View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by NASA Technical Reports Server

General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)


https://core.ac.uk/display/42888751?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

e,

NASA TECHNICAL TM-X-72727
MEMORANDUM MAY, 1972

(NASA~TE-X-72727) WATER HYACI.THS AND N75-24163

ALLIGATOR WEEDS FOR REMOVAL OF SILVER,
COBALT, AND STRONTIUM FROM POLLUTED WATERS

(NASA) 14 p HC $3.25 CSCL O6F Unclas
G3/45 22136

WATER HYACINTHS AND ALLIGATOR WEEDS FOR
REMOVAL OF SILVER, COBALT, AND STRONTIUM

FROM POLLUTED WATERS

By B. C. Wolverton
R, C. McDonald

NASA
NATIONAL SPACE TECHNOLOGY LABORATORIES

BAY ST. LOUIS, MISSISSIPPI 39520

NSTL FORM 12 (JAN 1979)



TECHMICAL REPORAT STANDARO TITLE PAGE

1,2 REPORT NO, 2y GOVERNMENT ACCESSION NO, 3, RECIPIENT'S CATALOG NO,
TM-X-7272"7
4y TITLE AND SUBTITLE ! %: REPORT DATE
Water Hyacinths and Alligator Weeds for Removal of May 23, 1876
Silver, Cobalt, and Strontium from Polluted Waters 9+ PERFORMING QRGANIZATION coos
7. AuTHOR(s) 8. PERFOHMING ORGANIZATION
B. C, Wolverton and R, C. McDonald REPORT NO.
9, PERFORMING ORGANIZATION NAME AND ADDRESS 10 WORK UNIT NO.,
Mational Space Technology Laboratories
Bay St. Louis, Migsissippi 39520 1}s CONTRACT OR GRANT NO,
12, SPONSORING AGENCY NAME AND ADDRESS 13, TYPE OF REPORT & PERIOD
National Aeronautics and Space Administration cavERED
Washington, D, C. 20546 Technical Memorandum
[4¢ SPONSORING AGENCY CODE

15, SUPPLEMENTARY NOTES
Interim program test results, NASA, Office of Applicaticiis sponsored program-

(RTOP 644-02-02) Vascular Aquatic Plants for Pollution Control and Sources of
Energy and TFood,

18, ABSTRACT

Removal of silver, cobalt, and strontium from static water systems, utilizing water
hyarinihs (Eichhornia crassipes) (Mart.) Solms and alligator weeds (Alternanthera
philoxerides) (Mart.) Griesb., was investigated. These aquatic plants demonstrated
the ability to rapidly remove heavy metals from an aqueous system by root absorption
and concentration. Water hyacinths demonstrated the ability to remove 0.439 mg of
gilver, 0.568 mg of cobalt, and 0. 544 mg of strontium in an ionized form per gram of
dry plant material in a 24-hour period. Therefore, one hectare of water hyacinths is
potentially capable of removing 263.4 g of silver, 340,8 g of cobalt, and 326.4 g of
strontium per day. Alligator weeds removed a maximum of 0.439 mg of silver,

0. 130 mg of cobalt, and 0.161 mg of strontium per gram of dry plant material per
day.

Use of trade names or names of manufacturers in this report does not constitute an
official endorsement of such products or manufacturers, either expressed or implied,
by the National Aeronautics and Space Administration or any other agency of the
United States Government.

17, KEY WORDRS 18, OISTRIBUTION STATEMENT
Heavy metal removal
Carcinogens

. ne ified ~ i
Chemical wastewaler treatment Unclassi Unlimited

Vascular Aquatic Plants 5 C L{jé’(t.-%%’l
L {

19 SECURITY CLASSIF, (of this reparty 20, SECURITY CLASSIF, (of thls page} |2, NO, OF PAGES 22, PRICE

Unclassified Unclassified 12

NSTL FORM 13 (JAN 1975)




TECHNICAL MEMORANDUM X-72727

WATER HYACINTHS AND ALLIGATOR WEEDS
FOR REMOVAL OF SILVER, COBALT, AND STRONTIUM
FROM POLLUTED WATERS

INTRODUCTION

The ability of vascular aguatic plants to remove cadmium, nickel, lead, znd
mercury from waters polluted with these toxic metals has been demonstrated by
Wolverton et al (1, 2).

Other metals, such as silver, strontium and cobalt may present water pollution
problems under certain conditions,

Stroptium, a white metal, is fairly rare on earth, where it exists mainly as a
naturally occurring sulphate. The radioactive isotape strontium-80 is man-made
through nuclear explosions, Since strontium is mistaken for calcium by body mechan-
isms, it tends to accumulate in the bone where its radioactivity can hammer bone-

marrow cells. Therefore, strontium contamination increases the risk of bone tumors
and leukemia.

Silver is an important metal in photography. Large quantities of silver are used
annually in the manufacture of whotographic plates and films. As a result of this com-~
mercial use much silver is permanently lost in waste waters which finds its way into
rivers and streams near photographic laboratories.

Cobalt is an essential trace element found on the earth's erust and in man at con-
centrations of 23 and 0.02 ppm, respectively. Adding cobalt to beer to preserve its
foam has contributed to heart disease in heavy beer drinkers (3). Cobalt usually occurs
in combination with other metals, including copper, and may contribute to water poliu-
tion problems near mining operations.

MATERIALS AND METHODS

Water hyacinths (Eichhornia crassipes) (Mart.) Solms were collected in the
spring of 1975 in Hancock County, Mississippi. Alligator weeds {(Alternanthera
philoxerides) (Mart. )} Griesb were collected in February of 1975 in Pearl River County,




Mississippi. All plants were maintained in a greenhouse at 25°C to 30°C in motal
troughs filled with tap water,

Five liter glass cylinders were filled with 2~1/2 liters of either distilled water or
East Pearl River water. These containers were contaminated with a 1000 mg/1 silver
nitrate standard solution to produce various initial concentrations of silver ranging
from 0.50 ppm to 2,00 ppm. Water hyacinths weighing from 4.8 g to 9.8 g dry weight,
were placed in four of the containers. Four other cylinders contained alligator weeds
whose total dry weight per container ranged from 1.7 g to 3.8 g.

For monitoring the removal of cobalt from polluted waters, water hyacinths
ranging in dry weight from 1.5 g to 4. 0 g were placed in one liter glass cylinders filled
with either distilled water or East Pearl River water contaminated with different con-
centrations of cobalt (II) chloride. Alligator weeds, whose total dry weight ranged
from 2,9 g to 6.4 g, were placed in Erlenmeyer flasks {illed almost to capacity with
575 ml of cobalt contaminated distilled water or river water.

An experimental arrangement similar to the one for cobalt was established using
strontium (II) nitrate as the contaminant. All three experiments for the removal of
silver, cobalt, and strontium included one plant control free of these metals and one
metal control free of plants. The experiments were conducted inside a well-lighted
building maintained at 25°C + 5°C.

The metal contaminated solutions were prepared by pipetting approprinte
amounts of silver, cobalt and strontium from 1000 mg per liter atomic absorption
standard solutions obtained from Harleco into known volumes of either distilled water
or river water. Initial concentrations and pH of these contaminated solutions were
determined prior fo plant exposure. After plant exposure, the concentralions were
monitored by withdrawing aliquots after 1, 3, 6, and 24 hour exposure times. The pHi
was again determined after 24 hours. All concentrations were determined by atomic
absorption.

RESULTS AND DISCUSSION

The experimentally determined data organized in Tables 1 through 4 demonstrate
the ability of alligator weeds and water hyacinths to rapidly absorb silver, cobalt, and
strontium from waters contaminated with these metals. Figures 1 through 10 graphi-
cally depict this data as percent of initial metal concentration remaining as a function
of time for the metal exposed plant system and for the metal control. Slight fluctua-
tions of metal concentrations in plant free controls are due to evaporalion losses and
instrument fluctuation,



Based on this experimental data water hyacinths are capable of removing a maxi-
mum of 0,439 mg of silver, 0,368 mg of cobalt, and 0. 544 mg of strontium in an
ionized form from a static water system per gram of dry plant weight in a 24-hour
period. The growth rate of water hyacinths is approximately 600 kg of dry plant
material per hectare (2.47 acres) per day. Therefore, water hyaeinths could poten-
tiniy remove 263.4 g (0.581 1b) of silver, 340, 8 g (0. 752 1b) of cobalt, and 326.4 g

(0,721 1b) of strontium per hectare (2,47 acres) per day provided that the metal-
gaturated plants are harvested at regular intervals.

Alligator weeds demonstrated the ability to remove a maximum of 0.439 r'ng of

silver, 0.130 mg of cobalt, and 0, 161 mg of strontium from a static water system per
gram of dry plant weight per day. '

The data for the removal of strontium from river water by water hyacinths and
alligator weeds was omitted due to the apparent precipitation of this metal.
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