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'Ihe Mahoning River in northeastern Ohio has becane a reflection 
of a population's economic gl:'C1#tl1 an:i decline with its significance in 
environmental studies warranted by its use an:i abuse through the past 
decades. Olemical analyses of the river water an:i seclimant throughoot 
the peak years of steel production an:i then through the years 
following the in:lustrial demise in the Mahoning Valley provide useful 
infonnation about the effects an:i consequences of uncxmtrolled human
made pollution in a dynamic system sudl as a river. However, these 
analyses have been sporadic an:i uncontrolled in that method 
equivalency an:i stamardizations have not been maintained. 
Differences in testi.DJ though will always occur with constantly 
ill'proving technology. Ion analysis of water sanples is especially 
valuable in diagnosi.DJ a river's corrlition in that ooth irrlustrial an:i 
municipal pollution can often be imicated with the detennination of 
ion concentrations. With the recent explosion in technology includirg 
ill'provements in column efficiency an:i analysis time, ion 
chromatography has becane the tool of dloice for a wide range of ion 
analyses. For lorg-tenn, lorgibninal. enviromnental studies which 
involve repetitive work the advantages of usi.DJ ion chromatography 
over the traditional wet lab methods are tremerxious. 'Ihe project 
presented in this paper involves the analysis of eight ions, five 
anions am .three cations, fran ~ River surface water samples. 
'Ihe procedure used in detenninin:J ion concentrations will demonstrate 
the efficiency, speed an:i reliability of the ion chromatography 
system. Results will be cx:mpared to previous data showi.DJ the value 
of this method in water testi.DJ an:i the need for its pennanent 
incorporation into starrlard test procedures such as those dictated by 
the U. s. Environmental Protection Agency. 
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ClJAPI'ERl 

:rnmorocrrON 

HISIDRICAL PERSPECTIVE 

'Ihe Mahoning River arrl In;iustJ:y 

'Ihe Mahonin;J River rises in northeasterly Ohio near Alliance arrl 

drains an area of 1,131 square miles of which 1,076 sq. miles are in 

northeastern Ohio arrl 55 sq. miles in western Pennsylvania1, 2• It 

flows from Alliance throogh Yrur¥JS1:own into Pennsylvania where it 

joins the ShenanJO River below New castle to fonn the Beaver River2. 

'Ihe Mahonin;J River has been an area of focus for pollution 

monitod.IXJ due to its key role in northeastern Ohio arrl Pennsylvania 

irrlustries. Heavy irrlustries, such as steel arrl iron, have relied on 

an aburrlant flow of water nearby for the necessacy process of coolil'XJ 

but also as a oonvenient disposal site for unwanted substances arrl 

waste. 'Ihe Mahonin;J Valley region in northeastern Ohio has had a 

varyiIXJ histocy of success arrl decline in irrlustry in the past decades 

and is a reflection of the struc}Jles the United states has had to face 

in an increasiIXJ irrlustrial arrl c:c.11petitive world. 'Ihese fluctuations 

are, however, also an imi.cation of the disastrous effects of pollu

tion due to the cx:mtlJl"li.ty's self-interest arrl apathy toward the 

environment as the Mahonil'XJ River received a IX>torious rep..1tation as 



containing anythi.DJ but water. '!he vast rnnnber of irrlustries 

utilizing the river in the heyday of steel production is shown in 

Figure 1. '!his map was part of a 1977 U.S. Envirornnental Protection 

Agency (EPA) study of wasteload allocation3. 

Between Warren arrl. Lowellville, Chio, 25 miles of the Mahoning 

River was used by 15 major plants of 9 steel cx:npmies which operated 

a total of 63 rolling mills. In acklition, 35 other major irrlustries 

that included plastics, glass manufacturing arrl. electrical irrlustries 

utilized the river2. 

Studies of the Mahoni.m River 

2 

Several studies since the 1940s have focused on the quality of 

water at sites alonJ the Mahoning Riverl, 2. '!he chemical arrl. physical 

properties of water include pl, teq:>erature, arrl. mineral arrl. ion 

concentrations1• Ion concentrations are good irxticators of the health 

of the river arrl. the extent of pollution. Sodium arrl. potassium ions 

occur naturally at low concentrations () l5J:Pil) arrl. in awroximately 

equal proportions with sodium increasing dramatically as pollution 

increasesl. Anm:>nium is an irxticator for nunicipal waste of 

inadequately treated water as sewage treatment plants did not until 

recently effectively reroove aimonia fran the water flow reentering the 

river. Fluoride concentration in natural waters is usually very low; 

readings aroun:l 1.0 RE irxticate fluoridation of plblic 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 fran imustrial processing wastes, 

fertilizers arrl. return drainage fran irrigationl. Fhosphate has lonJ 
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been the focus for danestic pollution with the use of products such as 

detergents being linked to the death of fresh water aquatic life 

through the overgrc,.,.rth of algae with eutrq;nication. In unpolluted 

fresh waters the total plosplate content as ?lOS?'lOrus from mineral 

sources of plosplate is usually only fractions of 1 ppn4• SUlfate 

concentration can irrlicate irxrustrial pollution resulting from the 

dtunping of untreated sulfuric acid used in the pickling process of 

steel2• It is also a sign of mine drainage as it is fonned from the 

oxidation of sulfidesl. 

Probably the m:>st significant irrlicator of pollution in river 

waters is chloride concentration. In nonpolluted fresh waters the 

concentration is nonnally in the rarge of a few i:Pl\4• High levels 

show sewage am irxrustrial waste pollution as well as the high annmts 

of cac12 used to salt the city streets where thaws am rains wash the 

salt into sto:nn sewers connected directly to the Mahoning River1,2• 

Industries use large annmts of hydrogen dlloride in acid wash 

processes with the dlloride-filled waste dunped directly into the 

river. 

'Ihe Use of Ion Ou:anatogramy 

'Ihe .inp:>rtance of ion detenninations in a study of a water system 

such as the Mahoning River is evident f:ran the wide variety of infor

mation that can be gathered f:ran analyzing ion concentrations. In the 

past ion analysis has been perfonned with traditional wet chemical 

methods or techniques such as flame plOtanetry which involve 

irxii vidual ion dete:nninations. For exanple, the 197 4 EPA Methods 

recontnerrled detennining potassium concentrations with a colorimetric 

4 



or flame photanetric method, nitrate by a b:rucine colorimetric or 

cadmium reduction method am dll.oride with a silver nitrate or 

automated colorimetric-ferricyanide methods. 'lb detennine several 

ions, such as those mentioned in the water studies, took tremerxious 

time am work since each ion required a unique method of analysis. 

5 

In 1975 with the p.iblication of the article, "Novel Ion Exc.harge 

Clrrornatographic Methods with Comuctivity Detection," by Small, 

Stevens am Bauman6, nmern ion chranatography was born. 'Ihe 

significant developnent _that this article presented was eluent-ion 

suppression which eliminated the eluent corrluctance problem that had 

been plaguirg the use of corrluctivity detection. With the high 

capacity ion-exc.harge resins in use at that time, eluent electrolytes, 

were vecy concentrated to allow shortened :retention times. 'Ihis 

produced an overwhelmin:J backgrourrl signal in :relation to the no:re 

dilute sample. Eluent suwression dramatically lessened this 

backgrourrl allowing widespread use of con:luctivity detection for ion 

analysis7• Its awlications now rarl:Je fran organic acids to 

transition metals to oxyhalides am fran such samples as toothpaste or 

beer to polluted ai.r8. Not only has the rarge of awlications widened 

but the ease am speed of analysis has increased due to i.Irprovements 

in many cxmp:>nents, such as the coltnnnS. 

As a sinple matrix a water sanple can readily be analyzed by ion 

chromatography, thus, awlications to water pollution study should be 

c:x:moon. However, a lack of method equivalence to the published 

methods of the EPA am the American PUblic Health Association/American 

Water Works Association has stifled ion chranatography use8. Equi va

lent methods should be used when doirg studies which require following 



the guidelines arrl regulations of these agencies8. But the EPA has 

especially been :irrlecisive in its choice of methods. In a 1979 EPA 

manual ion chrcrnatograiily is listed in test methods for inorganic 

anions9• HCMeVer, in another 1979 EPA marrual, ion chromatograiily is 

not mentioned in the test methods for inorganic nornnetallics where the 

traditional wet lab procedures are detailedlO. 'lhe latest revision of 

this manual, printed in 1983, also in::ludes no ion chromatograiily 

methods11. As will be shown in the project for this paper, ion 

chrornatograiily is a practical arrl efficient method for ion analysis of 

water sarrples in a i;x:>llution study arrl shoold be unifonnly 

incorporated into envirornnental analysis methods. 

ION ~ 'llIEDRY 

Column 'lheory 

Orromatograiily involves the separation of sanple components due 

to differences in the equilibrium distril:ution between two different 

phases, the nd:>ile arrl the stationacy. Semple camponents migrate in 

the nooile }.i1ase thrcujl the dlranatograpric system with the velocity 

of migration of a catp:>nent deperrlent upon its equilibrium distri

bution between the }.i1ases. A slower migration occurs for components 

havin;J distril:ution coefficients favorirg the stationacy phase 

compared to those favorirg the nd:>ile }.i1ase. Separation results fran 

different migration velocities due to the difference in equilibrium 

distributions12. 

Ion chranatograEtly involves the separation arrl detennination of 

anions am cations usirg a liquid nd:>ile }.i1ase arrl a i;x:>rous resin bead 

6 



stationacy ?')clSe packed into a c:x>lumn. Separation depen::ls upon eadl 

component's unique affinity for the stationacy i;::ilasei2. A 

distribution c:x>efficient, K, represents this affinity arrl is defined 

as the equilibrium c:x>ncentration of the carp:,nent in the stationacy 

phase divided by its c:x>ncentration in the nd:>ile Jtlase, or13 

K = (X)s / (X)m 

7 

Retention or the capacity factor, k', is related to the time that 

a component is retained on the separator c:x>lumn arrl is defined as the 

number of c:x>lumn volumes needed to elute the ccrcp:>nenti3. 'Ihus, 

retention can be expressed~ 

k' = (Vi - Vo) / Vo 

where Vi is the retention volume for the carponent arrl Vo is the void 

volume. 'lhe ability to resolve the varioos carp:,nents reflects the 

efficiency of the c:x>lumn whereas the selectivity irrlicates the ratio 

of c:x>h.nnn volumes required to elute two different peaks. 'Ihe 

selectivity is defined as 

where Vi is the retention volume for ccmp:>nent i arrl v2 is the 

retention volume for carp:,nent 2. Selectivity is also related to the 

capacity factor arrl the distribution c:x>efficient as the ratio of these 

values for the two CXl1pC)l"leI'll3. 

W LLIAM F. M 
YOUNGSTO T 



Colunm efficiency irrlicates the sharpness of peak bands arrl is 

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

N = 16 (tr/ 'iN}:))2 

where tr is the retention ti.me arrl 'iNb 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 peak13, then: 

For ~ressin;J the len;th of colunm required for one theoretical 

plate, HEI'P or height equivalent per theoretical plate is utilized arrl 

is defined as 

HEl'P = L(nm) / N 

where L equals the column len;th in millimeters. HEl'P can be affected 

by several factors as shown in the followin;J equation derived by van 

Deernter, 

HEl'P = Au0.33 + B / u + Ol + ru 

where u is the linear velocity of the m::bile Ji}ase. Tenn A irrlicates 

how the analyte is positioned in the column pack.in:J material; tenn B 

shows the airount of analyte diffusion into the colunm pores; tenn C 

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

8 



irrlicates the stationary p,ase diffusion. Of significance, though, is 

the van Deemter equation's inplication that column efficiency 

decreases as the flow rate or linear velcx:::ity of the eluent 

increases13 • 

Resolution, R, or the degree of separation of two peaks is 

illustrated in Figure 2 for :peaks 1 am 2 where Vis the retention 

voll.Illle am w equals the width of the peak at the baseline12. 

Resolution is related to N,o<, am k' as 

R = 1/4 (N) 1/2 IToC -1)/otj [k' / (k'+l)] 

am accordirgly to efficiency, selectivity, am capacity as13 

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

'Ihe Ion Clrromatograrh am M::x:ies 

'Ihe basic carp:>nents of an ion chrana.t.ograpl include: 

1. Eluent pmrp am liquid containers 

2. Sanple injection valve 

3. Ion-exdlan;Je separatirg column 

4. 5uWressor column ca1pled to conhlctivity 

detector, meter am output device 

5. Regeneratirg pmrp with electronic timer 

am contro18• 

9 
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......... -. --...--...-.'v-~ ....... _, 
w1 w2 

v2 -V1 
R= -----

½(W1 + Wz) 

Figure z. 
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'!his set-up is divided into four m:xies, the delivecy, separation, 

detection am data, as illustrated in Figure 312• In the delivecy, 

the eluent J;A.IITIPing system p..ishes the eluting ions through the columns 

am detector at a constant flc:M rate ranJing typically from 0.7 to 4.0 

ml;lrnin. 'Ihe problem of backgrami noise can be reduced by the use of 

pulse dani)ers though a :med1ani.cal pressure gauge also minimizes 

pulsing by allc:Ming continuoos dlecking of the liquid "tightness" of 

the other high pressure oatp:>nents 8. '!he sanple injection valve, 

which is another high-pressure carp::>nent, is usually made from 

chemically inert materials for suwressor-type ion chromatography 

instnnnents. 'Ihe sample is held in a fixed-volume Teflon loop am the 

eluent stream is channeled through this loop during sanple injection. 

'Ihe sanple am eluent then flc:M into the separator column which is 

filled with a polymeric ion excharge resins am a::rcprises the 

separator nn:ie. For the analysis of inorganic ions a high perfonnance 

ion chromatography (HPIC) resin is preferred; the lc:M capacity 

pellicular ion excharge materials of this resin allc:M a separation 

dominated by ion excharge. Polystyrene-based ion exchan;Je resins are 

produced through the cqx,lymerization of styrene am divinylbenzene 

(DVB). 'Ihe divinylbenzene allows crosslinkirg of polystyrene (PS) 

chains together with the resulting rigidity enabling the material to 

withstarrl the visca.JS forces generated by fo:rcing the eluent through 

the column. With greater crosslinkirg, the resin swells less in 

liquid and less separation occurs. 'Ihus, polystyrene corrprises the 

base of the resin bead am fo:nns an inert hydrq:habic core which is 

then coated with ionic groups for the ionic exd'large. For cations the 

core surface contains sulfonic acid groups covalently borrled to the 
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cop::,lymer as shown in Figure 412. For anions sulfonic groups are also 

borrled to the core with small (0.1-10 pm) totally p::,rous anion 

exchan;Je beads attadled as shown in Figure 512. 'lhese beads are 

aminated arrl held by catlaci:>ic forces arrl Van der Waals forces 

resulting fran the canbined p::,lystyrene-IJVB matrix of the aminated 

bead arrl the PS/DVB resin of the surface sulfonated substrate8• 

In the nooile piase, ions whidl are dlarged 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 cx,unterions as shown for both anion arrl cation 

exchan;Jel2: 

Anion Exchan;Je: 

(Solute)-+ (Eluent)- ~-Resin~ (solute)- ~-Resin+ (Eluent)-

cation Exchan;Je: 

w- + tt+ -0:3s-Resin ~ w- -0:3s-Resin + tt+ 

W- = solute cation 

'Ihe chrana~c eluent is typically HCX>:3- for anion exchan;Je arrl 

tt+ for cation excharge. '1he equilibrium established during anion 

exchanJe can be expressed asl2 

Resin solute Eluent 

Resin Eluent solute 
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'Ihe distribution coefficient, K, affects retention time in that a 

higher value shows a strorger ionic solute interaction with the ion 

exchanger am thus, a lorger retention time. 'lhe distribution 

coefficient is in tum affected by several factors includirg the 

charge am size of the analyte ions12. Generally, the greater the 

valence of the ion, the greater the affinity for the ion exchange 

site; thus, nonovalents typically elute before divalents. Similarly, 

for ions with the same valence, the greater the ionic radius, the nore 

attraction for an ion excharge site. 'lhus, the halides will elute in 

the order of increasirg ionic size, P-, ci-, ar-- then r- 12. 

'lhe anion eluent ccmoonly used for HPIC is a bicarbonate

carbonate mixture. 'lhe advantages include ready separation of both 

nono- am divalent anions, easy mani?J.lation of eluent strergth by 

changirg the HCDJ-/CDJ2- ratio, am the availability am low cost of 

the carbonate salts. M:>novalent cations are typically eluted with 

dilute HCl solutions while divalent cations require a divalent elutirg 

ion12 • 

After separation the effluent flows into the detection mode, 

which, when a co:rxluctivity detector is used, includes a precedirq 

suppressor column. con:iuctivity detection is still the nost widely 

used mode, with high sensitivity am selectivity, a wide linear 

dynamic rarge am ease of q:,eration maki.rg it the ''workhorse" of ion 

chromatography detection12. Co:rxluctivity is effective when detectin;J 

ions with a PKa or pKt, less than 7; after flowirg through the 

suppressor column, ions with values greater than 7 fonn weak acids am 

bases with low co:rxluctivity12. 

A suppressor column is used to lower the backgrourrl cooouctivity 
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of the eluent which contains highly corxluctive species, hydrcqen ions 

in cation exchange arrl carlx:>nate ions in anion exchange. Also, the 

suppressor converts solute ions to their acid arrl hydroxide fonns. 

'Ihus, detection sensitivity is increased with decreased eluent arrl 

increased solute corxiuctivity due to the high rrobilities of W arrl ar 

in water. With a bicarlx:>nate/carl:x:>nate eluent, reactions in the anion 

suppressor are12 : 

2 (W-Resin) + Na2CX>J ~ 2 (Na+-Resin) + H2CX>J 

(W-Resin) + NaH003 -=, (Na+-Resin) + H2003 

(W-Resin) + cation-X-~ (cation-Resin) + wx-

'Ihe eluent ions have been converted to the weakly dissociated acid 

H2003 due to the constant inflow of W ions fran the regenerant 

solution14 • With an HCl eluent, reactions in the cation suppressor 

are 

HCl + Resin-01 ~Resin~+ H20 

wc1- + Resin-0!-..:, Resin-Cl + war 

'Ihe high corxiuctivity of the HCl eluent ions is eliminated with the 

formation of water with the constant suwly of hydroxide ions fran the 

regenerant solution arrl the affinity of dlloride to the resin12. In 

essence, the suwressor column is the camter c:x:rrponent to the 

separator column. For anion excharge, the suppressor is basically a 

cation exchanJe column; for cation excharge, the suwressor is an 

anion exchanJe column. 

'Ihe first suwressor columns for ion c:hranatogra}i1y were of a 



packed-bed type, tha.igh such drawbacks as off-line regeneration am 

barrl-broadeninJ due to diffusion into the pores by weak acid analytes 

(e.g. HNCi) created a less-than-ideal system13. 'Ihe introduction of 

fiber suppressors allowed cx>ntinuous regeneration of the column am 

eliminated the ''water dip" proolem whidl cx:x::urs as packed-bed 

suppressors becx:me experrled am the water dip IOOVes fonvard in 

retention ti.me14• However, fiber suwressors have a limited ion 

exchange capacity am cannot suwress ioore concentrated eluents 

resultin;J in the necessity of an alm:::>st exclusive use of the 

bicartx:mate/cartx>nate eluent13 • Micrauembrane suwressors (MMS) , 

which were introduced in 1985, eliminated these drawbacks with the 

high ion exchange capacity of the packed-bed suppressor am the 

continuous regeneration capability of the fiber suppressor. Both the 

fiber suppressor am the MMS contain semipenneable membranes with the 

regenerant flowin;J camtercurrent to the eluent. -For cation analysis, 

hydroxide ions f:ran the regenerant exc:harge with the chloride ions of 

the eluent while the cations are unable to pass through the membrane. 

For anion analysis, hydrogen ions exd'lan:3e with sodium am other 

cations through the meni:>rane while the anions are excluded from 

passage. 'Ihe MMS uses variously sized ion exdlan;Je screens: a fine 

screen for the eluent whidl minimizes the void volume am analyte 

dispersion am a coarse screen for the regenerant which allows the 

needed ion excharge capacity am regenerant flow. 'Ihese screens arrl 

ion exchange membranes are stacked am laminated together with the 

resul.tin;J close contact allowin;J a high exc:harge capacity13. 

After the suwressor column the effluent enters the corrluctivity 

cell which ex>ntains tlNO oppositely charged electrodes separated by the 

17 
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effluent flow12. Detection is based upon the :rreasurement of 

electrical corrluctance in microsiemens, pS, between the electrodes 

resulting fran the ions in solution. For low concentrations 

corrluctivity is directly p:rq,ortional to the concentration of the ions 

in solution with such factors as the total ionic concentration arrl the 

temperature of the solution affecting this linearity. For weak 

electrolytes the degree of dissociation reflects the fraction of total 

solute available for canying 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 nobility affects detection linearity. Higher concentrations of 

a strong electrolyte lessen the ionic nobility in solution arrl thus, 

corrluctivity is decreased12. For ion chranatogra:Ei'ly analysis, the 

linear range is usually between o.os arrl 100 or 200 A=ffi8• Terrperature 

also affects corrluctivity as an increase causes an increase in ion 

corrluctance. Tenperature variations can be accx:,unted for by. the 

normalization of c:x:,rmictivities to 25oC; chranatographs are often 

equipped with tenperature ccrrpensation deviceslS. 

After the analytes have been detected, the resulting data is 

easily harrll.ed through electronic integration as detector outp.rt is 

sent directly to an integrator which measures peak area or height arrl 

retention time. 'lhese results can be be displayed on a recorder or 

COl!pllter screen for rapid interpretation. With starrla.rdized 

comitions, both qualitative infonnation fran retention times arrl 

quantitative results fran peak area or height as compared to known 

concentrations can be readily abtained12. 
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CliAPI'ER2 

MA'l'ERIAIS AND MEIHD3 

MA'l'ERIAIS AND APPARA'IUS 

Solvents arrl Reagents 

For the anion eluent solid Na2<X>:3 arrl NaH<X>:3 were used. For the 

cation eluent double distilled HCl (6 M) was used as well as DI.r-2,3-

diaminopropionic acid ironahydrochloride (DM>.HCl). For the anion 

regenerant double-distilled H2S04 was used. For the cation regenerant 

tetrabutylarrm::>nium hydroxide (TBAOH, 55% solution) obtained f:ran 

Southwestern Analytical Olemicals in Austin,Texas was used. All 

dilutions, preparations arrl cleani.rg of glassware were done with 

ultrapure deionized water. 

Samples 

All water sanples were collected by the Yam:,;JStown State Univer

sity Civil ~ineerin1 Department mx:ler the supei:vision of Dr. Scott 

Martin. 'Ihe sanples were collected at five dates: July 13, August 4, 

August 30, September 29, arrl November 3, 1988. Six collection sites 

were used: 

1. IDwel.lville Bridge, washin;Jton Avenue 

in IDwel.lville 

2. Bridge Street in Struthers 

3. Cedar street in Ya.IDJStown 
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4. M::Ki.nl.ey Street in Maclbnald 

5. Main Avenue in Warren 

6. Ieavitt Road in Ieavittsburg 

Sample mnnbers corresporrled to the order as listed above. 'Ihese sites 

are shown in Figure 616. Sanples were collected by the Wildco rrethod 

using a Grab cup whidl was lowered in the river just below the surface 

of the water. 'Ihese surface water samples are considered to be at o 

feet in depth. '!he samples were then stored in plastic bottles arrl 

refrigerated at awroximately 40c after collection. 

Apparatus 

'Ihe Dionex 2000i/SP ion dlranatograEil system was used. A diagram 

of the interior of a Dionex dlranatograJ;Xly m::x:iul.e is shown in Figure 

717 . Detailed i..nsb:uctions f:ran the Dionex Co:rporation for the 

operation of the system were followed.17. For the separator columns a 

HPIC FAST SEP CATIOO 1 column arrl a HPIC FAST SEP ANIOO 1 column were 

installed acx:x>rdln:J to i..nsb:uctions18, 19. 'Ihese columns were designed 

for rapid detenninations of alkali rretals arrl alkaline earths for 

cations arrl ItDno- arrl divalent anions19. However, specifications of 

the resin stnicture for the columns were unavailable from the 

manufacturer, the Dionex Co:rp. '!he runs were extremely fast conpared 

to the previously used cation arrl anion columns whidl were the HPIC

CSl and HPIC-AS4, respectively. 'l'Nelve min runs were reduced to 2.5-

3.0 min with the new columns; the savinJs in time were immense arrl 

resolution of the peaks was consistently gcx::xi. 

A comuctivity detector was integrated into the system. 



t 

CANFIELD 

~ 
CJ 

11 
I 

0 I 2 J 4 5 
-==-=-=--

MILES 

HUBBARD 

0 
YOUNGSTOWN 

<( 

01~ - > 
J: .J 
0 :-

Ill z 
z 
w ... 

6'A H<1,,,lllf0 11,tl(. 

Figure 6 •. Map of Mahoning River and Collection Sites. 
tv 
..... 



Regen A Eluant 2 ~,uam I Fuse 
In In / In / Pump '.\ 76 1; :; A ....,~ Power I :;; " I 

SuppreHors 
A&B 

Separators 
A &B 

~ 
LJ Cell 

Column Select 
Valve _JJ II 11-I: I 

lnJectlon Vel,,. 11 •I : I Pressure 
Gauge 

Sample Port? 

External Detector 
(below sample port) ' Inject/Load Column 

Switch Select 
Switch 

FIGURE 7. 

Bubble Trap 

Eluant Select 
Switch 

~ . 

@ 

Interior of the Chromatography Module 

Eluant Select 
Valve 

Flow Select 
Dial 

Pulse Damper 

I',.) 
I',.) 



Temperature corrpensation which eliminated baseline variations caused 

by temperature charges of the solution was accc:.rrplished with a 

temperature corrpensation select switch which was user-controlled20. 

An auto-offset was used to zero the detector outp.it to avoid negative 

signals which sane catpiters will not aa:ept. 'Ihe corrluctivity cell 

contained two passivated 316 stainless steel electrodes which were 

sealed into the cell. 'lhe cell had an active voltnne of 1. 5 JJ-L· 'lhe 

detector cell outp.it was shown in a ran;1e o.o to 10,000 ps arrl with a 

sensitivity of 0.001 pS20. 

A schematic of the :roodul.e's analytical system with corrluctivity 

detection is shown in Figure 917. 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 sanple 

had been loaded into the sarrple port. 'lhe sanple was injected into 

the eluent flow with a flip of the LOAD/INJECT toggle switch. Eluent 

arrl sanple were then sent through a separator cohnnn arrl fiber 

suppressor which had been set by a CDIIJMN valve for "anion" or 

"cation". '!hen the effluent flowed into the detector cell for 

corrlucti vity measurement. 

'lhe central cc:rrponent of this system was the carpiter which 

communicated through a pre-made program arrl collected all output. 'Ihe 

computer controlled the sequence of the runs as well as the 

interpretation of data. 'lhe peaks fran the resultirg chromatograms 

were analyzed for peak height arrl area for the correspondirg retention 

times. 

Typical chranatograms for the cation arrl 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 guide. For example, in Figure 

9, cations were retained on the column in the order lithium, sodium, 

ammonium am potassium, fran least to lo~est retention times. Reten

tion times may vary with the corxtitions of the run, but this order was 

consistently followed. In Figure 10, the anions were retained as 

fluoride, chloride, nitrate, IX'losplate (in its nonahydrogen fonn) am 

sulfate, fran least to lorgest retention times. With good peak 

separation occurr~ in :rcost analyses the specific retention time of 

each ion was not as crucial for identify~ species as its position 

compared to the other ions. 'lhe positions of starrlard anion am 

cation peaks where the species were known was also helpful in quick 

identification. 

27 
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Preparation of Eluents 

For the anion eluent sodium carbonate, Na2003, arrl sodium 

bicarbonate, NaH003, were used. For the :recanmenied concentrations of 

2nM Na2ro3 arrl 0.15rrM NaHOOJ as instructed by Dionex Co:rp.21, for eadl 

liter of eluent prepared, 0.212 g Na200J arrl 0.0126 g NaH003 were 

weighed out, dissolved, arrl diluted with deionized water. '!his 

solution was used in all runs except the last (samples dated 11-3-88) 

where the concentration was charr;Jed due to proolems with the anion 

separator column. '!he column was altered by an unknown cause or 

accident with the resulting chranatograms showing :poor resolution. 

With the charr;Je in column dlaracter a new anion eluent concentration 

was needed to give adequate peak separation since the ions were 

eluting through the column tcx::> fast. Dilutions of 10, 15 arrl 20 % of 

the original concentration were tested with 20 % dilution giving good 

peak separation. For 20 % dilution, 0 .170 g Na200J arrl o. 0101 g 

NaH003 were -weighed a.rt for each liter of solution to prepare a 1.6 rrM 

Na2m3 / o .12 rrM NaHCX>J eluent. 'lhese concentrations were used only 

for the 11-3-88 samples arrl sane highly concentrated dlloride samples 

which were diluted by a factor of 20. 

'!he cation eluent was prepared as follows: 3.33 mL of 6 M HCl 

was micropipetted arrl 0.04217 g of DM>.HCl -weighed out for eadl liter 

of solution made with deionized water used for dilution, thus 

t'esult~ in a 20 rrM HCl / 0.3 rrM DM>.HCl eluent as reccmnerrled by the 
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Dionex Co:rporation22. 'lhese eluent concentrations were used for all 

cation analyses. 

Preparation of Regenerants 

'lhe anion regenerant consisted of o. 7 mL of concentrated ( 16M) 

H2S04 per liter of solution with deionized water used for dilution. 

'lhis 11. 2 ITM solution was used in all anion analyses as recommerx:led by 

the Dionex instructions21. 

'lhe cation regenerant for samples dated 7-13-88, 8-4-88 arrl 

8-30-88 consisted of tetramethylanm:>nium hydroxide ('IMAOH) in a 0.1 M 

solution. Tetrabutylanm:>nium hydroxide ('l'BAOH) replaced 'lMAOH in the 

0.1 M solution18 for the 9-29-88 arrl 11-3-88 samples after the Dionex 

Corp. cited certain advantages with the use of TBAaI including lONer 

backgroun1 con:luctivity due to less diffussion through the suwressor 

membrane of the larger sized TBAaI ioolecules23. 'lhe 0.1 M solution 

was prepared by dilutirq 48.54 mL of the stock TBAaI (2.06M) with 

deionized water per liter of regenerant. 

Preparation of Stamards 

Stamards for cations arrl anions .....ere prepared from stock 

solutions of 1000 _R:1n except for potassium ( 10, 000 ,R:ltl) • 'lhree 

starrlards for each ion .....ere prepared with concentrations based on the 

expected rarge of sanple values. 'lhe concentrations of the six anion 

am cation starrlard solutions for the eight ions are shown in the 

Table 1. 

Since only 100 mL of each starrlard solution was prepared, micro

pipettes were used for measurirq the volumes of stock solutions to 
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Table 1. Anion and Cation Standard.a 

ANION STANDARDS (ppm) 

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 7.5 15.0 30.0 
Sulfate 7.5 15.0 22.5 

CATION STANDARDS (ppm) 

ION # 1 # 2 # 3 

Sodium 12.5 25.0 37.5 
Ammonium 1.0 2.0 3.0 
Potassium 4.0 8.0 12.0 
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ensure accuracy. 'Ihus, for a cx:>ncentration of 1 FPll fluoride in the 

anion standard #1, 100 JiL of the 1000 FPll stock solution was micro

pipetted to a 100 mL flask an::l after the addition of the other stock 

solutions, the mixture was diluted to 100 mL with deionized water. 

'lhese standard solutions were used for all analyses. 'Ibey were stored 

in plastic bottles to prevent loss of ions fran the solution an::l were 

kept in a refrigerator except durirg analysis. 

Preparation of Samples 

Sample preparation was acc:atplished by the YSU Civil ErXJineerirg 

Department urxler 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 equallirg 0.45 pm. 'Ihe sanples were then ready for analysis. 

Like the stamards the sanples were stored in a refrigerator when not 

beirg analyzed, in plastic bottles to prevent loss of ions. Sample 

filtration is a crucial step before analysis with ion dlromatogra:Ei1y 

in that potentially damagirg substances which can clog an::l destroy the 

coltnm are eliminated fran the water sanple before it is injected into 

the IC coltnm. 

Ion Orrornatogramy Method 

Instnictions for the 2000i/SP Dionex system fran the company were 

followea for the operation of the chranatograEil nn:iule an::l corrprter 

data acquisition program17. 'Ihe flow rate of the eluent for ~11 cation 

am anion analyses was kept at awroximately 2 mL / min though this 
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was crudely measured since no flow rate device existed on the 

instnnnent. However, for each set of runs of standards arrl samples 

the flow rate was assmned to be constant. PUmp pressure was kept at 

approximately 800 psi (5.5 MPa) for all analyses though this readin;J 

fluctuated in a rarge between 650-900 psi (4.5-6.0 MPa). Salrples 

dated 7-13-88, 8-4-88 arrl 8-30-88 were analyzed using a 50 pL 

injection loop for both cations am anions. When TBAOH replaced 'DW)ll 

for the cation regenerant detection became nore sensitive arrl the 

standard arrl sample peaks for sodium showed colunm saturation. A 20 

pL loop was then used with the resulting sodium peaks for the 

standards within rarge. A 20 pL loop was then used for all subsequent 

analyses. An open-tiwed syrirge was used for injection of all 

standards arrl sanples, with deionized water used for rinsing the 

syringe between injections. 

'Ihe instnnnent was run 1:.hralgh a wann-up :period of at least 30 

minutes to allow the system to equilibrate. For a cation or anion run 

each of the three stamards was analyzed three times with carputer 

printouts of the resulting peak heights arrl peak areas checked. After 

linearity of the stamards with respect to concentration versus peak 

height was established, each sanple 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 rarge for interpretation, which in this 

project is within the rarge of the stardarcl concentrations. Dilution 

becarre necessary for all sanples in both cation arrl anion analysis due 

to the tremenious variation in ion concentration for the eight 

species. 'Ihus, each sanple was analyzed four times - once in its 
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urrliluted fo:rm for cations, then for anions, then diluted for cations, 

then diluted for anions. Sodium sanple concentrations were 

consistently higher than the highest stan:1ard (37.5 ppn) so all raw 

sodium peak data reflect dilution by a factor of four. Chloride arxi 

sulfate sanple concentrations were also repeatedly higher than 

acceptable so dilution by a factor of ten was used. However, for 

samples dated 11-3-88 arxi several highly concentrated chloride (>6 

ppm) samples from the other collection dates dilution by a factor of 

20 was necessacy for analysis. Dilutions were prepared with deionized 

H2o. For a 4-fold dilution, 2. 5 mL of sanple was mixed with 7. 5 mL 

H2O: for a 10-fold dilution, 1 mL of sanple with 9 mL H2O: for a 20-

fold dilution, 1 mL of sanple with 19 mL H2O. All dilutions were done 

in sterile, disp:,sable cups with the mixture swirled. '!he diluted 

sanples were then injected arxi nm identically to the urrliluted 

sanples. 

All resulti.rg dlranatograns were examined for straight baselines 

to ensure validity of the data. Baseline corrections were done with 

the system's c::anp.Iter by mani?J].ation of the parameters for analysis. 

For the anions urrliluted sanples terrled to give horizontal baselines 

with no correction needed after the initial nm. Diluted sanples, 

however, gave enontn.1S slanti.rg negative peaks at the injection point 

with baseline correction often needed. 'Ihis slanti.rg baseline is 

shown in Figure 11. '!he emergence of the fluoride arxi chloride peaks 

with the injection point is a consequence of the fast separator colman 

used am the significant difference in corrluctivity between the eluent 

an:i the diluted sanple wh.idl causes the deep injection point. A 

remedy to this prd::>lem wculd be the use of a slower colman whidl wculd 
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separate the fluoride arrl chloride peaks from the injection point b.rt: 

would also increase the run tin-e. 'lhe advantage of the 2.5 min run 

tin-e far outweighs the inconvenience of baseline correction for 

diluted samples. For the cations both urxliluted arrl diluted sanple 

chromatograms needed few baseline corrections due to the longer 

retention times arrl greater separation of the peaks from the injection 

point. 

Typical chranatograms for both anion arrl cation starrlards arrl 

samples are shown in Figures 12-21. 
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Figure lJ. Chromatogram for Cation Standard. #2. 
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Figure 14. Chromatogram for Cation Standard #J. 
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J'igure 1.5. Chromatogram for Cations in Uirliluted Sample • 
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Figure 16. Chromatogram for Cations in Diluted Sample. 
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l"igure 17. Chromatogram for Anion Standard ifl. 
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Figure 18. Chromatogram for Anion Standard #2. 
Ti me : 1 0 : 5 8 : 1 5 Date:TUE 29 NOV 88 
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Figure 19. Chromatogram for Anion Standard #J. 
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!'igure 20. Chromatogram for Anions in Umiluted Sample. 
. Time : 11:20 : 11 D&te : TUE 29 NOV 88 
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Figure 21. Chromatogram for Anions in Diluted (lOX) Sample. 
Time:lZ : 21:30 tlate:TUE 29 NOV 88 
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CHAPI'ER 3 

RESULTS AND DISClJSSION 

n..\TA HANDLING 

Peak height arrl peak area data were available for each 

chromatogram recorded. With a a:mrparison of calibration cw:ves 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 workin;J with smaller numbers. 

Peak heights for the three :runs of each stamard arrl for the two 

:runs of each sanple were averaged with typical results for the eight 

ions tabulated on data sheets as shown in Figures 22-23. A calibra

tion cw:ve of cxmcentration versus peak height was prepared for each 

ion for each date that analysis was done. A carp.Iter graphics 

program, ENERGRAFHICS, was used.24. Typical exarrples of the 

calibration cw:ves for the eight ions are shown in Figures 24-31. 

Assuming zero corx:iuctance at zero concentration, linearity is expected 

according to Kohlrausc.h's law which states, "In a dilute solution 

containing a mixture of electrolytes, the specific conductance is 

proportional to the stnn over all ions of the equivalent conductance of 

each ion multiplied by its nonnality1115. As shown in the calibration 

CW:Ves linearity was consistently achieved for the starrlards. For 

each calibration cw:ve the regression fonrula was also cx:,np.1t:ed by the 

46 



Figure 22. 
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Figure 2). Typical Anion Data Sheet. 
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Figure 24. 
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Figure 25. 
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Figure 27. 
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P'igure 28. 
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Figure 29. 
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Figure JO. 
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Figure Jl. SULFATE STANDARDS 
7-13-88 DILUTED SAMPLES 
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ENERGRAHIICS program an:i used in the detennination of sanple concen

tration. 

57 

For ease an:i clarity in raw data harxlli.n;J a tailor-made carp.1ter 

program for calculation of sanple concentrations was prepared an:i 

entered into BASrc25. A listi.n;J of this program is shown in ~ 

A. 'Ihe peak height averages for sanples \>Jere then fed into the 

program with the resulti.n;J sanple concentrations listed in a printout. 

Typical examples for the ions are shown in Figures 32-38. A m:x:lified 

program was used to harxlle data reflecti.n;J 10-fold dilution for 

chloride an:i sulfate detenninations an:i 20-fold dilution for chloride. 

'Ihese program variations are listed in AWerrlices B an:i c. Typical 

results are shown in Figure 39. 'Ihis aw:roach of usi.n;J three 

different prcqrams proved to be messy an:i sc.rrewhat confusi.n;J but 

occurred as an add-on result of the redoi.n;J of chloride sanples. 'Ihe 

original program included adjustments in concentration calculations 

for the 4-fold dilution for scxlium an:i the 10-fold dilution for 

chloride an:i sulfate. 'Ihe m:xlified prcqrams are the result of sane 

sanples in a batch bei.n;J diluted 10-fold an:i others requiri.n;J 20-fold 

dilution. In the future this cumbersane cq::p:roach could be avoided by 

better preparation of the entire analysis an:i an umerstan:ling of the 

wide rarge of chloride concentrations to be detennined. 'Ihe 

concentrations for the seven other ions \>Jere readily detennined by the 

original program. 

'Ihese results for sanple concentration \>Jere then tabulated usi.n;J 

the computer program IDIUS 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 corresporrl to sanple 
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Figure J2. Printout for 6odium rletermina tions. 
CONCENTRATIONS OP 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 FORMtJLA IS Y • .0034 + . 2863177 X 

SAMPLE NUMBER 

1 

2 

3 

4 

5 

6 

PEAK HEIGHT (E+ 5 ) 

3. 44418 

3 . ,,062 

2.90986 

2.7"818 

2.30992 

2.09177 

CONCENTRATION (PPM) 

48.069"1·· 

47.53881 

40.804159 

38.3,594 

32.22323 

29 .17557 

Figure JJ. P::·intout fo r Aranonium Deterr:-.i na tions. 
CONCENTRATIONS OF AMMONIUM FOR 11-3-88 SAMPLES DETERMINED BY ION CHROMATOGRAPHY 

THE REGRESSION FORMULA IS Y • .09133 + .98"7285 X 

SAMPLE NUMBER PEAK HEIGHT (!+" ) CONCENTRATION (PPM) 

1 1.6626 l.5~5638 
- ------------------------------------------------------------

2 1. 6904 1. 623869 

-- -------------------------------------------------------------3 1 . 2459 1.172"76 

-------------------------------------------------------------------
" 2.5292 2.,75677 

-------------------------------------------------------------------5 0.0000 NO DETECTION 
-------------------------------------------------------------------6 0.0000 NO "DETECTION 
-------------------------------------------------------------------
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Figure J4 • .Printout for Potassium Determina tiara;·. 
CONCENTRATIONS OF POTASSIUM FOR 9-29-88 . SAMPLES DETERMINED BY ION CHROMATOGRAPHY 

THE REGRESSION FORMULA IS Y • -.00383 + 1.389242 X 

SAMPLE NUMBER 

1 

2 

3 

4 

5 

6 

PEAK HEIGHT (E+ 4 ) 

9.6368 

9.4922 

8.783 

8.208 

6.4939 

6.165 

CONCENTRATION (PPM) 

6.939489 

~;. 835404 

6.324909 

5.911015 

4,677176 

4.440429 
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Figure J5. Printout for Fluoride Determinations~ 
CONCENTRATIONS OF FLUORIDE FOR 7-13-88 SAMPLES DETERMINED BY ION CHROMATOGRAPHY 

THE REGRESSION FORMULA IS Y • -.52558 + 7.590451 X 

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

1 

2 

3 

4 

3.695 

3.9176 . 

2.9946 

2,926 

.5692118 

.5985382 

.'769382 

.4579005 

------------------------------------------------------·.----------5 

5 

1.8451 

1 , 6255 

.3254981 

.296557 

Figure J6. Printout for Nitrat e Determi:la tions. 

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

THE REGRESSION FORMULA IS Y • -.14585 + l,404752 X 

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

l 19. 2402 13.80034 
----------- ·-------------------------------------------------------2 16.5564 11.88983 

- ------------------------------------------------------------3 8.5808 6 , 212241 
' -----------------------------------------------------------4 7 . 7228 5.501457 . 

------------------------------------------------------------5 2.2225 1,686034 
-----------------------------------------------------------6 3.165 2.356899 
----------------------------------------------------------
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Figure J?. Printout for Sulfate Determinations. 
CONCENTRATIONS OF SOLPATE FOR 11-3-88 SAMPLES OET!RMINED BY ION CHROMATOGRAPHY 

CONCENTRATIONS HAVE BEEN ~ORRECT!D FOR AND PEAK HEIGHTS REFLZCT SAMPLE DILUTION 
BY A FACTOR OF 10 

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

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

-------------------------------------------------------------------
1 16 . 1344 

2 
-------------------------------------------------------------------

3 14.2236 109.3748 

-------------------------------------------------------------------
-------------------------------------------------------------------

4 14.4772 111.2261 

l~.3115 110.0165 

-------------------------------------------------------------------
6 12.3496 95.69428 

Figure JS. Print out for Phos ohate Deternina.t ions. 
CONCENTRATIONS OF PHOSPHATE FOR 9-29-88 SAMPLES DETERMINED BY ION CHROMATOGRAPHY 

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

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

1 1.7497 2.386491 

----- 2 --;:;;~;--------------------;:;;;;~;-----------

- 3 ---:;;;~---------------------:~;~;;;;-----------

4 ----:;;;;-------- -------------------------------

------------------------------------------------·~079269 
_ 5 .034 NO ;;;;~;i;;--------
_::---;--------;------:~;~;--------------------;~-;;;;~;~;;--------

------ ------------------------------------------------------
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Figure J9. Printouts for Chloride Determinations. 
CONCENTRATIONS OF CHLORIDE FOR 8-4-88 SAMPLES DETERMINED BY ION CHROMATOGRAPHY 

CONCENTRATIONS HAVE BEEN CORRECTED FOR AND P!AX HEIGHTS REFLECT SAMPLE DILUTION 
BY A FACTOR OF 20 (INDICATED BY•) OR 10 

THE REGRESSION FORMULA IS Y • -.785 + 6,066868 X 

SAMPLE NUMBER 

l • 

2 • 

3 • 

4 • 

5 

6 

PEAK HEIGHT (E+ 4 ) 

29.4286 

28 . 2732 

CONCENTRATION (PPM) 

49. 80099 

47.89655 

CONCENTRATIONS OF CHLORID! FOR 8-4-88 SAMPLES DET!RMINED BY ION CHROMATOGRAPHY 

CONCENTRATIONS HAVE BEEN CORRECTED FOR AND P!AX HEIGHTS REFLECT SAMPLE DILUTION 
BY A FACTOR OF 20 (INDICATED BY•) OR 10 

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

SAMPLE NUMBER P!AX HEIGHT (E+ 4 ) CONCENTRATION (PPM) 

l • 13.7025 59. 96975 
-------------------------------------------------------------------. . 

2 • 13.8925 60.75762 
----------------------------------------- ·-------------------------3 • 

4 • 

5 

6 

13.2691 

13.3348 

29.4286 

28.2732 

58.17258 

58.44501 

49.80099 

47.89655 
-------------------------------------------------------------------



Table 2. 

SITE 

LOWELLVILLE BRIDGE, 
WASHINGTON AVE. 

BRIDGE STREET, 
STRUTHERS 

CEDAR STREET, 
YOUNGSTOWN 

McKINLEY STREET, 
McDONALD 

MAIN AVENUE, 
WARREN 

LEAVITT ROAD, 
LEAVITTSBURG 

SODIUM CONCENTRATIONS IN PPM 

SAMPLE DATE 

7-13-88 8-4-88 8-30-88 9-29-88 11-3-88 

44.35 46.00 38.35 48.07 57.78 

42.44 44.68 40 . 49 47.54 58.16 

35.19 40.62 37.61 40.60 51.28 

36.74 38.49 36 .18 38.35 46.39 

34.70 30 .10 33.17 32.22 37.42 

27.86 28.63 31.24 29.18 33.53 

MEAN 

46.91 

46.66 

41. 06 

39.23 

33.52 

30.09 

S.D. 

6.33 

6.21 

5.50 

3.69 

2.45 

2.05 

O'\ 
w 

, 



Table J. 

SITE 7-13-88 

LOWELLVILLE BRIDGE, 
WASHINGTON AVE. 0.814 

BRIDGE STREET, 
STRUTHERS 0.992 

CEDAR STREET, 
YOUNGSTOWN 0.647 

McKINLEY STREET, 
McDONALD 0 . 907 

MAIN AVENUE, 
WARREN N.D. 

LEAVITT ROAD, 
LEAVITTSBURG 0 . 292 

AMMONIUM CONCENTRA'fION IN PPM 

SAMPLE DATE 

8-4-88 8-30-88 9-29-88 11-3-88 

1.061 0.714 0.002 1.596 

1.248 0.790 N.D. 1.624 

0.888 0.527 N.D . 1 . 172 

0 .167 0 . 621 0.617 2.476 

N.D. N.D. N.D. N.D. 

0.184 0 .144 N.D. N.D. 

MEAN 

0.837 

0.931 

0.647 

0.957 

0.000 

0.124 

S.D. 

0.517 

0.542 

0.392 

0.795 

0.000 

0.112 

(j\ 
,i,. 

, 



Table 4. 

SITE 

LOWELLVILLE BRIDGE, 
WASHINGTON AVE. 

BRIDGE STREET, 
STRUTHERS 

CEDAR STREET, 
YOUNGSTOWN 

McKINLEY STREET, 
McDONALD 

MAIN AVENUE, 
WARREN 

LEAVITT ROAD, 
LEAVITTSBURG 

POTASSIUM CONCENTRATIONS IN PPM 

SAMPLE DATE 

7-13-88 8-4-88 8-30-88 9-29-88 11-3-88 

6.66 7.90 5.30 6.94 7.82 

6.49 7.57 5.35 6.04 8.34 

5.67 8.35 5.53 6.32 7.30 

5.55 7.78 5.20 5.91 7.65 

5.01 5 .10 4.55 4.68 5.31 

4.40 4.84 4.09 4.44 5.07 

MEAN 

6.92 

6.92 

6.64 

6.42 

4.93 

4.57 

S.D. 

0.94 

1.01 

1.06 

1.08 

0.28 

0 . 34 

CJ) 
u, 

, 



Table 5. 
FLUORIDE CONCENTRATIONS IN PPM 

SAMPLE DATE 
SITE 7-13-88 8-4-88 8-30-88 9-29-88 

LOWELLVILLE BRIDGE, 
WASHINGTON AVE. 0.569 0,561 0.467 0.587 

BRIDGE STREET, 
STRUTHERS 0.599 0,542 0.481 0.552 

CEDAR STREET, 
YOUNGSTOWN 0.477 0.487 0.415 0.520 

McKINLEY STREET, 
McDONALD 0.468 0.432 0.412 0.472 

MAIN AVENUE, 
WARREN 0.325 0,281 . o. 324 0.344 

LEAVITT ROAD, 
LEAVITTSBURG 0.297 0.270 0.304 0.319 

11-3-88 MEAN 

0.761 0.589 

0,792 0.593 

0.698 0.519 

0.679 0.493 

0.457 0.346 

0.447 0.327 

S.D. 

0.096 

0 .106 

0.095 

0.096 

0.059 

0.062 

°' °' 

, 



Table 6. 

SITE 7-13-88 

LOWELLVILLE BRIDGE, 
WASHINGTON AVE. 63.24 

BRIDGE STREET, 
STRUTHERS 60.45 

CEDAR STREET, 
YOUNGSTOWN 52.93 

McKINLEY STREET, 
McDONALD 56.09 

MAIN AVENUE, 
WARREN 57.10 

LEAVITT ROAD, 
~EAVITTSBURG 46.98 

CHLORIDE CONCENTRATION IN PPM 

SAMPLE DATE 

8-4-88 8-30-88 9-29-88 11-3-88 

59.97 58.64 62.98 83.83 

60.76 53 .17 60.99 81.01 

58.17 59.99 61. 98 83.79 

58.45 50.00 61.11 71.47 

49.80 50.73 51.12 53.20 

47~90 44.72 47.66 47 .19 

MEAN 

65.73 

63.28 

63.37 

59.42 

52.39 

46.89 

S.D. 

9.22 

9.34 

10.64 

7.05 

2.61 

1.13 

°' -..J 



Table 7. 

SITE 

LOWELLVILLE BRIDGE, 
WASHINGTON AVE. 

BRIDGE STREET, 
STRUTHERS 

CEDAR STREET, 
YOUNGSTOWN 

McKINLEY STREET, 
McDONALD 

MAIN AVENUE, 
WARREN 

LEAVITT ROAD, 
LEAVITTSBURG 

NITRATE CONCENTRATIONS IN PPM 

SAMPLE DATE 

7-13-88 8-4-88 8-30-88 9-29-88 11-3-88 

10.64 9.92 8.59 13.80 15.80 

9.88 8.74 7.87 11. 89 16 .10 

6.47 6.96 5.04 6.21 6.95 

5.35 4.82 3.96 5.60 4.61 

5.73 2.95 2.23 1. 69 1. 79 

2.68 1. 89 2.37 2.36 2.17 

MEAN 

11.75 

10.90 

6.33 

4.87 

2.87 

2.29 

S.D. 

2.65 

2.93 

0.70 

0.58 

1. 49 

0.26 

(J\ 

00 

, 



Table 8. 

SITE 7-13-88 

LOWELLVILLE BRIDGE, 
WASHINGTON AVE 1. 57 

BRIDGE STREET, 
STRUTHERS 1. 25 

CEDAR STREET, 
YOUNGSTOWN 0.55 

McKINLEY STREET, 
McDONALD 0.52 

MAIN AVE., 
WARREN N.D. 

LEAVITT ROAD, 
LEAVITTSBURG N.D. 

PHOSPHATE CONC. (PPM) 
SAMPLE DATE 

8-4-88 8-30-88 9-29-88 11-3-88 

1.95 N.D. 2.39 2.10 

1. 46 N.D. 1. 88 1. 90 

0.11 0.29 0.49 1.00 

0.08 N.D. 0.41 1. 11 

N.D. N.D. N.D. N.D. 

N.D. N.D. N.D. N.D. 

MEAN 

1. 60 

1. 30 

0.49 

0.42 

0.00 

0.00 

STD 

0.84 

0.69 

0.30 

0.40 

0.00 

0.00 

°' \D 



Table 9. 

SITE 7-13-88 

LOWELLVILLE BRIDGE, 
WASHINGTON AVE. 94.27 

BRIDGE STREET, 
STRUTHERS 106.15 

CEDAR STREET, 
YOUNGSTOWN 88.32 

McKINLEY STREET, . 
McDONALD 79.75 

MAIN AVE., 
WARREN 79.77 

LEAVITT ROAD, 
LEAVITTSBURG 75.59 

SULFATE CONC. (PPM) 
SAMPLE DATE 

8-4-88 8-30-88 9-29-88 11-3-88 MEAN STD 

102.94 81.96 110.94 123.32 102.69 14.10 

93.26 89.42 98.89 112.59 100.06 8.42 

86.42 91.74 92.95 109.37 93.76 8.15 

83.59 97.96 87.85 111.23 92.08 11.34 

81. 53 87.59 85.70 110.02 88.92 10.91 

77.19 84.73 77.31 95.69 82.10 7.50 

....... 
0 



numbers from the data sheets in order, for ex.anple, I..owellville 

Bridge, Wash.in;Jt.on Ave. is the site for sanple # 1 as Leavitt Road, 

I.eavittsburg is the site of sanple # 6. 'lhe mean am staroard 

deviation of the five dates for eadl site are also shown am were 

calculated with the IDIUS program. For the ion profiles new tables 

were prepared usirg the concentration means am starrlard deviations 

with the river miles for eadl site. 'lhese results are shown in Tables 

10-17. 'lhe rn.nnber of river miles is the distance from the collection 

site to the Il'Ollth of the Mahonirg River whidl is where it meets the 

Shenango River. 'lhus, the further upstream the site, the greater the 

river miles. 'lhe river mile figures were determined by Dean Morgan in 

the YSU Biology Dept. 

'lhe SIGMAPI.DI' carp.rt:er graprics p~7 was used to prepare 

graphs of river miles versus ion concentration for eadl of the eight 

ions. 'lhe source of data for the plots is fran Tables 10-17 where 

files were created to transfer fran the IDIUS to the SIGMAPI.DI' pro

gram. 'lhese ion profile graplS are shown in Figures 40-47. In addi

tion to data collected in the project, data fran previous Mahonirg 

River analyses were studied for carparison. 'lhese concentration 

readirgs were CX11piled by the Chio Enviromnental Protection lv:Jency 

from 1963-1988 with the soorces am methods of analysis unknown28 • 

However, because of the lon;J span of data collection (26 years) a 

conparison of ion concentrations 'WOUld seem to be of value. Olloride, 

as stated, is a good irrlicator of irrlustrial pollution am was chosen 

as the focus of the carparisons. First street in I..owell ville was 

chosen as the site for analysis because it is one of the ioore polluted 

regions of the river am dlloride concentrations will be in a high 

71 
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Table 10. SODIUM CONCENTRATIONS 
IN PPM 

RIVER 
SITE MILES MEAN S.D. 

LOWELLVILLE BRIDGE, 
WASHINGTON AVE. 14.0 46.91 6.33 

BRIDGE STREET, 
STRUTHERS 17.8 46.66 6.21 

CEDAR STREET, 
~OUNGSTOWN 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 31. l 6.42 1.08 

MAIN AVENUE, 
WARREN 39.3 4.93 0.28 

LEAVITT ROAD, 
LEAVITTSBURG 47.4 4.57 0.34 

Table lJ. FLUORIDE CONCENTRA!ION~ 
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 
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Table 14. 

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, 
McDONAi.D 31.1 59.42 7.05 

MAIN AVENUE, 
WARREN 39 . 3 52 . 39 2.61 

LEAVITT ROAD, 
LEAVITTSBURG 47.4 46.89 1.13 
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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. 3 

MAIN AVE., 
WARREN 39.3 88.9 10.9 

LEAVITT ROAD, 
LEAVITTSBURG 47.4 82.1 7.5 

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 o.o 
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Figure 42. ION PROFILE FOR POTASSIUM 
fr.om 1988 Mahoning River Data 
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Figure 4J. ION PROFILE FOR FLUORIDE 
· from 1988 Mahoning River data 
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Figure 44. ION PROFILE FOR CHLORIDE 
from 1988 Mahoning River data 
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Figure 45. ION PROFILE FOR NITRATE 
frpm 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. ION PROFILE FOR SULFATE 
from 1988 Mahoning River data 

120 

115 

,......." 110 E 
0. I l Q. 105 

'--" 0 

I z 100 0 l 0 

I 
~ 

95 l <( 0 er: 0 ~-

l z 90 

l 0 l w 
0 85 l z 
0 0 
0 80 l 75 .i. 

70 
0 5 10 15 20 25 30 35 40 4-5 .50 55 

RIVER MILES 
(X) 

w 



range. Total chloride concentrations for eadl year where at least 

four collections oa:urred were averaged with the mean and starrlard 

deviation calculated. 'Ihese results with the c:x,unt or number of 

collections are shCMn in Table 18. Total anm::>nium concentrations were 

similarly analyzed with the results presented in Table 19. Graii1S of 

year vs. mean ion concentration were done with the SIG1API.DI' program 

and are shCMn in Figures 48-49 for chloride and amnonium. 'Ihree years 

(1965, 1970, 1977) were dlosen to c:arpare ion profiles of chloride 

with the 1988 data over the 26-year range. '!he mean chloride 

concentrations, starrlard deviations and c:x,unts for the various sites 

for the three years are presented in Tables 20-22. An ion profile for 

chloride was prepared usinq the SIG1API.DI' program with data from the 

four years plotted together. '!his plot is shCMn in Figure 50. 

'!he 1988 Data 

'!he results of the 1988 data are in a smmnary fonn in Figures 40-

4 7 and Tables 10-17. One oovioos ctlsel:vation for all eight ion 

profiles is that the concentration of the ion consistently decreases 

as river miles increases, showinq higher levels the farther downstream 

the sanple was collected. '!his result is predictai as substances 

enterinq a river will travel downstream with the flow until deposition 
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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 1'3 12 
1977 70 33 9 
1978 
1979 
1980 
1981 
1982 
1983 42 10 7 
1984 48 7 9 
1985 
1986 42 8 4 
1987 
1988 66 9 5 



Table 19. SUMMARY OF MAHONING RIVER EPA DATA 
SITE: LOWELLVILLE- FIRST STREET 
YEAR : 19 7 0-198 8 

YEAR 

1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 

TOTAL AMMONIUM 
(MG/L) 

MEAN S.D. COUNT 

2.06 
2.05 
2.12 
1.70 
2.73 
2.16 
2.81 
2.56 
2.35 
1. 83 
2.33 
2.10 
2.60 
1. 33 
1.00 
1. 59 
1.05 
1. 37 
0.84 

0.43 
0.61 
0.50 
0.46 
1. 65 
1.22 
1.07 
2.08 
1. 37 
1.09 
1. 97 
1. 53 
1. 23 
1.18 
0.35 
1. 11 
0.70 
0.71 
0.52 

19 
49 
51 
26 
23 

9 
12 
11 
11 
12 
15 
10 

9 
12 
10 
12 
12 

5 
5 
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Figure 48. Summary of Mahoning River EPA Data 
Site: Lowellville- First St. 
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Table 20. 
ION PROFILE FOR CHLORIDE 

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 

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 19 

WEST PARK AVE., 
NILES 35.8 48 5 19 

LEAVITT ROAD, 
LEAVITTSBURG 47.4 31 8 19 

-



Table 22. 

SITE 

FIRST STREET, 
LOWELLVILLE 

BRIDGE STREET, 
STRUTHERS 

WEST PARK AVE. , 
NILES 

SOUTH STREET, 
WARREN 

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

RIVER 
MILES MEAU S.D. 

14.0 70 33 

17.8 87 32 

35.8 54 10 

39.9 37 7 

COUNT 

9 

5 

7 

7 

\D 
0 



Figure 50. CHLORIDE PROFILE FOR THE YEARS 
1965, 1970, 1977, 1988 
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or evaporation occurs. 'lhe repeated pattern for all the ions derron

strates that whatever is~ in a river will affect a downstream 

area rrore. '!his result has been cxmfinned in previous studies2. 

'lhus, I.eavittsburg, the site farthest upstream, has the lowest 

concentrations for all eight ions while I..owellville has sane of the 

highest readings. However, Stnithers whidl had a collection site 3.8 

miles upstream of I..owellville had several high measurements, awroxi

rnately the same or higher than at I.owellville for all the ions, 

showirg possibly greater municipal am in:iustrial pollution which 

would be expected in an in:iustrialized area. Stamard deviation 

values were consistently greater for the higher concentrations of 

downstream sites perha:ps showirg that higher values have rrore chance 

of variability in measurement especially catpared to low values near 

the detection limit of the instrument. '!his result is expected with 

higher readirgs where such factors as recent rainfall or in:iustrial 

discharge will show an accunulative effect downstream. For a specific 

site, the relative stamard deviation values for the ions vary 

dependirg upon the site with anm::>ni.tnn am J;ilosplate readirgs showirg 

the greatest fluctuations. Ik> these ion concentrations show 

significance especially at sites down river such as I..owellville? As 

mentioned in the introduction, ion concentrations are gcxxl imicators 

of pollution with low concentrations (such as a few pprs for chloride) 

naturally occurrirg. With such dramatic increases in concentration 

beirg measured downstream the lowest levels possible would be observed 

at I.eavittsburg. Even if these valqes are considered the lowest am 

i.rrlicatirg natural causes, the tremerrlous increases at other sites 

show hmnan-rnade effects of pollution. 
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Tables 2-9 show ion ooncentrations for the five sample dates. 

'Ihe 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 IOOSt of the United states, in that an extensive 

drought occurred thralgh the sunmer nonths. With less rainfall, water 

levels in the Mahoni.rg River would be lc::,wer with higher ion 

concentrations expected. 'lhe high 11-3-88 readi.rgs as compared to the 

other values could irrlicate the effects of the drought which would be 

evident after the sunmer m::>nths. However, sudden increases fran m::>nth 

to m::>nth could show a pollution plug which was "caught" during a 

sampling. If an in::lustry makes a lazge discharge of waste or by

products into the river this plug will travel downstream eventually 

dissipating, but if detected would show unusually high ion ooncen

trations. Since the readings for all eight ions are high for the 

November sampling, a drought effect is suspected; imustries will be 

discharging only what is used in the pro:essing - massive anounts of 

chloride ion, but not all eight ions, would be expected of imustries 

using acid wash pro:esses. 'lhe sulfate concentrations in Table 9 show 

the highest values for all the ions. SUlfur naturally occurs in high 

concentrations in the Mahoning Valley region am 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 am i;:nosp,ate, caution shoo.ld be used in interpretation of 

data in that sane values (( lIPR) are near the detection limit and 

variations between sanple dates may not show significance. 

'Ihe 1988 data irrlicates sane sa.rrces of pollution from industrial 
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arrl nn.micipal causes. Sodium, chloride, arrl sulfate levels were high 

arrl as mentioned, the sources of these ions are readily seen in the 

Mahoning Valley region. Havever, potassium, fluoride arrl phosphate 

levels were low with the plosphate values showirg the nost 

significance in pemaps a lessenirg of danestic pollution which was of 

public concern a few years ago. 

Composite Analysis 

'!he 1988 data is probably best analyzed with previous data from 

the Mahonirg River. Tables 18 arrl 19 arrl Figures 48-50 present data 

obtained from the 1988 project assilnilated with older data summarized 

by the EPA for the Mahoning River. Table 18 which contains chloride 

concentrations for the Iowellville site arrl Table 19 which silnilarly 

shows amnonium concentrations dennnstrate the tremerrlous variation in 

sarnplirg size since 1963 with counts raD3"irg fran 51 to 4. Variation 

also occurs as to when sanples were collected, whether in the higher 

rainfall season, in the sprirg, or in the drier nonths. '!he 1988 

samples were collected IOOStly in the stmtrer nonths arrl durirg the 

unusual comition of a drcught. Despite these differences inter

pretation of the data is still of interest. 'As shown in Figure 48, 

chloride concentration readled peak in the early 1970s with lower 

levels recorded in the 1980s. 'lhe 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 in:lustrial activity after many factories 

along the river were econanically devastated arrl forced to shut down 
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in the late 1970s. '!he starrlard deviations for the peak years are 

much greater, especially for 1971 with a s.o. equal to 50 ppm, than 

for later years. 'lhis pattern is pertlaps due to the greater variation 

of higher levels in a fluctuating rainfall region such as the Mahonirg 

Valley. Also, illproyed instnnnentation or m:>re accurate procedures 

can acx::ount for this trerrl. An i.np:>rtant d:lservation is, however, 

that all the mean values are nuch greater than dtloride concentrations 

in unpolluted fresh waters which as stated are a few llJll• '!he 

concentration means rarge fran 42 to 88 wn showing that even after 

the decline of the major imustries in the Mahonirg Valley, the 

chloride levels are still abnonnally high. 

Similarly, amroonium concentration, collected fran the years 1970 

to 1988, show the highest readirgs in the mid-1970s when the Mahonirg 

Valley cx:mnunity was thriving. As with the chloride concentrations, 

the standard deviations show tremerrlals variation in values especially 

in 1977. Anm:>nium concentration, as mentioned, is a gcx:xi imicator of 

municipal waste. Sewage that has not been p:rq:,erly treated before the 

flow reenters the river will contrirute to high amroonium values. With 

the buildin:J of a new sewage treatment plant in Y~ in 1988 

which can m:>re effectively reroc,ve nitrogen fran the inflowing water, 

the low Nff.i+ level for the 1988 reading perhaps imicates this 

efficiency especially when the value is expected to be higher in a 

drought year. 

Tables 15 am. 20-22 show chloride concentrations for different 

sites for various years. '!he years, 1965, 1970, 1977 am. 1988 present 

a rarge for the 26 years with 1977 showing peak in:lustrial activity 

am. 1988 representing the post-imustrial era. Unfortunately, data 



from the mid 1980s.& was insufficient for analysis. Figure 50 shows a 

comp:>Site of the E:our ion profiles where similar patterns can be seen. 

For all four years, the downstream (fewer river miles)-higher concen

tration trerrl can be easily discented. For the peak year, 1977, 

chloride levels at. Lowellville an::l especially Stnrthers were the 

highest showing th..e tremema.is disdlarges fran the irrlustry in 

Youngstown. As ~ to the upstream sites in Niles an::l Warren, 

the values show a oramatic increase. 'lbe 1988 readirgs show a 

leveling-off effect as the chloride concentrations are high but the 

differences between upstream an::l downstream sites is not as great. 

Interestingly, the 1988 values are not the lowest; the 1970 readirgs 

irrlicate less chloride contamination. As absenred before, all of the 

values are well above the chloride concentrations of natural waters. 

E.VAIIJATIOO OF IC SYSTEM 

'lhe first inp:ression when studying the varia.is tables an:i figures 

that have been presented is that there is a tremema.is annmt of data 

to harxlle. Besides calibration cuz:ves for eadl ion for eadl run date, 

data sheets, calCU]_ations of ion concentrations, graJ.XlS an::l tables are 

prepared. With the sinultaneous detennination of several cations or 

anions, organization is crucial in the successful harxlling of the 

data. At this point the carp.rter becanes the IOOSt significant element 

of the analysis. S.:i.noe the ion chranatograply system is so general in 

analysis with the capability to allow detenninations of a wide range 
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of ions, the burden of specific test~ falls on the analyst who 

should readily transfer as nuch of this tedious "-'Ork to the c:::arp1ter 

as possible. 'Ihe process used in this project was helped immensely by 

the data-acquisition CXllplter with a chranatogra:Eity program am the 

personal c:::arp1ter but could be .i.nproved upon for m::>re efficient 

analysis am less htnnan error. 

'Ihe ion chranat.ograply system was reliable in the analysis as 

shown in the repeated linearity of the calibration o..u:ves (Figures 24-

31). Except for the CX>ltnnn accident, which was quickly diagnosed, am 

the chang~ of regenerants ('IMAOH to TBAOH) the procedure was 

routine. Even with the faster CX>lumns which allowed run times as 

short as 2.5 min, the starrlard am sanple peaks on the chranatogram.s 

showed CX>nsistently gcx:xi resolution. With this solid basis, the 

system can only be .i.nproved upon with m::>re catpiter interaction am 

innovative ideas fran the analyst allow~ m:xtification of the set-up 

for the unique requirements of the analysis. 

'Ihus, the ion chranatogra:Eity system shruld be a methcx:l ·of choice 

for analyses that involve repetitive detenninations of various ions. 

In envirornnental researdl this scenario is often the case. 'Ihe EPA 

am other organizations which set the starrlards for proc::a:iures in 

test~ water will hq>efully soon take advantage of the tremerrlous 

diversity am speed this system has to offer. 

9 7 



Appendix As Original BASIC program for the calculation 

of ion concentrations. 
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ioo REM THIS PROGRAM DETERMINES CONCENTRATIONS IN PPM OF SAMPLES OSING THE REGR 
ESSICK FORMOLA OF THE STANDARD CURVE 

105 PRINT "PLEASE ENTER THE NAME OP THE ION" 
106 INPUT I$ 
107 PRINT "PLEASE ENTER THE DATE OP THE SAMPLES" 
108 INPUT DS 
110 PRINT "PLEASE ENTER THE NUMBER OP SAMPLES" 
120 INPOT K 
130 PRINT "PLEASE ENTER THEY INTERCEPT" 
UO INPUT B 
150 PRINT "PLEASE ENTER THE SLOPE VALOES" 
160 INPUT R,S 
170 M•R/S 
175 PRINT "PLEASE ENTER THE EXPONENT FOR PEAK HEIGHT" 
176 INPUT P 

99 

177 LPRINT "CONCENTRATIONS OP "I$" FOR "D$" SAMPLES DETERMINED BY ION CHROMATOGR 
APHY 
178 LPRINT CHR$(10) 
179 IF I$• "CHLORIDE" GOTO 340 
180 IF I$• "SULFATE" GOTO 340 
181 IF IS•"SODIUM" GOTO 331 
182 LPRINT "THE REGRESSION FORMULA IS Y • "B "+ "M" X" 
183 LPRINT CHR$(10) 
186 LPRINT CHR$(10) 

190 LPRINT "---------------------------------" 
200 LPRINT "SAMPLE KOMBER CONCENTRATION (PPM)" 
210 LPRINT "----------------------------------,--" 

230 FOR J• 1 TON 
240 PRINT "PLEASE ENTER THE PEAK HEIGHT FOR SAMPLE NUMBER" .J 
250 INPUT H 
251 IF H•O! GOTO 320 
252 IF H<B GOTO 297 
255 IF !$a "CHLORIDE" GOTO 360 
256 IF IS•"SULFATE" GOTO 360 
257 IF !$•"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(lO) 
292 LPRINT CHR$(10) 
293 LPRINT CHR$(10) 
295 END 
297 IF I$• "CHLORIDE" GOTO 360 
298 IF I$a"SULFATE" GOTO 360 
299 IF IS• " SODIOM" GOTO 375 
300 LPRINT" ".J TAB(22) H TAB(48) "NO DETECTION" 
310 GOTO 288 
320 LPRINT " "J" 0 . 0000 NO DETECTION" 
330 GOTO 288 
331 LPRINT "CONCENTRATIONS HAVE BEEN CORRECTED FOR AND PEAK HEIGHTS REFLECT SAMP 
LE DILOTION BY A FACTOR OF 4" 
332 LPRINT CHR$(10) 
335 GOTO 182 
340 LPRINT "CONCENTRATIONS HAVE BEEN CORRECTED FOR AND PEAK HEIGHTS REFLECT SAMP 
LE DILUTION BY A FACTOR OF 10" 
345 LPRINT CHR$(10) 
350 aofo ii2 
360 C• 1o•(H-B)/M 
370 GOTO 270 
375 Ca 4•(H-B)/M 
376 GOTO 270 
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Appendix B1 Modified BASIC program for the calculation 
of ion concentrations with 10 and 20 X dilution of samples. 



100 REM TBIS PROGRAM DETERMINES CONCENTRATIONS IN PPM OF SAMPLES USING THE REGR 
!SSION FORMULA OF THE STANDARD CURVE 

105 PRINT "PLEASE ENTER TBE NAME OF THE ION" 
106 INPUT IS 
107 PRINT "PLEASE ENTER THE DATE OF TBE SAMPLES" 
108 INPUT DS 
110 PRINT •PLEASE ENTER TBE NOMBER OF SAMPLES" 
120 INPUT N 
130 PRINT "PLEASE ENTER TBE Y INTERCEPT" 
140 INPUT B 
150 PRINT "PLEASE ENTER TBE SLOPE VALDES" 
160 INPUT R,S 
170 M•R/S 
175 PRINT "PLEASE ENTER TBE EXPONENT POR PEAK HEIGHT" 
176 INPUT P 
177 LPRINT "CONCENTRATIONS OP "IS" FOR "DS" SAMPLES DETERMINED BY ION CHROMATOGR 
APHY 
178 LPRINT CHRS(lO) 
179 IP' IS• "CHLORIDE" GOTO 340 
180 IP IS• "SULFATE" GOTO 340 
181 IP' IS•"SODIUM" GOTO 331 
182 LPRINT "THE REGRESSION FORMULA IS Y • "B "+ "M" X" 
183 LPRINT CHRS(lO) 
186 LPRINT CHRS(lO) 

190 LPRINT "---------------------------------" 
200 LPRINT "SAMPLE NUMBER PEAK HEIGHT (E+"P") CONCENTRATION (PPM~" 
210 LPRINT "---------------------------------" 

230 FOR J• 1 TON 
240 PRINT "PLEASE ENTER THE PEAK HEIGHT FOR SAMPLE NUMBER" J 
250 INPUT H 
251 IF H•O! GOTO 320 
252 IF H<B GOTO 297 
253 IF H•l GOTO 380 
255 IF IS• "CHLORIDE" GOTO 360 
256 IF IS•"SULFATE" GOTO 360 
257 IP' IS•"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(lO) 
292 LPRINT CHRS(lO) 
293 LPRINT CBRS(lO) 
295 END 
297 IF IS• "CHLORIDE" GOTO 360 
298 IF IS•"SULFATE" GOTO 360 
299 IF IS•"SODIUM" GOTO 375 
300 LPRINT" "J TAB(22) H TAB(48) "NO DETECTION" 
310 GOTO 288 
320 LPRIHT" "J" 0.0000 NO DETECTION" 
330 GOTO 288 
331 LPRIHT "CONCENTRATIONS HAVE BEEN CORRECTED FOR AND PEAK HEIGHTS REFLECT SAMP 
LE DILUTION BY A FACTOR OF 4" 
332 LPRINT CBRS(lO) 
335 GOTO 182 
340 LPRINT "CONCENTRATIONS HAVE BEEN CORRECTED P'OR AND PEAK HEIGHTS REFLECT SAMP 
LE DILUTION BY A FACTOR OP' 20 (INDICATED BY•) OR 10" 
345 LPRINT CHRS(lO) 
350 GOTO 182 ' 
360 C• lO•(H-B)/M 
370 GOTO 270 
375 C• 4•(H-B)/M 
376 GOTO 270 
380 LPRINT" "J" • 11 

382 LPRINT "------------------------------------------------------------------" 383 GOTO 290 
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Appendix Ca Modified BASIC program for the calculation 
of ion concentrations with 20 X dilution of samples. 
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~~v ~~~ r ni~ rrtUuR..H u~TERHINES CONCENTRATIONS IN PPM or SAMPLES USING THE REGR 
ESSION FORMOI.A OP THE STAlfDARD CURVE 

105 PRINT "PLEASE ENTER THE NAME or THE ION" 
106 INPUT IS 
107 PRINT "PLEASE ENTER THE DATE or THE SAMPLES" 
108 INPUT 0$ 
110 PRINT "PLEASE ENTER THE lftJMBER OP SAMPLES" 
120 INPUT N 
130 PRINT "PLEASE ENTER THEY INTERCEPT" 
140 INPUT B 
150 PRINT "PLEAS! ENTER THE SLOPE VALUES" 
160 INPUT R,S 
170 M•R/S 
175 PRINT "PLEASE ENTER THE EXPONENT POR PEAK HEIGHT" 
176 INPUT P 
177 LPRINT "CONCENTRATIONS or •rs" FOR "0$" SAMPLES DETERMINED BY ION CHROMATOGR 
APHY 
178 LPRINT CHR$(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(lO) 
186 LPRINT CHR$(10) 

190 LPRINT "---------------------------------" 

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

210 LPRINT "---------------------------------" 

230 FOR 3• 1 TON 
240 PRINT "PLEAS! ENTER THE PEAlt HEIGHT FOR SAMPLE NUMBER" 3 
250 INPUT H 
251 IF H•O! GOTO 320 
252 IF H<B GOTO 297 
255 IF IS• "CHLORIDE" GOTO 350 
256 IF IS•"SULFATE" GOTO 360 
257 IF IS•"SODIUM" GOTO 375 
260 C • (H - B)/ M 
270 LPRINT" "3 TAB(22) B TAB(48) C 
288 LPRINT "-------------------------------------------------------------------• 

290 NEXT 3 
291 LPRINT CHRS(lO) 
292 LPRINT CHRS(lO) 
293 LPRINT CHR$(10) 
295 END 
297 IF IS• "CHLORIDE" GOTO 360 
298 IF IS•"SOLFATE" GOTO 360 
299 IF I$•"SODIOM" GOTO 375 
300 LPRINT" "3 TAB(22) B TAB(48) "NO DETECTION" 
310 GOTO 288 
320 LPRINT" "3" 0.0000 NO DETECTION" 
330 GOTO 288 
331 LPRINT "CONCENTRATIONS HAVE BEEN CORRECTED FOR AND PEAK HEIGHTS REFLECT SAMP 
LE DILUTION BY A FACTOR or 4" 
332 LPRINT CHRS(lO) 
335 GOTO 182 
340 LPRINT "CONCENTRATIONS HAVE BEEN CORRECTED FOR AND PEAK HEIGHTS REFLECT SAMP 
LE DILUTION BY A FACTOR OF 20" 
345 LPRINT CHR$(10) 
350 GOTO 182 
360 C• 20•(H-B)/M 
370 GOTO 270 
375 C• 4•(H-B)/M 
376 GOTO 270 
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