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Figure 4. VPI Chip Schematic 

NMOS CHIP DESCRIPTION 

The circuit described in this paper is designed using stand­
ard NMOS fabrication standards and consists of high-per­
formance, low-noise A/D converters which digitize the neu­
ron signals, outputting computer-compatible data. The control 
circuitry drives the electrode banks as well as the A/D conver­
ters. The essential sub-systems present on the chip are the 
A/D converter, the pass transistor electrode array and the 
control circuitry for the converter and the array. The electrodes 
themselves are aluminum plates. 

The circuit used on the chip consists of a 4-by-4 array of 
identical metal electrodes, each being 160 x 80 microns, and 
each connected to the drain of individual, identical pass transis­
tors. The schematic diagram of the electrodes is shown in 
figure 4. Control is provided such that, at a particular instant of 
time, only one row of 4 pass transistors are enable. 

The voltage level of the signal capture by an electrode is on 
the order of millivolts. The pass transistor connected to the 
electrode must be able to provide a resolution of that order. 
SPICE I simulation ensured that the pass transistor functioned 
in that voltage range. Moreover, since brain signals have a 
frequency rarely over 200 Hz, the frequency design criteria of 
the pass transistor is not critical and the maximum number of 
pass transistors activated by a single driver is only four. 
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CONCLUSION 

This paper introduces the reader to the history of neurocor­
tical research and the design for a second generation implanta­
ble multielectrode array for studying the visual system. Hope­
fully, the data obtained from the new chip will provide a better 
understanding of the human visual system . 
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George Sabol, from Flemington, New Jersey, graduated in 
Electrical Engineering this past spring. While at Tech, he was 
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An Examination of Possible Heavy Metal 
Contamination in the Virginia Tech Duck Pond 

Alica ]. Read 

INTRODUCTION 

In the past several years, the Virginia Tech Duck pond has 
become increasingly polluted and unsightly. This study has 
been performed in an effort to determine if heavy metal 
contamination is a major contributor to the pollution problem. 
If the levels of these contaminants are found in quantities that 
are hazardous to public health, recommendations will be made 
concerning possible solutions. 

In order to determine the quantities of heavy metals enter­
ing the Duck Pond, samples were taken from the two branches 
of Strouble's Creek that feed the pond. Additional samples 
were taken from the Duck Pond and its outlet stream. The 
twelve samples were tested in the Environmental Engineering 
Lab. Marilyn Grender, an analytical chemist, used the Atomic 
Absorption Spectrophotometer to determine the quantities of 
zinc, copper, cadmium, nickel, chromium, and lead present. 

My results, conclusions, and recommendations are pres­
ented in the following report. 

SUMMARY 

The purpose of this study was to determine the possible 
amounts and sources of heavy metal contamination in the 
Virginia Tech Duck Pond. Recommendations were to be made 
if the levels of these contaminants were found to be higher 
than the accepted safe standards. 

Six water samples were taken in and around the Duck Pond 
and the town of Blacksburg. This was done in order to establish 
inflow, outflow, and retainage of these contaminants and pos­
sible sources. Samples were taken during dry and wet weather. 
The Atomic Absorption Spectrophotometer was used to test 
for heavy metals. Zinc, chromium, and cadmium are the only 
heavy metals found in detectable quantities. During both wet 
and dry weather flows, the levels of these metals seem to 

remain at or below the maximum safe standards set by the 
National Technical Advisory Committee. Since the results of 
this study indicate that no major problems exist due to heavy 
metal contamination of the Duck Pond, the final recommenda­
tion is that nothing should be done at this time. 

CONCLUSIONS 

1. The heavy metals zinc, chromium, and cadmium are 
present in detectable quantities, but these amounts do not 
exceed standards established by the National Technical Advi­
sory Committee. 

2. Lead, copper, and nickel are not present in measurable 
quantities. Additional research would be needed in order to 
determine possible effects of these undetectable amounts. 
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RECOMMENDATIONS 

The amount of heavy metals present in the Duck Pond is 
insufficient to warrant any action at this time. I would note, 
however, that the Duck Pond seems to have a large number of 
problems that ex(end beyond the scope of this study. When 
possible solutions to these larger problems are examined in the 
future, their impact on the quantity of heavy metal contamina­
tion must be evaluated. 

SAMPLING 

Sample locations 

Samples were taken at six different locations in and around 
the Duck Pond (figure 1). In an effort to identify possible 
sources of pollution, three of the samples were taken from the 
east branch of Strouble's Creek. Sample SC#l was taken at the 
corner of Church and Washington Streets. Just below the 
police station, at the intersection of Draper's Road and 
Washington Street, a second sample, SC#2, was taken. These 
two samples are from different tributaries of Strouble's Creek 
and they merge about one hundred yards downstream of the 
second site. 

Strouble's Creek goes underground before it reaches the 
Virginia Tech campus, passing under the Drill Field and col­
lecting campus storm drainage. It emerges on Greenhouse 
Road just below Davidson Hall. The third East Strouble's 
Creek sample, SC#3, was taken at that location. 
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The west branch of Strouble's Creek also empties into the 
Duck Pond. This branch drains the west side of campus and 
part of the town of Blacksburg by an underground pipe. The 
pipe resurfaces on Greenhouse Road below Derring Hall. The 
sample, sew, was taken at the point where the pipe emerges. 

The Duck Pond itself was also sampled. A location midway 
down the side of the larger pond was used. The final sample 
was made in the stream that outlets the pond. This was done in 
order to study the pollutants that were draining from the pond. 

Weather Conditions 

Water samples were collected during dry weather conditions 
in order to observe the base flow levels of heavy metals. 
Sampling occurred four days after the end of a storm. Samples 
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Figure 1. Detectable results of heavy metal tests, given in 
mg/L. (D=dry weather, W=wet weather). 

were also taken several hours atter a storm, at the same 
locations. These were examined to determine the amounts of 
heavy metals that were flushed from the watershed. 

Sampling Procedures and Equipment 

One sample was taken at each location duriqg both wet and 
dry flows. Plastic bottles were used to hold the water for the 
heavy metal test. Each bottle was almost completely filled and 
then acidified with 2 ml of nitric acid (1:1 HNO). Heavy 
metals in the water were held in solution because of the 
resulting low pH. Equipment consisted of one plastic bottle for 
each sample, examining gloves, a plastic syringe, and a bottle 
of nitric acid. 
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TESTING FOR HEAVY METALS IN SOLUTION 

Background 

A pollutant can be described as 

"too much of any given contaminant such that it 
renders the receiving water un-usable in its exist­
ing state for its desired best usage." [l] 

In this study, samples were taken and tested in order to see if 
heavy metals in solution were present in the Duck Pond in 
quantities large enough to be considered pollutants. Each sam­
ple was tested for the presence of chromium, zinc, cadmium, 
copper, nickel, and lead. Tests were conducted for these metals 
because they are most often found in urban areas. 

Description of Test 

The Atomic Absorption Spectrophotometer was used to 
perform the test. With this instrument, the water in the 
sample is aspirated and the remaining metals are burned. The 
emitted gases are analyzed by their respective wavelengths. 
The type of wavelength and its intensity will vary with the 
element and the quantity of the element present. The method 
produces excellent results because of the instrument sensitiv­
ity. [2] 

Description of the Elements 

Most of the heavy elements sought in the Duck Pond and its 
feeder streams are a result of urbanization. Significant health 
problems for human and animal populations can result if the 
quantities of these metals are large. One example of this is 
chromium. Automobile chrome is the major urban source and, 
in gaseous form, it is known to be carcinogenic. [3] There has 
been no conclusive evidence of possible carcinogenic effects of 
aqueous chromium, but the element has been shown to be toxic 
when given to laboratory animals on a regular basis. [ 4] 

Lead, from leaded gasolines, radiators, and other sources, is a 
cumulative poison which apparently interferes with the brain 
function. [5] Heart disease and respiratory problems have 
been linked with high levels of cadmium. [ 6] Zinc stearate, 
used in the manufacture of tires, is a major source of zinc. Zinc 
and copper are both micronutrients that, in small amount, 
encourage the growth of algal blooms. Copper is not usually 
found in quantities harmful to humans, but evan small 
amounts may be fatal to aquatic life if the water is soft and the 
alkalinity is low. [7] 

Because of the use of stainless steel and other nickel­
containing alloys in water systems, nickel is often found in 
industrial and urban waste water. It is rarely found in natural 
waters. [8] Nickel is not considered to be toxic to man, but 
aquatic plants and several species of aquatic animals are adver­
sely affected by its presence. [9] 

Performance of the Test 

By immediately acidifying the samples with nitric acid, 
metals in solution in the sample remained in solution instead 
of precipitating out. This made it possible to wait until all of 
the samples had been collected before conducting the tests. 
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Mrs. Marilyn Grender, an analytical chemist, performed the 
tests in the Environmental Engineering Lab and provided a 
listing of the results. See Appendix A. 

Analysis of the Results 

Only zinc, chromium, and cadmium were found in detectable 
quantities. Figure 1 gives the quantities of these metals with 
respect to the sample locations. 

During base flow conditions, the amount of zinc flowing 
into the Duck Pond was equal to the amount that was retained 
plus the amount flowing out. This was not true during wet 
weather conditions. After the storm, zinc apparently precipi­
tated out of solution. This would account for the difference 
between the inflow rate and the retainage and outflow rates. 
For both wet and dry flow periods, the amount found in the 
SC#2 sample was greater than that found in the SC#3 sample. 
Further research would be necessary to determine the reason. 

Both chromium and cadmium were found in slightly larger 
quantities in base flow than in storm flow. Additional research 
would be required in this area also. 

WATER QUALITY STANDARDS VS RESULTS 

For this study, I used the criteria for the heavy metal content 
of water that were established by the report "Raw Water 
Quality For Public Supplies" [10] for comparison purposes. 
See Table 1. These criteria were set in 1968 by the National 
Technical Advisory Committee in their report to the Secretary 
of the Interior. Levels of cadmium, copper, and zinc in the 
Duck Pond, its feeder streams, and its outlet were well below 
the maximum acceptable levels established in the table. The 
detection limit for lead is above the maximum safe level of the 
element. It was, therefore, not possible to determine if the lead 
content of the water was acceptable. Chromium levels were 
equal to or less than the maximum level for most cases. The 
stream that outlets the Duck Pond contained slightly more 
than acceptable during dry weather, but less than the accepta­
ble maximum during storm flow conditions. The relative 

APPENDIX A. Results of Heavy Metal Tests. (D=dry 
weather, W=wet weather). 

Sample Cr Zn Cu Cd Ni Pb 
mg/L 

DSC#l <0.05 0.007 <0.02 0.006 <0.04 <O.l 
DSC#2 0.05 0.016 <0.005 
DSC#3 <0.05 0.014 0.007 
DSCW 0.05 0.021 <0.005 
DDP <0.05 0.011 0.005 
DDO 0.06 0.024 0.005 
WSC#l <0.05 0.010 <0.005 
WSC#2 <0.05 0.077 
WSC#3 <0.05 0.048 
wscw 0.05 0.028 
WDP <0.05 0.008 
WDO <0.05 0.010 

Det'n 
limit 0.05 0.005 0.02 0.005 0.04 0.1 
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importance of the high dry flow level of chromium is 
unknown. Additional tests would be required to deter~ine if it 
was a regular event or just an unusual fluctuation. The maxi­
mum safe level of nickel is not given in the table because nickel 
is not considered to be harmful to man. Since any nickel in the 
water was present in less than detectable quantities, it was not 
possible to estimate the effect of the nickel on some of the 
more sensitive aquatic organisms. 

Surface Water Criteria 
Substance Permissive Criteria Desirable Criteria 
Inorganic chemicals 

(mg/L) 
Cadmium 0.01 Absent 
Chromium 

(hexavalent) 0.05 Absent 
Copper 1.0 Virtually Absent 
Lead 0.05 Absent 
Zinc 5 Virtually Absent 

*edited 

Source: "Raw Water Quality For Public Supplies," National 
Technical Advisory Committee (a report to the U.S. Secretary 
of the Interior, issued by the Federal Pollution Control Admin-
istration, April 1, 1968). 

Table 1. Raw Surface Water Criteria for the tested substan­
ces.* [11] 
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Alica Read, from Fairfax, Virginia, graduated this past spring 
in Civil Engineering. She has been involved with the Society of 
Women Engineers, the American Society of Civil 
Engineers and the Baptist Student Union. Currently, she is 
working for the Soil Conservation Service in Philippi, West 
Virginia. 

Predicting the Future 

The Fourth Annual Honeywell Futurist Awards Competi­
tion officially began on October 1, 1985. Taking a look at 
futurist predictions from the Buck Rogers era forty years ago, 
the contest invites students to write about the future as they 
envision now. They are asked to predict the most significant 
developments in two of six technological areas and to indicate 
how these changes will influence our society forty years from 
now. 

Ten winners will selected from among all the entries, by a 
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panel of judges next January. Each of these winners receives 
$2000, an all-expense-paid trip to the Honeywell Futurist 
Awards Banquet in February, and a 1986 summer job offer 
from Honeywell, Inc. One of these ten winners will also be 
awarded a $10,000 total grand prize at the banquet. 

Entry forms and official contest rules may be found on any of 
the Contest posters found around campus. Here's your chance 
to daydream and have it pay off! 

DEADLINE: DECEMBER 31, 1985 
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CIA ... 

Many organizations 
promise career oppor­
tunities on the cutting 
edge of technology 
... where you can 
work with state-of-the­
art equipment on pro­
jects that will challenge 
your intellectual curios­
ity. But the CIA can 
offer more : the oppor­
tunity to play an impor­
tant role in the creation 

·for state­
of-the-art 
technology 

Satellite Communication 
Computer Systems 

SCIENTISTS 
Optics 
Photogrammetry 
Mathematics 
Applied Physics 
Imagery 

These positions require 
Bachelor's, Master's, or 

of the state of the art . . . to set the pace 
for technological innovation. 

It is our role to lead the industry ir. creat­
ing technology to solve the pressing 
problems our nation faces. And, if you 
have the dedication to excellence and 
technical talent we seek, you can be a 
vital part of our technological 
achievements. 

We have positions available for the fol ­
lowing individuals: 

ENGINEERS 
Logistics 
Mechanical 
Civil 
Computer 
Computer Systems 
Electrical 
Electro-Optical 

PROGRAMMER/ 
ANALYSTS 
Information Science 
Data Communication 

Communications 
Marine 
Aerodynamics 
Applications 
Electronics 
Optical 

PhD degrees and U.S. 
citizenship (both self and dependents). 
You also must be able to meet our 
physical and security requirements. 

The Central Intelligence Agency offers 
excellent advancement potential , educa­
tional assistance, and a truly professional 
environment to individuals who want to 
be involved in projects that reach far into 
the future. You will enjoy living and work­
ing in the Washington, IJ.C. area, with all 
the cultural, athletic, and historic attrac­
tions that Washington offers. Plus you will 
be working in an area of the country that 
is at the forefront of the high technology 
industry. 
If you would like to be considered for one 
of these exceptional career opportunities, 

send your resume to: 

Washington Area 
Recruitment Activity Center 
Department S (N28) 
P.O. Box 12406 
Arlington, VA 22209-8406 

Central Intelligence Agency 
The CIA is an Equal Opportunity Employer 



See Your Future 
Through the Eyes 

of a Robot 
Lisa Dickson does! She's helping 
GE create tomorrow's robot sys­
tems. With "smart" robots that can 
actually see, touch, and sense heat 
or cold. ''Adaptive" robots that can 
measure how well they're doing a 
job, or reprogram themselves in 
moments to take on new 
assignments. 

Sound like sci ti? It's as close as 
your first career move. Because at 
GE, we're already using robots like 
these, for jobs that require decision 
as much as precision. 

When GE adds vision capability to 
lasers and off line programming, 
robotics takes a giant leap forward. 
Just on the horizon are GE sight­
equipped robots that guide 
themselves through intricate laser 
welding. What next? Tactile sensor 
pads to enhance GE robots with 
super-human dexterity And 
computer brains for "trouble­
shooting " robots whose thought 
processes come close to human 
intuition! 

General Electric is an equal opportunity employer. 

If you 're fascinated by robotics, the 
new frontier is happening at GE. 
We not only design, build and sell 
robotic systems - we're using them 
in bold, new ways. Robots are an 
integral part of GE manufacturing 
proceSSf3S, for everything from 
lightbulbs to locomotives. 

So consider your future through 
the eyes of today's most exciting 
technQlogies. If you 're that rare 
individual whose excellence is 
driven by the power of imagination, 
you 'll find room with a view at GE 

• 
If you can dream it 
you can do it 

fj A registered trademark of General Electric Company. 
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