU Civil Engineering
Department under the supervision of Dr. Martin. After collection, the
water samples were filtered in a two-step process: first, through a
Fisher G-4 glass fiber-filter with an effective pore size of
approximately 1.0 pm; then, through a Gelman GA-6 membrane with a pore
size equalling 0.45 pm. The samples were then ready for analysis.
Like the standards the samples were stored in a refrigerator when not
being analyzed, in plastic bottles to prevent loss of ions. ‘Sarrple
filtration is a crucial step before analysis with ion chromatography
in that potentially damaging substances which can clog and destroy the
column are eliminated from the water sample before it is injected into

the IC column.

Ion chromatography Method

Instructions for the 2000i/SP Dionex system from the company were
followed for the operation of the chromatograph module and computer
data acquisition programl?. The flow rate of the eluent for all cation

and anion analyses was kept at approximately 2 mL / min though this
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was crudely measured since no flow rate device existed on the
instrument. However, for each set of runs of standards and samples
the flow rate was assumed to be constant. Pump pressure was kept at
approximately 800 psi (5.5 MPa) for all analyses though this reading
fluctuated in a range between 650-900 psi (4.5-6.0 MPa). Samples
dated 7-13-88, 8-4-88 and 8-30-88 were analyzed using a 50 AL
injection loop for both cations and anions. When TBAOH replaced TMAOH
for the cation regenerant detection became more sensitive and the
standard and sample peaks for sodium showed column saturation. A 20
ML loop was then used with the resulting sodium peaks for the
standards within range. A 20 pL loop was then used for all subsequent
analyses. An open-tipped syringe was used for injection of all
standards and samples, with deionized water used for rinsing the
syringe between injections.

The instrument was run through a warm—-up period of at least 30
minutes to allow the system to equilibrate. For a cation or anion run
each of the three standards was analyzed three times with computer
printouts of the resulting peak heights and peak areas checked. After
linearity of the standards with respect to concentration versus peak
height was established, each sample was analyzed twice with addi-
tional runs done if the peak heights were grossly different.

Valid analysis of the ions can occur only if sample concentra-
tions are within a reasonable range for interpretation, which in this
Project is within the range of the standard concentrations. Dilution
became necessary for all samples in both cation and anion analysis due
to the tremendous variation in ion concentration for the eight

Species. Thus, each sample was analyzed four times —— once in its
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undiluted form for cations, then for anions, then diluted for cations,
then diluted for anions. Sodium sample concentrations were
consistently higher than the highest standard (37.5 ppm) so all raw
sodium peak data reflect dilution by a factor of four. Chloride and
sulfate sample concentrations were also repeatedly higher than
acceptable so dilution by a factor of ten was used. However, for
samples dated 11-3-88 and several highly concentrated chloride (> 6
ppm) samples from the other collection dates dilution by a factor of
20 was necessary for analysis. Dilutions were prepared with deionized
Hy0. For a 4-fold dilution, 2.5 mL of sample was mixed with 7.5 mL
Hy0; for a 10-fold dilution, 1 mL of sample with 9 mL Hy0; for a 20-
fold dilution, 1 mL of sample with 19 mL Hy0. All dilutions were done
in sterile, disposable cups with the mixture swirled. The diluted
samples were then injected and run identically to the undiluted
samples.

All resulting chromatograms were examined for straight baselines
to ensure validity of the data. Baseline corrections were done with
the system’s computer by manipulation of the parameters for analysis.
For the anions undiluted samples tended to give horizontal baselines
with no correction needed after the initial run. Diluted samples,
however, gave enormous slanting negative peaks at the injection point
with baseline correction often needed. This slanting baseline is
shown in Figure 11. The emergence of the fluoride and chloride peaks
with the injection point is a consequence of the fast separator column
used and the significant difference in conductivity between the eluent
and the diluted sample which causes the deep injection point. A

Temedy to this problem would be the use of a slower column which would
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separate the fluoride and chloride peaks from the injection point but
would also increase the run time. The advantage of the 2.5 min run
time far outweighs the inconvenience of baseline correction for
diluted samples. For the cations both undiluted and diluted sample
chromatograms needed few baseline corrections due to the longer
retention times and greater separation of the peaks from the injection
point.

Typical chromatograms for both anion and cation standards and

samples are shown in Figures 12-21.
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Figure 13. Chromatogram for Cation Standard #2.
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Figure 14, Chromatogram for Cation Standard #3,
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Figure 15. Chromatogram for Cations in Undiluted Sample.
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Figure 16, Chromatogram for Cations in Diluted Sample.
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Figure 18, Chromatogram for Anion Standard #2.
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Figure 19. Chromatogram for Anion Standard #3.
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Figure 20, Chromatogram for Anions in Undiluted Sample.
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Figure 21. Chromatogram for Anions in Diluted (10&3 Samg}e.
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CHAPTER 3

RESULTS AND DISCUSSION

DATA HANDLING

Peak height and peak area data were available for each
chromatogram recorded. With a comparison of calibration curves of
concentration versus area or height for several ions, linearity was
observed in both cases. Peak height was chosen for all analyses due
to the ease of working with smaller numbers.

Peak heights for the three runs of each standard and for the two
runs of each sample were averaged with typical results for the eight
ions tabulated on data sheets as shown in Figures 22-23. A calibra-
tion curve of concentration versus peak height was prepared for each
ion for each date that analysis was done. A computer graphics
program, ENERGRAPHICS, was used24. Typical examples of the
calibration curves for the eight ions are shown in Figures 24-31.
Assuming zero conductance at zero concentration, linearity is expected
according to Kohlrausch’s law which states, "In a dilute solution
containing a mixture of electrolytes, the specific conductance is
Proportional to the sum over all ions of the equivalent conductance of
each ion multiplied by its normality"l5. As shown in the calibration
Curves linearity was consistently achieved for the standards. For

€ach calibration curve the regression formula was also computed by the

46
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Figure 22. Typical Cation Data Sheet.
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Figure 23. Typical Anion Data Sheet.
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N.R. = No Reading .
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ENERGRAPHICS program and used in the determination of sample concen-
tration.

For ease and clarity in raw data handling a tailor-made computer
program for calculation of sample concentrations was prepared and
entered into BASIC25. A listing of this program is shown in Appendix
A. The peak height averages for samples were then fed into the
program with the resulting sample concentrations listed in a printout.
Typical examples for the ions are shown in Figures 32-38. A modified
program was used to handle data reflecting 10-fold dilution for
chloride and sulfate determinations and 20-fold dilution for chloride.
These program variations are listed in Appendices B and C. Typical
results are shown in Figure 39. This approach of using three
different programs proved to be messy and somewhat confusing but
occurred as an add-on result of the redoing of chloride samples. The
original program included adjustments in concentration calculations
for the 4-fold dilution for sodium and the 10-fold dilution for
chloride and sulfate. The modified programs are the result of same
samples in a batch being diluted 10-fold and others requiring 20-fold
dilution. In the future this cumbersaome approach could be avoided by
better preparation of the entire analysis and an understanding of the
wide range of chloride concentrations to be determined. The
concentrations for the seven other ions were readily determined by the
original program.

These results for sample concentration were then tabulated using
the computer program IOTUS 1-2-326, For each of the eight ions the
Calculated concentrations for the five collection dates at the six

Sites are shown in Tables 2-9. Collection sites correspond to sample
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Figure 32. Printout for Sodium Determinations.
CONCENTRATIONS OF SODIUM FOR 9-29-88 SAMPLES DETERMINED BY ION CHROMATOGRAPHY

CONCENTRATIONS HAVE BEEN CORRECTED FOR AND PEAK HEIGHTS REFLECT SAMPLE DILUTION
BY A FACTOR OF 4

THE ‘REGRESSION FORMULA IS Y = ,0034 + .2863177 X

SAMPLE NUMBER PEAK HEIGHT (E+ § ) CONCENTRATION (PPM)
g 3.44418 48.06941.
2 3.4062 47.53881
3 2.90886 40.60469
4 2.74818 38.34594
5 2.30992 32.22323
6 2.09177 29.17557

Figure 33. Printout for Amnonium Deterrinations.
CONCENTRATIONS OF AMMONIUM FOR 11-3-88 SAMPLES DETERMINED BY ION CHROMATOGRAPHY

THE REGRESSION FORMULA IS Y = ,09133 + .9847285 X

SAMPLE NUMBER PEAK HEIGHT (E+ 4 ) CONCENTRATION (PPM)

1 ‘ 1.6626 1.595638
2 1.6904 1.623869
3 1.2459 1.172476
4 Ty ok 2.5292 2.475677
[] 0.0000 NO DETECTION

6 0.0000 NO "DETECTION
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Figure 34. Printout for Potassium Determinations’,
CONCENTRATIONS OF POTASSIUM FOR 9-29-88 SAMPLES DETERMINED BY ION CHROMATOGRAPHY

THE REGRESSION FORMULA IS Y = -,00383 + 1.389242 X

SAMPLE NUMBER PEAK HEIGHT (E+ 4 ) CONCENTRATION (PPM)
1 9.6368 6.939489
2 9.4922 6.835404
3 8.783 6.324909
4 8.208 5.911015
5 6.4939 4.677176

6 6.165 4.440429
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Figure 35. Printout for Fluoride Determinations.
CONCENTRATIONS OF FLUORIDE FOR 7-13-88 SAMPLES DETERMINED BY ION CHROMATOGRAPHY

THE REGRESSION FORMULA IS Y = -,62558 + 7.590461 X

SAMPLE NUMBER

PEAK HEIGHT (E+ 4 )

CONCENTRATION (PPM)

1 3.695 3692118
2 3.9176 . .5985382 _
3 2.9946 .4769382
4 2.926 4679008
5 1.8451 .3254981
6 1.6255 .296567

Figure 36. Printout for Nitrate Determinations.

CONCENTRATIONS OF NITRATE FOR 9-29-88 SAMPLES DETERMINED BY ION CHROMATOGRAPHY

THE REGRESSION FORMULA IS Y = -,14586 +

1.404752 X

SAMPLE NUMBER

PEAK HEIGHT (E+ 4 )

CONCENTRATION (PPM)

1 19.2402 13.80034
2 16.5564 11.88983
3 8.5808 6.212241
4 7.7228 5.601457

<N J 5 2.2226 1.686034
6 3.165

2.356899
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Figure 37. Printout for sulfate Determinations.
CONCENTRATIONS OF SULFATE FOR 11-3-88 SAMPLES DETERMINED BY ION CHROMATOGRAPHY

CONCENTRATIONS HAVE BEEN CORRECTED FOR AND PEAK HEIGHTS REFLECT SAMPLE DILUTION
BY A FACTOR OF 10 ¥ y

THE REGRESSION FORMULA IS Y = -.75891 + 1.369832 X

SAMPLE NUMBER PEAK HEIGHT (E+ 4 ) CONCENTRATION (PPM)

4 16.1344 ‘ 123.324

2 14.6634 112.5854

3 14.2236 109.3748
N 4 14.4772 111.2261 :
------ s 14.3118 110.0165

6 12.3496 55.69428

Figure 38. Printout for Pnosphate Deterninztions.
CONCENTRATIONS OF PHOSPHATE FOR 9-29-88 SAMPLES DETERMINED BY ION CHEROMATOGRAPHY

THE REGRESSION FORMULA IS Y = .042 + .7155695 X

SAMPLE NUMBER PEAK HEIGHT (E+ 4 ) CONCENTRATION (PPM)
1 1.7497 2.386491
2 1.3842 1.875709
3 .3931 _ .4906582
4 .3339 .4079269
5 .034 NO DETECTION

6 3 .0246 NO DETECTION
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Figure 39. Printouts for Chloride Determinations.
CONCENTRATIONS OF CHLORIDE FOR 8-4-88 SAMPLES DETERMINED BY ION CHROMATOGRAPHY

CONCENTRATIONS HAVE BEEN CORRECTED FOR AND PEAK HEIGHTS REFLECT SAMPLE DILUTION
BY A FACTOR OF 20 (INDICATED BY *) OR 10

THE REGRESSION FORMULA IS Y = -.785 + 6.066868 X

SAMPLE NUMBER PEAK HEIGHT (E+ 4 ) CONCENTRATION (PFM)
1 = ..
2 =
o E-=
4 *
L] 29.4286 49.80099
6 28.2732 47.89658

CONCENTRATIONS OF CHLORIDE FOR 8-4-88 SAMPLES DETERMINED BY ION CHROMATOGRAPHY

CONCENTRATIONS HAVE BEEN CORRECTED FOR AND PEAK HEIGHTS REFLECT SAMPLE DILUTION
BY A FACTOR OF 20 (INDICATED BY *) OR 10

THE REGRESSION FORMULA IS Y = -.785 + 6.066868 X

SAMPLE NUMBER PEAK HEIGHT (E+ ¢ ) CONCENTRATION (PPM)
3 13.7025 59.96975
2 » 13.8925 60.75762
3 * © 13,2691 58.17258
4 = 13.3348 58.44501
_--—_—; ------------ 29.4286 2 49.30099

6 28.2732 47.89655




Table 2.

SODIUM CONCENTRATIONS IN PPM

SAMPLE DATE

SITE 7-13-88 8-4-88 8-30-88 9-29-88 11-3-88 MEAN
LOWELLVILLE BRIDGE,
WASHINGTON AVE. 44.35 46.00 38.35 48 .07 57.78 46.91
BRIDGE STREET,
STRUTHERS 42 .44 44.68 40.49 47.54 58.16 46.66
CEDAR STREET,
YOUNGSTOWN 35.19 40.62 37.61 40.60 51.28 41.06
McKINLEY STREET,
McDONALD 36.74 38.49 36.18 38.35 46.39 39.23
MAIN AVENUE,
WARREN 34.70 30.10 33.17 32.22 37.42 33.52
LEAVITT ROAD,
LEAVITTSBURG 27.86 28.63 31.24 29.18 33.53 30.09

.33

.21

.50

.69

.45

€9
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Table 3,

AMMONIUM CONCENTRATION IN PPM

SAMPLE DATE

SITE 7-13-88 8-4-88 8-30-88 9-29-88 11-3-88 MEAN S.D.
LOWELLVILLE BRIDGE,
WASHINGTON AVE. 0.814 1.061 0.714 0.002 1.596 0.837 0.517
BRIDGE STREET,
STRUTHERS 0.992 1.248 0.790 N.D 1.624 0.931 0.542
CEDAR STREET,
YOUNGSTOWN 0.647 0.888 0.527 N.D 1.172 0.647 0.392
McKINLEY STREET,
McDONALD 0.907 0.167 0.621 0.617 2.476 0.957 0.795
MAIN AVENUE,
WARREN N.D N.D N.D N.D N.D 0.000 0.000
LEAVITT ROAD,
LEAVITTSBURG 0.292 0.184 0.144 N.D N.D 0.124 0.112

9




Table 4.

POTASSIUM CONCENTRATIONS IN PPM

SAMPLE DATE

SITE 7-13-88 8-4-88 8-30-88 9-29-88 11-3-88 MEAN S.D.
LOWELLVILLE BRIDGE,
WASHINGTON AVE. 6.66 7.90 5.30 .94 7.82 6.92 0.94
BRIDGE STREET,
STRUTHERS 6.49 7.517 5.35 .84 8.34 6.92 1.01
CEDAR STREET,
YOUNGSTOWN 5.67 8.35 5.53 .32 7.30 6.64 1.06
McKINLEY STREET,
McDONALD 5.55 7.78 5.20 .91 7.65 6.42 1.08
MAIN AVENUE,
WARREN 5.01 5.10 4.55 .68 5.31 4.93 0.28
LEAVITT ROAD,
LEAVITTSBURG 4.40 4.84 4.09 .44 5.07 4.57 0.34

|
U

S99




Table 5 .

FLUORIDE CONCENTRATIONS IN PPM

SAMPLE DATE

SITE 7-13-88 8-4-88 8-30-88 9-29-88 11-3-88 MEAN S.D.
LOWELLVILLE BRIDGE,
WASHINGTON AVE. 0.569 0.561 0.467 0.581 0.761 0.589 0.096
BRIDGE STREET, :
STRUTHERS 0.599 0.542 0.481 0.552 0.792 0.593 0.106
CEDAR STREET,
YOUNGSTOWN 0.477 0.487 0.415 0.520 0.698 0.519 0.095
McKINLEY STREET,
McDONALD 0.468 0.432 0.412 0.472 0.679 0.493 0.096
MAIN AVENUE,
WARREN 0.325 0.281 " 0.324 0.344 0.457 0.346 0.059
LEAVITT ROAD,
LEAVITTSBURG 0.297 0.270 0.304 0.319 0.447 0.327 0.062
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Table 6.

CHLORIDE CONCENTRATION IN PPM

SAMPLE DATE

SITE 7-13-88 8-4-88 8-30-88 9-29-88 11-3-88 MEAN S.D.
LOWELLVILLE BRIDGE,
WASHINGTON AVE. 63.24 59.97 58.64 62.98 83.83 65.73 9.22
BRIDGE STREET,
STRUTHERS 60.45 60.76 53.17 60.99 81.01 63.28 9.34
CEDAR STREET,
YOUNGSTOWN 52.93 58.17 59.99 61.98 83.79 63.37 10.64
McKINLEY STREET,
McDONALD 56.09 58.45 50.00 61.11 71.47 59.42 7.05
MAIN AVENUE,
WARREN 57.10 49.80 50.73 51.12 53.20 52.39 2.61
LEAVITT ROAD,
LEAVITTSBURG 46.98 47.90 44.72 47.66 47.19 46.89 1.13

L9



Table 7.

NITRATE CONCENTRATIONS IN PPM

SAMPLE DATE

SITE 7-13-88 8-4-88 8-30-88 9-29-88 11-3-88 MEAN .D.
LOWELLVILLE BRIDGE,
WASHINGTON AVE. 10.64 9.92 8.59 13.80 15.80 11.75 .65
BRIDGE STREET,
STRUTHERS 9.88 8.74 7.87 11.89 16.10 10.90 .93
CEDAR STREET,
YOUNGSTOWN 6.47 6.96 5.04 6.21 6.95 6.33 .70
McKINLEY STREET,
McDONALD 5.35 4.82 3.96 5.60 4.61 4.87 .58
MAIN AVENUE,
WARREN 5.73 2.95 2.23 1.69 1.79 2.87 .49
LEAVITT ROAD,
LEAVITTSBURG 2.68 1.89 2.317 2.36 2.17 2.29 .26

89




Table 8,

PHOSPHATE CONC.
SAMPLE DATE

(PPM)

SITE 7-13-88 8-4-88 8-30-88 9-29-88 11-3-88 MEAN STD
LOWELLVILLE BRIDGE, :
WASHINGTON AVE 1.57 1.95 N.D 2.39 2.10 1.60 0.84
BRIDGE STREET,

STRUTHERS 1.25 1.46 N.D 1.88 1.90 1.30 0.69

CEDAR STREET,

YOUNGSTOWN 0.55 0.11 29 0.49 1.00 0.49 0.30

McKINLEY STREET,

McDONALD 0.52 0.08 N.D 0.41 1.11 0.42 0.40

MAIN AVE.,

WARREN N.D N.D. N.D N.D. N.D. 0.00 0.00

LEAVITT ROAD,

LEAVITTSBURG N.D. N.D. N.D. N.D N.D. 0.00 0.00
B
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Table 9.

SULFATE CONC.

(PPM)

SAMPLE DATE

SITE 7-13-88 8-4-88 8-30-88 9-29-88 11-3-88 MEAN STD
LOWELLVILLE BRIDGE,
WASHINGTON AVE. 94.27 102.94 81.96 110.94 123.32 102.69 14.10
BRIDGE STREET,
STRUTHERS 106.15 93.26 89.42 98.89 112.59 100.06 8.42
CEDAR STREET,
YOUNGSTOWN 88.32 86.42 91.74 92.95 109.37 93.76 8.15
McKINLEY STREET, .
McDONALD 79.75 83.59 97.96 87.85 111.23 92.08 11.34
MAIN AVE.,
WARREN 79.77 81.53 87.59 85.70 110.02 88.92 10.91
LEAVITT ROAD,
LEAVITTSBURG 75.59 77.19 84.73 11 .31 95.69 82.10 7.50
- T,

oL
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numbers from the data sheets in order, for example, Lowellville
Bridge, Washington Ave. is the site for sample # 1 as Leavitt Road,
Leavittsburg is the site of sample # 6. The mean and standard
deviation of the five dates for each site are also shown and were
calculated with the IOTUS program. For the ion profiles new tables
were prepared using the concentration means and standard deviations
with the river miles for each site. These results are shown in Tables
10-17. The number of river miles is the distance from the collection
site to the mouth of the Mahoning River which is where it meets the
Shenango River. Thus, the further upstream the site, the greater the
river miles. The river mile figures were determined by Dean Morgan in
the YSU Biology Dept.

The SIGMAPIOT computer graphics program?’ was used to prepare
graphs of river miles versus ion concentration for each of the eight
ions. The source of data for the plots is from Tables 10-17 where
files were created to transfer from the IOTUS to the SIGMAPLOT pro-
gram. These ion profile graphs are shown in Figures 40-47. In addi-
tion to data collected in the project, data from previous Mahoning
River analyses were studied for camparison. These concentration
readings were campiled by the Ohio Envirommental Protection Agency
from 1963-1988 with the sources and methods of analysis unknown28.
However, because of the long span of data collection (26 years) a
comparison of ion concentrations would seem to be of value. Chloride,
as stated, is a good indicator of industrial pollution and was chosen
as the focus of the caomparisons. First Street in lowellville was
chosen as the site for analysis because it is one of the more polluted

regions of the river and chloride concentrations will be in a high



Table 10. SODIUM CONCENTRATIONS

IN PPM
RIVER

SITE MILES MEAN S.D.
LOWELLVILLE BRIDGE,
NASHINGTON AVE. 14.0 46.91 6.383
BRIDGE STREET,
STRUTHERS 17.8 46.66 6.21
CEDAR STREET,
JOUNGSTOWN 21.6 41.06 5.50
McKINLEY STREET,
McDONALD 31.1 39.23 - 3.69
MAIN AVENUE, ¢
WARREN 39.3 33.52 2.45
LEAVITT ROAD,
LEAVITTSBURG 47.4 30.09 2.05
Table 11.

AMMONIUM CONCENTRATIONS
IN PPM
RIVER
SITE MILES MEAN S.D.

LOWELLVILLE BRIDGE,
WASHINGTON AVE. 14.0 0.837 0.517
BRIDGE STREET,
STRUTHERS 17.8 0.931 0.542
CEDAR STREET, .
YOUNGSTOWN 21.6 0.647 0.392
McKINLEY STREET,
McDONALD 31.1 0.957 0.795
MAIN AVENUE,
WARREN 39.3 0.000 0.000

LEAVITT ROAD,
LEAVITTSBURG 47.4 0.124 0.112
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Table 12.
POTASSIUM CONCENTRATIONS
IN PPM
RIVER
SITE MILES MEAN S.D.
WASHINGTON AVE. 14.0 6.92 0.94
BRIDGE STREET,
STRUTHERS 17.8 6.92 1.01
CEDAR STREET,
YOUNGSTOWN 21.6 6.64 1.06
McKINLEY STREET, "
McDONALD s B | 6.42 1.08
MAIN AVENUE,
WARREN 39.3 4.93 0.28
LEAVITT ROAD,
LEAVITTSBURG 47 .4 4.57 0.34
Table 13. FLUORIDE CONCENTRATIONL
IN PPM
RIVER
SITE MILES MEAN S.D.
LOWELLVILLE BRIDGE,
WASHINGTON AVE. 14.0 0.589 0.096
BRIDGE STREET,
STRUTHERS 17.8 0.593 0.106
CEDAR STREET,
YOUNGSTOWN 21.6 0.519 0.095
McKINLEY STREET,
McDONALD 31,1 0.493 0.096
MAIN AVENUE,
| WARREN 39.3 0.346 0.059

- LEAVITT ROAD,
LEAVITTSBURG 47.4 0.327 0.062




Table lu'o
NITRATE CONCENTRATIONS

IN PPM
RIVER

SITE MILES MEAN S.D.
LOWELLVILLE BRIDGE,
WASHINGTON AVE. 14.0 11.75 2.65
BRIDGE STREET, ’
STRUTHERS 17.8 10.90 2.93
CEDAR STREET, . :
YOUNGSTOWN 21.6 6.33 - 0.70
McKINLEY STREET,
McDONALD 31.1 4.87 0.58
MAIN AVENUE,
WARREN 39.3 2.87 1.49
LEAVITT ROAD,
LEAVITTSBURG 47.4 2.29 0.26
Table 15.

CHLORIDE CONCENTRATIONS
IN PPM
RIVER

SITE MILES MEAN S.D.
LOWELLVILLE BRIDGE,
WASHINGTON AVE. 14.0 65.73 9.22
BRIDGE STREET,
STRUTHERS 17.8 63.28 9.34
CEDAR STREET,
YOUNGSTOWN 21.6 63.37 10.64
McKINLEY STREET,
McDONALD 31.1 59.42 7.05
MAIN AVENUE,
WARREN 39.3 52.39 2.61

LEAVITT ROAD,
LEAVITTSBURG 47 .4 46.89 T8




Table 16.
SULFATE CONC. (PPM)

RIVER

SITE MILES MEAN STD
LOWELLVILLE BRIDGE,
WASHINGTON AVE. 14.0 102.7 14.1
BRIDGE STREET,
STRUTHERS 17.8 100.1 8.4
CEDAR STREET, .
YOUNGSTOWN 21.6 93.8 8.1
McKINLEY STREET,
McDONALD 31.1 92.1 11.8
MAIN AVE.,
WARREN 39.3 88.9 10.9
LEAVITT ROAD,
LEAVITTSBURG 47 .4 82.1 1.5
Table 17.

PHOSPHATE CONC. (PPM)
RIVER
.SITE MILES MEAN STD

LOWELLVILLE BRIDGE,
WASHINGTON AVE 14.0 1.6 0.8
BRIDGE STREET,
STRUTHERS 17.8 1.3 0.7
CEDAR STREET,
YOUNGSTOWN 21.6 0.5 0.3
McKINLEY STREET,
McDONALD 31:1 0.4 0.4
MAIN AVE.,
WARREN 39.3 0.0 0.0

LEAVITT ROAD,
LEAVITTSBURG 47.4 0.0 0.0
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Figure 41. ION PROFILE FOR AMMONIUM
from 1988 Mahoning River data
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Figure 42,
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Figure 43,
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ION PROFILE FOR FLUORIDE
‘from 1988 Mahoning River data
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Figure 44,
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ION PROFILE FOR CHLORIDE
from 1988 Mahoning River data
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Figure 45,
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ION PROFILE FOR NITRATE
from 1988 Mahoning River data
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Figure 46, ION PROFILE FOR PHOSPHATE
from 1988 Mahoning River data
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Figure 47,
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ION PROFILE FOR SULFATE
from 1988 Mahoning River data
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range. Total chloride concentrations for each year where at least
four collections occurred were averaged with the mean and standard
deviation calculated. These results with the count or number of
collections are shown in Table 18. Total ammonium concentrations were
similarly analyzed with the results presented in Table 19. Graphs of
year vs. mean ion concentration were done with the SIGMAPIOT program
and are shown in Figures 48-49 for chloride and ammonium. Three years
(1965, 1970, 1977) were chosen to campare ion profiles of chloride
with the 1988 data over the 26-year range. The mean chloride
concentrations, standard deviations and counts for the various sites
for the three years are presented in Tables 20-22. An ion profile for
chloride was prepared using the SIGMAPLOT program with data from the

four years plotted together. This plot is shown in Figure 50.

TRENDS IN RIVER QUALITY

The 1988 Data

The results of the 1988 data are in a summary form in Figures 40-
47 and Tables 10-17. One ocbvious observation for all eight ion
profiles is that the concentration of the ion consistently decreases
as river miles increases, showing higher levels the farther downstream
the sample was collected. This result is predicted as substances

entering a river will travel downstream with the flow until deposition

84



Table 18. SUMMARY OF MAHONING RIVER EPA DATA
SITE: LOWELLVILLE- FIRST STREET
YEAR: 1963-1988

TOTAL CHLORIDE

(MG/L)
YEAR MEAN S.D. COUNT
1963 53 20 49
1964 60 21 50
1965 58 13 50
1966 63 24 33
1967 —= = -
1968 == == ==
1969 —— = =
1970 63 25 20
1971 63 50 46
1972 80 24 51
1973 88 16 29
1974 50 24 20
1975 48 11 9
1976 57 13 12
1977 70 33 9
1978 e = -—
1979 = = =
1980 = —— -
1981 = s =
1982 == = =
1983 42 10 7
1984 48 Z 9
1985 == = ==
1986 42 8 4
1987 == == ==

1988 66 9 5



Table 19. SUMMARY OF MAHONING RIVER EPA DATA
SITE: LOWELLVILLE- FIRST STREET
YEAR: 1970-1988

TOTAL AMMONIUM

(MG/L)
YEAR MEAN S.D. COUNT
1870 2.06 0.43 19
1971 2.05 0.61 49
1972 2.12 0.50 51
1973 1.70 0.46 26
1974 2.73 1.65 23
1975 2.16 1.22 9
1976 2.81 1.07 12
1977 2.56 2.08 11
1978 2.35 1.37 11
1979 1.83 1.09 R
1980 2.33 1.9 15
1981 2.10 1.53 10
1982 2.60 1.23 9
1983 1.33 1.18 12
1984 1.00 0.35 10
1985 1.59 1.11 12
1986 1.05 0.70 12
1987 1.38%7 Q.71 ]
1983 0.84 0.52 ]




Meon Concentration
(mg/1)

Figure 48,

Summary of Mahoning River EPA Data
Site: Lowellville— First St.
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Figure 49, Summary of Mahoning River EPA Data
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ION PROFILE FOR CHLORIDE

Table 20. YEAR: 1965
FROM MAHONING RIVER EPA DATA
RIVER

SITE MILES MEAN s.D. COUNT
FIRST STREET,
LOWELLVILLE 14.0 58 13 50
BRIDGE STREET,
STRUTHERS 17.8 58 12 49
DIVISION STREET,
YOUNGSTOWN 26.0 43 11 47
WEST PARK AVE.,
NILES 35.8 43 12 51

89

Table 21. ION PROFILE FOR CHLORIDE
YEAR: 1970
FROM MAHONING RIVER EPA DATA
RIVER
SITE MILES MEAN S.D. COUNT

FIRST STREET,
LOWELLVILLE 14.0 63 25 20
BRIDGE STREET,
STRUTHERS 17.8 57 10 19
DIVISION STREET,
YOUNGSTOWN 26.0 50 9 18
WEST PARK AVE.,
NILES 35.8 48 5 19
LEAVITT ROAD,
LEAVITTSBURG 47.4 31 8 19




Table 22. ION PROFILE FOR CHLORIDE
YEAR: 1977
FROM MAHONING RIVER EPA DATA

RIVER

SITE MILES MEAN S.D. COUNT
FIRST STREET,
LOWELLVILLE 14.0 70 33 9
BRIDGE STREET,
STRUTHERS 17.8 87 32 5
WEST PARK AVE.,
NILES 35.8 54 10 7
SOUTH STREET,
WARREN 39.9 37 7 7

06



Figure 50, CHLORIDE PROFILE FOR THE YEARS
1965,1970,1977,1988
from Mahoning River EPA data
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or evaporation occurs. The repeated pattern for all the ions demon-
strates that whatever is dumped in a river will affect a downstream
area more. This result has been confirmed in previous studiesZ.

Thus, Leavittsburg, the site farthest upstream, has the lowest
concentrations for all eight ions while Lowellville has some of the
highest readings. However, Struthers which had a collection site 3.8
miles upstream of Lowellville had several high measurements, approxi-
mately the same or higher than at Lowellville for all the ions,
showing possibly greater municipal and industrial pollution which
would be expected in an industrialized area. Standard deviation
values were consistently greater for the higher concentrations of
downstream sites perhaps showing that higher values have more chance
of variability in measurement especially compared to low values near
the detection limit of the instrument. This result is expected with
higher readings where such factors as recent rainfall or industrial
discharge will show an accumlative effect downstream. For a specific
site, the relative standard deviation values for the ions vary
depending upon the site with ammonium and phosphate readings showing
the greatest fluctuations. Do these ion concentrations show
significance especially at sites down river such as Lowellville? As
mentioned in the introduction, ion concentrations are good indicators
of pollution with low concentrations (such as a few ppms for chloride)
naturally occurring. With such dramatic increases in concentration
being measured downstream the lowest levels possible would be observed
at Leavittsburg. Even if these values are considered the lowest and
indicating natural causes, the tremendous increases at other‘ sites

show human-made effects of pollution.
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Tables 2-9 show ion concentrations for the five sample dates.
The concentrations are consistently higher for the six sites for the
11-3-88 collection date. 1988 was an unusual year for rainfall in
this region, as in most of the United States, in that an extensive
drought occurred through the summer months. With less rainfall, water
levels in the Mahoning River would be lower with higher ion
concentrations expected. The high 11-3-88 readings as compared to the
other values could indicate the effects of the drought which would be
evident after the summer months. However, sudden increases from month
to month could show a pollution plug which was "caught" during a
sampling. If an industry makes a large discharge of waste or by-
products into the river this plug will travel downstream eventually
dissipating, but if detected would show unusually high ion concen-
trations. Since the readings for all eight ions are high for the
November sampling, a drought effect is suspected; industries will be
discharging only what is used in the processing —— massive amounts of
chloride ion, but not all eight ions, would be expected of industries
using acid wash processes. The sulfate concentrations in Table 9 show
the highest values for all the ions. Sulfur naturally occurs in high
concentrations in the Mahoning Valley region and is present in the
river as the sulfate ion after oxidation but again the consistent
downstream increase of concentration shown in Figure 47 suggests an
industrial source where sulfuric acid is being used. For species such
as fluoride and phosphate, caution should be used in interpretation of
data in that some values (¢ 1ppm) are near the detection limit and
variations between sample dates may not show significance.

The 1988 data indicates some sources of pollution from industrial



and municipal causes. Sodium, chloride, and sulfate levels were high
and as mentioned, the sources of these ions are readily seen in the
Mahoning Valley region. However, potassium, fluoride and phosphate
levels were low with the phosphate values showing the most
significance in perhaps a lessening of domestic pollution which was of

public concern a few years ago.

Composite Analysis

The 1988 data is probably best analyzed with previous data from
the Mahoning River. Tables 18 and 19 and Figures 48-50 present data
obtained from the 1988 project assimilated with older data summarized
by the EPA for the Mahoning River. Table 18 which contains chloride
concentrations for the ILowellville site and Table 19 which similarly
shows ammonium concentrations demonstrate the tremendous variation in
sampling size since 1963 with counts ranging from 51 to 4. Variation
also occurs as to when samples were collected, whether in the higher
rainfall season, in the spring, or in the drier months. The 1988
samples were collected mostly in the summer months and during the
unusual condition of a drought. Despite these differences inter-
pretation of the data is still of interest. As shown in Figure 48,
chloride concentration reached peak in the early 1970s with lower
levels recorded in the 1980s. The 1988 concentration which is higher
then the other 1980s values might be due to the drought which would
increase all ion concentrations. Lower chloride levels in the ’‘80s
could be a reflection of less industrial activity after many factories

along the river were economically devastated and forced to shut down
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in the late 1970s. The standard deviations for the peak years are
much greater, especially for 1971 with a S.D. equal to 50 ppm, than
for later years. This pattern is perhaps due to the greater variation
of higher levels in a fluctuating rainfall region such as the Mahoning
Valley. Also, improved instrumentation or more accurate procedures
can account for this trend. An important cbservation is, however,
that all the mean values are much greater than chloride concentrations
in unpolluted fresh waters which as stated are a few ppm. The
concentration means range from 42 to 88 ppm showing that even after
the decline of the major industries in the Mahoning Valley, the
chloride levels are still abnormally high.

Similarly, ammonium concentration, collected from the years 1970
to 1988, show the highest readings in the mid-1970s when the Mahoning
Valley community was thriving. As with the chloride concentrations,
the standard deviations show tremendous variation in values especially
in 1977. Ammonium concentration, as mentioned, is a good indicator of
municipal waste. Sewage that has not been properly treated before the
flow reenters the river will contribute to high ammonium values. With
the building of a new sewage treatment plant in Youngstown in 1988
which can more effectively remove nitrogen from the inflowing water,
the low NH4+t level for the 1988 reading perhaps indicates this
efficiency especially when the value is expected to be higher in a
drought year.

Tables 15 and 20-22 show chloride concentrations for different
sites for various years. The years, 1965, 1970, 1977 and 1988 present
a range for the 26 years with 1977 showing peak industrial activity
and 1988 representing the post-industrial era. Unfortunately, data



from the mid 1980ss was insufficient for analysis. Figure 50 shows a
composite of the Four ion profiles where similar patterns can be seen.
For all four yearss, the downstream (fewer river miles)-higher concen-
tration trend can e easily discerned. For the peak year, 1977,
chloride levels att Iowellville and especially Struthers were the
highest showing thwe tremendous discharges from the industry in
Youngstown. As ccampared to the upstream sites in Niles and Warren,
the values show a dramatic increase. The 1988 readings show a
leveling-off effect as the chloride concentrations are high but the
differences betweeyn upstream and downstream sites is not as great.
Interestingly, the 1988 values are not the lowest; the 1970 readings
indicate less chlox-ide contamination. As observed before, all of the

values are well above the chloride concentrations of natural waters.

EVAIUATION OF IC SYSTEM

The first impression when studying the various tables and figures
that have been pressented is that there is a tremendous amount of data
to handle. Besidess calibration curves for each ion for each run date,
data sheets, calcul ations of ion concentrations, graphs and tables are
prepared. With the simultaneocus determination of several cations or
anions, organizatiom is crucial in the successful handling of the
data. At this point the computer becomes the most significant element
of the analysis. S-ince the ion chromatography system is so general in

analysis with the capability to allow determinations of a wide range
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of ions, the burden of specific testing falls on the analyst who
should readily transfer as much of this tedious work to the computer
as possible. The process used in this project was helped immensely by
the data-acquisition computer with a chromatography program and the
personal computer but could be improved upon for more efficient
analysis and less human error.

The ion chromatography system was reliable in the analysis as
shown in the repeated linearity of the calibration curves (Figures 24-
31). Except for the column accident, which was quickly diagnosed, and
the changing of regenerants (TMAOH to TBAOH) the procedure was
routine. Even with the faster columns which allowed run times as
short as 2.5 min, the standard and sample peaks on the chromatograms
showed consistently good resolution. With this solid basis, the
system can only be improved upon with more computer interaction and
innovative ideas from the analyst allowing modification of the set-up
for the unique requirements of the analysis.

Thus, the ion chromatography system should be a method of choice
for analyses that involve repetitive determinations of various ions.
In envirommental research this scenario is often the case. The EPA
and other organizations which set the standards for procedures in
testing water will hopefully soon take advantage of the tremendous

diversity and speed this system has to offer.



Appendix As Original BASIC program for the calculation

of ion concentrations.
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105
106
107
108
110
120
130
140
150
160
170
175
176
377

99

REM THIS PROGRAM DETERMINES CONCENTRATIONS IN PPM OF SAMPLES USING THE REGR
ESSION FORMULA OF THE STANDARD CUR

PRINT "PLEASE ENTER THE NAME OF THE ION"

INPUT IS

PRINT "PLEASE ENTER THE DATE OF THE SAMPLES"
INPUT DS

PRINT "PLEASE ENTER THE NUMBER OF SAMPLES"

INPUT N

PRINT "PLEASE ENTER THE Y INTERCEPT"

INPUT B

PRINT "PLEASE ENTER THE SLOPE VALUES"

INPUT R,S

M=R/S

PRINT "PLEASE ENTER THE EXPONENT FOR PEAK HEIGHT"
INPUT P

LPRINT "CONCENTRATIONS OF "IS" FOR "D$" SAMPLES DETERMINED BY ION CHROMATOGR

APHY

178
129
180
181
182
183
186
190

200
210

230
240
250
251
252
255
256
257
260
270
288

290
291
292
293
295
297
298
299
300
310
320
330
331

LPRINT CHRS$(10)

IF I$= "CHLORIDE" GOTO 340

IF IS= "SULFATE" GOTO 340

IF IS="SODIUM" GOTO 331

LPRINT "THE REGRESSION FORMULA IS Y = "B " + " M " X"

LPRINT CHRS$(10)

LPRINT CHRS$(10)

LPRINT " >

LPRINT "SAMPLE NUMBER PEAK HEIGHT (E+"P") CONCENTRATION (PPM)"
LPRINT " R

FOR J= 1 TO N

PRINT "PLEASE ENTER THE PEAK HEIGHT FOR SAMPLE NUMBER " J
INPUT H

IF H=0! GOTO 320

IF H<B GOTO 297

IF I$= "CHLORIDE" GOTO 360

IF I$="SULFATE" GOTO 360

IF I$="SODIUM" GOTO 375

C=(H-B)/ M

LPRINT " "J TAB(22) H TAB(48) C

LPRINT " 2

NEXT J
LPRINT CHRS$(10)

LPRINT CHR$(10)

LPRINT CHRS(10)

END

IF I$= "CHLORIDE" GOTO 360

IF I$="SULFATE" GOTO 360

IF I$="SODIUM" GOTO 375

LPRINT " "J TAB(22) H TAB(48) "NO DETECTION"

GOTO 288

LPRINT " ngn 0.0000 NO DETECTION"

GOTO 288

LPRINT "CONCENTRATIONS HAVE BEEN CORRECTED FOR AND PEAK HEIGHTS REFLECT SAMP

LE DILUTION BY A FACTOR OF 4"

332
335
340

LPRINT CHR$(10)
GOTO 182
LPRINT "CONCENTRATIONS HAVE BEEN CORRECTED FOR AND PEAK HEIGHTS REFLECT SAMP

LE DILUTION BY A FACTOR OF 10"

345
350
360
370
375
376

LPRINT CHRS$(10)
GOTG 182

C= 10*(H-B)/M
GOTO 270

C= 4*(H-B)/M
GOTO 270
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Appendix Bs Modified BASIC program for the calculation
of ion concentrations with 10 and 20 X dilution of samples.



100 REM THIS PROGRAM DETERMINES CONCENTRATIONS IN PPM OF SAMPLES USING THE REGR
ESSION FORMULA OF THE STANDARD CURVE

105 PRINT "PLEASE ENTER THE NAME OF THE ION"

106 INPUT IS

107 PRINT "PLEASE ENTER THE DATE OF THE SAMPLES"

108 INPUT DS

110 PRINT "PLEASE ENTER THE NUMBER OF SAMPLES"

120 INPUT N

130 PRINT "PLEASE ENTER THE Y INTERCEPT"

140 INPUT B

150 PRINT "PLEASE ENTER THE SLOPE VALUES"

160 INPUT R,S

170 M=R/S

175 PRINT "PLEASE ENTER THE EXPONENT FOR PEAK HEIGHT"

176 INPUT P

177 LPRINT "CONCENTRATIONS OF "I$" FOR "D$" SAMPLES DETERMINED BY ION CHROMATOGR

APHY

178 LPRINT CHRS$(10)

179 IF I$= "CHLORIDE" GOTO 340

180 IF I$= "SULFATE" GOTO 340

181 IF IS="SODIUM" GOTO 331

182 LPRINT "THE REGRESSION FORMULA IS Y = " B " + " M " x©

183 LPRINT CHRS$(10)

186 LPRINT CHRS(10)

190 LPRINT " "

200 LPRINT "SAMPLE NUMBER PEAK HEIGHT (E+"P") CONCENTRATION (PPM)"

210 LPRINT " "he W

230 FOR J= 1 TO N

240 PRINT "PLEASE ENTER THE PEAK HEIGHT FOR SAMPLE NUMBER " J

250 INPUT H

251 IF H=0! GOTO 320

252 IF H<B GOTO 297

253 IF H=1 GOTO 380

255 IF I$= "CHLORIDE" GOTO 360

256 IF I$="SULFATE" GOTO 360

257 IF I$="SODIUM" GOTO 375

260 C = (H ~-B)/ M

270 LPRINT " "J TAB(22) H TAB(48) C

288 LPRINT " "

290 NEXT J

291 LPRINT CHRS(10)

292 LPRINT CHRS(10)

293 LPRINT CHR$(10)

295 END

297 IF I$= "CHLORIDE" GOTO 360

298 IF I$="SULFATE" GOTO 360

299 IF I$="SODIUM" GOTQO 375

300 LPRINT " "J TAB(22) H TAB(48) "NO DETECTION"

310 GOTO 288 '

320 LPRINT " ngw 0.0000 NO DETECTION"

330 GOTO 288

331 LPRINT "CONCENTRATIONS HAVE BEEN CORRECTED FOR AND PEAK HEIGHTS REFLECT SAMP

LE DILUTION BY A FACTOR OF 4"
332 LPRINT CHR$(10)
335 GOTO 182

340 LPRINT "CONCENTRATIONS HAVE BEEN CORRECTED FOR AND PEAK HEIGHTS REFLECT SAMP
LE DILUTION BY A FACTOR OF 20 (INDICATED BY *) OR 10"

LPRINT CHR$(10)
GOTO 182 A

C= 10*(H-B)/M

GOTO 270

C= 4*(H-B)/M

GOTO 270

LPRINT " wi i

345
350
360
370
375
376
380
382
383

LPRINT "

GOTO 290
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Appendix Cy Modified BASIC program for the calculation
of ion concentrations with 20 X dilution of samples,



dwl

Re [dlS PRUGRAM UETERMINES CONCENTRATIONS IN PPM OF SAMPLES USING THE REGR
ESSION FORMULA OF THE STANDARD CURVE

105 PRINT "PLEASE ENTER THE NAME OF THE ION"

106 INPUT IS

107 PRINT "PLEASE ENTER THE DATE OF THE SAMPLES"

108 INPUT DS

110 PRINT "PLEASE ENTER THE NUMBER OF SAMPLES"

120 INPUT N

130 PRINT "PLEASE ENTER THE Y INTERCEPT"

140 INPUT B

150 PRINT "PLEASE ENTER THE SLOPE VALUES"

160 INPUT R,S

170 M=R/S

175 PRINT "PLEASE ENTER THE EXPONENT FOR PEAK HEIGHT"
176 INPUT P

177 LPRINT "CONCENTRATIONS OF "I$" FOR "D$" SAMPLES DETERMINED BY ION CHROMATOGR
APHY

178 LPRINT CHRS(10)

179 IF IS= "CHLORIDE" GOTO 340

180 IF I$= "SULFATE" GOTO 340

181
182
183
186
190

200
210

230
240
250
251
252
255
256
257
260
270
288

290
291
292
293
295
297
298
299
300
310
320
330
331

IF I$="SODIUM" GOTO 331

LPRINT "THE REGRESSION FORMULA IS Y = " B " + " M " X"

LPRINT CHRS$(10)

LPRINT CHR$(10)

LPRINT " =

LPRINT "SAMPLE NUMBER PEAK HEIGHT (E+"P") CONCENTRATION (PPM)"
LPRINT " "

FOR J= 1 TO N

PRINT "PLEASE ENTER THE PEAK HEIGHT FOR SAMPLE NUMBER " J
INPUT H

IF H=0! GOTO 320

IF H<B GOTO 297

IF I$= "CHLORIDE" GOTO 360

IF I$="SULFATE" GOTO 360

IF I$="SODIUM" GOTO 375

C=(H-B)/ M

LPRINT " "J TAB(22) H TAB(48) C

LPRINT "-- "
NEXT J

LPRINT CHRS$(10)

LPRINT CHRS$(10)

LPRINT CHR$(10)

END

IF Is= "CHLORIDE" GOTO 360
IF I$="SULFATE" GOTO 360

IF I$="SODIUM" GOTO 375

LPRINT " "J TAB(22) H TAB(48) "NO DETECTION"

GOTO 288

LPRINT " 9 0.0000 NO DETECTION"

GOTO 288

LPRINT "CONCENTRATIONS HAVE BEEN CORRECTED FOR AND PEAK HEIGHTS REFLECT SAMP

LE DILUTION BY A FACTOR OF 4"

332
335
340

LPRINT CHR$(10)
GOTO 182
LPRINT "CONCENTRATIONS HAVE BEEN CORRECTED FOR AND PEAK HEIGHTS REFLECT SAMP

LE DILUTION BY A FACTOR OF 20"

345
350
360
370
375
376

LPRINT CHR$(10)
GOTO 182

C= 20*(H-B)/M
GOTO 270

C= 4*(H-B)/M
GOTO 270
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