
) ~ ..

"

STATE OF DELAWARE

UNIVERSITY OF DELAWARE

DELAWARE GEOLOGICAL SURVEY

OPEN FILE REPORT?

REMOVAL OF METALLIC CONTAMINANTS FROM INDUSTRIAL
WASTE WATERS BY THE USE OF GREENSANDS,

APRELIMINARY REPORT

BY

NENAD SPOLJARIC
WILLIAM A, CRAWFORD

NEWARK, DELAWARE

JANUARY, 1975



REMOVAL OF METALLIC CONTAMINANTS FROM INDUSTRIAL WAS~E

WATERS BY THE USE OF GREENSANDS , A PRELIMINARY REPORT

by

Nenad Spoljaric
Delaware Geological Survey

William A. Crawford
Department of Geology, Bryn Mawr College

INTRODUCTION

The Delaware Geological Survey, in cooperation with the
U. S. Bureau of Mines, has investigated glauconite-bearing
green,sand deposits in Delaware for several years. The
purpose of this effort is to find possible practical uses for
this potentially important mineral resource. This report
briefly describes the preliminary resul~s of one phase of the
study: application of greensands to the purification of
industrial'waste waters.

GLAUCONITE-BEARING GREENSANDS

The clay mineral glauconite is a hydrous alumino-silicate
rich in ferric iron and containing significant amounts of
potassium. Glauconite occurs as dark-, light-, or yellowish­
green pellets usually 1 rom or less in size, as fillings of
small fossil shells, or as coating on other grains. The
Delaware glauconite-bearing greensands contain up to 80%
glauconite; the remaining major constituents are quartz grains

. and calcium carbonate in fragments of fossils. The areal
distribution of the Delaware greensands is shown in Figure 1.
These deposits occur mostly in the subsurface. The 'principal
exceptions are outcrops in the Middletown-Odessa area where
greensands are most accessible.. .

METHOD OF STUDY

Samples of contaminated water from industrial effluent
spiked with such components as arsenic, copper, and cyanide
(see Appendix A) were used in each experiment. ,The flow chart
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(Figure 2) shows the processing steps for each sample.
Following the treatment the sub-samples were shipped.to a
commercial laboratory for chemical analyses. The treatment
of one pint (0.473 liters) of sample with sodium hydroxide
(NaOH) and another with nitric acid (HN03) acts as a preserv­
ative for analytical purposes and has nothing to do with the
actual filtering process. The filtering system is composed
of one filter containing greensand connected by a plastic
tube to a second containing.charcoal. A small suction pump
was used to remove air from the tubes and help maintain the
flow through the filters.

DISCUSSION OF RESULTS

The results of the chemical analyses (Appendix A) show
the following general trends in the chemical changes o~ the
samples of contaminated water after filtration:

1. The pH of the solution changes from strongly
acid to neutral or slightly basic.

2. Concentrations of the metals (heavy metal
ions) in solution are greatly decreased.

3. Concentrations of. anions in solution are
either unchanged or increased with the
exception of cyanide and amonlum which are
greatly reduced in concentration.

4. Total dissolved solids are generally
decreased.

5. Hardness is increased.

As the metals are one of the major contaminants of
industrial waste water, our study has been primarily concerned
with them. The samples were analyzed for the following heavy
metals: arsenic, cadmium, copper, chromium, lead, selenium,
silver, and zinc. Figure 3a-c shows the results of the
experiments. The samples illustrated in Figure 3a-c were run
sequentially through the filter beds without changing or
replenishing the filtering agents. No decrease in the
capacity of the greensand to remove heavy metals from the
waste water with time was noted. However, flushing the
charged·filter beds with distilled water (Appendix A) resulted
in removal of portions of all of the heavy metal contaminants
back in solution. Continued flushing may completely purge the
filter beds of contaminants but our experiments did not last
long enough to prove this. We are now exploring the feasi­
bility of recovering some of the more valuable metals released
in this manner.
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separate sets of filtration runs were made in the
laboratory using solutions consisting of distilled water
spiked with various compounds each containing' contaminant
ion of interest (Appendix B and C). The results show that
solutions spiked with 100 mg/liter of Ba, Ca, Mg, and K and
passed through a greensand filter bed picked up other,con­
taminants from the filter bed (Fig. 4a); the solutions spiked
with 100 mg/liter of AI, Cr, Fe, Mn, and Na did not pick up
significant amounts of contaminants (Fig. 4b).

Filtration of a strongly acidic, strongly basic, and
neutral solutions through a greensand filter bed indicates
that Ba, Ca, Mg, and K were added to the solutions with a
small amount of Al in the acidic solution and some Fe in the
basic solution (Fig. 4c). These are the elements one would
expect to find in the fi'ltrate if both the acidic and basic
solutions are destroying the glauconite in the filter bed.
The neutral solution (distilled water) did not remove any
ions from the greensand bed suggesting that the greensand
from the outcrop is in a neutral state and has been thoroughly
flushed with rain water.

Figure 5 illustrates the results of passing 5 different
solutions spiked with 100 mg/liter of Ba, Fe, Na, and K
through a greensand filter bed. In runs 1 through 4 the con­
centration of each of the spiked contaminants was significantly
reduced but some K and Na were added to the filtrates. K and
Na are two of the most easily removed cations from the
glauconite structure. In run 5 the solution contained 100 mg/
liter of all 4 contaminants (Ba, Fe, K, and Na). The greensand
filter bed demonstrates a preference for the removal of Fe
followed by Ba, K, and Na from sol~tion.

CONCLUSIONS

The greensand tested has a capacity to remove many heavy
metal contaminants from industrial waste waters. The process
responsible for this capacity is not yet understood; however,
the fact that the same metals can be easily released back into
distilled water suggests that some metal cations are adsorbed
on the surface of glauconite pellets rather than exchanged
within the glauconite crystal structure.

A more detailed study on a large scale is not only desir­
able but necessary so that the potential of greensand may be
evaluated for possible practical applications. It may be
possible to utilize this mineral resource and at the same time
to relieve one of the major environmental problems we are
facing today: water pollution.
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'*Run 4: Distilled water spiked with Cr6+

Al+++ga ++ Ca ++

*Run 7: Distilled water spiked with Mn ++
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