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INTRODUCTION

Chemical analysis of residual soils is the chiel method of
geochemical prospecting lor zinc in East Tennessee. The method,
mtroduced to the area by Hawkes and Lakin (1949), often
permits one to discriminate between soils derived from mineral-
ized rock and those soils derived from rocks lacking mineraliza-
tion. The possibility exists, however, that some buried ore
hodies may escape detection by virtue of the soil cover being
derived from the overlying barren rock.

Vogt and Rosenqvist  (1942) published determinations of
copper in stream water which indicated that water in contact
with the weathering products of metallic ore deposits may pick
up gre:lLcr-lh:m—nm'nm.i trace amounts of the metals involved.
The duration and intimacy of contact between the ground
water and the ore deposit will, ol course, govern the amount
of metal taken up by the water. Since even buried ore deposits
are likely to be i various stages of mechanical disintegration,
oxidation, and solution, the ground water [rom such an area is
likely to be relatively high in metal content upon emergence
at the surface. Therefore, the interesting possibility arises that
water samples collected at the surlace may yield information as
to mineralization at depth in the general area.

Several investigators, including Vogt and Rosengvist (1942),
Sergeev (1946), and Huff (1948), have already described ex-
amples which indicate the value of water analyses as a guide to
the location of ore deposits. Sergeev (1946) noted that a dissected
topography and a well developed drainage pattern are essential
to the success of the method.

A reconnaissance survey was conducted by the writer during
the summer of 1954 to determine whether water analysis could
be of value as a forerunner to soil analysis in the geochemical
method of prospecting for zinc in East Tennessee. Since the
vesults of the work appear favorable, they are brielly described
herein.

MeTHODS USED

Water samples were analyzed for heavy metal content by
means of a carbon tetrachloride solution of dithizone (diphenyl-
thiocarbazone) in the manner described by Hull (1948). A
0.0016 per cent (weight/volume) stock solution of this reagent
(i.e., 0.0457 gms dithizone in | Ib. of reagent grade carbon
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tetrachloride) was stored 'i.n 1 liglu-pro_af contairlter in a s'mall
sortable ice box. From this stock solution two dilute so.['utmr_m,
Lere relerred to as A and B, were prepared each morning for
use the same day. Solution A coutame'd one part (by volume)
stock to 19 parts pure carbon tetrachloride; solution B, one part
stock to BY parts carbon tet.r:url'llnylde. -Alutr.unum [oil wrapped
about the containers of these dlthlZOl‘lF solut;:_qns protected them
from light and thereby increased their stability.

Except for the very accurate analytical balance used Lo weigh
out the dithizone for the stock solution, the equipment involved
was relatively simple and inexpensive (see Fig. ). In addition,

Fig. L. Equipment used in the field o analyze water samples for heavy
metal content. From left 1o vight: (1) One 500 ml, glass-stoppered  Pyrex
bottle for storing stoek solution of dithizme; 2) two 16 oz squeeze type,
polyethylene washing hottles to contain solutions A and B, respectively; ()
one Deeminac demineralizer 16 oz bottle with 4 oz filter for producing
metal-free water; (1) one 50 ml. glassstoppered graduated pyrex. cylinder
for vigorously shaking 45 ml. of water samples plus 5 omloof cither solution
A or B, As piclured, the pyrex cylinder containg 45 ml, of a water sample
plus 5 ml of solution i (settled to the hottom),

a bottle of a standard zine solution may be useful for periodically
checking the strength of 4 and B as well as to permit a com-

parison ol a standard water sample of known zinc content with
the water samples being tested.

‘The procedure herein described is rapid and simple. A grad-
uated cylinder is filled with 45 ml. of the water to be tested; 5 ml,
ol solution B is then added and the stoppered cylinder is shaken
vigorously for at least 40 seconds. After the droplets of the
carbon tetrachloride phase have settled and collected on the
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Table 1. The Relationship Between the Zinc Content of a 45 M1. Sample of
Water #nd the Color Produced in 5 Ml of Dithizone Solution

Zinc
Concentration

in Water Colors* Produced in Dithizone Solutions
Sample
(p.p-m.) Solution B Solution A
0.100 49-1-2

|
l (Reddish)
0.070 49-1—1 l
0.060 49-TF--2 |
0.040 49—-F—1 |
0.030 51-D—1 (Pinkish)
0.020 52—A—1  (Grayish)
0.010 49—B—1 (Pinkish) 26—-G—3
0.009 50—A—1 | (Almost
0.008 50—A—1 colorless)
0.007 95—-A—2 (Shades of
Green)
0.006 25—A—2 l
i (Shades of

0.005 25—A—2 Green) |

Color prior

to shaking 25—B—4 25—-C—17 )

#The number-letter combinations presented i this table rvefer to the
plate, column, aid row in Maerz and Paul's A Dictionary of Golor, 1st
Edition, 1930, Tor example 49—1-2 refers Lo the color at plate 49, columi T
row 2, which in the writer's judgnent closely matched that observed in the
5 ml, of dithizong solution (as viewed with a white background in strong
daylight). The graduated mixing cylinder which contained the dithizone
was one inch in diameter.

bottom, their color is noted. CGomparison of the color with
Table 1 penmits a semi-quantitative determination of the total
metal content of the sample (expressed as zinc). Use ol aliquots
permits determination ol concentrations above 0.010 p.p.m. to
within 0.01 p.pan.; below 0.010 p.p.m. solution B permits
discrimination between concentrations less than 0.008 p.p.m.
and those of 0,008 or 0.009 p.pan. Using less than b ml. ol
solution B permits one to discriminate between even lower
concentrations of zinc.
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For water samples which are very high in zinc or total metal
content, it may be necessary to fill the gratll}uted cylinder with
less than the 45 ml. ordinarily used, then dilute to the 45_m1.
volume by addition ol demineralized water. The color obtained
by using such a diluted sample containing for example, only
9915 ml, ol the unknown water would indicate on 'I‘:-:hle 1 a
zinc content equal to only one h'alf t.hat_of the ur_ldll}lted un-
known. For samples extremely rich in zinc the dilution w1th
demineralized water could be even greater; however, the c_olon-
metrically determined (from Tal?le_l) zinc content of Fhe diluted
sample would have to be multiplied by an mcreasingly large
factor. Thus determinative errors may be magnilied for samples
ol very high zinc content. In gt‘t)(.'.llt‘j]l.i[,:ﬂ]. pmspect%ng, however,
only the general magnitude ol these high values is important,
not the precise value. 1t is really only necessary to know whether
the zinc content of a sample is appreciably more than the back-
ground content for the area.

SAMPLE SITES

Springs and streams of small volumes and rates of flow were
judged to be the most satisfactory sample sites. The main
streams of the region were considered unsatisfactory because:
(1) there was greater danger of contamination by the cities and
towns along the banks; (2) the larger volume would probably
dilute beyond detection any relatively high metallic contribu-
tion from a mineralized area. Well water was not sampled
because of the likelihood of contamination by galvanized
plumbing.

PRECAUTIONS TO BE OBSERVED

The water sample volume, 15 ml,, was maintained for every
test, even though for samples of very high zinc content it
necessitated dilution of an aliquot with demineralized water.
Through this constancy of sample volume the amount of oxygen
stopped up and shaken in the cylinder was also maintained
constant from one determination to the other. Since dithizone
is readily destroyed by oxidation and since solution B, par-
ticularly, is very dilute with respect to dithizone content, it is
preferable to observe this precaution, In addition, the partition
of zinc ions between the aqueous phase and the dithizone phase
is no doubt a [unction n}:' concentration as well as the total
zinc present,

Warren and Delavault (1954) noted that large amounts of
ferric ion may also oxidize dithizone and thereby prevent the
other metals from reacting with dithizone to produce the char-
acteristically colored dithizonates. In this event a yellowish color
may be produced.! Abundant clay in suspension may also

, 'Hydroxylamine hydrochloride may be used to complex out the ferric
ion prior to the sample’s addition to solution A or B.
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seriously hinder determinations, particularly when the zinc con-
tent is low. Since zinc is apparently adsorbed by the clay par-
ticles, the determined zinc content will, as a result, be lower than
the actual amount,

Contamination of the sample presents the greatest problem
in determination ol such minute amounts of zine, All samples
with zinc contents higher than the normal background should
be run in duplicate. A blank test using 45 ml. ol demineralized
water should be run periodically to insure that the reagents are
free of contamination. Soft glass should not be used; the sub-
stitution of a soft glass stopper for the pyrex stopper of the
graduated cylinder produced strong positive reactions for heavy
metals with solution B. Standard zine solutions when stored in
pyrex tend to weaken with age, possibly through transler of zine
to the container’s walls.

OBSERVED RESULTS

Analyses from the Mascol Area. Analyses were made of hoth
mine and surface waters in the general Mascot area. Several
localities within the No. 2 mine of the American Zinc Gompany
were sampled. Results ranged [rom 0.04 to approximately 0.45
p.pm. of zine, Analysis ol water dripping down from a diamond
drill hole in the ceiling of the 12-level drift revealed a content
of more than 0.22 p.pan. zine. Water from a crevice in the wall
of the main level of the mine contained 0.450 p.p.m., the highest
value found. Water from a drainage ditch at this same level
contained only 0.06 p.p.m. Mine drainage water at Friends
Station contained about 0.09 p.p.am.

Flat Creek was sampled at the surface both upstream and
downstream [rom a mineralized outcrop. The results were 0.005
and 0.007 p.p.m. of zine, respectively. Streams in the general
area usually contained less than 0.005 p.p.m. A few which re-
ceived mine drainage contained between 0.005 and 0.01 p.p.m.
Springs in the area, with one exception, contained less than
0.005 p.p.m.

Analyses along the Eqstern Cumberland Plateaw. Water
samples were analyzed from 163 spring or stream sites along the
eastern edge of the Cumberland Plateau [rom the southern to
northern boundaries of Tennessee. With a few exceptions the
prospects for zine or lead mineralization appear dim. Of the
168 samples, 146 contained less than 0.008 p.p.m. total heavy
metals: 14 contained either 0,003 or 0.004; three contained 0,005
or more p.p.m. total metal. OF the three “highs” one was taken
from a stream which proved to have an old automobile car-
buretor plus additional scrap metal upstream from the sampling
site. The other two localities may bear [uture investigation.
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CONCLUSIONS

Although the work was principally reconnaissance in char-
acter, several pertinent conclusions may be drawn:

(1) Ground waters in contact with the zinc.deposits of East
Tennessee may contain as much as 0.45 p.p.m. zinc.

(2) Surlace streams and springs in the Mascot general area
usually contained less than 0.005 p.p.n. zinc.

(3) Flar Creek alter crossing a mineralized outcrop in-
creased from 0.005 to 0.007 p.p.m. zinc (when sampled during a
dry summer).

It thus appears likely that a systematic study of the zinc
content of springs and streams in lzusl.. Tcnqessee could be of
assistance in localizing areas deserving intensive study by more
detailed methods. Presumably, the discovery ol a zinc-rich stream
could be lollowed by analyses at successively upstream sites, to
locate a point where the stream is no longer high in zinc. The
arvea slightly downstream from thj}; point would then be a most
promising prospect area for zine.* ) _

With one or two exceptions, the Cumberland Plateau analyses
indicate little likelihood that the waters sampled were derived
from areas of significant zine mineralization.
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NEWS OF TENNISSEE SCIENGCE
(Continued from Page 262)

Dr. Alexander Hollaender attended  the first International Congress of
Human Genetics in Copenhagen in August. Following the Genetics Congress,
which ended August 6, Dr. Hollaender participated as special adviser o
a study group being convened by the Workd H wlth Organization in Copen-
hagen to discuss the effect of radiation on human genctics. Dr. Hollaender
then went to Stockholm oy the Fifth International Radiobiology Gengress.
e served as chaivman of the session on “leradiation  Effects on  the
haematopoictic system” and presented @ major paper hefore the Congress
entitled “The effects of pre- and post treatment on the radiation sensitivity
of inicroorganisms.”

Dr. Sheldon Wolff presented u o papey entitled “Recent Studies  on
chromosomes breakage and veunion™ at the Filth International Congress on
wadiohiology in Stockholm in August, Following the Radiobiology Congress,
Dr. Wollf vemained in: Stockholm o attend a symposinm on Induced
Mutation held at the Statens Skogsforskningsinstitut. Dr. Wollf visited sev-
eral other scientific laboyatories while in Europe,

The following personnel additions have recently been made in the Biology
Division: Dr. Edward Novitski will hend  the Dyosophila group  of the
Cytology and Genetics seetion; he was formerly in the Department of
Zoology, University of Missouri, Dr. George S. Brosseau, Jv, formerly with
the Department of Genetics, University of California, has also jnim-.d the
Cytology and Genetics section. Dr, Laurence M. Sandler, formerly with the
Department of Zoology, University of Missoui, will be Research Associale
for 1056-67 with the Drosophila group. Mis. Ivis L. Sandler will be with
the Neurospora group, Dr. Robert Rahson has joined the Biology Division
and s associated with the Plant Biochemistry group; Dv. Rabson was for-
merly a student in the Department ol Botany, New vork State College of
Agriculture, Comell University.

The University ol Tennessee has been awarded a §10,000 contract by the
Atomic Energy Commission to stucy vegetation grown in soil contaminated
by radionctive Wistes. The study will be directed by Dr. Royal E. Shauks
of the Department of Bolany, He will De assisted by br. L. F. Seatz,
agronomist with the Agricultural Experiment Suation, and John T. Me-
Ginnis, graduate asistant in Botany. “IThe work will be done in cooperation
with the Oak Ridge National Laboratory.

(Continued on Page 324)




