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ABSTRACT

ELEMENTAL ANALYSI S OF WATER AND SEDI MENTS | N THE
MAHONING RI VER USI NG NAA, AA AND | CP SPECTROSCOPY

JAMES P. WHI TE III
MASTER OF SCI ENCE | N CHEM STRY
YOUNGSTOM STATE UNI VERSI TY, 1985

The Mahoning River runs from Trunbul|l and Mahoning
Counties in OChio to Lawence County in Pennsylvania
where it enpties into the Beaver River. From the turn
of the century, the iron and steel industries in the
area have used the river as a source of process water
for manufacturing. Since the late 1970's, however,
econonmi ¢ hardships have forced drastic cutbacks in
steelmaking and related industrial production in the
area. Curtailnent of industrial production has greatly
| essened active pollution of the river, but the inpact
of years of steel making on the river system is not
known.

El enental analysis of river water and sedinent
sanples were perforned to determ ne residual elenental
pollution of the river system by the metal industries.
Water and sedinent sanples from 18 sites along the entire
l ength of the river, plus 5 sanples fromentering streans
were analyzed. Elenental concentrations in the sanples

| ocated upstream from the major industrialized areas
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and from entering streans (pre-industrial sites) were
averaged and taken as background levels for the el enents
det ect ed. El enental concentrations in the sanples
downstream from the major industrial areas (industrial
sites) wer e t hen conpar ed to t he backgr ound
concentrations. Elenents that are significantly higher
than two standard deviations above the average
concentrations of elements for pre-industrial sites
are classified as pollutants. Using this criterion.
nine elenments (Al, Sc, C, M, Fe, Co, Zn, Sb, Cs) were
identified as pollutants in river sedinents and two
of these elenents (Fe, Zn) were found as water pollutants.

Sedinent sanples were analyzed by neutron
activation analysis (NAY) at the Chio State University
Nucl ear Reactor Laboratory in Colunbus, GChio. Wt er
sanpl es were analyzed by atomc absorption (AA), atomc
em ssion (AE), and inductively coupled plasma (ICP)
spectroscopy. An Instrunents Laboratory Video 11 Atomc
Absor ption Spect r ophot onet er, and an I nstrunent s
Laboratory Plasma 200 |CP Spectroneter were used at
Youngstown State for the analysis. Two sanples of water
were al so anal yzed by NAA

In the Sedinent sanples, twenty-eight elenents
(Na, Al, K, Sc, V, C, M, Fe, Co, Zn, As, Rb, Zr, Sn,
Sb, Cs, Ba, La, Ce, Sm Eu, Tb, Yb, Hf, Ta, Th, Pa,
U) were detected, with concentration data obtained for

all but Tb, Yb, Hf, and Pa.
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CHAPTER |
| NTRODUCTI ON

The Mahoning R ver, located in Northeastern
Chio and Wstern Pennsylvania, is 108 mles |long and
enconpasses a total drainage area of 1,131 square mles.
it has, since the turn of the century, served the basic
iron and steel works and their related industries in
the area. In part, due to its extensive use by these
manufacturers, it has becone highly polluted. Most
evident is the thermal pollution, since the river, which
Is not particularly fast flow ng, does not freeze even
In the col dest wi nters.

In recent years, beginning in 1977, the basic
steel making industry has sharply curtailed production
In the Mahoning Valley through which the river flows.
From 1974 to 1982, over 56% of the enployees of the
primary mnetal industries in the Mahoning Valley were
laid off, nearly all of whom were from three I|arge

basic steelmaking mlls. 1,2

The closing of the blast
furnaces in these mlls greatly |essened the thernal
and chemcal pollution being introduced into the river
system but residual contamnation from these processes
still remains. Since steelmaking as a process uses

mainly pure elenents or their common ores, an el enental



analysis of the river waters and sedinents could reveal
the extent of this residual pollution. An el enent al
analysis of river waters could indicate any active
pol ution of the river system

Previous investigators have perforned el enental
anal yses on the Mahoning R ver System Cordon, Hazari,
Mintean, and Kine et a. analyzed water and sedinent
sanples from selected portions of the river from 1972
to 1974, a period when steel production was at its

peak, 3:4,5,6

The analyses were made primarily using
neutron activation analysis (NAA) wth the Youngstown
State University Californium252 neutron source and
detector facilities. Both sedinment and water sanples
were analyzed by NAA, wth atomc absorption (AA) and
wet chemcal nethods used to a limted extent in sone
of the water analyses.>’® W to ten elenents were
detected in the sedinents (Na, My, A, Cl, K, Ca, V,
Mh, Cu, Br), with these and four additional elenents
(Fe, Ni, Zn, Pb) found in sone water sanpl es.

The Cf-252 neutron source used in these earlier
studies produced at best a rather |low neutron flux of
102 n-em 2.s"1. Gamma detectors used in these anal yses
were of relatively low resolution and were not shiel ded
to reduce background radiations. Al so, instrunentation
at this time was not conputerized, and gamma spectra
had to be analyzed nanually. These factors |limted

the detectability of elenents with snmall thernal neutron



cross sections or those low in concentration. Most
noti ceably absent in these findings were any indications
of iron, chromum cobalt, or zinc in the river sedinments.
Iron and zinc were, however, detected in water sanples
by other nethods, and found to be in relatively high
concentrati ons. A nore thorough study wth Dbetter
detection Iimts is needed to discover the full extent
of pollutionin the river system

In the present study we wll determne active
and residual elenmental pollution in the Mahoning river
system now that the nmajority of the heavy industries
using the river have ceased operations. Sanples of water
and sedinents were collected along the entire length
of the river, and from five streans that feed into the
river. El emental analysis of the sanpl es was perforned
using NAA, AA and inductively coupled plasma (ICP)
spect r oscopy. El emental concentrations in the river
sites upstreamfromindustrialized areas and fromentering
streans are used as background levels for the river.
Sanples from industrialized areas or downstream from
them are conpared to the pre-industrial upstream sites.
El ements showing concentrations significantly higher
than the backgroud | evels will be considered pol |l utants.

Sedi ment sanples were analyzed by NAA at the
Chio State University Nucl ear Reactor Laboratory (CSU NRL)
In Colunbus, Chio. This facility offered a hi gher neutron

flux and a higher resolution shielded detector, which



al | oned much | ower det ecti on limts and t hus
identification of nore elenents. Water sanples were
analyzed by AA and ICP at Youngstown State University.
In addition, two water sanpl es were anal yzed usi ng neutron
activation at O8U NRL.

Particular enphasis is placed on the sedinent
anal ysi s, since, now that nost of the steel manufacturing
facilities are closed, pollution attributed to them
woul d be residual and show up nostly in the river bed.
Detection of first row transition elements was nost
inportant in the sedinents, since they are the nain
constituents in steel making. Appropriate decay schenes
for NAA of the sedinments were chosen to determne V,
Cr, M1, Fe, Co, and Zn in particular.

Water analysis was done to determne residual
pollution of the river, such as leaching of elenents
from the sedinents, and to find any active pollution

Sour ces.



CHAPTER 11

H STORY AND THECRY OF THE ANALYTI CAL METHCDS:
NAA, AA, AND | CP SPECTROSCCRY

Neutron Activation Anal vsis

The first neutron activation analysis experinent
was nmade in 1936 by Hevesy and Levi to analyze inpure

yttrium for traces of dysprosium7

QG her experinents
usi ng neutron activation were nade during the late 1930's,
but neutron fluxes and detector sensitivities renained
low, limting its use as an analytical nethod. The real
devel opnent of neutron activation canme as a result of
wartime research in nuclear physics. By the late 1940's,
research reactors and cyclotrons canme into use and with
t hem anpl e neutron fluxes for activation analysis. Neutron
fluxes as high as 1022 n-em2.571 were available at this
time.

Neutron activation developed rapidly throughout
the 50's and 60's, being used to determne trace elenents

5 to 10712 grans in sanples such as water,

from 10
bi ol ogi cal tissue, and high purity silicon. 8 The advent
of Ge(Li) detectors and conputers in the 1970's greatly
enhanced the speed and resol ution of activation analysis,
allowing determnations of many elenents sinultaneously.

Today, higher efficiency intrinsic germanium and Hgl,,



detectors are being used, plus greater conputer assisted
analysis for better and faster results. Neutron fl uxes
up to 10%° n-em2-s71 are currently avail abl e.

Neutron activation can be induced by either fast
or thermal neutrons. For nost elenments heavier than
neon, thermal neutron activation is the method of choice
since the reaction probability or cross section for therma
neutron reactions is usually higher than that for high
energy neutrons. The typical thernal neutron activation
experinment is as follows: neutrons from a reactor or
radi oi sotope source are passed thru a noderator, usually
water, which slows them to thermal energies. A sanple
is then placed in the thermal neutron source, where various

nucl ei 11Va for exanpl e) absorb neutrons releasing a

pronpt ganma-ray

1 24
23Na + .n — 11Na + v (1)~

The neutron rich isotopes produced are conmmonly unstabl e.
They decay according to their half-life, by beta(electron
and gamma-em ssion (B-decay) to a stable elenent one
hi gher in atom c nunber (Egn. 2. The gamma-rays emtted
have specific energies,

24 24 _
1iNa ——— JoMg + vy + e (2)

characteristic of the individual nucleus. Usi ng gama

spectroscopy, the v radiation energy from the B-decay

can be nmeasured, identifying the el enent present.



The ogeneral equation for nmeasuring the activity
of the radiation produced by thermal neutron bonbardment
I s equation 3. °

A=N¢® e amG (1 - exp ( ty

wher e
= activity measured by the detector

nunber of target nuclei
-1

s 2 >
I

-2
= flux of neutrons, n-cm s
reaction cross section in cn?

Q
Il

™M
1]

detector efficiency

m = i sot opi ¢ abundance of nucl ei
G = detector geonetric factor
t = irradiation tine

ty = half life of the nucleus.

CGenerally neutron activation is not done on an absolute
basis, but on a conparative basis. A sanple of known
concentration (standard) is irradiated along with the
unknown sanple to be determ ned. This elimnates any
errors due to changes in the neutron flux wth tine.
If the sane detector and geonetry are then used to neasure
both sanpl es, assum ng isotopic abundancies are the sane,
equation 3 for the standard and unknown can be reduced

to
A - N .
unknown unknown const ant (4)

Astandard ~ Nstandard const ant (8)



since both activities are neasured and Nstandard IS known,
by the foll owi ng equati on.
_ A
Nunknown = (unknown ) | N i . 4004 (6)

stadard

| nducti vel v Coupled Pl asna Spectroscopy

The ICP, first described and used by Reed in 1961,
was devel oped by Geendield, Wndt, and Fassel in the
md-1960's nainly as an anal ytical techni que. 10 Geenfield
devised the first lamnar flow argon plasma torch
specifically designed for analytical purposes in 1964.
This design was later nodified by Fassel in 1965 and
becanme known as the Fassel torch. Using an argon flow
gas, it was found that stable plasnas of 10,000 K were
possi bl e. Anal ytical work showed the argon plasmas to
be remarkably free of matrix effects. By 1969, detection
limts with I1CP were shown to be equal to that of other
techni ques, such as Flame Atomc Em ssion. |nprovenents
in instrunentation in the early 1970's led to the first
conplete commercially available |CP spectrometer in 1974.
Recent I nprovenments in nebulizers, generators, and
nonochromat or systens have greatly increased resolution
and detection limts in | CP spectroscopy.

In a typical |1CP spectroneter, argon flow gas
t hrough a Fassel type torch is ignited by inductive heating
froma two or three turn induction coil. A pilot spark

from a tesla coil is necessary initially to make the



argon gas a conductor. Once ignited, a stable plasma
wll form within a few mnutes. Anal ytical solutions

are then aspirated by peristatic punp into a nebulizer
to form an aerosol, then injected into the base of the
pl asna. El ements within the sanple form excited atons
or ions in the torch, which give rise to atomc or ionic
em ssions. The emtted photons then enter a nonochronator
system for analysis. Diffraction gratings are used in
| P nonochromators for wavel ength separation. The photons
resol ved by wavel ength enter a photorultiplier tube (PMT)
connected to small capacitor. Signals from the PMI are
collected over a given tinme interval, usually 0.5 to
10 seconds. The charge built up on the capacitor is
proportional to the amount of light striking the PMI,
and thus proportional to the anmount of analyte emtting
the light. In this sense the light is said to be
"integrated". The integrated signals are then fed to

a conputer for data processing.

At omi c Absorption and Em SSi on _Spectroscopy

Atom c spectroscopy has its roots in observations
by Wl laston (1802) and later nore thorough studies by
Frauenhof er (1814) of dark lines appearing in the solar
spectrum By 1859, Kirchoff and Bunsen presented an
explanation for the dark |ines, showing that they arise
from atomc absorption in the solar at nosphere.

Application of this idea to elenental analysis in the
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| aboratory canme after work by Saha (1929) on thernal

ionization and later theories on |ine absorption
coefficients. A nercury atomc absorption instrunent

was built in the early 1930's, but AA analysis of other

el ements was hindered by problens in producing free gaseous
atons. Walsh in 1953 and Al kemade and Ml atz, soon after

proposed the use of AA as an analytical nmethod. A sinple
flame AA was denonstrated at the Physical Institute of

Mel bourne in 1954, and the first papers dealing wth
anal ytical applications of AA appeared in 1958. 1 From
this slow beginning, AA has developed into one of the
nost sensitive and widely used nodern analytical

t echni ques. Qurrently flame excitation sources are the
nost conmon, but new furnace excitation sources can now
achieve sub-part per billion neasurenents of certain
el enent s.

Atom c absorption is based on the principle that
atons absorb light at the wavelength at which they emt.
Sanples to be analyzed are aspirated into an atom zation
source, a flame for exanple, where free atons of the
el emrent are formed. For elenents of Ilow volatility,
nmost of the atonms remain in the ground electronic state.
A hollow cathode lanp nmade of the element to be tested
emts light at frequency fromthe excited atons within
the lanp. This light is passed through the flame where
the ground state atons absorb it. Theoretically,

absorption follows the Bear - Lambert Lav. 12



i1

A = 2,303 xng (7)
where A is defined as absorbance and

X = effective cross section for atomic absorption

at frequency

n = number of atoms present

2 = path length the incident light travels through

the sample.

Measuring light intensity (I) of the sample at the
resonance frequency v absorption is given by

A = log(l"/l) (8)
where I, is the light intensity with no analyte present.
In an AA experiment x and & are both constant, so
absorption is dependent only on the amount (concentration)
of analyte atoms present.

In AA measurements, standards of known
concentrations are analyzed and a standard curve of
absorbance vs. concentration is made. Absorbances of
unknown samples are measured, and concentrations deduced
from the plot.

In an atomic emission experiment, the flame provides

enough thermal energy to excite a large number of the

analyte atoms present. The excited atoms emit light
at a resonance frequency v of intensity | which is
measured. Analogous to the absorption experiment, the

intensity difference between signals in the absence and
presence of analyte is measured. This signal constitutes

light emission from the analyte, which is directly



proportional to the analyte concentration. Plots of
em ssion signal vs. concentration are nade for standards,

from which the <concentrations of unknown sanples can

be inferred.



CHAPTER 111

EXPERIMENTAL FROCEDURES AND INSTRUMENTAL PARAMETERS

Sample Collection

Wae and sediment samples were collected at 23
locations from August 9, 1984 to October 6, 1984. At
each site, the temperature and pH of the water was measured.
All samples were taken along the riverbank, usually by
a bridge for easier access to the river. A list of sample
sites is shown in Table 1, and their locations shown in
figure 1.

Water samples were collected in a polyethylene
bucket with a nylon rope attached. The bucket was thrown
into the middle of the river and pulled carefully to shore
so as not to include any stirred up sediment. The
temperature and pH were then immediately recorded. New
one liter polyethylene sample bottles were rinsed 3 times
with the water before being filled to the mark (1 - liter).
The first 10 samples were acidified on site with Baker
Ultrex Instra-Analyzed Nitric Acid, added drop-wise until
sample pH was less than 2. This proved difficult due
to leaks in the nitric acid container, so subsequent samples
were acidified in the Ilaboratory within 3 hours of
collection. The addition of acid was to prevent dissolved

minerals from depositing on the surface of the container.
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LIST OF SAMPLE SITES IN ORDER OF COLLECTION?
WATER

LOCATI ON

Mahoni ng- Trunbul | Rd. Bridge
Vst R ver Rd.

Vst Branch Creek Bridge

Rt. 5 Bridge

Levitt's Rd. Bridge

Parkman Rl. (R. 422) Bridge
R. 45 just north of

Packar d Par k

West Park Rd. Bridge

Meander Oreek R. 46 Bridge
Mosquito Creek Rt. 46 Bridge
Bel nont Ave. Bridge, Nles
Liberty . Bridge, Grard
Salt Springs Rd. Bridge
I-680 and R. 422

MIl Oeek

Mahoning Ave. Bridge
Mahoning Ave.

Cak H Il Bridge

Market St. Bridge, Youngstown
Sout h Ave. Bridge

Bridge St. Bridge, Struthers
Yel | ow Creek, Struthers

R. 289 Bridge, Lowellville
Rt. 224 Bridge

Rt. 108 Bridge, Pennsyl vani a
Beaver River, R. 168 Bridge

TEMP .,°C

pH

24.
24.
23.
25.
25.
26.
26.

27.
21.
24.
25.
25.
25.

24.
25.

22.
22.
23.
14.
17 -
17.
17.
1¢9.

3Letters denote pre-industrial sites.

Nunbers i ndicate i ndustri al

[ HeNeoNeN N Neo)

oUW O W

w

w

BRARNNOHNO

river sites.

1
(G109 N &) &) [4))

(S04 4 IS NG e )]

HONHO® ST O

[
[$; R R )]

(3209, ) WS I He)]
|

92}
(o))

1
ar O

G)(DC‘Y)(DG)QC')GJ &)}
9 M)

(S NG NS N6 R R o ey} o

O N

|
9)]

©0 OO ©

COLLECTI ON
— DATE
8-9-84
8-9-84
8-9-84
8-9-84
8-9-84
8-9-84
8-9-84
8-9-84
8-9-84
8-10-84
8-11-84
8-11-84
8-11-84
8-11-84
8-11-84
0-21-84
9-21-84
9-21-84
10-6-84
10-6-84
10-6-84
10~-6-84
10-6-84
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The volume of acid added was approximately 1 ml for all
samples.

Sediment samples were scooped from the river bed
using a polyethylene cup attached to a one meter stick.
Sediment was taken from 3 to 5 feet from the river's edge
as near as possible to the location where the water sample
was obtained. The sediment was then drained by funnel
into a 200 ml polyethylene sample bottle, pre-washed with
river water. This procedure, used for the first 15 samples,
tended to include some small rocks, sticks, etc., in the
sediments. To prevent this, the last 8 sediment samples
were also strained through a fiberglass screen. All
samples, both water and sediments, were tightly capped,

labeled, and stored at room temperature until needed.

Sediment Analvsis By NAA

Sample Preparation

Sediment samples were collected on Whatman No.
42 filter paper and dried under an infra-red heat lamp.
Any large rocks or organic matter were removed, then the
remaining solid was ground to a fine powder in a pyrex
mortar and pestle, which was pre-cleaned by soaking with
dilute nitric acid and rinsing with glass distilled water.
The powdered solids were mixed thoroughly to insure a
homogeneous sample. The prepared sediments were then

transferred to weighed 0.3 ml polyethylene irradiation
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vials. The vials were pre-cleaned using absol ute ethanol,
allowed to air dry, and handled only wth gloves once
cl eaned. The filled vials, containing approxinately 200
ng of solid, were again weighed, then narked with a sharp

knife for identification with a sharp knife.
The Chio State University Nucl ear Reactor Laboratory

Al neutron activation analysis work was perfornmed
at The Chio State University Nuclear Reactor Laboratory.
The OSU-NRL building is |ocated on Kinnear Rd. in Col unbus,
Chio. The (nhio State University Research Reactor (OSURR)
is a pool type reactor licensed to operate at a naxi mum
power level of 10 kilowatts. The reactor core contains
93% enriched uranium 235 fuel, and is surrounded by Iight
water for cooling, radiation shielding, and neutron
noder at i on. Access to the core for this experiment was
gained using the Central Irradiation Facility (CIF) and
Rabbit System both shown in Figure 2. Thermal neutron
fluxes for the access ports are given in Table 2.

Irradi ated sanples were neasured with the Ganma-ray
Spectroscopy System (GRSS) at the C8U NRL. The GRSS
consists of a Princeton Gamma- Tech |ithiumdrifted gernmani um
[Ge(Li)] detector with an active volume of 60 cnt The
detector has a 14% efficiency, a peak-to-Conpton ratio
of 46:1, and an energy resolution of 733 ev full-width
at half-maximum at 121-9 KeV. The entire detector is

surrounded by a graded shielding of I|ead, copper, and



A - CIF | = BEAM PORT NO. 1
B - SOURCE DRIVE EXTENSION
C - GRAPHITE ELEMENT 3 - FISSION CHAMBER
D - FUEL ELEMENT DRIVE
E - CONTROL ROD DRIVE K = THERMAL COLUMN
F - DRY TUBE EXTENSION
G- RABBIT TUBE L - IONIZATION CHAMBER
H = BEAM PORT NO. 2 HOUSING
EXTENSION

Figure 2. Reactor Core of the Ohio State University
Research Reactor
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NEUTRON FLUX

| nt egr at ed Fl ux

(n-cm™2-s
Tot al
Maxwel | i an
1/E

Fi ssion
Ther mal

Epi t her mal

TABLE 2

VALUES FOR THE OHI O STATE UNI VERSI TY RESEARCH REACTOR

Beam
Port
#1

.17x1011
.22x1011
.46x1010
.08x1010
.27x1011

.08x1010

© N w

Beam
Port
#2

.54x1011
.47x1010
.26x1010
.67x1010
.74x1010

.67x1010

Ther mal
Col um

.88x1010
.29x1010
.42x109
.96x108
.33x1010

.52x109

Centr al
I rradia.
Facility

3.97x1011
1.94x1011
1.20x1011
8.40x1010
2.02x1011

1.95x1011

=S )]

juy

s O

Rabbi t

.42x1010
.47x1010
.44x1010
.11x109

.58x1010

.84x1010

6T




cadmum to reduce background radiations. The Ge(Li)
detector is connected to a Canberra 8180 Miltichannel
Anal yzer (MCA). The MCA has a 4096 channel nenory, and
is interfaced with a PDP-11/05 mni-conputer. The conputer
has a hard disk for spectrum storage, and contains a
conparison analysis program which calculates elenental

concentrations according to equati on 6.
I rradi ati on Standards

Standards for sedinment analysis were provided by
the GBU- NRL. The standard used in the conputer conparison
was the International Atomc Energy Agency (IAEA) certified
soil-5 reference material.® Also used, but only for
conpari son (these standards were analyzed as unknowns)
were | AEA soil-7 and National Bureau of Standards standard
reference material 1645 river sedinent. St andards were
prepared at the OSU-NRL the sane as were the river sedinent

sanpl es.
| rradi ati on and Measur enent

To analyze for elenents which have relatively
long half-life isotopes (ty > 12 hours) produced by thernal
neut ron bonbardnment, sanples and standards were irradiated
together in the CGF for 3-4 hours. A the end of the
irradi ati on period (0-Day Decay), the sanples were neasured
with the GRSS. Subsequent neasurenments were also mnade

after a decay period of 1 day, 7 days, and 40 days.



El enents with shorter half-life isotopes (Na-24, K-42,
As-76, M-56) were determned in the zero or one day
nmeasur enent s. El enents with noderate to long half-life
i sotopes (La-140, Sm 153, U 238, Ce-141, Cs-134, Sc-46,
Fe-59, Th-232, C-51, Eu-152, Co-60, Sb-122, Sb-124,
"Spn-117, Ba-131, Zn-65, Zr-95, Rb-86, Ta-182) were
determined in the 7 or 40 day neasurenents. For i sotopes
that were neasured in multiple analyses, the concentration
val ue having the small est error was used.
El ements with very short half-life isotopes (A1-28,
V-52) were determined using the OSU-NRL rabbit facility.
Sanples were irradiated two at a time for five mnutes,

then neasured within two mnutes using the GRSS

WATER ANALYSI S

Sanpl e Preparation

Approxi mately 150 ml of each water sanple was gravity
filtered through Whatman No. 42 filter paper to renove
any solids. To each 150 ml sanple, two drops of Triton
X-100 (Fischer) surfactant was added to aid in aspiration

in | CP and AA nebuli zers.

| nductivel v Coupled Pl asna Anal vsi s

ICP analysis was conducted at Youngstown State
using an Instrunents Laboratory Pl asma-200 | CP Spectroneter.

This instrument has a 2 kw radio frequency generator



operating at a frequency of 27.12 ME. The torch consists
of 3 concentric quartz tubes, the largest being 20 mn
QD and the innernost 15 mm |.D A doubl e nonochr omat or
of Ebert-Fastie design provides second order resolution
of 0.02 nm and stray |ight exclusion of 1:106. | nst runment
functions are controlled by an Intel 80/16 singleboard
conputer, interfaced with an IBMPC for data and program
storage. Software available includes a multiquant program
used for all analyses.

The nul ti quant program supplied by Alied Anal ytical
Systens, allows rapid calibration and quantitative anal ysis
of up to 30 emssion Ilines. The provided program was
nodified to analyze 22 emssion lines for 21 elenents
(Table 3). The program uses a blank and a 3 elenent
standard of Zn and CQu at 10 ppm and Ba at 5 ppm(called
header elenents) for calibration. Al other emssion
lines in the program are referenced to the nearest header
element emssion line, and calibrated with a predeterm ned
em ssion ratio. Torch conditions, observation height
and integration tinmes were optimzed for each emssion

i ne.
ANALYTI CAL STANDARDS

Concentration standards for |ICP analysis were
prepared from 1000 ppm aqueous el enental standard sol utions
from Fischer, GFS, and Spex Industries. Usi ng dei oni zed

glass distilled water, the elemental standards were diluted



TABLE 3

EM SSI ON LI NES FOR ELEMENTS ANALYZED BY ICP MULTIQUANT

El enent Em ssion Lin nm
Zn 213.86
Pb 220.35
Ba 238,53
Ba* 455.40
Mn 257.61
Mg 285.21
v 292,40
Cu 324.75
Na 589.59
Al 237.32
Ca 315.89
Cr 205.55
Li 670.78
Ni 231.60
P 213.62
Sr 421.55
Fe 259.94
Co 238.89
Si 251.61
Ti 323.45
Mo 202.02
B 208.96

% - .
Li ne used for Ba concentration val ues.

oxr sanples. A sSmith-Hietrtje Background Correction System



to the 1 to 10 ppmrange in a 1-liter volumetric flask
containing 0.05 ml Triton X-100 and 1 ml of Fischer Utrex
Spectranal yzed nitric acid. Seventeen of the elenents
could be prepared as one stable solution, but four others
(M, Ti, B, Si) had to be nade separately because the
solutions required special conditions or were unstable
upon standing. A solution of 1 ml Utrex HNO, and 0.05
m Triton X-100 in 1-liter of glass distilled water was
used as a blank. The prepared solutions were used to

set emssion ratios in the nmultiquant program

At om c Absorption/Emission Anal ysSis

Atomc absorption and em ssion neasurenents were
also performed at YSU using an Instrunments Laboratory
Video 11 AA/AE Spectrophotoneter. This instrument uses
an air/acetylene flame or a graphite oven for atom zation
of sanples. A Smth-H eftje Background Correction System
is also available. Resolution of the instrument is 0.0L
nm Data and analytical parameters are stored wthin
t he system conputer and can be recalled on screen or printed
hardcopy at an external printer. Al neasurenments were
made using the air/acetylene fl ane.

Both iron and copper were determned in water sanpl es
by AA  Standards were made for each analysis by dilution
of Fischer 1000 ppm el enental standards. Three dilutions
were nmade for each elenent, matching the acid and Triton

surfactant levels of the sanples and blank. A standard



curve of absorbance vs. concentration was nmade for both
Fe and Cu, and sanple concentrations were deternmned from
this curve. The 248.3 nm line was used for Fe, and the
324.7 nmresonance |ine used for Qu.

Atomic emssion was used to determne potassium
levels in the river water. A potassium standard of 993.1
ppm was prepared from Aldrich gold 1able KBr in a 1-liter

flask containing 1 ml1 Utrex HNO, and 0.05 ml1 Triton X-100,

3
diluted to the nmark with glass distilled water. Thr ee
dilutions of this standard plus an acid blank were used
to make a standard em ssion vs. concentration curve, from
whi ch concentrations of river sanples were deduced. The

K emssion line at 766.5 nmwas used for the anal ysis.

Neutron Activati on Anal vsi s

Two river water sanples (10 and 11, see Table 1)
were analyzed by NAA as a cross reference for |CP and
as a check on detection limts of various elenents. Five
ml aliquots of each sanple, neasured by class A transfer
pi pet, were placed in 7 ml polyethylene irradiation vials.
A multi-elenment aqueous standard (Table 4) containing
21 elenents was prepared in a 2-liter volunetric flask
by diluting Fischer, G-S, and Spex aqueous el enetal
standards with glass distilled water. Two ml of Utrex
HNO, and 20 drops (+~ 0.1 ml) of Triton X-100 were added
to the standard solution before diluting to the nark.
A 5 ml aliquot of this multi-elenent standard was also

put in a7 ml irradiation vial by transfer pipet.



TABLE 4
MULTI - ELEMENT STANDARD FOR NAA WATER

CONCENTRATI ON

ELEMENT PPM (R mg/1
Co 0.500
Cr 0.500
Fe 1.000
Sc 0.497
Mn 0.500
Cu 0.500
Ni 0.500
Zn 0.500
Au 0.500
U 0.505
Th 0.499
Sr 0.500
Ba 0.500
Rb 0.500
Cs 0.500
K 4.965
Mg 10.00
Na 25.00
Ca 25.00
Br 10.15

Cl NOT DETERM NED



The water samples were irradiated together in the
Central Irradiation Facility at OSU-NRL for three hours.
Gamma spectra were measured using the multi-element standard

as a reference after zero and ten days decay.



CHAPTER | V

RESULTS

Sedi nent _Anal vsi s

Data from NAA of the river sedinents are listed
in Tables 5 to 28. Standard deviations for pre-industrial

site averages were cal cul ated using

Su~2 dxq .2 dxg 2 §xp (2
B - (f21)° 2 et (3

(9)
where su is the standard deviation of the average val ue
U, le IS the error in measurenent X1, 6xq Is the error
I n  nmeasur enent X,, etc. The energies from the gamma
spectra of the sedinment sanples are given in Table 29.
For elements with nmultiple gamma peaks, concentration
values were determned for each peak, and an average
of these values serves as the reported concentration.
Each concentration value has an error from gamma counti ng
statistics shown in the tables, plus an additional error
due to discrepancies between reported and neasured
concentrations for NBS 1645 and |AEA soil-7 standards.
Tables 30 and 31 show the results of analysis of these
standards, and the variance in percent.

To determne if an elenment was a residual

pollutant, sedinment concentrations in sanples taken



TABLE 5
ANTI MONY SEDI MENT CONCENTRATI ONS FROM Sb- 122 DATA

CONCENTRATI ON'™ STANDARD
SITE IN PPM (ng/g) DEVI ATl ON
Pre- 1 ndustri al
A 1.79 0.31
2.20 0.36
C 0.72 0.16
D 0.40 0.10
E 0.93 0.16
F 0.98 0.19
G 0.96 0.17
H 3.21 0.52
I 1.61 0.27
J 1.00 0.18
AVERAGE 1.38 0.82
| ndustri al
S 1.64 0.31
2 12.57 1.98
2 4.11 0.68
e 5.07 0.82
- 5.56 0.88
i 7.29 1.16
5 4.98 0.82
'10.64 1.67
9 3.87 0.61
10 :
8.01 1.25
11 14.14 2.99
12 ‘
2.84 0.48
13 *
2.78 0.46
AVERAGE 6.42
CONCENTRATI ON RANGE: 0. 40- 14. 14 ppm

31 ELEMENT/g SAMPLE



Tabl e 6

ARSEN C SEDI MENT CONCENTRATI ONS FRCM As- 76 DATA

CONCENTRATION? STANDARD
SITE IN PPM (ng/g) DEVIATI ON
Pre- I ndustri al
A 26.8 6.6
B 15.4 3.6
C 13.3 3.7
D 9.0 2.6
E 10.5 2:9
F 10.9 2.0
G 8.6 2.4
H 534 .5 4.7
I 9.6 1.9
J 15.4 1.9
AVERAGE 15.4 11.1
| ndustri al

1 17.4 4.0
2 23.5 3.5
3 28.2 4.4
4 25.2 4.1
5 15.8 o .4
6 25.8 4.1
7 30.3 3.9
8 35.4 4.4
9 28.9 2.7
10 16.5 2.7
11 62.6 6.7
12 14.4 3.2
13 13.0 2.0
AVERAGE 25.9 S

CONCENTRATI ON RANCGE: 8.6 -

251 ELEMENT/g SAVPLE

62.6 ppm



TABLE 7
CHROM UM SEDI MENT CONCENTRATI ONS FROM Cr - 51 DATA

CONCENTRATI on? STANDARD
SITE IN PPM (ng/g) DEVI ATl ON
Pre- 1 ndustri al
A 49.6 5.6
B 43.0 4.9
C 67.9 T a2
D 69.1 7.0
E 87.8 8.4
F 113. 11.
G 106. 10
H 1A%, 12
I 107. 10.
J 290. 46.
AVERAGE 105. 36.
| ndustri al
1 376. 36.
2 420. 41,
3 480. 47 .
4 507. 49.
5 221. 22.
6 402. 39.
7 379. 60.
8 447 . 71.
9 360. 57 s
10 304. 48.
11 268. 43.
12 584. 92.
13 80.4 13.1
AVERAGE 371. —

CONCENTRATI ON RANGE:  43.0 - 584 ppm

4,¢ ELEMENT/g SAMPLE



TABLE 8
ZI NC SEDI MENT CONCENTRATI ONS FROM Zn- 65 DATA

CONCENTRATI oN? STANDARD
SITE IN PPM (ng/g) DEVI ATI ON
Pre- 1 ndustrial
A 148 17
B 1,350 140
C 126 15
5 82 10
E 122 12
F 203 29
G 156 17
H 546 56
I 453 45
J 253 11
AVERAGE 344 198
I ndustri al
1 327 36
2 1,590 160
3 2,240 230
= 2,750 280
5 735 75
6 3,300 330
7 2,883 84
8 2,662 77
9 2,191 65
10 1,108 31
11 742 o4
12 2,807 82
13 771 26
AVERAGE 1,850 S
CONCENTRATI ON' RANGE:; 82- 3,300 ppm

41g ELEMENT/g SAMPLE



TABLE 9
| RON SEDI MENT CONCENTRATI ONS FROM Fe- 59 DATA

CONCENTRATI ON STANDARD
SITE [N VEI GHT % DEVI ATI ON
Pre-1ndustri al
A 2.93 0.32
B 1.83 0.20
C 2.19 0.24
D 1.38 0.32
E 2.62 0.28
F 2.95 0.32
G 2.96 0.32
H 4.18 0.45
I 7.94 0.85
J 5.53 0.28
AVERAGE 3.45 1.34
| ndustri al
1 6.67 0.72
2 11.9 « .
3 9.36 1.0
4 13.9 1.5
5 11.0 1.2
6 11.1 1.2
7 10.5 0.54
8 14.2 0.72
9 7.85 0.39
10 27.9 1.4
11 27.9 1.4
12 29,1 s 9,
13 9.13 0.46
AVERAGE 14.1 —————

CONCENTRATI ON  RANGE: 1.38-27.9 W. %



TABLE 10
COBALT SEDI MENT CONCENTRATI ONS FROM Co-60 DATA

CONCENTRATI ON" STANDARD
SITE IN PPM (ng/g) DEVI ATI ON
Pre- | ndustri al
A 12.0 0.76
B 7.09 0.48
C 7.78 0.53
D 5.29 0.36
E 7.86 0.44
F 8.78 0.56
G 6.17 0.40
H i 0.72
I 6.47 0.36
J 9.79 1.0
AVERAGE 8.29 1.8
| ndustri al
1 16.0 1.0
2 18.3 f o |
3 16.6 1.1
4 17.1 1.1
5 9.62 0.60
6 17.8 2.7
7 20.1 1.9
8 16.0 1.4
9 15,1 17
10 17 .2 2.0
11 17.4 1.8
12 16.2 1:8
13 9.38 .
AVERAGE 16.0
CONCENTRATI ON RANGE: 5.29-20.1 ppm

4,¢ ELEMENT/g SAVPLE



TABLE 11
CESI UM SEDI MENT CONCENTRATI ONS FROM Cs- 134 DATA

CONCENTRATI ON" STANDARD
SITE IN PPM (png/g) DEVI ATI ON
Pre- 1 ndustri al
A 2.86 0.38
B 2.21 0.32
C 2.55 0.35
D 1.52 0.22
E 1.50 0.12
F 2.61 032
G 1.39 0.22
H 4.09 0.43
I 1.10 0.11
J 2.79 0.38
AVERAGE 2.25 0.92
[ ndustri al
1 4.01 0.53
2 3.87 0.61
3 6.16 0.76
4 5.87 0.72
5 2.06 0.36
6 5.97 0., 55
7 7.09 0.80
8 8.55 0.86
9 5.49 0.71
10 2.92 .51
11 7.02 0.92
12 2.78 0.59
13 2.36 0.39
AVERAGE 4. 93 —_
CONCENTRATI ON RANGE: 1.10-8.55 ppm

8¢ ELEMENT/g SAMPLE



TABLE 12
RUBI DI UM SEDI MENT CONCENTRATI ONS FROM Rb- 86 DATA

CONCENTRATI ON" STANDARD
SI TE IN PPM (ng/g) DEVI ATI ON
Pre- | ndustri al
A 82.0 17.0
B 84.0 14.0
C 92.0 15.0
D 49.9 9.9
E 42.7 4.7
F 61.0 14.0
G 58.0 12.0
H 78.0 18.0
I 45.9 5.6
J 86.0 19.0
AVERAGE 67.8 41.0
[ ndustri al
1 148 26
2 104 31
3 146 34
4 128 35
5 66 20
6 134 23
7 175 35
8 102 35
9 159 32
10 65 31
11 164 50
12 87 36
13 70 22
AVERAGE 119 —

CONCENTRATI ON RANGE: 42.7-175 ppm

g ELEMENT/g SAMPLE



TABLE 13

37

SODI UM SEDI MENT CONCENTRATI ONS FROM Na- 24 | SOTOPE DATA

SI TE

Pre- 1 ndustri al

CHIZEOEEBOOQE >

AVERAGE

| ndustri al

CONCENTRATI ON RANGE:

CONCENTRATI ON
[N WEI GHT %

.301
.436
.555
.436
.286
.456
. 356
.596
.216
.238

oleoloNeoNeloNo e No o)

0.388

.539
.260
.402
. 358
219
.215
.316
.281
279
.154
.134
.229
278

© OO0 O0OO0OQOCOOOOO0O0O

.282

.134-.596 W. %

STANDARD

DEVI ATl ON

.018
.026
.033
.026
.017
.027
.-l
.036
.013
.013

QOO0 OOO0O00

0.073

.032
.016
.024
.022
.013
.018
«J18
=17
<017
.009
.008
.014
.017

QOO OO OOOODODOOO



TABLE 14
POTASSI UM SEDI MENT CONCENTRATI ONS FROM K- 42 DATA

CONCENTRATI ON STANDARD
SITE IN VEI GHT % DEVI ATI ON
Pre- 1 ndustri al
A 0.90 0.11
B 1.04 0.10
C 1.25 0.12
D 0.91 0.09
E 0.79 0.08
F 1.02 0.09
G 0.69 0.07
H 1.08 0.11
I 0.39 0.04
J 0.75 0.08
AVERAGE 0. 88 0.29
[ ndustri al

1 1.34 0.14
2 1.01 0.10
3 1.54 0.15
4 1.14 0.12
5 0.61 0.06
6 1.36 0.14
7 1.58 0.16
8 1 .23 0.12
9 1.50 0.15
10 0.53 0.05
11 0.74 0.07
12 0.54 0.05
13 0.73 0.07
AVERAGE 1.07 —_—

CONCENTRATI ON  RANGE: 0.39-1.58 W. %



TABLE 15
MANGANESE SEDI MENT CONCENTRATI ONS FROM Mh- 56 DATA

CONCENTRAT 10N STANDARD
SITE IN PPM (ug/g) DEVI ATl ON
Pre-Industri al
A 13,660 650
B 2,021 99
C 882 45
D 536 28
E 2,167 106
F 1,704 85
G 1,297 65
H 1,663 83
I 1,478 72
J 2,963 148
AVERAGE 1, 635: 245
2,837
| ndustri al
1 1,087 57
2 1,592 80
3 1,332 69
4 1,210 63
5 662 33
6 8,715 184
7 2,573 129
8 1,809 90
9 2,382 119
10 2,544 127
11 2,116 106
13 2,175 109
13 964 48
AVERAGE 1, 859 -

CONCENTRATI ON  RANGE: 536- 13, 660 ppm

%1g ELEMENT/g SAMPLE

DEXCLUDING SITE A

CWITH SITE A



TABLE 16
TI'N SEDI MENT CONCENTRATI ONS FROM Sn- 117 DATA

CONCENTRATION? STANDARD
SI TE IN PPM (ng/g) DEVI ATl ON
Pre- | ndustri al
A 1.91 0.28
B 0.44 0.15
C 0.33 0.16
D 1.06 0.17
E 4.63 0.53
F 3.40 0.42
G 5.15 0.60
H 3.1 0.41
I 4.42 0.52
J 5.79 0.62
AVERAGE 3.02 2.10
| ndustri al
1 2.83 0.40
2 3.09 0.42
3 3.51 0.48
4 4.04 0.54
5 4.64 0.55
6 3.83 0.53
7 3.78 0.49
8 2.88 0.37
9 3.42 0.37
10 2.15 0.25
11 322 0.40
12 3.69 0.42
13 1.91 0.23
AVERAGE 3.31 —
CONCENTRATI ON RANCE: 0.33-5.79 ppm

43¢ ELEMENT/g SAVPLE



TABLE 17
URANI UM SEDI MENT CONCENTRATI ONS FROM U- 238 DATA

CONCENTRATION? STANDARD
SI TE IN PPM (ng/g) DEVI ATI ON
Pre- 1| ndustri al
A 2.70 0.72
B 1.69 0.51
C 2.16 0.62
D 1.55 0.55
E 2.25 0.53
F 2.22 0.63
G 1.84 0.51
H 3.66 0.94
I 1.56 0.46
J 4.04 0.88
AVERAGE 2.10 1.86
| ndustri al
1 3.22 0.91
2 2.10 0.73
3 4.09 1.12
4 3.30 0.99
5 2.51 0.68
6 3.67 1.10
T 3.54 1.17
8 3.59 1.07
9 4,23 0.91
10 2.45 0.71
11 4,56 1.30
12 2.91 0.87
13 2.40 0.68
AVERAGE 3.27 -
CONCENTRATI ON  RANGE: 1.55-4.56 ppm

d1g ELEMENT/g SAMPLE



TABLE 18
THORI UM SEDI MENT CONCENTRATI ONS FROM Th- 232 DATA

CONCENTRAT 10N STANDARD
SITE LN PPM (ng/g). DEVIATL ON
Pre- 1 ndustri al
A 5.44 0.56
5.35 0.52
C 7.56 0.70
D 3.96 0.39
E 6.85 0.56
F 6.10 0.58
G 3.65 0.38
H 8.95 0.81
I 3.70 0.38
J 6.79 0.54
AVERAGE 5.84 1.75
| ndustri al
1 8.82 0.84
2 5.93 0.65
3 9.86 0.95
4 8.23 0.84
5 5.69 0.54
6 8.50 0.89
7 10.38 1.01
8 8.61 0.79
9 8.48 0.67
10 3.53 0.38
11 6.02 0.67
12 4.98 0.51
13 4,52 0.44
AVERAGE 7.22 _
CONCENTRATI ON RANCE: 3.53-10.38 ppm

21g ELEMENT/g SAMPLE



TABLE 19
TANTALUM SEDI MENT CONCENTRATI ONS FROM Ta- 182 DATA

CONCENTRAT| oN® STANDARD
SITE IN PPB ng/g DEVI ATI ON
Pre- I ndustri al
A 755 230
B 699 190
% 1,266 240
D 640 140
E 465 73
F 867 190
G 557 140
H 951 240
I 299 56
K 652 170
AVERAGE 715 532
| ndustri al

1 1,361 320
2 1,211 310
3 1,024 370
4 1,571 360
5 o272 33
6 907 250
7 957 280
8 1,534 310
o 1,309 300
10 806 220
11 1,380 360
12 1,043 250
13 884 170
AVERAGE 1,120 —

CONCENTRATI ON RANGE:  299- 1, 571 ppb

%hg ELEMENT/g SAMPLE



TABLE 20
Z| RCONI UM SEDI MENT CONCENTRATI ONS FROM Zr - 95 DATA

CONCENTRATI ON" STANDARD
SITE IN PPM (ng/g) DEVI ATI ON
Pre- 1 ndustri al
A 262 100
B 348 96
C 465 110
D 265 68
E 195 37
F 387 98
G 416 87
H 375 14
I 137 31
J 375 110
AVERAGE 313 248
| ndustri al
1 420 140
2% 320 160
3 387 190
4 307 180
5 213 97
6 385 130
7 403 190
8 328 180
9 591 180
10 72 57
11 179 130
12 441 290
13 444 120
AVERAGE 345

CONCENTRATI ON RANGE:  72-591 ppm

41e ELEMENT/g SAMPLE



SI TE
Pre- 1 ndustri al

A

GHITDOHEHOOQOW

AVERAGE

Industrial

QOO U WN

10
11
12
13

AVERAGE

CONCENTRATI ON RANGE:

TABLE 21
ALUM NUM SEDI MENT CONCENTRATI ONS FROM Al- 28 DATA

CONCENTRATI ON
IN WEI GHT %

(S NI RN OWOWNER FORIN

O WWRNNORNWORO KO

.62
.07
.12
«90
.06
« 97
.24
ol B
.27
.65

80

.24
2 10
.06
.54
.19
.94
.95
.24
.08
.83
.15
« L7
.28

65

.83-11.06 W.

%

STANDARD
DEVI ATI ON

o QOO OOOOO

olejolojololololoNoloNoeNo]

& 13
.23
v
«19
.24
w1
-
.35
18
« 18

w2

.36
.26
.43
.37
.24
.40
.26
.24
.27
«11
o
.12
wd:



TABLE 22
VANADI UM SEDI MENT CONCENTRATI ONS FROM V- 52 DATA

CONCENTRATI0ON? STANDARD
SITE IN PPM (ng/g) DEVI ATI ON
Pre- 1 ndustri al
A 80.6 18
B 66.1 13
£ 74.7 16
D 53.6 10
E 62.6 13
F 84.5 14
g 64.9 12
H 122.4 19
I 44,8 8.6
3 95.1 14
AVERAGE 74.9 45
Industrial

3 105.0 20
2 85.1 15
3 167.7 27
4 154.0 24
5} 78.2 14
6 128.5 25
7 108.1 18
8 129.1 20
9 124.0 18
10 55.4 8.3
11 107.5 17
19 62.4 9.4
13 47 .8 8.6
AVERAGE 104.1 S

CONCENTRATI ON' RANGE: 44.8-167.7 ppm

93¢ ELEMENT/g SAMPLE



TABLE 23
BARI UM SEDI MENT CONCENTRATI ONS FROM Ba- 131 DATA

CONCENTRATION? STANDARD
SITE IN PPM (ng/g) DEVI ATl ON
Pre- 1 ndustri al
A 467 120
B 436 100
(¢ 413 110
D 316 73
E 333 45
F 605 110
G 274 78
H 511 130
I 317 43
I 586 130
AVERAGE 426 304
| ndustri al

1 602 160
2 512 170
3 737 220
4 820 210
5 332 110
6 627 150
7 937 220
8 630 200
9 658 210
10 679 160
11 849 260
19 630 190
13 518 130
AVERAGE 656 _—

CONCENTRATI ON RANGE:  274- 937 ppm

93¢ ELEMENT/g SAVPLE



TABLE 24
SCANDI UM SEDI MENT CONCENTRATI ONS FROM Sc-46 DATA

CONCENTRATI ON" STANDARD
SITE IN PPM (ng/g) DEVI ATI ON
Pre- | ndustri al
A 6.28 0.30
B 5.01 0.24
C 6.13 0.29
D 3.55 0.17
E 6.15 0.29
F 6.79 0.32
& 3.69 0.18
H 9.47 0.45
I 4.53 0.21
J 9.21 0.44
AVERAGE 6.08 0.91
| ndustri al
1 8.41 0.40
g 6.65 0.32
3 10.98 0.53
4 8.96 0.43
5 6.18 0.30
6 10.33 0.49
7 12.27 0.59
8 10.03 0.48
9 11.32 0.54
10 4.77 0.23
11 7.19 0.35
12 5.80 0.28
13 5.35 0.26
AVERAGE 8.33 -
CONCENTRATI ON  RANGE: 3.55-12.27 ppm

4, ELEMENT/g SAVPLE



TABLE 25
LANTHANUM SEDI MENT CONCENTRATI ONS FROM La- 140 DATA

CONCENTRATION? STANDARD
SI TE IN PPM (ng/g) DEVI ATI ON
Pre- 1 ndustri al
A 22.0 1.5
B 18.9 1.3
C 23.4 1.6
D 14.6 1.0
E 26.1 1.6
F 21.0 1.4
e 13.4 0.9
H 31.0 2.0
I 14.2 0.9
J 24.9 1.5
AVERAGE 21.0 4.4
| ndustri al
il 29.9 2.0
2 21.1 1.4
3 33.1 2.2
4 29.1 2.0
5 19.3 1.3
6 30.9 2.1
7 34.6 2.2
8 28.9 2.0
9 31.8 1.9
10 13.5 1.0
11 24.9 1.8
12 18.0 1.2
13 19.7 1.3
AVERAGE 25.8 ——
CONCENTRATI ON RANGE: 13.4-34.6 ppm

93¢ ELEMENT/g SAVPLE



TABLE 26
EUROPI UM SEDI MENT CONCENTRATI ONS FROM Eu- 152 DATA

CONCENTRATI ON" STANDARD
SI TE IN PPM ) DEVI ATI ON
Pre- 1 ndustri al
A 0.82 0.12
B 0.72 0.10
C Oy 73 0.11
D 0.54 0.08
E 0.76 0.09
F 0.91 0.12
G 0.51 0.08
H 1.14 0.15
I 0.58 0.08
J 1.09 0.11
AVERAGE 0.78 0.19
| ndustri al
i) i.19 0.16
2 0.75 0.13
3 1,99 0.19
4 1.06 0.17
5 0.72 0.10
6 1.16 0.19
g 1.38 0.22
8 1.15 0.15
9 1.15 0.12
10 0.58 0.08
11 1.20 0.16
12 0.68 0.10
13 0.76 0.10
AVERAGE 1. 00 E—
CONCENTRATI ON RANGE: 0.51-1.38 ppm

31g ELEMENT/g SAMPLE



TABLE 27
SAVARI UM SEDI MENT CONCENTRATI ONS FROM Sm+ 153 DATA

CONCENTRATION? STANDARD
SITE IN PPM (ng/g) DEVI ATI ON
Pre-1ndustri al
A 4.40 0.33
B 3.65 0.27
C 4.78 0.36
D 2.92 0.22
E 4.55 0.34
F 4.39 0.33
G 2.78 0.21
H 6.01 0.45
I 2.80 0.21
J 5.26 0.39
AVERAGE 4. 15 0.98
| ndustri al
1 5.96 0.44
2 4.19 0.31
9 6.63 0.49
4 5.75 0.43
5 3.68 0.27
6 6.21 0.46
7 7.05 0.53
8 5.71 0.43
9 6.64 0.49
10 2.71 0.20
11 4,82 0.36
12 3.71 0.28
13 3.90 0.29
AVERAGE 5.15 —_—
CONCENTRATI ON RANGE: 2.71-7.05 ppm

9ng ELEMENT/g SAVPLE



TABLE 28
CERI UM SEDI MENT CONCENTRATI ONS FROM Ce- 141 DATA

CONCENTRATION? STANDARD
SITE IN PPM (ng/g) DEVI ATI ON
Pre- | ndustri al
A 50.2 4.2
B 42 .4 3+5
C 53.2 4.3
D 35.7 2.8
E 60.0 4.2
F 50.6 4.1
G 31.0 2.7
H 68.6 5.4
I 36.1 2.9
<& 55.7 3.6
AVERAGE 48. 4 12. 1
| ndustri al
1 63.8 5«3
2 49.2 4.4
3 79.8 6.6
4 69.2 5.9
5 54.8 35T
6 A4 =D 6.6
7 86.9 7.3
8 69.3 5.4,
9 74.3 4.6
10 33:7 2.6
11 64.1 4.9
12 41.8 3.3
13 43.4 Jwl.
AVERAGE 62.1 e
CONCENTRATI ON RANGE: 31.0-86.9 ppm

9¢ ELEMENT/g SAMPLE



TABLE 29
GAMMA ENERG ES FOR SEDI MENT ANALYSI S

| SOTOPE ENERGY (KeV)

A1-28 1,779.00
V-52 1,433.60
Na-24 1,368.60
Mn-56 846.75
1,810.66

K-42 1,524.66
La-140 487.01
1,596.17

Sm-153 103,18
U-238 228.14
Ce-141 145.44
569.35

Cs-134 604.73
795.84

Sc-46 889,26
1,120.52

Fe-59 1,099.22
1,291.56

Th-232 311.90
Cr-51 420,08
Sb-122 564.09
SB-124 1,690.94
Eu-152 121.78
344.20

Co-60 1,173.21
1,332.49

As-76 559,07
Sn-117m 158.56
Ba-131 216.08
373.24

496,36

Zn-65 1,115.50
Zr-95 756.72
Ta-182 299,14
1,221.38

Rb-86 1,076.77
Pa-233 94.50
398.51

Yb-169 62.93
177 .24

Hf-181 482.19
Tb-160 879.24



downstream from the first heavy industry (Copperweld

Steel in Warren, Chio) were conpared to the average
concentration of all the pre-industrial sites (which
I ncludes 5 sanples from streans). Considering the errors

stated above, elenments whose errors did not overlap (were
greater) two standard deviations above the pre-industrial
average were classified as residual pollutants. Ni ne
such pollutants were discovered (A, Sc, Cr, M), Fe,
Co, Zn, Sb, Cs) and plots of concentration vs. sanple

site for themare shown in figures 3-11.
Al um num

Al um num concentrations are well above the average
at four locations (fig. 3. Even considering a 13.4%
variance in the |AEA soil-7 standard, these 4 |ocations
still are higher than two standard deviations (SD). It
must be noted, however, that Al neasurenent of soils
by NAA is inherently inaccurate, since the Al-28 isotope
formed from thermal neutron bonbardnent also is forned
from Si-28 by an (n,p) reaction wth fast neutrons. Since
i rradiations

27 28

Al + Mn(thermal) — AL + ¥ (10)

28 28 +

si  In(fast) — Al p (11)



using the rabbit facility at OSU NRL are exposed to a
total flux containing 29% fast neutrons (Table 2),
contributions fromthe (n, p) reaction are bound to occur.
Thus, although high, the Al concentrations wll be
msleading if the silicate matrix of the sedi nent changes,
since both reactions form the isotope from which the

ganmma energy i s measured.
Scandi um

Scandi um | evel s are above 2 SD in 7 seven different
| ocati ons. Statistical errors are very low for Sc-46,
because it is a strong gama emtter. Consi dering an
additional error of 2.15% from the | AEA soil-7 standard,

all 7 concentrations still |ie above the 2 SD | evel .

Manganese

In the first pre-industrial site, the nanganese
concentration is the highest of any site, nore than 4
tinmes the level of any other upstream |ocation. By Q
test this is a valid data point and should be included
in the average. Doing so, only the highest industrial
site is above the 2 SD | evel .

This site was also sanpled by Muntean, and was

14 1his

also found to be the highest in M concentration.
indicates the location is naturally high in manganese,
and is probably not a good reference for calculating

a general background concentration. On these grounds,

| AEA soil-7 had no zinc value listed, so the



the site A mnmanganese concentration was not wused in
calculation of the pre-industrial average. By using
this average, and considering an additional 11.9% error
from the NBS-1645 river standard, three sites are above
the 2 SD | evel

Chrom um

Chrom um concentrations are above the 2 SD |evel
for all but one site, even when a 9.43% error from NBS- 1645

I S consi der ed.

| ron

Iron concentrations, considering a 2. 1 error
from the NBS standard, are above the 2 SD level for all

but the first industrial site.
Cobal t

Cobalt concentrations show all but two | ocations
above the 2 SD |evel. This includes an addtional 7.2%

error fromthe NBS river sedi nent neasurenent.

Zi nc

| AEA soil-7 had no zinc value listed, so the
48% error from the NBS standard nust be used. Even so,
eight of thirteen l|ocations (2, 3, 4, 5, 6, 7, 8, 9,

and 12) still have | evels above the 2 SD cutoff.



Ant i nons

Because the NBS- 1645 antinony value for Sb is
not certified, the IAEA error of 3.49 is used. Thus,
all but sites 1, 12 and 13 have concentrati ons above
the 2 SD | evel .

Cesi um

The Cs values for NBS-1645 are not Ilisted, and
the | AEA standard has a high error variance of 24% Wthin
the imt of this error, 3 locations (7, 8, and 11) have

concentrati ons above the 2 SD | evel .
QG her El enents

Sonme elenments, though not quite above the 2 SD
| evel when error overlap is applied, still show el evated
levels in the industrial river sites. These elenents
(Th, Rb, V, As, La, Sm and Ce) may have one val ue near
the cutoff value, but all other neasurements fall bel ow
the two standard deviation |evel.

The other elenents detected show only random
scatter, or have errors too large to show any significant
trend. One interesting observation is that t he
concentration of the lanthanides in the sediments appear
to be correlated, as showmn by a plot of concentration
vs. sanple site (for all sanples, in order of collection)
in figure 12. The |anthanides vary by their relative

abundances.
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TABLE 30
ANALYSI S OF NBS -1645 R VER SEDI MENT STANDARD BY NAA

EXPERI MENTAL LI TERATURE % b

ELEMENT UNIT CONCENTRATI ON  GONCENTRATI ON VARIANCE

Na PPM 5,540 5,500% 0.71

K PPM 12,500 1,200 3.8

AS PPM 68.3 662 3.4

Mn PPM 692 785 11.9

La PPM 7.96 9@ 12

Sm PPM 1.42 @ -

U PPM 2.21 1.11 98.8

Ce PPM 871 - -

Cs PPM 23.9 - -

Sc PPM 2.01 a 0.4

Fe W . % 9.93 11.3 12.1

Th PPM 11.8 1.62 630

(65 W . % 2.68 2.96 9.4

Eu PPM 0,55 - -

Co PPM 8.58 ga 7

Sb PPM 37.6 512 26

Sn PPM 3.6

Ba PPM 470 - -

Zn PPM 1.160 1,720 48

Zr PPM 88 - o

Rb PPM 88 =

Ta PPB 440 - =

Al W . % 2.9 24 31

v PPM 34.9 23.5 33

#value not certified
Val ue not |isted

b(E'x_perinental Conc. - Literature Gonc. ) x100/
Literature Conc.



TABLE 31
ANALYSIS OF | AEA SO L -7 STANDARD BY NAA

EXPERI MENTAL LI TERATURE % .
EL EMENT UNIL T CONCENTRATI ON _ CONCENTRATI ON VARIANCE
Na PPM 2,380 2,370 0.42
K PPM 11,100 12,100 8.10
AS PPM 16.8 13.1 28
Mn PPM 588 627 6.14
La PPM 27.0 28.0 3.67
Sm PPM 4,89 5.15 5.01
U PPM 2.61 2.67 2.28
Ce PPM 62.4 59.2 5.36
Cs PPM 6.88 5.55 24.0
Sc PPM 8.29 8.47 2,15
Fe Wt.% 2.55 2.58 1.24
Th PPM 7.84 8.04 2.54
Cr wt.% 55.3 58.4 5.30
Eu PPM 0.918 0.975 5.85
Co PPM 9.56 9.22 3.67
Sb PPM 1. TS 1.69 3.49
Sn PPM 10.6 = =
Ba PPM 255 260 2.02
Zn PPM 145 = -
Zr PPM 167 - -
Rb PPM 59.6 58.0 2.68
Ta PPB 755 762 0.93
Al Wt.% 5.36 4.74 13.2
A PPM 81.4 80.0 1.75
% (Experinmental Conc. - Literature Conc. ) =x100/

Literature Conc.
“Val ue not |isted
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WATER ANALYSI S

| CP_Anal vsi s

Using the nmultiquant program provided a rapid
analysis of the water sanples, with the use of a snall
amount of each sanple. It does however, add an extra
source of error wth the <calibration ratios. Tor ch
condi tions coul d change between runni ng the header standard
and the actual water analysis, since each analysis took
approximately 8 m nutes. Thus the [ICP concentration
values listed in Tables 32 and 33 are accurate to only
+ or - 15%

The definition for pollutants used in the sedi nent
analysis is also used in the water analysis. By this
method, iron and zinc show up as water pollutants. A
plot of Fe and Zn concentrations vs. sanple site is shown
in figure 13. The other elenments do not show up as
pol | ut ant s, but show sone I nteresting trends.
Pre-industrial sites G and J show high levels of Na,
Ca, My, Sr, Ba, and Si, with phosphorus also detected
at site G Both of these |ocations are streans, apparantly
running through rock formations high in these elenents.
Also, a plot of Ca, Mg, Sr, and Ba, concentrations vs.
all sanple sites(fig. 14) shows that the elenental |evels
correlate as do the | anthanides in the sedi nents. Ba did

not show this correl ati on.



WATER CONCENTRATI ONS~BY | CP ANALYSI S

TABLE 32

CONCENTRATI ON IN PPM (mg/1)

SITE Fe Zn Mh Si P Al
Pre- | ndustri al
A 0.45 0.012 = 2.3 - =
B 0.47 0.019 1.1 2.4 = =
C 0.73 0.022 0.26 3.1 — =
D 0.78 0.023 0.48 2.8 =
E 0.90 0.021 0.56 3.6 = =
F 0.89 0.010 0.49 3.6 i =
G 0.56 0.059 0.40 9.2 18. -
H 3 0.026 0.68 2.8 = 0.51
I 0.97 0.060 0.60 5.8 =2 =
J 0.081 0.052 0.06 1.4 - =
AVERAGE 0.69 0.030 0.51 37 =
| ndustri al
1 0.72 0.021 0.34 3.4 = =
2 0.66 0.064 0.27 4.0 - =
3 0.67 0.039 - 3.4 - -
4 0.97 0.36 0.39 3.9 2.5 =
5 2.3 2.2 0.52 4.8 s —
6 2.0 1.5 0.54 52 = =
7 0.73 0.097 0.29 2.4 - =
8 0.73 0.090 0.30 2.4 - =
9 1:3 0.095 0.32 Fal 3.0 =
10 0.96 0.16 0.27 3.0 = =
11 0.90 0.11 0.26 3.2 3.0 0.42
12 1.1 0.12 0.27 3.4 2.9 =
13 1.0 0.093 0.23 3.1 2:5 =

ANl Val ues +/- 15%

- Not

Det ect ed.



TABLE 33

WATER CONCENTRATIONS? BY ICP ANALYSIS

SITE

Pre- I ndustri al

GHTOOHEBOOQWmE

AVERAGE

| ndustri al

an |

OO0 Ok W=

val ues +/-

15%

CONCENTRATI ONS I N PPM (mg/1)

Na Ca
24 40
23 39
25 32
23 38
25 38
25 39
96 67
21 25
38 46
42 76
34 44
27 40
35 44
31 37
32 37
35 38
34 40
28 34
27 34
35 38
33 39
34 41
35 41
30 43

Mg

32
31
25
30
29
28
44
14
27
68

33

28
28
23
26
24
25
21
22
23
25
26
26
25

Sr.

o QOO O0OOOOOO0

oleolelojolejoNeloloNoNoRe)

.15
.15
.11
.14
.14
.14
.36
.086
.15
.45

e

.15
«16
.14
.14
.16
.15
.13
w18
.14
.15
.16
.16
.16

Ba

o QOO OO OOOO0O

QOO O0OO0OOO0OOCOOOO0O

.030
.027
.021
.025
.030
.025
.015
D2
.034
.081

.032

.028
.030
.025
.026
.029
.032
.030
.031
.030
.028
.028
.030
.029
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Atom c Absorption Analvsis

Anal ysis by AA was nmade for both iron and copper.
Results of this study are shown in Table 34. Conparing
the Fe concentrations from ICP and AA analyses shows
that the 1CP values are systematically higher. The val ues
do not agree with each other within experinental error.
A possible explanation is that the air/acetylene flane
used in AA analysis may not be hot enough to atom ze
all the iron present in the water if it is bound to a
stabl e conpl exing agent such as phosphate. If some of
the iron is present in nmolecular formin the AA flane,
the neasurenments wll be systematically [|ow Anot her
explanation may be an interfering peak near the iron
|CP emssion line, which would cause systenatically high
results. However, no such interference was detected.

Copper was too low to be detected in all but
one pre-industrial site.

Only potassium was determined by AE  An attenpt
to do sodium al so by this nethod was unsuccessful, because
a concentration vs. absorbance plot was not |inear over
t he entire concentration range. The pot assi um
concentration vs. absorbance plot showed sone curvature,
but was reliable enough to extract neasurenents from
The concentration data, listed in Table 35, show |evels
slightly above the 2 S limt at industrial sites 2 and

12. These differences are, however, too small to show



TABLE 34
Fe AND CQu CONCENTRATI ONS I N
WATER SAMPLES BY FLAME AA

SI TE Fe (PPM) Cu_(PPM)
Pre- I ndustri al
A 0.324 + .013 -
B 0.334 + .017 -
'y 0.509 + .016 -
D 0.532 + .020 -
E 0.611 + .018 =
F 0.613 + .016 -
G 0.371 + .024 -
H 0.761 + .015 -
I 0.686 + .011 -
J 0.052 + .020 .021 + .010
AVERAGE 0.479 + .192
| ndustri al
1 0.505 + .015 -
2 0.467 + .016 -
3 1.563 + .024 -
4 0.648 + .017 -
5 1.563 + .024 -
6 1.388 + .016 -
7 0.522 + .016 -
8 0.547 + .019 -
9 0.840 + .016 =
10 0.638 + .013 =
11 0.610 + .017 -
12 0.757 + .017 -
13 0.706 + .018 =

-Not detected, variance val ues are standard devi ations.



Tabl e 35
K CONCENTRATI ONS IN WATER SAMPLES BY FLAME AE

SITE K _(PPM)
Pre- 1 ndustri al
A 5.61 + .11
B 5.81 + .12
C 4,13 + .08
D 5.49 + .11
E 5.32 + .11
F 5.99 + .12
G 14.77 + .18
H 4,37 + .09
I 6.89 + .06
J 7.35 + .04
AVERAGE 6.57 + .37
| ndustri al
1 6.17 + .02
2 8.88 + .25
3 6.63 + .08
4 6.82 + .00
5 7.32 + .08
6 7.15 + .02
7 6.12 + .03
8 6.14 + .02
9 6.98 + .09
10 6.73 + .20
11 6.67 + .24
12 7.73 + .09
13 7.22 + .03

Vari ance val ues are standard devi ati ons.



a si gni ficant vari ance bet ween i ndustri al and

pre-industrial sites.
tron Activation Anal vsi

Two river sanples (10 and 11) were anal yzed using
NAA.  The gamma peaks neasured and resulting concentration
val ues are given in Table 36. These sanpl es were anal yzed
mainly to reference the NAA values with those from I|ICP.
O the 21 elenents tested for, 13 were detected in both
sanpl es.

Four elements (Na, M1, Ca, Ba) detected by ICP
were al so detected by NAA.  The conparison of these val ues
however, is rather poor. For sanple 10, the Na and Mn
concentrations agree within experimental error, but the
Ca and Ba concentrations in this sanple are an order
of magnitude off (low for Ca and high for Ba) when conpared
to ICP values. In sanple 11, Na shows up 2 tines |ower,
Ca 10 tinmes lower, M 100 tines lower, and Ba 10 tines
hi gher than the corresponding | CP val ues.

In general, the NAA values for the water sanples
are unreliable as quantitive data. To begin with, the
concentrations of elenments in the water sanples is very
| ow. Thus, neutron bonbardnent w |l produce only weak
activity for the elenents present and nake them difficult
or inpossible to detect. The small activity produced
also makes for large statistical errors in gama peaks

that can be resolved, since background radiation levels



TABLE 36
GAMVA ENERd ES AND GONCENTRATI ON VALLES FOR VATER ANALYS S BY NAA
SAMPLE GONCENTRATI ON

1 SOTOPE ENERGY (KeV) 10 T
Na- 24 1, 368. 00 30.4 + .5 16.3 + .3 PPM
Mh- 56 846. 75 0.20 + .01 .003 + PPM
1, 810. 66 0.23 + 3.1 .003 * PPM

U 238 228. 14 13.5 + 3.1 7.1+ 3.7 PPB
277. 56 9.1 + .08 3.0 + 3.8 PPB

Sc- 46 889. 26 0.19 + .08 0.27 + .07 PPB
1,120.52 0.49 + .02 0.51 + .07 PPB

Au- 198 411. 79 0.15 + 2.9 0.54 + .04 PPB
675. 87 5.3 + 14 6.9 + 3.6 PPB

1, 087. 66 32. + 17 33. + 17. PPB

Br-82 554. 33 351. + 18 271. + 21. PPB
776. 50 323. + 17 317. + 22. PPB

619. 09 351. 51 291. + 35. PPB

827.81 368. £ 52 431. + 69. PPB

1, 043. 97 409. + 47 382. + 69. PPB

1, 317. 44 338. + 64. 301. + 59. PPB

1, 474. 85 321. + 1.1 354. + 85. PPB

Co-60 1,173.21 6.6 + 1.3 7.7 + 1.1 PPB
1, 332. 49 9.8 * .8 8.4 1 1.1 PPB

Cs-134 604. 73 2.3 + 11. 2.3 + .7 PPB
795. 84 1.5 + b. 1.5 + .8 PPB

801. 94 23. x 10. 36. * 10. PPB

569. 35 10. + 5. 6. + 4 PPB

563. 27 74. + 10. 103. + 11 PPB

Rb-86 1, 076. 77 49. £ 19. 34. + 18 PPB
Cr-51 320. 08 87. + 8. 113. + 9. PPB
Ca-47 159. 38 2.85 + .29 3.06 + .33 PPM
Ba-133 81. 00 0.13 + .22 .024 + .10 PPM
276. 40 0.33 + .34 .058 + .36 PPM



are conparable to disintegration counts from the isotopes
neasur ed. Finally, since bigger vials were used, the
geonetry for detection is worse, l|lowering the anount
of radiation measured fromthe sanple. Wth these factors
taken into account, the only useful data that can be
extracted from the NAA concentrations is for bromne

Seven gamma peaks were used to measure this elenent,
with only a 24% error for the worst value. The
concentration values of Br in sanple 10 all agree with
each other within experimental error, and 5 of 7 in sanple
11 are in agreenent. Al the other el enent al
concentrations are not reliable and are not used, but

constitute a qualitative determnation of their presence.



CHAPTER V

DI SCUSSI ON

Resi dual pollution from the nostly defunct basic
steel industry was found in the river bed. O the nine
elenments classified as pollutants, six (Cr, M), Fe,
Co, Zn, Sb) are conmon raw materials used in steel making.
The high levels of alum nummay be from nmetal fabrication
works along the river bank. Elevated levels of Sc and
Cs probably arise from the wvarious ores wused in
steel making. Since the ores were brought in from outside
the area, they may have had higher levels of Sc and
Cs and these elenents could have accumulated in the
river sedinments after being introduced into the river.
Anot her possibility to explain the high scandium |evels

is that the usual state of this elenment is Sc3+, whi ch

Is chemcally simlar to a13*,

It's possible the high
Sc levels are from the alumnum in the sedinents, and
a conparison of the graphs of both elements (Figures
3 and 4) shows they have similar trends. O the other
el ements showi ng above average concentrations in the
industrial sites, but not classified as pollutants (Th,
Rb, V, As, La, Sm Ce), vandium can be directly Iinked
to the steel industry since it is used in specialty
steels and found in lubrication oils comonly discharged

into the river. H gh levels of the other elenents nmay

also arise fromthe foreign ores used in steel maki ng.



The wat er sanpl es showed no indication of residual

pollution or of elenents from the sedinent into the

river water up to our detection limts. It does, however,
show that iron and zinc are still being introduced into
the river. This constitutes an active pollution of
the water by industries now using the river. Because

Fe and Zn were the active pollutants, it is easy to
tie them to sonme sort of steel processor, such as a
plating operation. This type of work is conmon in the
Mahoning Val |l ey.

Accunul ation of the pollution elenments in the
river sediment is probably favored by the noderate pH
(approximately 6 for the whole river) resulting in the
|l ow solubility of the hydroxides and oxides of these
el ements (excluding &), and the fact that the Mahoning
River is rather shallow and slow flow ng. Since no
| eaching of the river bed pollutants was observed from
the water analysis, it nust be assumed that the elenents
are flushed out of the river in particulate form
Flushing the elenents out of the river as particulate
matter wll be very slow, thus the inpact of these
elements on the aquatic environnment wll be felt for
a long tine.

Conparison of these findings wth previous
analyses is limted. Iron and zinc were detected only
in water sanples by Mntean, Kline and Evans. Al um num

was found in sedinments and waters by Mintean, but the



results are in the part per mllion range and do not
conpare with the weight percent values found in this
st udy. All other elenents found as pollutants in the
river sediments were undetected by the earlier workers.
The question also arises of the concentration
of elements in the Mahoning River System conpared to
ot her water systens. A study by Bart and Von Gunten
lists mean concentration values for trace elements in

relatively non-polluted river wat ers. 1°

By this study,
Mahoning R ver waters contain a higher level of Na,
K, Ca, Sr, and M. Conpared to this study,iron and
zinc levels are very much greater in Mahoning River
waters at sites classified as polluted, with Fe and
Zn concentrations nore than two and ten times higher,
respectively. Oher sites show Fe and Zn levels close
to the nean val ue.

For the sedinent concentrations, data from a
| ake sedinment analysis by Nadkarni and Morrison was

used for conparison.16

Listed in this study are
concentration ranges they determned for trace elenents
in |lake sedinments, in a relatively pollution free | ake.
By conparison, the elenments A, Fe, Co, and Cr, 1in
Mahoning sedinents are above the ranges listed by the
above authors, being nine and seven tinmes higher in

the case of Fe and Cr, respectively. O the other



el ements detected in Mahoning River sedinments and |isted
as ranges in the above study, all lie inside the range
reported.

A suggestion for future work is the study of
the distribution of different forns of the elenents
in the river water. Simlar to the work by Bart and
Von Gunten, a determnation of particulate versus

di ssol ved species of each element can be made. 1°

Thi s
would be particularly interesting for iron, which is
the major pollutant in the river system Also possible
Is the investigation of pollution in Msquito Creek

(Site H), which showed el evated | evel s of nmany el enents.
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