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TECHNICAL MEMORANDUM X-72727

WATER HYACINTHS AND ALLIGATOR WEEDS
FOR REMOVAL OF S I LVER, COBALT, AND STRONTI UM

FROM POLLUTED WATERS

INTRODUCTION

The ability of vascular aquatic plants to remove cadmium, nickel, lead, and
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.

Strontium, a white metal, is fairly rare on earth, where it exists mainly as a
naturally occurring sulphate. The radioactive isotape strontium -90 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 _lhotographic 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 earthf s crust 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 pollu-
tion problems near mining operations.

MATERIALS AND METHODS

Water hyacinths (Eichhornia crassipes) (Mart.) Soims 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,
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Mississippi. All plants were maintained in a greenhouse at 25°C to 30°C in metal
troughs filled with tap water.

Five liter glass cylinders wore filled with 2-1/2 liters of either distilled water or
East Pearl River water. These containers were contaminated with a 1000 mg/l 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. Pour 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 filled 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 p[petting appropriate
amounts of silver, cobalt and strontium from 1000 mg per lPer 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 to plant exposure. After plant exposure, the concentrations were
monitored by withdrawing aliquots after 1, 3, 6, and 24 hour exposure times. The pli
was again determined after 24 hours. All concentrations were determined by atomic
absorption.

RESULTS AND D I SCUSS ION

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 evaporation losses and
instrument fluctuation.

„I
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Based on this experimental data water hyacinths are capable of removing a maxi-
mum of 0.439 mg of silver, 0.588 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 800 kg of dry plant
material per hectare (2.47 acres) per day. Therefore, water hyacinths could poten-
tiaAy remove 283.4 g (0.581 lb) of silver, 340.8 g (0.752 lb) of cobalt, and 328.4 g
(0.721 lb) of strontium per hectare (2.47 acres) per day provided that the metal-
saturated plants are harvested at regular intervals.

Alligator weeds demonstrated the ability to remove a maximum of 0.439 mg of
silver, 0.130 mg of cobalt, and 0.181 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.

3



rn P

T > O
O 
0 

p

w

.IZN	 to 00	 Cl O

N ^ ^	 rq .,fl I j	 Of ;^. In
O O O	 O O O	 O O O

N
F

H C'7 too O N W e0-1 H m r-I O N 'hdI m O
p, O O O O O Cl N 'rN r O O O N O O

cq O O O 9 O O O O O O O O O O O
v v v

N

r-I m m :$ N W t- O 000 H o O 000 LL- O wr-I N CO O O O N In O O O O H 00 O b y
0 a o 0 0 0 0 0 0 o ri o v 8 o O 8u v o 0

d
ulH H F
O
o
_

'
N
O

M
O

ri
m O

M N
GVr-1 CL

r-I
OO toCO

C- Nco ON M O0
'r7'y ^y

a r-1 N O O O H
M
M In O O

0
O O r
O 	

i
M
T O

M a O O O O O O O O r4 O O G O O O O
v o 0

oU U
0O 1-4coO uaco mH In

N N
Hr-i

1
r♦ MM

o
M r-I mri r0m o-

0-
m
00

0
O

x M <N d+ m Cl ri W ,44 m o 0 o r-4 m opI y
rq d 8 ri d c d 8 d d d d t3 8 d d a

tr o- m O In o dI d l m ,v In CO ^ O dI

to Co to N Co ui CO Co Co to Co to Co CO to
x N I ICO IIn I IC,O IN Ir-I Ito Ir-I I 1W 1M,

IM IN 1m
FL O t` rr b- t- b- to w N N ec co CD to to tc

N [L

a 
CD	

In m m

bl)	 In	 LL]	 II]

Q ^

a
.-I O

m dI M H	 M M O L-	 CO
4 N 4 N	 N M W N	 N

^r

,N N

rn

O
aH

!^ N
N

0

9 ^,.r	 HY CJy ,0^1

O p
to td

q
Ctl 
4 

n

Y •:̂1

U 8F •^

w
^ H

.0
DO N

N
^ ca
N

N A
G7

H
,^,,, 	 77 bA b0 b0 b0 b0 O O O O O H H H H H^N Qi ^' Qi Qi Qi U U U U U V] M U] U] m

C In ^1
W

CO :H m O m O O Cl Cl N N
ry N a m W Cl m O O O rI N M m M OIn O m O O n1 (D m O O d l O O O O

0
o N ri H O O ri ri ri O O O H O O

a^

I

f	
i



H

y

b
VJ O

a^

Hy
W m

O ,^
,N a,

H
o C
b h d
^ b0 ) a

ti

4

o P,

N N

p
CL) cd

cd bf)
H 'H

°H' A ;FP4	 ^r

D g o' ^ M 3	 o H m

0 0 ^y 4J0 0 0	 0 0 0
9

pIgC7W

U1

x a N O LO N cl M N m O.-1

c̀Ny ^ o o r-+ r-i 0 0 0 0 0 0 ,

^
P.

N H O 01 N
O

W
H

M
sr

N
H H

H
O

•!y
x

114
N o tD N

O O ri
QI

tp O H '-I H O H O C w0v V
d

w w.^ M d- ON cD H oo N
H .-ip M W O) N M.

M
P L N 0

^+ CL N O
o

N N O N O N H O b
1+

L

M O H
•

H H O O O r-^ H O C
i3

V
v U U

y .+ H O P N N H
c^p N

m
H

m
m O N to O 0D H y .r

^•y ^ IfJ H O N 0 N COCD M O QI
H .^ O H N H O O O H H O

V V
*

9b

v;
co to m in L- vm LO w w in

x
N

eo co ect^ o cc co cc ^c G to co

R{ oD N M b- N O N H

o o- of C4

A

a

:pp b0 bq bD by b0 O O p p p
y H U U U U U

R^ ccoo N LOS- NW 000 a00 O N H
r^ O N M co O W O a, O O

O H N H O O rl H r4 O
^ * v * V

*
5



fD H ^ .^y

A }+

r O

Mach

	

r^i7
	 N W H

C13 
O M	 O O	 O

	

H	 O 	 H
O O O	 O O O	 O O O

y

N

vw
^o
b

ti ON
N.w
Q N
O b

w d

H

q O
O LHd

,C f3

N.^H
^a

H

O

0 Wo N
H of

P4 bi

M^
_O Q

F

x
N

^.
p^

CD
Nr-I
O

H
HCD
O

O
ODM
O

SNHO
4

NO
O
^

HIm
O
O

In
Or-1
O

tp
MIn
O

O
a)D-
O

1-1O
Ov

m
OO
O

N
mH
O

H
OH
O

N
Mm
o

L-
Op
Ov

H
O

'r1y'
m

_

CL
H
N
0

r^-I
C-
0

rH-1
d I

0

N
W
0

NO
0v

I-
O
0

rH-/
N
0

t^D
In
0

ONO
O
r-I

H
O
0v

O
O
0v

o
O
0v

O
0

n
M
0

p
p
0^

N 0)

q 	 o m o m	 H	 '-'O	 N N O H N In M Dm') tea H P
N
j 0Hp .yr	 p P, r-oi'^' Pr N Cr In O O O H fa O O O O H a) O'O	 o wM	 O O	 O O O O O '-I O O O O O O	 O

^	 ^	 v o 0
H	 Ho	 m H o m	 0 o- H o	 00 -di O 00 0-	 WO	 C- O l!7 In N O O m M H	 In H M O — ,y'.7'y (y^ N 00 N m O H N O O O O H N o0 p F o

0 "''H .P1. o 0 0 0 0 0 o r-i 0 0 0 0 0 0  

U U

0 y00 H OO	 m fD yl eN M eN a) In 0)
O L.: CO O Co y Ca e6 Ca to N y Co co CD	 QI

xi N N N ch N o) N 4 A 4 yI rn C IOG7 rD I
P. o	 P N L` 04 co co cc IIj CO cc to cc cc co Co

W G	 o- 00 m	 00 b- N O	 a) In N dr	ca

j cytl	 H m N	 N CO O P	 N W CD ID	 to

Q Sri

q

z^3

o
a 

o i Ci 4 0 0 1 i 1 0 0 0 4 o 0
M c ^ H CIA ^ 0° M OO o w m M M O
In

Qi Qi Qi Qi ^. U V U U U U] V] l'A (n p]
In

bD bD bD bD bD O O O o O H H H H H

O

U
^t

G

i

t'



F

Nw

d
^ v1

Q
N

m

O
w N

.S

bb

o r, y
o ^ aHi

H N

o ^

a
N

^ v

bD
F •^

^ •p a
F O
O
bn^
^a a

y
W
x a
N

^i
o ^
xl a

O

^ a
M

x a,i a

mN
x
N

a o

a
w '^
y 
N 

60
H
Q

0
O

Q) t!

a

U

y

a
o "'0
0 0
H N
W 

H
Pit

o'"

C 0
0 0
U U

a

	0o O w	 H N cc0^^

	

N OW	 o O r

	

O O O	 O O O

rMi d^ m o N m ^-̂1 N
N N W N O rl M 00 01 O
O O O ri O O O O O O
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