Removal Of Phosphorus From Static Sewage

Effluent By

Waterhyacinth'’

W.

HARQOLD ORNES

and Do Lo SUTTON

Biologist; and Assistant Professor (Assistant Agronomist) &

Aeting Center Direclor, University of Flovida,

Agricultural Reseavel Center. Fort Landevdale, FIL 3331/

ABSTRACT

Waterhyacinth  [Eichhornia crassipes (Mart.)  Solms]
was grown in static sewage effluent during May to July
1974 in outdoor concrete containers with a capacity ol
760 liters and a surface area of 1.66 m* The plants were
removed weekly from one-half of the surface area of the
containers during 5wk growth periods. Tissue phos-
phorus (P) and nitrogen (N), plant productivity, and
some parameters ol water quality were measured. A
maximum uptake of 5,500 ug of P/g dry weight of plant
material occurred when the level of orthophosphate phos-
phorus (available P) in the effluent was 1.1 pg/ml Phos-
phorus in the cffluent was reduced from an initial concen-
tration of 1.4 pg/ml to 0.2 pg/ml by the end of the 5wk
period with an 809 decrease occurring during the first
3 wk. Productivity as measured by dry weight was maxi-
mum after 1 wk, but productivity in terms of number ol
plants was maximum after 2 wk. Crude protein of the
plants harvested after 1 wk was 209;, but decreased to
997, by the end of the growth period.

INTRODUCTION

Utilization of various aquatic macrophytes to remove
nutrients from domestic sewage and other types of waters
high in nutrients has been suggested as a possible tertiary
treatment method. Rogers and Davis (8); Knipling, et
al. (6); and Shefficld (11) all have reported on the high
growth rates and nutrient removal capabilities of water-
hyacinth. Scarsbrook and Davis (10) reported that water-
hyacinth absorbed 287 g of P, 6.93 g of N, and 8.73 g of
potassium  (K) duwring a 23-wk period when grown in
sewage effluent contained in pools 2.7 m in diameter by
0.7 m in depth. Dry weight of these plants increased
about 30-fold.

The purposes of this experiment were to determine
the rate of uptake of P by waterhyacinth grown in a static
municipal sewage cfiluent and to suggest a schedule ol
harvests that would take advantage of the productivity
and nutrient removal capabilities ol waterhyacinth.

1Contribution of the University of Flovida Agricultural Rescarch
Center at Fort Lauderdale. Agr. Res. Servv., Southern Region, Flovida
Area, US. Dep. of Agr: US. Army Corps of Engincers; and the
Central and Southern Flovida Flood Control Dist. cooperating. Sup-
ported in part by the Florida Dep. of Natwral Resources, Burcau of
Aquatic Plant Control, Published as Journal Scries No. 5796 of the
Flovida Agr. Exp. Sta.
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METHODS AND MATERIALS

Waterhyacinth  plants were  collected  from  roadside
canals near  the Agricultuial Research Center in Fort
Lauderdale, Flovida. The plants were uransported to the
Rescarch Center and placed in outdoor conarete tanks
containing 760 liters of pond water. Effluent, collected
weekly from the City of Fort Lauderdale’s Treatment
Plant A (an activated sludge secondary treatment system),
was transported to the Rescarch Center and placed into
additional concrete tanks. A total of eight tanks was set
up from May 1971 through July 1974, Kach tank con-
tained 30 young plants (18/m?) of uniform size and 760
liters of effluent with a surface area ol 1.66 m® The plants
were harvested weekly Dby removing the vegetation con-
tained within one-half the surface area. Plants were air
dried for approximately 3 hr, then placed in paper bags
and put into a forced-draft oven for 7 days at 65 C. Dried
samples were weighed, then ground in a Wiley mill to
pass a 10 mesh screen. Phosphorus in the samples was
determined after  digestion  with  nitric and  perchloric
acids  (5) using the colorimetric method  desaribed by
Boyd (1). Crude protein was determined using the macro-
Kjeldahl (N X 6.25) method (2).

Some parameters of effluent quality were monitored
weekly by analyzing for ptl, conductivity, total phosphate
phosphorus (total Py, and available P. "T'otal P and avail-
able P were analyzed by the stannous chloride extraction
procedure (1),

RESULTS AND DISCUSSION

The highest dry weight yield of waterhyacinth plants
grown in scwage cffluent was 97 g/m?* after 1 wk (Figure
1). This represented a 459 increase in tissue dry weight
in I wk when compared to the initial weight ol 67 ¢/m*.
Knipling, et al. (6) reported a 39¢( increase in {resh weight
after 8 days in P concentrations of 0.075 to 0.6¢ ppm. The
daily increment factor  (3) lor dry weight during the
first wk was 105 ¢ dry wt/m?* per day. This value was
similar to that tound by Bock (3) during a 7-day period
in August 1964 in a natural environment. .\ gradual de-
crease in dry weight yield occurred after the 1-wk harvest
until only 85 ¢/m? was measured at the end of the 5-wk
growth period.

After 1 wk ol growth in the sewage cflluent, 3+ water-
hyacinth plants per m®* were harvested; this was a 900
increase over the initial mwnber ol plants placed in the



_l2or

=

z

-

g o6f

E

Y

E 72

2

[

x

> 48}

©

2

241

(]

-

w

> O 1 ] 1 A J

| 2 3 4q 5
GROWTH PERIOD (WK)

Figure 1. Waterhyacinth yield as dry weight per m2 from weekly

harvests of one-half of the arca of concrete containers filled with
sewage effluent. Each value is the mean of eight containers.

containers (Figure 2). This was equivalent to 1.9 daughter
plants produced per parent plant per wk. Rushing (9)
found 1.9 to be a medium rate of production from field
sites in Puerto Rico. The daily increment factor for plant
number during the first wk was 1.1 plants/m?* per day.
The maximum number of plants produced was 41/m?
after 2 wk, representing a 1089, increase over the initial
number of plants. The daily increment factor from wk
1 to wk 2 of 1.03 plants/m? per day is similar to that found
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Figure 2. Waterhyacinth yield as number of plants produced per
m2 from weekly harvests of one-half of the area of concrete con-
tainers filled with sewage efluent. Fach value is the mcan of eight
containers.
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by Bock (8) in a natural area for a 7-day period in August
1964. Perkins (7) also reported similar increment factors
from various locations throughout the world. The number
of plants produced after the 2-wk harvest decreased to a
low of 16/m¢ for the last 7 days of the b-wk growth period.

At the beginning of the study the waterhyacinth plants
contained 20.69, crude protein (Figure 3). After 1 wk,
the protein content was essentially the same as the initial
plants, but the levels in the plants collected at the re-
maining harvest times were lower. The greatest decrease
in crude protein occurred from wk 2 to wk 3 Vf:presenting
a 819, decrease. No change in crude protein occurred
from wk 4 to wk 5. At wk 5 the crude protein content
was 9.19; which represented a 55%, decrease in crude pro-
tein over the 5-wk period. Knipling, et al. (€) reported
an average of 1759, N (10.99%, crude protein) in water-
hyacinth from a ldke in Gdlneswlle Florida.

Tissue P showed a similar trend to that of crude pro-
tein (Figure 4). The P level did not change from the
initial value to wk 1. A 179, decreasc occurred from wk
1 to wk 2 followed by a decrease of 1897 from wk 2 to wk
3. No changes occurred from wk 3 to wk 5

The sewage effluent contained an average of 1.42 ug
available P/ml at the beginning of the growth period.
After 1 wk the level decreased 329, to 0.97 pg P/ml. At wk
2 the level was 0.41 ug P/ml; this was a 589, decrease
from wk 1. At wk 3, 4, and 5 the levels were 0.28, 0.26,
and 0.20 pg P/ml, respectively. Thus, 719, ot the P was
removed during the first 2 wk of growth. The wend of
total P in the effluent was essentially the same as that of
available P except that the values were slightly higher.

A regression analysis indicated that maximum uptake
of P by waterhyacinth occurred when the available P in
the effluent was at 1.1 pg/ml (Figure 5). This relation-
ship of the available P in the sewage effluent as the in-
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Figure 3. Crude protein of waterhyacinth plants harvested weekly
from concrete containers filled with sewage cffluent. Each value is
the mean of eight containers.
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Figure L. Phosphorus  content ol waterhvacinth - phots havested

weekly from concrete containers filled  with sewage  offtuent, Fach
value is the mean ol cight containers.
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Figure 5. Phosphorus content ol waterhvacinth plants oY) harvested
weeklvoas related o available P oin the sewage efttuent X))o Fach

value is the mean of cight containers,

dependent vaviable  (x) and the Pocontent of the water-
hvacindh tissue as the dependent vaviable {(Y) s significant
at the 100 devel and would Le uselul in predicting Polevels
v waterhyvacinth hased on available Poin the water.

The pll ol the sewage efffuent intdally averaged 6.9
followed by o gradual increase with time until the pH
ol the water was 3.0 by the end ol the Hwk growth period.
Conductivity of the sewage eflfuent at the beginning of

the study was 2,070 pmho om. but was reduced 2590 by
the end of the Tawk period.

T'his study indicated that waterhyvacinth could be used
to reduce Poin sewage cflfuent to low levels. However, the
length ol time mvolved oy not make this o practical
method because ol the space required to hold the sewage
clifuent under statie conditions. For example, to hold the
sewage cffloent from T day’s production of o treatment
plant processing 3.8 wmillion liters per day would require
a surface wrea of 8,190 m# with a depth of 0.5 m. A more
practical approach would be to grow the plants in the
sewage lagoon and then havvest when growth and nu-
wient content ol the waterhvacinth 1s maximum. This
study suggests that weekly harvests o waterhnvacinths for
Iovear from sewage cllluent vencwed weekly would resule
in growth of 5 ke dry weight m Based en this amount of
diy weight, these plants would contain 0.9 kg ol crude
protem and 22 ¢ of P These plants could then e used as
aomudehy soil amendment. or {or other purposes.
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