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ABSTRACT 

NEUTRON ACTIVATION ANALYSIS OF SAMPLES TAKEN FROM THE 

LAKE MILTON BED AND VARIOUS SURROUNDING TRIBUTARIES 

KRISTINE HEIPEL 

MASTER OF SCIENCE IN CHEMISTRY 

YOUNGSTOWN STATE UNIVERSITY, 1988 

Lake Milton, through which the Mahoning River flows, was a 

recreational facility for many years, until the lake was drained in 

1986. After the lake was drained, soil samples were cored from 31 

locations .along the dry lake bed and from surrounding tributaries. 

i 

The samples were oven dried, crushed and weighed, and then 

analyzed by neutron activation analysis (NAA), a sensitive analytical 

method for determining trace elements, at the Ohio State University 

Nuclear Reactor Laboratory (OSU-NRL) in Columbus, Ohio. From 

preliminary results, nine of the 31 sites were chosen for further 

analysis. The choice of sites was based on the concentrations of the 

following elements, which may be pollutants: As, Al, V, Ti, Co, Cr, 

Zn, and Ni. For the nine selected sites, the cored samples were 

divided into three portions, top, middle, and bottom. Thirty two 

elements (Mn, V, Ti, Na, Sc, Cr, Co, Rb, Ba, La, Sm, Yb, Lu, Th, Nd, 

U, As, Zn, Cs, Sb, Ca, Fe, Al, Eu, Tb, Se, Sr, Zr, Hf, Ta, Ce, and Ni) 

were determined by NAA for each of the 27 samples (nine sites, three 

portions per site). 



Attempts were made to relate the results to the history and 

geography of the lake. Many sites located near inhabited areas and 

sites near or on the banks of the Mahoning River, contained elevated 

concentrations of various elements. 

ii 

Eight elements (Ti, Fe, As, Ba, Co, Cr, Cs, and V) were found 

in elevated concentrations in samples taken from the lake bed. Four 

samples taken from the Canyon Park area contained elevated 

concentrations of these elements. However, due to the limited 

sampling of such a large area as Lake Milton, no definite conclusions 

can be drawn from the data concerning possible pollution or 

contamination. 
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CHAPTER I 

INTRODUCTION 

Lake Milton is a man-made lake originally created in 1917 as a 

water supply for the city of Youngstown, Ohio, during the hot summer 

montbs. 1 

When it was decided in 1906 that there was a need for a storage 

basin, a site was chosen in Berlin township, but before all the land 

could be obtained, private interests bought up the remaining land and 

blocked the sale of it unless the city of Youngstown bought it at much 

higher prices. It then became necessary to look for another location. 

The second choice was · in Milton township, which was just north of the 

Berlin site. 1 

The land needed for the Milton site was purchased by the city 

between 1912 and 1917, but it was not until the spring of 1917 that 

the dam was completed and the basin filled. 2 

Lake Milton served as a storage basin for drinking water until 

1925, when the Ohio Department of Health condemned the Mahoning River 

(including the lake) as a source of drinking water because of sewage 

and industrial wastes found in the river. 3 After 1925, the lake was 

used to supply industries with water, and during this time filtration 

plants were created for sanitation purposes. 

Following the construction of the Meander Reservoir, which 

became Youngstown's source of drinking water, and after the 

construction of Berlin and Mosquito Reservoirs during World Var II, 

Lake Milton became a recreational facility. 

1 



The lake, which is located 16 miles west of Youngstown, extends 

approximately seven miles in length, has 1685 acres of surface water, 

and can impound a maximum of 10 billion gallons of water . The lake is 

surrounded by 1171 acres of additional land purchased by the city. 4 -~ 

The lake was drained in February 1986 so that the dam could be 

repaired.~ When the dam was originally constructed, it was intended 

to restrain 2 billion gallons of water at normal summer levels, but it 

actually restrains 8-11 billion gallons . 6 As a result, after 70 

years, the dam needed much repair. The state funded the repair of the 

dam, and since the city of Youngstown could no longer afford the 

upkeep of the lake, the state took over the lake and made it into 

Ohio's 72nd state park. 7 Refilling of the lake was scheduled to begin 

in the spring of 1988. 

Previous studies at Y.S.U. have been conducted on the Mahoning 

River from Newton Falls to the Pennsylvania state line. 8 • 9 White 

found elevated concentrations of various elements in sediment samples 

of the river taken from an area directly north of Lake Milton. 8 The 

area under investigation in this study is the drained Lake Milton bed, 

which is south of the previous investigations (see Figure 1). In this 

study we chose to investigate the trace element distribution as a 

function of site location along the lake bed and its surrounding 

tributaries, and as a function of depth at selected sites based on 

preliminary results. 

The collected sediment samples were analyzed by neutron 

activation analysis (NAA) at the Ohio State University Nuclear Reactor 

Laboratory (OSU-NRL) in Columbus, Ohio. NAA was chosen as the method 

of analysis since no sample digestion is required and a large number 

2 



of elements can be analyzed. NAA also has the advantage of low 

detection limits. 

The preliminary investigation involved the analysis of the 

surface sediments taken from 31 sites along the river channel, from 

the lake bed and from various surrounding tributaries feeding the 

lake. After analysis of the preliminary results, nine sites were 

selected for further depth analysis. 

3 



FIGURE 1 

'.-:AP SHOWING THE MAHONING FIVER 



CHAPTER II 

THEORY or NEUTRON ACTIVATION ANALYSIS 

Neutron activation involves irradiating an unknown material by 

bombarding it with neutrons, which are then captured {or absorbed) by 

the nuclei in the sample, as seen in equation 1. 

AX {parent) + 1 n ~ A+ 1 X {daughter) ( 1) 

The resulting daughter nuclei are neutron rich and are usually 

unstable. 

The daughter nucleus then decays by a beta process {followed by 

gamma emission) at a rate related to its half-life forming a stable 

element, which is one value higher in atomic number than the parent. 

Neutron activation can be induced by fast {i.e., high energy) 

or thermal {i.e., slower or low energy) neutrons. Usually thermal 

neutron activation is used since the probability of neutron capture, 

or the cross section, is higher than for higher energy neutrons. 

An example of a typical thermal neutron avtivation reaction is 

given below 

Absorption 1 
on 

24 
11

Na + 7 (prompt) (2) 

Neutrons from a reactor are passed through a moderator (usually 

water) which slows them to thermal energies. A sample is placed in 

the source where the nuclei {23 Na) absorb neutrons releasing 24 Na and 

1 prompt gamma photon. The isotope produced {24 Na) is neutron rich 

and hence unstable. It then decays as shown below 

Detection 24 
11

Na ~ 24 
12

Mg + 7 + e- ( 3) 

5 



2•Na decays to give 24 Mg, which is stable, and another gamma 

is emitted. The gamma photons emitted here (not the prompt 
photon 

gamma photon mentioned earlier) have energies which are characteristic 

of the individual nucleus. No two different isotopes have the same 

gallllla photon energies. 

The gamma radiation energy from the beta decay can be measured 

using gamma spectroscopy. Both the characteristic gamma photon 

energies and the half-life of the unstable nucleus (24 Na) are a 

"fingerprint", thus identifying the element present, 24 Na. 

Neutron activation is done on a comparative basis rather than 

an absolute basis. The standard of known concentration is irradiated 

along with the unknown sample. By doing this, any errors due to 

changes in the neutron flux with time are eliminated. If the same 

detector and geometry are used to measure both standards and unknowns, 

the following two equations can be derived. 

Aunknown = Nunknown X constant 

Astandard = Nstandard X constant 

Where A= activity measured by the detector 
N= number of target nuclei 

(4) 

( 5) 

Since the geometry, flux, and cross section are the same, and 

assuming the same isotopic abundances, these two equations can be 

rewritten as 

Aunknown = Nunknown 

Astandard Nstandard (6) 

6 



6 can 

Nstandard is known, and both activities are measured. Equation 

then be rearranged and solved for Nuaknown 

Nuaknown = Aunknown X Nstaadard 
A.tandard 

(7) 

The following equation is the general equation for measuring 

the activity of the radiation produced by thermal bombardment. 10 

A = N t t 

[ (-0. 693 X t ) ] 
am G 1 - e t½ ( 8) 

where t = neutron flux in n/cm2 s (* see below) 
a = reaction cross section in cm2 

£ = detector efficiency 
m '"' isotopic abundance of nuclei 
G = geometric factor of detector 
t = irradiation time 
t½= half-life of nucleus 

* The higher the neutron flux, the greater the number of target 
nuclei activated, which results in greater sensitivity of detection. 

Assuming the same isotopic abundances, geometry, cross section, 

flux, etc., equation 8 reduces to equations 4 and 5. 

Neutron activation analysis is a sensitive method and is also 

non-destructive, unlike atomic absorption (AA) and inductively coupled 

plasma (ICP), which require sample digestion and/or chemical 

separation. NAA is non-destructive in the sense that the samples can 

be reused for other methods as the change in composition is 

negligible. A disadvantage of neutron activation is that information 

about the oxidation or chemical states is not determinable. 11 

WILLI AM F. MAAG LIBRARY 
\'01 !NGSTOWN STATE IJ IVERSITV 
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CHAPTER III 

EXPERIMEHTAL PROCEDURES 

SAMPLE COLLECTION 

samples were collected from October 31 through November 14, 

1987, from 31 locations along the river channel, surrounding 

tributaries, and from various locations in the drained lake bed. A 

list of sample sites and collection dates is given in Table 1. See 

Figure 2 for site location. 

samples were taken at each site using a metal tube one foot in 

length and one inch in diameter with a handle that extended an 

additional two feet, called a sample corer. After a sample was cored, 

it was transferred onto plastic wrap, and then wrapped and labeled for 

later use. The cored samples were 12 inches in length and marked into 

top, middle (0.5 inch long sample taken 5.5-6 inches from the top), 

and bottom (0.5 inch long sample taken 11-11.5 inches from the top) 

portions. In transferring the cored samples onto plastic wrap, the 

very top portion, (about 1 inch in length), often did not come out of 

the corer. To avoid this problem, a different method was used to 

obtain a top sample. A plastic scoop was used to scrap away the top 

soil and then a sample was removed. These top portions (all 1 inch in 

depth) were transferred into precleaned polyethylene vials and 

labeled. 

Cored samples were obtained for all sites except site 16. For 

this Particular site, only a top sample was obtained because the 

sample corer would not go down further than 6 inches (halfway) due to 

rock formations. 

8 
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TABLE 1 
List of Sample Sites and Collection Dates 

Site 
(in orderofcollection) 

Date Collected (1987) 

lSA October 31 
15 October 31 
148 October 31 
25A October 31 
14A October 31 
17 October 31 

2 November 1 
1 November 1 
3A November 1 
5 November 1 
4 November 1 

18 November 8 
19 November 8 
20D November 8 
20 November 8 
20A November 8 
10 November 11 
11 November 11 

9 November 11 
8 November 11 
6 November 11 
3 November 11 
7A November 11 
7 November 11 

26A November 14 
27A November 14 
16 November 14 
14 November 14 
12 November 14 
28A November 14 
13 November 14 



FIGURE 2 

.-'.AP OF LAKE MILTON SHOWING SITE LOCATIONS 



SAMPLE PREPARATION 

The top, middle, and bottom portions of the cored samples for 

Sl
· te were placed in individual mortar dishes and covered with 

each 

watch glasses. They were then placed in an oven set at 100-110°C for 

24 
hours to dry the samples. The mortar and pestles, the vials for the 

top samples, and the watch glasses were precleaned by soaking them in 

dilute nitric acid (doubled distilled,approx. 5%) for three to four 

days. They then were rinsed with deionized water and allowed to air 

dry, loosely covered to protect them from dust and foreign debris. 

The dried samples were then crushed to a fine powder. The 

powdered samples were thoroughly mixed to ensure a homogeneous 

• ixture. The samples were then transferred to polyethylene 

irradiation vials which were precleaned by soaking in absolute alcohol 

and allowed to air dry, also loosely covered to protect them from 

dust. The cleaned vials were then handled with gloves. After taring 

an empty vial to zero, 100-200mg of a sample was placed in the vial, 

and then the sample weight was read directly from the balance. To 

identify a sample in a vial, a numerical code was scratched on the 

surface of the vial. The remainder of the powdered samples were 

transferred into individual labeled sealed plastic bags for later use. 

OSU-NRL 

All neutron activation analysis work was done at the Ohio State 

University Nuclear Reactor Laboratory (OSU-NRL), which is located on 

Kinnear Rd. in Columbus, Ohio. The reactor is a pool type reactor 

Which operates at a maximum power level of 10 kW. The reactor core 

contains 93% enriched uranium-235 fuel, and is surrounded by light 

water for neutron moderation , radiation shielding and for cooling. 

11 



The irradiated samples were measured using gamma spectroscopy 

Su NRL The detector used was a Princeton lithium drifted at the O - • 

nium [Ge(Li)] detector. The entire detector was shielded to 
germa 

reduce backgroung radiation. The detector was connected to a Canberra 

•ulti channel analyzer (MCA), which had a 4096 channel memory. The 

KCA was interfaced to a computer which had a hard disk for storage of 

spectra, and also contained a comparison analysis program . The 

program calculated concentrations of elements according to equation 7. 

PROCEDURE 
INITIAL STUDY 

All top samples for the 31 sites were irradiated with five 

standards, which were provided by the OSU-NRL. Of the five standards, 

two were the International Atomic Energy Agency (IAEA) reference 

•aterial, IAEA soil-5. The third standard was also an IAEA reference, 

IAEA soil-1. The fourth standard was a National Bureau of Standards 

(NBS) reference, NBS 1645. Finally, the fifth standard was an IAEA 

reference, IAEA soil-7. The two IAEA soil-5 standards were used in 

tbe computer comparison. The three remaining standards were analyzed 

as unknowns as an instrument backup check. 

The 31 top samples and the five standards were first analyzed 

for the shorter-lived isotopes Al-28, V-52, Ti-51, and Mn-56. The 

saaples were irradiated one at a time for five minutes using the 

rabbit facility (a pipe system which allows a sample to be sent into 

and taken out of the reactor core by means of compressed air). The 

12 



were measured within 2-3 minutes after irradiation. The 
sa11PleS 

flux in the rabbit system was 4xl010 n/cm2 s. neutron 
The 31 top samples and the five standards were then irradiated 

for 7_5 hours in the center of the core. Measurements were made after 

1 7 day decay period (where the longer-lived isotopes are the most 

active and are detected) and after a 40 day decay period (for 

detection of the longest-lived isotopes that were previously 

undetected due to masking by the more active isotopes from the 7 day 

decay, which after 40 days, are less active), see Tables 2 and 3. The 

neutron flux at the center of the core was 2x1011 n/cm2 s. 

When an element appeared in both the 7 day and the 40 day 

counts, the concentration of the element from the 7 day counts was 

used rather than the results from the 40 day counts. The reason is 

that the concentration of the 7 day counts more closely reflected the 

initial concentration of the elements present. 

FURTHER STUDY 

After careful analysis of the results obtained for the top 

samples of the 31 sites, it was decided that further analysis would be 

done on the middle and bottom samples of various selected sites. 

Based on elements that are associated with steel manufacturing 

18 Well as other pollutants that were determined in earlier studies, 

seven of the 31 sites were chosen for further analysis. 12 In addition 

to the seven chosen sites, two other sites were chosen for comparison 

purposes. 

The following elements were of interest in choosing the sites 

for additional analys1·s·. · · As, V, T1, Cr, Co, N1, Fe, and Zn. The 

13 



TABLE 2 
Element and the Decay Period Necessary for Detection 

Element Decal Pe.riod t~ of isoto12e 
(and isotope) (days) 

Mn-56 0 2.579 hr. 
Al-28 0 2.24 min. 
Ti-51 0 s.ao min. 
V-52 0 3.76 min. 
Na-24 7 15.02 hr. 
sc-46 7* 83.80 day 
cr-51 7* 27.70 day 
Co-60 7* 5.271 yr 
Rb-86 7* 18.8 day 
Ba-131 7* 12.0 day 
La-140 7 40.3 hr. 
Sm-153 7 46.8 hr. 
Yb-175 7** 4.19 day 
Lu-177 7 6. 71 day 
Tb-232 7* 1.41 X 106 

Nd-147 7* 11.0 day 
U-238 7* 4.463 X 109 

As-76 7* 26.3 hr. 
Zn-65 7* 244.1 day 
Cs-134 7* 2.062 yr 
Sb-122 7** 2.68 day 
Ca-47 7 4.536 day 
Fe-59 7* 44.6 day 

* Measured in both seven (7) day and forty (40) 
day counts. 

**Different isotopes of the same element: 

Yb-175 
Yb-169 

7 day 
40 day 

Sb-122 
Sb-124 

7 day 
40 day 

14 

yr 

yr 



TABLE 3 
Element and the Decay Period Necessary for Detection 

Element Deca~ Period t½ of isotoQe 
(and isotope) (days) 

Eu-152 40 13.0 yr 

Tb-160 40 72.1 day 

Yb-169 40** 32. O day 
sc-46 40* 83.80 day 

cr-51 40* 27.70 day 
Fe-59 40* 44.6 day 
Co-60 40* 5.271 yr 
se-75 40 118.5 day 
sr-85 40 64.8 day 
Zr-95 40 64.0 day 
Sb-124 40** 60.20 day 
Ba-131 40* 12.0 day 
Hf-181 40 42.4 day 
Ta-182 40 115.0 day 
Ce-141 40 32.5 day 
Zn-65 40* 244.1 day 
Nd-147 40* 11.0 day 
Rb-86 40* 18.8 day 
Ni-59 40 8.0 X 104 yr 
Th-232 40* 1.41 X 1010 yr 
Cs-134 40* 2.062 yr 
U-238 40* 4.468 X 109 yr 

* Measured in both seven (7) day and forty (40) 
day counts. 

**Different isotopes of the same element: 

Yb-175 
Yb-169 

7 day 
40 day 

Sb-122 
Sb-124 

7 day 
40 day 

15 



sites chosen for the analysis of the middle and bottom samples 
seven 

l
· tes 6, 10, 11, 7A, 20A, 26A, and 28A. The two additional sites 

were s 

for comparison to the original seven were sites 4 and 14. 
chosen 

As can be seen from Figure 2, six of the seven chosen sites are 

ted in the southern part of the lake. 
1oca 

The seventh site (site 

lOl), is the only site that is located in the northern part of the 

lake (sites ending in the letters A or B denote river channel sites). 

since the Mahoning river flows from the Berlin Reservoir (which 

is south) north through the Craig Beach area, it would be expected 

that whatever suspended pollutants and/or minerals that the river was 

carrying would be deposited when the river enters into a larger slower 

110ving body of water. Any dissolved particles would be carried by the 

river further downstream and would be uniformly distributed throughout 

the area. 

Some possible reasons that site 20A contains relatively high 

concentrations of various elements is that it is near a filtration 

plant and is also located in a relatively populated area. 

The two sites that were chosen in addition to the seven others 

were chosen because of their location. Site 4 was chosen because it 

was in the southern part of the lake and other sites around it 

contained elements in relatively high concentrations. Site 14 was 

chosen because of its location in the lake bed. 

The middle and bottom samples of the nine sites were prepared 

u were the top samples. Again the remainder of the samples were kept 

for later use by storing them in individual sealed and labeled plastic 

bags. 

16 



The procedure for the analysis of the middle and bottom samples 

l
'dentical to that used for the top samples. The short-lived 

wa• 
isotopes were analyzed first, followed by irradiating the samples and 

dards for 7 hours in the center of the core of the reactor. After 
1tan 

irradiation, the samples were allowed to decay for a period of 7 days 

and then the concentrations were measured. The 40 day counts could not 

J>e done on these samples as was done with the top samples, the reason 

being the OSU-NRL facility temporarily closed down on June 1, 1988 to 

refuel. 

17 



CHAPTER IV 

RESULTS 

Table 4 shows the average concentration in parts per million 

(pp• or µg/g) of various elements found naturally in the earth's 

crust.13 This table is intended to provide a general indication of 

tbe a11ounts of various elements that are available in rocks and 

ainerals for possible solution by water, which will eventually form 

lake or river sediments. 

Data from NAA of the samples are listed in Tables 5-34, where 

Tables 5-9 show the initial data obtained from the O and 7 day counts 

for the 31 top samples, Tables 10-32 are arranged by element and list 

tbe concentrations for the top, middle, and bottom portions of the 

nine chosen sites, and the remaining tables, Tables 33 and 34, list 

the concentrations of the elements from the 40 day counts of the top 

suples for the nine chosen sites. 

For elements with multiple gamma peaks, concentration values 

were determined for each peak and the average of the values is the 

reported concentration. Each reported concentration value has an 

error from gamma counting statistics, plus an additional error due to 

differences between the measured and reported concentration values for 

the reference standard, IAEA soil-5. The errors from the gamma 

counting statistics for each element are averaged from all sites, 

these values are listed for top, middle, and bottom samples in Table 

35. Tables 36 and 37 show the results of the analysis of the 

standard, IAEA soil-5, and the percent error. 

18 
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TABLE 4 

qe composition of Elements Found in the Earth's Crust (in ppm) 
1,era 

IGNEOUS 

aJMPIT 
ROCKS SANDSTONE SHALE CARBONATES 

285000 359000 260000 34 
Si 79500 32100 80100 8970 
Al 42200 18600 38800 8190 ,. 36200 22400 22500 272000 
ca 28100 3870 4850 393 .. 4830 1950 4440 377 
Ti 937 392 575 842 • 595 193 250 30 .. 368 28 290 617 
Sr 198 120 423 7.1 
er 166 197 243 46 
D 160 204 142 18 
Ir 

' 
149 20 101 13 

ce 130 55 45 11 

Ii 94 2.6 29 13 

la 80 16 130 16 .. 56 24 18 8.0 .. 48 19 28 9.4 
Co 23 0.33 8.1 0.12 .. 16 6.6 5.0 1.1 
le 15 0.73 10 0.68 
ft 11 3.9 13 0.20 
D 4.8 1.6 1.6 0.20 
Cl 4.3 2.2 6.2 0.77 
If 3.9 3.0 - 3.1 0.23 

2.8 1.0 4.5 2.2 .. 2.3 0.94 1.1 0.19 ,. 2.0 0.10 3.5 0.10 
ft 1.8 0.74 0.54 0.14 
b 1.8 1.0 9.0 1.8 

1.1 0.30 0.28 0.11 .. 0.51 0.014 0.81 0.20 .. 0.050 0.52 0.60 0.32 
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TABLE 5 
Site Concentrations for Top Samples 

element short t½ 

fOP onlY 
w• HQ. 

Mn (ppm) Ti (ppm) V {ppm) Al{wt%) 

1226 3750 89.4 5. 85 
1 397 3670 670 4.35 
2 377 5450 105 7. 42 
3 471 2580 64.0 4.52 • 155 3530 61. 7 4.43 
31 973 3750 75.6 5.93 
5 395 5430 . 97. 8 6. 53 
7 266 2130 28.2 2.59 • 421 5220 103 8. 52 

' 639 4390 91.0 5.92 
12 973 4330 88 . 1 5.83 u 
1' 1502 5700 139 10.3 

f7l 429 3120 46.3 3.88 

Hl 568 5470 102 7 . 92 

1'1 981 7050 109 7.65 

251 1165 6500 136 9.47 

16 1289 1090 258 2.23 
15 830 5030 88.4 7.01 
151 660 2900 54.1 3. 58 
17 968 4890 87.4 6. 48 
11 431 4910 74.2 5. 83 
19 374 4280 60.9 4.27 
20 1714 5930 135 9.86 
20D 390 3040 38.1 3.46 

' 1277 4710 94.6 6.20 
10 179 6190 190 12 . 9 
u 853 6240 135 8. 98 
7l 844 6470 140 8.64 

201 1169 6870 148 10.9 
261 1118 6280 167 10 . 9 
211 2192 5580 136 9. 30 
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TABLE 6 

site Concentrations for Top Samples (ppm) 

fOP oolY Na Sc Cr Co Rb fi1!-IO• 
2520 12.7 64.8 12.2 111 

1 4040 6.8 69.0 9.7 74.8 
2 6190 11. 7 66.4 13. 7 101 
J 5720 6.5 44.7 8.9 66.1 

' 5200 6.2 44.8 7.7 62.7 
JI 4860 8.4 46.9 11.8 99.9 s 5730 9.7 58.3 12.4 107 
1 3570 3.3 26.9 4.6 33.1 
I 1330 14.6 66.4 9.8 106 

' 6080 8.7 44.9 12.0 89.8 
12 5960 8.8 49.5 12.4 82.7 
13 4130 17.0 89.8 23.3 175 
1' 
r,& 5470 5.4 31.8 8.9 57.9 

1'l 5330 12.5 69.1 17.6 134 

10 5140 12.2 122.0 15.3 124 
4210 15.6 97.0 20.8 153 

1' 2700 2.6 18.9 8.6 30.3 
15 5790 11.3 63.4 15.4 107 
15l 4950 5.2 40.5 8.6 56.5 
17 5230 10.2 66.4 15.2 93.7 
11 6480 9.5 59.7 11. 7 95.5 
lt 5720 6.3 39.0 ' 7.4 59.4 

5290 15.4 78.4 21.5 160 
JOD 7040 4.1 28.5 6.9 42.9 

' 5810 9.5 51. 7 26.3 112 
10 1510 22.7 96.8 8.4 152 
11 5040 14.3 72.1 15.6 134 .,. 4690 14.0 77 .2 17.6 128 - 4380 18.4 90.0 22.7 183 

3840 18.6 95.3 23.5 179 
2ll 4880 14.6 72. 7 20.4 144 
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TABLE 7 
site Concentrations for Top Samples (ppm) 

fOP onlY Ba La Sm Yb Lu 
li,t• Jlo. 

330 37.1 6.44 3.26 0.45 
1 340 26.9 4.90 3.25 0.44 
J 386 38.2 7.12 3.40 0.46 
J 285 24.7 4.88 2.58 0.35 

' 334 25.6 5.04 2.82 0.42 
JI 385 28.6 5.36 2.52 0.34 
5 384 38.0 7.21 3.90 0.55 
7 222 11.2 2.18 1.55 0.21 
I 461 49.0 9.37 4.25 0.60 
t 417 31.7 5. 75 2.95 0.42 u 351 34.4 6.78 3.42 0.48 

1J 
1, 556 51.3 8.86 3.99 0.55 

171 297 19.5 4.17 2.05 0.28 

1a 475 41.0 7.44 3.51 0.51 

HI 378 48.0 8.82 4.70 0.68 

au 558 52.0 9.13 4.13 0.61 
1' 217 11.8 2.54 1.09 0.14 
15 412 39.1 7. 28 3.51 0.51 
151 259 30.0 4.45 2. 50 0.34 
17 387 36.0 6. 71 3.16 0.45 
u 363 36.3 6.31 3.45 0.48 
u 251 21.5 4.04 2.77 0.41 
20 480 46.7 8.06 3. 71 0.52 - 259 18.6 3.86 2.16 0.32 

' 421 38.0 8.18 3.69 0.50 
10 551 35.8 5.26 3.64 0.51 
u 482 42.1 7.76 3.76 0.54 
7& 479 43.6 7.90 3.93 0.55 
20& 597 52.0 9.01 3.96 0.56 
Ml 644 52.6 9.17 4.09 0.59 
211 512 45.2 8.07 3.99 0.54 
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TABLE 8 

site Concentrations for Top Samples (ppm & wt%) 

TOP onlY 
li,.te No. 

Zn(ppm) Cs(ppm) Sb(ppm) Ca(wt%) Fe(wt%) 

136 8.19 1.18 1.59 3.57 
1 107 3.46 0.86 1.58 2.52 
2 146 6.23 0.91 1.68 3.32 
3 89.8 2.67 0.56 1.21 1.20 
31 110 3.01 0.95 1.17 2.12 

' 118 3.88 0.95 1.25 2.54 
5 163 4.70 2.16 1.66 2.59 
1 56.1 1.34 0.56 0.70 1.13 • 133 5.08 0.81 1.89 3.52 

' 113 3.73 0.64 1.44 3.05 
12 
13 118 4.09 o. 77 1.48 2.60 

1' 252 8.80 1. 95 1. 93 4.67 

271 76.3 2.27 0. 71 1.10 2.00 

1'1 190 6.60 1.93 1. 76 3.65 

HI 191 5.41 1.47 2.20 3. 77 

251 240 8. 71 1.80 2.38 4.56 
16 53.9 1.24 0.41 0.46 1. 91 !: 

15 168 5.44 1.88 1. 87 3.38 
151 87.4 1. 98 1.45 1.18 2.17 
17 154 5.04 1.32 1. 76 3.31 
11 130 5.04 1.12 1. 74 3.37 
1' 76.7 3.00 0.53 1.38 2.00 
20 204 9.20 1.56 1.84 4.35 
20D 48.2 1.57 0.59 1.21 1.42 

' 115 4.12 0.90 1.48 4.17 
10 141 13.70 0.86 2.15 5.28 
11 163 6.58 1.12 1.73 3.86 
7l 209 7.93 1.90 1.84 3. 92 

201 227 10.79 2.04 1.87 5.01 
261 281 11. 78 2.13 2.09 5.07 
281 238 7.90 2.37 2.03 4.00 
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TABLE 9 
Site Concentrations for Top Samples (ppm) 

TOP onlY Th Nd u As 
li!J-1'0· 

10.00 28.3 3.77 22.5 
1 7.07 22.3 2.65 10.8 
2 10.53 34.9 2.94 20.4 
3 6.53 28.6 2.22 6.0 
31 6.50 25.6 2.24 13.0 

' 7.59 26.4 2.48 14.4 
5 9.83 32.1 3.44 13 .0 
1 3.14 8.0 1.26 6.3 
a 13.60 44.4 4.74 6.2 
9 8.83 30.3 2.77 19.0 

12 9.00 25.8 2.90 14.8 
13 13.33 52.3 3.91 23.7 u 5.17 15.4 1.67 13.6 
21' 
lU 11.41 38.3 3.25 19.2 

UI 13.30 32.8 4.02 18.6 

25' 13.02 39.9 4.14 20.4 

1' 2.94 9.3 1.04 21.4 

15 10.68 30.6 3.25 18.9 
15' 5.80 17.4 2.04 14. 3 
17 9.22 26.3 3.07 15.0 
11 9.67 33.1 3.30 25.6 
19 6.10 16.6 2.27 9.6 
20 12.40 39.6 3.84 24.2 
20D 4.86 15.7 2.05 11.6 

' 9.21 40.8 3.27 23.3 
10 15.23 28.0 4.56 9.9 
u 12.07 37.3 3.88 19.0 
11 11.97 43.4 3.39 20.3 

201 13.82 39.1 4.28 28.a 
261 14.18 53.7 4.04 25.5 
2ll 12 .13 42.8 3.60 22.3 



TABLE 10: Mn (ppa) 

Site No. To2 Middle Bottom -
' 

471 1091 531 

6 
1277 193 5350 

10 179 228 4180 

11 853 128 134 

71 844 660 1140 

201 1169 497 453 

261 1118 743 1260 

281 2192 880 867 

u 1502 695 943 

10TB: 

The letter A after the site number indicates the site is a river 
channel site. 

lo letter after number indicates a tributary or lake bed site. 

25 
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TABLE 11: V (ppm) 

Site No. To~ Middle Bottom -
' 

64.0 96.8 40.3 

6 
94.6 85.1 99.8 

10 190 190 113 

11 135 153 169 

71 140 36 109 

201 148 33.7 79 

261 167 171 69 

281 136 123 94.4 

1' 139 175 172 
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TABLE 12: Ti (ppm) 

Site No. Top Middle Bottom 

' 
3580 4060 5080 

6 4710 3940 5330 

10 6190 5360 3630 

11 6240 7740 6810 

71 6470 3740 4900 

201 6870 6230 4250 

261 6280 6190 6200 

281 5580 5510 5680 

u 5700 6020 4800 
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TABLE 13: Al (wt%) 

site No. Top Middle Bottom 

4 4.52 6.63 6.95 

6 6.20 6.55 5.66 

10 12.9 13.2 7.08 

11 8.98 13.3 13.4 

71 8.64 5.53 7.20 

20A 10.9 11.1 5.21 

26A 10.9 9.77 4.87 

281 9.30 7.42 6.44 

14 10.3 9.33 10.9 
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TABLE 14: Na (ppm) 

Site No. Top Middle Bottom 

---

' 
5720 5790 6120 

6 5810 5670 5370 

10 1510 1690 896 

11 5040 1580 1580 

71 4690 5130 4740 

201 4380 3890 5710 

261 3840 4290 4150 

281 4880 5290 5100 

1' 4130 4150 4140 
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TABLE 15: Sc (ppm) 

Site No. - Top Middle Bottoa 

' 
6.5 10.1 10.9 

6 9.5 10.0 9.6 

10 22.7 21.4 17.6 

11 14.3 19.9 20.2 

71 14.0 9.2 13.1 

201 18.4 18.3 8.9 

261 18.6 16.9 17.8 

281 14.6 13.2 11.5 

u 17.0 17.8 18.3 
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TABLE 16: Cr (ppm) 

Site No. Top Middle Bottom --

' 
44.7 60.5 62.7 

6 
51. 7 53.4 50.5 

10 96.8 88.8 70.3 

11 72.l 93.7 90.5 

71 77 .2 50.8 75.l 

201 90.0 89.9 55.l 

261 95.3 90.5 97.4 

281 72. 7 79.9 62.3 

1' 89.8 89.8 95.8 
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TABLE 17: Co (ppm) 

Site No. Top Middle Bottom -
' 

8.9 13.6 13.3 

6 26.3 7.7 47.1 

10 8.4 9.8 26.4 

11 15.6 5.0 4.7 

71 17.6 15.0 23.8 

201 22.7 18.2 13.7 

261 23.5 27.4 24.2 

281 20.4 21.0 18.7 

u 23.3 23.1 26.3 
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TABLE 18: Rb (ppa) 

Site No. Top Middle Bottom 

---

' 
66.1 102 114 

6 112 103 101 

10 152 176 106 

11 134 175 175 

7l 128 96.4 147 

201 183 199 99.3 

261 179 196 198 

281 144 135 132 

1' 175 193 184 
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· TABLE 19: Ba (ppm) 

Site No. Top Middle Bottom -
' 

285 392 422 

6 422 445 570 

10 551 368 298 

11 482 605 496 

71 479 391 602 

201 597 595 373 

261 644 549 759 

281 512 567 451 

1' 556 709 604 
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TABLE 20: La (ppm) 

site No • ..--
Top Middle Bottom 

' 
24.7 36.6 38.6 

6 38.0 35.5 41.4 

10 35.8 34.2 32.8 

11 42.1 41.0 45.3 

71 43.6 32.2 42.9 

201 52.0 49.6 36.2 

261 52.6 50.1 51.2 

281 45.2 42.0 37.8 

1' 51.3 51.4 51.9 
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TABLE 21: Sa (pp11) 

§!_te Ho. 
Top Kiddle Bottom 

' 
4.88 7.16 7.20 

6 
8.18 7.13 8.51 

10 
5.26 6.74 5.54 

11 7.76 5.02 5.62 

71 7.90 6.09 7.92 

201 9.01 8.67 7.25 

261 9.17 8.63 8.93 

281 8.07 7.78 6.76 

1' 8.86 8.66 8.98 
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TABLE 22: Yb (ppa) 

Top Middle Botto• 

2.58 3.83 4.36 

3.69 2.73 3.09 

3.64 3.25 2.53 

3.76 4.21 4.58 

3.93 3.19 3.79 

3.96 4.20 4.04 

4.09 4.04 4.31 

3.99 4.17 3.38 

3.99 4.46 4.35 
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TlBLE 23: Lu (ppa) 

Top Middle Bottoa 

' 
0.35 0.56 0.59 

' 
0.50 0.40 0.44 

0.51 0.46 0.37 

0.54 0.63 0.68 

11 0.55 0.44 0.53 

0.56 0.56 0.53 

0.59 0.59 0.56 

0.54 0.60 0.47 

0.55 0.60 0.57 



TABLE 24: Th (ppa) 

ail• No. Top Middle Bottom 

' 
6.50 9.95 10.45 

' 
9.21 9.49 9.69 

10 15.23 14.54 9.93 

11 12.07 14.42 15.11 

71 11.97 8.33 11.62 

201 13.82 13.46 9.68 

261 14.18 13.36 13.48 

281 12.13 11.51 10.24 

1' 13.33 13.88 13.97 
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TABLE 25: Nd (ppa) 

li,t• Mo. Top Middle Botto11 

' 
25.6 33.9 40.0 

' 
40.8 48.7 48.0 

10 28.0 48.,9 40.0 

11 37.3 38.9 43.8 

71 43.4 28.4 52.9 

201 39.1 68.7 40.6 

261 53.7 42.0 49.5 

281 42.8 44.3 48.6 

u 52.3 69.5 70.1 
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TABLE 26: U (ppm) 

Top Middle Botto• 

' 
2.24 3.14 3.28 

' 
3.27 2.81 2.97 

10 4.56 4.17 3.58 

11 3.88 5.20 4.71 

71 3.39 2.82 3.26 

201 4.28 3.93 2.97 

261 4.04 3.65 3.42 

281 3.60 3.56 3.15 

1' 3.91 3.93 3.67 
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TABLE 27: As (ppa) 

li,t• No. Top Middle Bottoa 

' 
13.0 17.0 16.4 

' 
23.3 12.5 25.0 

10 9.9 12.3 35.5 

11 19.0 3.9 11.6 

71 20.3 14.7 22.2 

201 28.8 17.9 10.1 

261 25.5 21.1 24.4 

281 22.3 18.9 17.6 

1' 23.7 19.9 22.8 
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TABLE 28: Zn (ppa) 

Jit• Jfo. Top Middle Botto• 

' 
110 141 139 

' 
115 114 149 

10 141 129 181 

11 163 168 192 

71 209 155 232 

201 227 271 121 

261 281 282 274 

281 238 213 182 

14 252 280 294 
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TABLE 29: Cs (ppa) 

sit• No. Top Middle Botto• 
---

' 
3.01 4.99 5.81 

6 4.12 4.13 4.74 

10 13.70 13.37 6.76 

11 6.58 14.72 12.46 

71 7.93 4.76 7.56 

201 10.79 9.87 3.93 

2'1 11.78 9.04 10.09 

281 7.90 6.76 5.38 

u 8.80 9.32 10.70 
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TABLE 30: Sb (ppa) 

Ji_t• NQ. Top Kiddle Botto• 

• 0.95 0.99 0.93 

6 0.90 0.63 0.90 

10 0.86 1.02 1.11 

11 1.12 0.68 0.66 

71 1.90 1.16 1.71 

201 2.04 2.47 0.60 

261 2.13 2.32 2.22 

281 2.37 1.99 1.68 

u 1.95 2.19 2. 77 
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TABLE 31: Ca {wt\) 

_ute Ho. Top Kiddle Botto• 

' 
1.17 1.63 1.68 

6 1.48 1.56 1.45 

10 2.15 2.14 1.21 

11 1.73 2.55 2.44 

71 1.84 1.58 1.92 

201 1.87 1.92 1.57 

261 2.09 2.02 1.96 

281 2.03 1.92 1.59 

u 1.93 2.08 2.03 
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TULi 32: Fe (wt,) 

J!_te Ifo. Top Kiddle Botto• 

' 
2.12 2.98 2.88 

6 4.17 2.60 4.77 

10 5.28 5.91 28.90 

11 3.86 1.66 1.97 

71 3.92 2.62 4.05 

201 5.01 4.82 2.-19 

261 5.07 4.40 ,. 77 

281 4.00 3.60 3.33 

u 4.67 4.60 4.85 
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TABLE 33: Top Only - 40 day (all ppa) 

IQ. Zr Bf Ta Hi Ce 

294 9.1 0.6 21.6 55.0 

414 11.2 0.9 26.3 86.3 

365 7.2 1.3 32.5 68.4 

354 9.8 1.0 39.2 90.2 

397 9.5 1.1 27.8 94.6 

262 6.6 1.2 39.9 110 

322 6.3 1.4 37.6 112 

262 8.4 1.3 34.3 93.3 

289 7.0 1.2 40.9 107 
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TABLE 34: Top Only - 40 day (all ppa) 

Eu Tb Se Sr 

0.92 0.60 1.2 103 

1.47 1.03 2.1 118 

0.99 1.16 2.8 153 

1.36 1.03 2.0 126 

1.45 1.04 3.2 98.8 

1.64 0.99 3.8 136 

1.67 1.21 2.8 215 

1.44 0.91 3.0 201 

1.56 1.17 2.6 130 
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TABLE 35 

Fro• Experiaental Data - Std. Dev. 

Top Middle Botto• 
n,eaent Std. Dev. Std. Dev. Std. Dev. 

JID 54.7 49.3 101 
Ti 15.7 19.8 18.0 

' 
.1110 1260 1210 

11 0.26 0.35 0.29 

•• 312 253 255 
Sc 0.5 0.7 0.7 
Cr 7.4 9.3 8.8 
co 1.2 1.5 1.9 
D 13.3 19.6 19.0 
Ba 64.7 88.4 88.8 
La 2.0 2.4 2.4 
Sa 0.48 0.54 0.54 
n 0.37 0.44 0.45 
LU 0.07 0.08 0.08 
Th 0.68 0.85 0.81 
Jfcl 8.0 13.6 13.9 
u 0.52 0.60 0.56 
ll 1.6 1.4 1.8 
Zn 16.4 21.4 21.8 
Cl 0.62 0.97 0.94 
Sb 0.20 0.24 0.23 
Ca 0.17 0.20 0.19 
Fe 0.16 0.18 0.31 
lu 0.13 
Tb 0.13 
Se 1.1 
Ii 17.2 
Sr 57 
Zr 97 
Bf 0.5 
Ta 0.2 
Ce 4.9 
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TABLE 36: Soil 5 From Top Data 

11e11ent Ex:R.CODC. Stated.Cone. % error -
11 10.67 8.19 30.28 

HD 804.52 852 5.57 

V 176.90 151 17.15 

Ti 5500 4700 17.12 

Ma 19900 19200 3. 71 

Sc 14.68 14.8 0.81 
Cr 31.98 28.9 10.66 
Fe 4.39 4.45 0.30 
co 14.67 14.8 0.88 
0 147.31 138 6.75 
Ba 535.01 562 4.80 
La 27.43 28.1 2.38 
Sa 5.46 5.42 0.74 
Yb 2.32 2.24 3.57 
Lu 0.330 0. 336 1. 78 
Tb 11.71 11.3 3.63 
Md 29.67 29.9 0. 77 
u 3.54 3.15 12.38 
ls 92.24 93 . 9 1. 77 
Ca 2.24 2.20 1.82 
Zn 355.34 368 3.44 
Cs 57.61 56 . 70 1.60 
Sb 15.45 14.30 8.04 
Bu 1.20 1.18 1.69 
Tb 0.660 0.665 0.75 
Se 1.05 1.3 19.23 
Sr 325.22 330 1.45 
Zr 168.89 221 23.58 
Bf 6.08 6.3 3.49 
Ta o. 770 0.764 0.78 
Ce 58.37 59.7 2.23 
Ni 20.09 13 .0 54.54 

1ex:R.conc. - stated cone. I 
, error = X 100 stated cone. 
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Al 
Kn 
V 
Ti 
Na 
Sc 
Cr 
Fe 
Co 
Rb 
Ba 
La 
SID 
Yb 
Lu 
Tb 
Nd 
u 
As 
Ca 
Zn 
Cs 
Sb 

\ error :: 

TABLE 37: Soil 5 From Middle & Bottom Data 

Exp.Cone. 

10.47 
917.96 
165.50 

4620 
19100 

14.65 
29.89 
4.37 

14.33. 
122.22 
649.05 

27.13 
5.28 
2.10 
0.340 
9.76 

26.90 
3.07 

93.44 
2.22 

376.05 
57.61 
14.38 

Stated Cone. 

8.19 
852 
151 

4700 
19200 

14.8 
28.9 
4.45 

14.8 
138 
562 
28.1 
5.42 
2.24 
0.336 

11.3 
29.9 

3.15 
93.9 

2.20 
368 

56.70 
14.30 

1~xp.conc. - stated cone. I 
stated cone. X 100 

\ error 

27.83 
7.74 
9.60 
1. 75 
0.56 
1.01 
3.42 
1.80 
3.18 

11.43 
15.49 

3.45 
2.58 
6.25 
0.12 

13.63 
10.03 

2.54 
0.49 
0.91 
2.19 
1.60 
0.56 
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MDG.ll'fESE 

rrom Table 4, Mn is found to be a fairly common metallic 

element in the rocks and minerals of the earth, but there is only 

about 1/50th as much Mn in the earth as there is Fe. Even though Mn 

is fairly abundant, it is not an essential component of the more 

coaaon silicate rocks and minerals. 

Mn is often present in streams that receive drainage from coal 

aines and is usually carried further downstream from a pollution 

source than Fe. 14 

From the data, the measured concentrations vary from 128 to 

0,er 5000 ppm. The bottom samples of sites 6 and 10, and the top 

1uple of site 28A contain the highest concentration of Kn. 

TITllIUII 

Although Ti is one of the more abundant elements found in the 

rocks and minerals of the earth, it is usually present in water in 

,ery low concentration. 15 

The oxide is used as a white pigment in paint and metallic Ti 

is used extensively in the space and aircraft industries. Both of 

these uses of this element can artificially increase the amount of Ti 

in certain regions, but as mentioned earlier, Ti is common and widely 

distributed throughout the earth and can be readily available without 

••n's influence. Ti may also be associated with brine. 15 
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rrom the collected data, it is seen that the concentrations vary 

from 1000 to 7000 ppm (with an error of+/- 1200 ppm). The sites with 

the highest concentrations are 14B (top), 11 (middle and bottom), and 

site 20A (top). 

VUADIUII 

vis fairly abundant in the earth. Vis found to be present in 

plants and in coal. It is also present in petroleum products, and 

combustion of these products releases higher amounts of V into the 

environment. 16 

The measured concentrations of V range from 25 to 189 ppm. The 

highest concentrations are found in the top and middle samples of site 

10. 

ALUIIIJfUII 

Al is the second most abundant element in the earth's crust 

following Si (excluding 0, which is the most abundant). Al occurs in 

•any rock and minerals; the most co11mon mineral Al is found in is 

clays. 

From Tables 36 and 37, the percent error for Al measured in the 

standard, soil-5, is greater than 25\. It should be noted that Al 

•easurements by NAA are inherently inaccurate. This is because the 

Al-28 isotope that is formed from thermal neutron bombardment is also 

formed from Si-28 by an (n,p) reaction with fast neutrons. When using 

tbe rabbit facility, the total flux contains about 29-30\ fast 
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neutrons. Since this occurs, contributions from the (n,p) reaction 

are bound to occur. 

27 Al + 1 n (thermal) --+ 28 Al + 7 

28 Si + 1 n (fast) --+ 28 Al + 7 + p+ 

SODIUII 

Na is fairly abundant in the earth's crust, but human 

activities can also have a direct effect on the concentration of Na in 

a particular region. Brine from oil wells, the use of salt on roads 

during winter, and sewage contamination can dramatically increase the 

concentration of Na. 17 

The data shows there is a wide variance in the concentration of 

Na as a result of contamination. The data obtained from the top 

suples shows that sites 20D, 18, 13, and 12 have the highest 

concentrations of Na. The data for the top, middle, and bottom 

suples of the nine chosen sites indicates that the concentration of 

Na is consistent throughout most sites except sites 11 and 20A. 

SCUDIUII 

The data for Sc seems to agree with the values listed for Sc in 

Table 4. The sites containing the highest concentration of Sc are 

lites 10, 26A, and 20A. 

CBJtOKIUII 

Cr is found in rocks and minerals, but is also a pollutant from 

industries associated with steel manufacturing. Sites 14B, 25A, 10, 
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and 26A have the highest concentrations in the top samples of these 

sites. The concentration of Cr increases as a function of depth for 

site 11, and the concentration remains consistent throughout for sites 

l4 and 26A (which are also the highest). 

COBALT 

co is present in the earth's crust as a minor constituent. Co 

is used in the making of steel alloys, where it is often combined with 

er. The concentrations for the top, middle, and bottom samples of the 

river channel sites and site 14 remain fairly consistent throughout. 

The bottom sample for site 6 is the highest compared to all,indicating 

contaminants. For site 10, the top and middle samples are low, but 

the bottom sample is higher. The opposite is so for site 11, where 

the top sample has the highest concentration. 

RUBIDIUJI 

Rb is fairly abundant in the earth as indicated by Table 4. 

The measured concentrations vary from 30 to 198 ppm, indicating Rb is 

not equally distributed throughout the region. This may be due 

to different types of rocks and minerals present in this regional 

area. Rb is also found in the ash of a number of plants, such as beet, 

oak, tea, and tobacco. 18 The top samples from sites 8 and 16 contain 

the lowest concentration, whereas the middle samples of sites 26A and 

l4 and the bottom sample of site 26A contain the highest concentration 

of Rb. 
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BARIUJI 

Ba is found to be abundant in the rocks and minerals of the 

earth's crust. From the data, the concentrations range from 217 to 

above 750 ppm, with the highest values in the middle sample of site 14 

and the bottom sample of site 26A. Other than this, the 

concentrations are fairly consistent. High Ba concentrations can be 

found in oil fields and brines. 19 

LAIITBAHUII 

La is a minor constituent found in the earth. La is used in 

glazes for ceramic and glass. 2 ° From the data obtained, the 

concentrations vary from 11 to 52 ppm. The top samples of sites 8 and 

16 contain the smallest concentration. Sites 26A and 14 contain the 

highest concentration throughout top, middle, and bottom. 

SDARIUJI 

Sm is another minor constituent found in the earth. The 

measured concentrations vary fro• 4-9 ppm indicating that Sm is fairly 

consistent throughout the regional area. The sites containing the 

highest concentration of Sm are the tops of 3 river channel sites, 

20A,26A and 25A. 

YTTDBIUII 

Yb is a minor constituent of the earth. The measured 

concentrations range from 1 to 4 ppm indicating Yb is consistent 
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throughout the area. The sites containing the greatest amounts of Yb 

are 148 (top), 14 (middle), and the bottom of sites 11 and 14. 

LUTETIUII 

Lu is one of the least abundant elements found in the earth; it 

is found naturally in concentrations of 0.1 to about 1 ppm. From the 

data, it is seen that Lu varies from 0.1 to no greater than 0.7 ppm. 

Looking at the data for the top, middle and bottom samples of the nine 

chosen sites, the concentration seems to be consistent throughout. 

ZIBC 

Zn has about the same abundance in rocks and minerals as Ni, 

and it is therefore fairly common. Zn is used widely in industry, in 

metallurgy, and for galvanizing steel. It is also widely used as a 

white pigment (zinc oxide) in rubber and paint. Another point of 

interest is that Zn concentrations are increased in streams affected 

by mine drainage. These applications tend to disperse the element 

widely throughout the environment. 21 The sites with the highest 

concentrations are sites 26A (top, middle and bottom) and the middle 

and bottom of site 14. 

CESIUII 

Cs is found not to be very abundant in the earth. Igneous 

rocks contain the highest concentration of 4.3 ppm. A use for Cs is in 

Photoelectric cells. 22 From the data, it is noticed that the 
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concentrations range from 1 to 14 ppm, with the highest values found 

in site 10 (top, middle and bottom) and the middle sample of site 11. 

ANTIMONY 

Sb is one of the least abundant of all elements found in the 

rocks and minerals of the earth. Igneous rocks contain 0.51 ppm and 

shale, 0.81 ppm. From the data, the concentrations range from 0.4 to 

well above 2 ppm. The sites containing the highest concentrations of 

Sb are site 26A (middle and bottom), the top of site 28A, and the 

bottom of site 14. Mine drainage water may contain higher amounts of 

Sb that may settle out into the surrounding sediment. 23 Sb is also 

used in electroplating and in the making of fireworks and matches, as 

well as in steel manufacturing. 24 

CALCIUK 

Ca is the most abundant of the alkaline earth metals found in 

the earth. It is a major constituent of many common rocks and 

minerals. The data indicates that the Ca concentration is fairly 

consistent throughout the area, where site 16 (top) contains the 

smallest concentration and site 11 (middle and bottom) contains the 

highest. 

IROR 

Fe is the second most abundant metallic element found in the 

earth's outer crust. It is found mainly in igneous rocks and 

minerals. Fe is also a contaminant from steel industries and higher 
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concentrations of Fe are found in water and sediments that are drained 

1 . 2!1 from coa mines. All three samples of site 10 contain the highest 

concentration of Fe, most notably the bottom sample. 

TBORIUII 

Th occurs naturally in rocks and sediments, and from Table 4, 

it is seen that Th is more abundant than U. Also, in some types of 

rocks and minerals Th may occur in association with U. 26 From the 

data obtained, it is seen that the concentrations vary from about 3 to 

15 ppm, which seems to agree with the values listed in Table 4. 

lfEODYJIIUII 

Nd is more abundant in the earth than Th and U, but it is still 

a relatively minor constituent. The data obtained indicates that 

sites 14 (middle and bottom) and the middle sample of site 20A contain 

the highest amounts of Nd. 

URllIUII 

U is found naturally in the rocks and minerals of the earth's 

crust, it also occurs in smaller quantities than Th. The measured 

concentrations vary from 1.04 to 5.20 ppm, indicating that the element 

seems to be fairly consistent throughout the area. 
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ARSENIC 

From Table 4, it is seen that As is one of the elements of 

lowest concentration found in the earth. Because small amounts of As 

can be toxic to human life, it is considered a highly undesirable 

contaminant. Over the years As has been used in pesticides, and it 

can therefore enter streams through agricultural drainage or from 

waste disposal. As also has been used in various paints, and it can 

also be released in the burning of coal. 27 From Table 4, the highest 

value listed for As is 9.0 ppm. From the data obtained for the nine 

selected sites, the highest value is 35.52 ppm. It can be seen from 

the data for the selected sites, with a few exceptions, most values 

are greater than 9.0 ppm. Site 10 (bottom) has the highest 

concentration. 

THE REDINING ILEXENTS 

The nine remaining elements (Zr, Hf, Ta, Ni, Ce, Eu, Tb, Se, 

and Sr) have the longest half-lives and were not measured until a 

decay period of 40 days had passed. The measurements were made on the 

top samples of the nine chosen sites. The same measurements were not 

done on the middle and bottom samples of these sites because as 

mentioned earlier, the OSU-NRL temporarily closed down and the 40 day 

analysis overlapped into this period. 

Of these elements, Zr, Ce, and Sr, are all relatively abundant 

naturally. In Table 4 the highest concentration of Zr is 204 ppm, 

whereas sites 6 and 7A have values of about 400 ppm (+/- 97 ppm). The 

measured concentrations for Ce, with the exception of sites 4 and 10 
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(wbicb are lower), are relatively consistent. The values for Sr are 

all relatively consistent except for two sites, which have higher 

values, sites 26A and 28A. 

The chemistry of Sr is very similar to that of Ca. Sr is a 

fairly common element, sometimes replacing Ca in certain rocks and 

minerals in minor amounts. The sites with the highest amounts of Sr 

are sites 26A and 28A, where the higher amounts can be attributed to 

tbe dissolution of many rocks and minerals. 19 

Ni is a minor constituent in the earth's crust. It is an 

important industrial metal. Ni is used in stainless steel and other 

alloys that are corrosion resistant. Because of its extensive uses, 

Ni can be introduced into the environment in large amounts by waste 

disposal. Sites 14, 11, and 20A have the highest measured 

concentrations of Ni. 

Eu, Ta, Hf, and Tb are all present naturally in very small 

quantities. The measured values of the nine sites for Eu, Ta, and Tb 

are all relatively consistent throughout for each element. The data 

obtained for Hf varies fro• 6 to 11 ppm, higher than the values listed 

in Table 4. 

Se is the least abundant of the elements listed in Table 4. 

The measured values for Se range from 1 to just under 4 ppm, again 

higher than the values listed in Table 4 (even with an error of+/-

1.09 taken into account). Some plant species have been found to 

contain several thousand mg of Se per kg of dry plant parts because 

these plants are noted for accumulating Se from the soil by taking it 

up through their root systems. 23 This may be a reason for the higher 

concentrations of Se detected in the sediment samples compared to the 
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values listed in Table 4. An interesting note is that the Youngstown 

area was reported to be a low Se area (one where the grass and foilage 

contain up to 0.05 ppm) in 1973. A report in the Medical Tribune from 

that year (which did soil studies on various U.S. cities) states that 

cancer incidence is not so great when there is plenty of Se in the 

soil. 28 
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CHAPTER V 

CONCLUSIONS AJfD DISCUSSION 

Data from a lake sediment analysis (by NAA) by Nadkarni and 

Morrison were used for comparison. 29 They determined the 

concentration ranges of trace elements in a relatively pollution free 

lake. Table 38 lists their results. By comparison, the mean of the 

following elements are higher than the mean listed by the above 

authors: Al, Ti, Fe, As, Ba, Co, Cr, Cs, Rb, Sc, Th, and V. Of the 

other elements analyzed in the sediments taken from the Lake Milton 

bed and tributaries, the mean values are all about the same or 

slightly lower than the listed values reported in Table 38. 

The 12 elements listed above are one and one-half times to as 

great as four tiaes higher than the mean values listed in the Nadkarni 

and Morrison table. The mean for Th is higher than the mean values 

reported by the two authors, however based on the results obtained for 

all sites, Th seems to be naturally higher in this particular region. 

Al may seem to be high due to the large error associated with 

analyzing it by NAA. The mean for Sc found in the samples is greater 

than the mean listed in Table 38, however the measured concentration 

of Sc seems to agree with Table 4. This seems to indicate that Sc is 

naturally higher in this area when compared to the Nadkarni and 

Morrison study. Rb is three to four times higher than the mean listed 

in Table 38. The variance in the measured concentrations may be due 

to the different types of minerals in this area and may also possibly 

be due to the different types of plants in this area. 
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TABLE 38 

Data of Nadkarni and Morrison (ref 29) 
Units in ppm unless otherwise stated 

Element Range iiean 

Al (wt%) 2.62-6.38 4.38 
Ti 800-3800 2800 
Na 3000-9200 6100 
Ca (wt%) 1.23-4.00 2.69 
Fe (wt\) 1.47-3.06 2.24 
La 28-73 37 
Ce 53-160 85 
Nd 15-137 52 
Sm 7.86-28 13 
Eu 0. 77-1.94 1.28 
Tb 0.95-2.39 1.52 
Yb 2.34-9.34 4.46 
Lu 0.52-1.20 0. 72 
As 1.86-26 13 
Ba 163-375 287 
Co 3.91-16 7.31 
Cr 16-50 27 
Cs 0.56-14 2.93 
Hf 1.67-12 7.05 
Mn 214-4500 684 
Ni <1-218 38 
Rb 19-49 35 
Sb <0.01-2.9 1.56 
Sc 3.30-9.16 5.70 
Se 0.03-1.01 0.39 
Sr <10-242 90 
Ta 0.41-1.44 0.87 
Th 4.02-9.38 6.39 
u 0.78-4.35 2.25 
V 28-68 46.0 
Zn <10-450 278.0 
Zr 54-488 263 



TABLE 39: Top Saaples 

Units in PP• unless otherwise stated 

Eleaent Ranae Mean 

Al (wt,) 2.23-12.86 6.82 
Ti 1100-7050 4760 
Ha 1340-7040 4800 
Ca (wt,) 0.46-2.38 1.60 
Fe (wt,) 1.13-5.28 3.23 
La 11-53 35 
Ce* 55-112 91 
Nd 8-54 31 
Sa 2.18-9.37 6.52 
Eu* 0.92-1.67 1.40 
Tb* 0.60-1.21 1.02 
Yb 1.09-4. 70 3.28 
Lu 0.14-0.68 0.46 
As 6-29 17 
Ba 217-644 402 
Co 4.6-26.3 13.9 
Cr 18.9-122 62.7 
Cs 1.2-13. 7 5.6 
Bf* 6.3-11.2 8.3 
Mn 155-2190 814 
Ni* 21.6-40.9 33.3 
Rb 30-183 105 
Sb 0.41-2.37 1.24 
Sc 2.6-22.7 10.9 
Se* 1.2-3.8 2.6 
Sr* 98.8-215 142 
Ta* 0.65-1.4 1.1 
Th 2.94-15.23 9.65 
u 1.04-4. 74 3.10 
V 25.8-190 96.0 
Zn 48.2-281 146 
Zr* 261-414 329 

* These nine (9) eleaents were not analyzed in the middle 
and bottoa suples due to lack of time. 
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TABLE 40: Kiddle Samples 

Units in PP• unless otherwise stated 

Ele11ent Range Kean 

Al (wt,) 5.53-13.31 9.20 
Ti 3740-7740 5420 
Na 1580-5790 4160 
Ca (wt,) 1.56-2.55 1.93 
Fe (wt,) 1.66-5.91 3.69 
La 32-51 41 
Nd 28.4-69.5 47.0 
Sa 5.02-8.67 7.32 
Yb 2.73-4.46 3.79 
Lu 0.40-0.63 0.54 
As 3.9-21.1 15.4 
Ba 368-709 513 
Co 5.0-27.4 15.7 
Cr 50.7-93.7 77.5 
Cs 4.1-14.7 8.6 
Kn 128-1090 568 
Rb 96.4-200 153 
Sb 0.63-2.47 1.49 
Sc 9.2-21.4 15.2 
Th 8.33-14.54 12.10 
u 2.81-5.20 3.69 
V 33.7-190 118 
Zn 17.3-26.7 21.4 
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TABLE 41: Bottoa Samples 

Units in PP• unless otherwise stated 

Element Range Mean 

Al (wt%) 4.87-13.36 7.52 
Ti 3630-6810 5190 
Na 896-6120 4200 
Ca (wt\) 1.21-2.44 1.76 
Fe (wt\) 1.97-28.9 6.41 
La 32.8-51.9 42.0 
Nd 40.0-70.1 48.2 
Sa 5.54-8.98 7.41 
Yb 2.53-4.58 3.82 
Lu 0.37-0.68 0.53 
As 10.1-35.5 20.6 
Ba 298-759 508 
Co 4.7-47.1 22.0 
Cr 50.5-97.4 73.3 
Cs 3.9-12.5 7.5 
Mn 134-5350 1650 
Rb 99.2-198 153 
Sb 0.60-2.77 1.40 
Sc 8.9-20.2 14.1 
Th 9.68-15.11 11.57 
u 2.97-4.71 3.44 
V 40.3-172 105 
Zn 17.4-27.3 21.8 



Before the lake was filled in 1917, there were a few oil wells 

along the river that were pumped for the high quality oil present in 

small pockets. When the lake was filled, the water covered the 

wells and wiped out the industry there. 30 However, even after the 

lake was there, different corporations would still drill for oil and 

natural gas in that region, even into the 1980's. 31 , 32 

There are four elements associated with the drilling of oil 

wells. Higher concentrations of Ti, Na, and Ba are found in the brine 

from oil wells, and higher concentrations of V may be due to the fact 

that this element is found in petroleum products. 

There are also several abandoned mine shafts in the Lake Milton 

area. 33 All but one are located to the west of the lake. There is 

one abandoned mine shaft that is in the area encompassing the sites in 

the Canyon Park area, sites 9, 10, 11, and 12. This shaft is still 

open and the people in that area are using it as a dump site. 33 

There are four elements whose concentrations are dramatically 

increased by the water drainoff from this shaft. These elements are 

Mn, Zn, Sb, and Fe. This may explain why the bottom portion of site 

10 had a measured concentration of 29 wt.% for Fe. Co and Cr may be 

associated with the presence of trash in the abandoned shaft, 

especially if there are numerous metal cans present. Ti is often 

found in the drainoff if the water is acidic. 1 ~ Cs concentrations 

were also the highest in sites 10 and 11. 

Throughout the years, Lillian Drive (near site 13), Craig 

Beach, and the area on the southern shore of the lake (the trailer 

park) have had many problems with sewage and sewage disposal. 34 • 3 ~ Na 

is the element most often associated with sewage. Site 20D was 
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located near a concrete retaining wall for cottages and it had the 

highest concentration of Na of all the samples measured. It was later 

discovered that the so-called indoor plumbing in those cottages was 

not that at all, but rather just pipes that went beneath the concrete 

slab upon which the cottages were sitting and that dumped the sewage 

directly into the Lake. 36 

In 1974 there was a major fire in a plant in Alliance, and as a 

result chemical pollutants were dumped into Berlin Reservoir which 

then fed Lake Milton. As a result, both lakes were closed down for a 

few days, and even a few weeks later people were warned not to eat the 

fish caught from the two lakes. 37 The Alliance company handled such 

products as pesticides, farm chemicals, and various paints. Ti and As 

are used in paints, As is also used in pesticides. Since the area 

around Lake Milton is mainly agricultural, As may also be introduced 

into the lake by waste disposal or by drainage from the agricultural 

fields. 

There are also elements that are consistent (or fairly 

consistent) throughout the regional area. These elements include Sm, 

Yb, Lu, Ca, U, Eu, Ta, Tb, Bf, Ce, and Sr. 

Ti, Fe, As, Ba, Co, Cr, Cs, and V were found in the lake 

sediments in elevated concentrations. Co, Cr, V, Fe, Ba, and Ti could 

be contaminants from industrial sources. As and Ti could be 

contaminants from paints, and higher concentrations of As can also 

possibly result from agricultural use throughout the area. Sites in 

the Canyon Park residential area contained elevated concentrations of 

Fe, Co, Cr, Cs, and Ti which may be due to the presence of an 

abandoned mine shaft, which has been used as an illegal dump site. 
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Contamination from paints, a dumpsit~ , industry, etc. is a 

speculative rationale as to why the eight elements listed above are 

higher in concentration in Lake Milton when compared to the lake cited 

in ref. 29. Although the concentrations of these eight elements are 

greater, and in some cases much greater, than the values determined by 

Nadkarni and Morrison, the relatively large experimental errors in 

concentrations determined at both locations do not allow definite 

conclusions concerning the degree of pollution in the Lake Milton bed. 

This is due in part to the fact that a relatively small number of 

samples was taken from such a large heterogenous system. 

A suggestion for further study is the investigation of Berlin 

Reservoir, which is immediately upstream from Lake Milton. Several 

sites with elevated concentrations of many elements were located in 

the southern part of Lake Milton, which is fed directly from Berlin 

Reservoir. It is a possibility that many of these contaminants may 

also be found in Berlin Reservoir. Another suggestion for further 

study is a more extensive sampling of the Lake Milton sites (the next 

time the lake is drained) in order to obtain better precision in the 

concentration values of the various areas. From such a study, better 

judgements can be made as to whether the elevated values of certain 

elements are due to pollution or contamination. 
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