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Purpose of Thesis: 

This research project analyzes both the ground and surface 

water samples near a hazardous waste site. The analysis procedure 

itself proved to be a valuable educational experience in the 

operation of analytical instrumentation and sample collection. 

Following collection of data, migration patterns of the analytes 

were observed. 

ACKNOWLEDGEMENTS 

I wish to extend my appreciation to Craig Cook who helped with the 

sampling process and conducted some of the analyses in this study. 

I would also like to thank the Ball State Chemistry Department for 

their support and encouragement and for the use of their 

facilities. 



-

In May 1992 the existance of a potentially serious 

environmental problem became known in Delaware County. In the 

1960s and 70s, a landfill in the county near the town of Albany had 

been used as a repository for a large variety of waste, 

particularly heavy metal waste, including municipal sludge and auto 

batteries. Subsequently a housing development of twenty or more 

residences was established on the ridge immediately adjacent to the 

landfill which had been closed in the late 1970s. Due to its 

close proximity to residences and the fact that the rural residents 

used well water, both local and federal governmental attention was 

drawn to the problem. The waste site was documented to contain 

hazardous wastes. 

EPA tests run on soil samples from the driveways of nearby 

residents revealed high lead content • Limited testing information 

was released to the public, but it was revealed that high PCB 

levels were also found in the soil. with the Mississinewa River 

and flood plain immediately down-gradient and about one half mile 

away, migration from the landfill site became very important. 

Due to the media exposure and my interest in environmental 

issues, I became interested in the waste si te and decided to 

conduct an academic exercise to establish any migration patterns 

from the landfill site. It would also allow me to gain experience 

in sampling protocol and in sophisticated analytical 

instrumentation, such as gas chromatography and graphite furnace 

atomic absorption. The main goal of my project was to survey the 

area within a two mile radius of the waste site and obtain well 

water samples from residents willing to participate. Samples from 
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the Mississinewa River were also obtained. The limited number of 

samples collected were then analyzed and the results were 

correlated with well depths, geographic location, and surface and 

underground water flow. 

The sample protocol was as follows. For residential sampling 

sites the water sample came from an untreated well source. Before 

collection of the sample, the water was run for ten to fifteen 

minutes to make sure that the water collected was water from the 

aquifer and not water that had been sitting in the pipes. The 

60 ml polyethylene bottles were also rinsed with the sample water 

two to three times before the sample was collected. Samples were 

kept refrigerated until they were "spiked" with 0.250 ml of 

concentrated HNO~to prevent any heavy metals from precipitating. 

Samples were also obtained from several sites more that two miles 

from the site to provide a control for the analysis. 

The analysis instrumentation and procedure is summarized in 

Table 1. The initial standards used were Fisher AA Standards, 1000 

ppm, and appropriate linear working range standards were prepared 

from these. A total of 200 samples were collected and analyzed 

from both residential wells and surface water. The surface water 

samples were obtained at eight different river locations both up

and down-stream and at runoff locations both into and out of the 

site. The residential well depths ranged from 50 to 150 feet. 

There were no correlations observed between well depth and the data 

collected. 

The well samples were also tested for ammonia using an Orion 

mV meter and a Corning Ammonia Selective Electrode calibrated with 
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standards in the 0.1 to 500 ppm range. Off-site the levels of 

ammonia detected were approximately 0.5 ppm. Within about two 

miles of the site and in a heavily agricultural area the levels 

averaged about 2.8 ppm. However, in contrast, on the north end of 

the ridge next to the site ammonia levels were 63.1 ppm and 31.6 

ppm. In the center of the ridge a value of 19.9 ppm was observed. 

Apparently a source of ammonia is leaching into the ridge water 

supplies. 

When collecting samples from residents on the ridge we were 

made aware of a black sludge-like material in the well water. Some 

residents gave us samples of this material from their water 

filters. The substance upon being dried consisted of black flakes 

and had a sulfur odor. The substance also had a oily texture and 

would stain human skin. Four different methods of organic analysis 

were conducted to determine if any organic compounds were present. 

The first method was sonication. The solvent used was 

dichloromethane. The 

approximately one hour. 

sample and solvent were heated for 

This was followed by sonication for one 

hour and heating again for another hour. Hewlett-Packard 5890 GC 

and Nicolet 5-ZDX-FT IR Spectrometer were used to analyze the 

solution. The results were negative. The sample was also run on 

the Extrel ELQ 400 Mass Spectrophotometer. No solvent was needed, 

the solid sample was used. Again the results were negative. IR 

analysis was also done. The sample was heated with methanol to 

dissolve the solid. Liquid cell IR results were negative. Both a 

mull of the sample and a solid sample on salt plates were run with 

negative results. Water was inadvertently extracted from the 
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sl udge and run through the IR. Some peaks resulted that were 

indicative of possible CN contamination. Further investigation by 

an outside lab showed that less than 0.006 ppm CN was present which 

is well under the limit for drinking water. The fourth method of 

organic analysis was soxhlet extraction. Both methanol and benzene 

were used as solvents. In each the solution was refluxed for three 

hours followed by IR analysis and concentrate extraction. IR 

results for both were negative. For the methanol, beige crystals 

were formed and light yellow crystals were formed during the 

concentration of the benzene solution. Thin layer Chromatography 

was done on the crystals from the benzene extraction. Solvents 

used were cyclohexane, benzene, and dichloromethane. Cyclohexane 

gave the best results. Rf avg. = 0.82. Again IR analysis was 

negative. Acid digestion was done using concentrated HCl and the 

sample. The acid turned yellow and a sulfur-containing gas 

evolved, possibly S~ Atomic absorption by flame showed 52.2% Fe 

present in the sample. If the sample contained FeS, it would be 

about 93% FeS. 

It was concluded then that if there were any organics in the 

sludge they were present in very small amounts that were not 

detectable by our methods of analysis. 

Some interesting results were seen from the Graphite Furnace 

analysis. For a summary of the results see Table 2. One 

noticeable trend is the higher levels of heavy metals found at 

sites on the ridge. Also obvious is the much higher levels noted 

within the two mile radius as opposed to off-site locations. A 

difference in river levels was also seen with the down-stream 
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sites being consistently higher. 

Metal concentrations in the wells tended to remain relatively 

constant over time. For example, at a particular location over a 

6-month period the concentrations of three different elements were 

as follows: 

Mg == 
Zn == 
Pb == 

46.50, 46.75, 46.01 ppm 
177, 177, 169 ppb 
< 1, 1. 0, < 1 ppb 

For the river, the concentration changed as a function of rainfall 

frequency and intensity. High rainfall had a dilution effect on 

the levels generally and the concentration was decreased, while dry 

periods had the opposite effect. 

Mg Zn Pb 
Dry for 10 days 32.7 222 3.5 

0.39" rain day before 28.1 163 2.0 
1.42" rain that day 24.4 103 < 1 

Dry for 3 days 28.6 222 < 1 
Dry for 8 days 37.9 313 2.7 

At none of the wells or surface water sites was Hg or Ag ever 

detected at their detection limits of 1 ppb. Many of the other 

elements such as Cd, Cr, Ni, and Pb likewise were not detected on 

most occasions at most sites at their detection limits of 1 ppb. 

At other locations they were observed consistently. See following 

maps. 

Despite the fact that no sample ever surpassed or even 

approached the regulatory limits, the general trend seen from all 

data collected was a leaching effect in a west-northwest and east-

southeast direction. Evidence of leaching is especially 
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demonstrated by the analyses of several residential filters from 

the ridge that concentrated the trace metals as sludge: North = 

14.3 and 15.1 ppb Pb, center = 52.8 ppb Pb. These levels are quite 

high and demonstrate the need to continue monitoring and 

statistically verifying this limited data base over a much longer 

time to fully document the leachate path. Capping the site as 

proposed may not be the best remediation. 
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