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ABSTRACT
Outdoor tanks containing the floating aquatic macrophyte water

hyacinth [Eichhornia crassipes (Mart) Solms] were provided with
diffuse aeration to evaluate its effect on wastewater treatment effi-
ciency and plant growth. Light aeration (0.003 and 0.021 L nr2 min ')
had no effect on the treatment of primary domestic effluent in the
batch-fed water hyacinth tanks. Heavy aeration (1.03 and 3.53 L
nr2 min-1) raised wastewater dissolved oxygen (DO) concentrations,
but did not improve biochemical oxygen demand (BOD,) removal
efficiency or increase plant growth rates during 21-d experiments.
Heavy aeration slightly increased wastewater N removal, but the
effectiveness of aeration for nutrient removal was not consistent
among experiments. In continuous-flow raceways fed primary do-
mestic effluent, vigorous aeration (6.1 L nr2 min'1) improved effluent
quality, with contaminant removal rates averaging 77% (BODS) and
76% (suspended solids [SS]) in nonaerated raceways, and 94%
(BOD5) and 89% (SS) in aerated raceways. Results of this study
suggest that the high aeration requirement for enhanced contaminant
removal in floating aquatic macrophyte systems (FAMS) is due not
only to poor O2 transfer efficiencies (1.6-4.0%), but also to the in-
efficient utilization of O2 for BOD, removal. The primary benefit of
moderate aeration (0.1-1.0 L nr2 min-1) in FAMS appears to be the
elevation of wastewater DO concentrations (from 0.5 to 2.5 mg Ir1),
which may be useful for controlling odors and mosquito proliferation.

INTEREST in the use of shallow ponds containing
floating aquatic macrophytes for treating domestic

wastewaters has increased in the past decade. Floating
aquatic macrpphyte-based treatment systems (FAMS)
have low capital and operating costs, but are somewhat
land intensive (Crites and Mingee, 1987; Reddy and
DeBusk, 1987). Pilot-scale studies conducted in Flor-
ida have shown that annual mean biochemical oxygen
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demand (BOD5) and suspended solids (SS) removal
rates of 200 and 65 kg ha"1 d~', respectively, can be
achieved in floating aquatic macrophyte systems
(FAMS), which receive primary domestic effluent. In
FAMS that receive secondary domestic effluent, av-
erage N and P removal rates of 11 and 3 kg ha"1 d"1

typically are attained (DeBusk and Reddy, 1987).
Many of the contaminant-removal processes func-

tioning in FAMS require oxygen, which is used as an
electron acceptor by bacteria during the oxidation of
reduced substrates such as organic C or NH4 (Reddy,
1983; Good and Patrick, 1987). Oxygen is supplied to
the water column of FAMS via atmospheric diffusion,
or by transport directly through the plant's aeren-
chyma tissues (Moorhead and Reddy, 1988). In con-
ventional activated sludge systems utilized for sec-
ondary domestic wastewater treatment, dissolved
oxygen (DO) concentrations of from 1 to 3i mg L"1 are
maintained (Metcalf and Eddy, 1979). In contrast, ox-
ygen concentrations in FAMS that receive a high or-
ganic matter loading (e.g., primary domestic effluent)
frequently are less than 0.5 mg L"1 (G. Tchobanoglous
et al., 1987, Univ. of California-Davis, unpublished
data). Oxygen availability therefore may be a factor
limiting BOD5 removal in FAMS.

Recently, investigators have suggested that FAMS
be equipped with aeration devices to improve effluent
quality and to reduce potential aesthetic problems
(e.g., odors and mosquito production) (Reed et al.,
1988). To date, however, no studies have been con-
ducted to test the effectiveness of aeration in FAMS.
The present study was conducted to evaluate the ef-
fects of aeration on contaminant removal in a FAM
(water hyacinth-based) system that received primary
sewage effluent.

MATERIALS AND METHODS
Three experiments were conducted in central Florida dur-

ing July and August of 1986 and 1987 to determine the effects
of aeration on wastewater quality in FAMS.
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Experiment 1. Effects of Aeration Level on Wastewater
Quality in Batch-Fed Tanks

Twelve 800-L tanks, 1.7 ms in area and 0.5 m deep, were
stocked with the floating macrophyte water hyacinth [Ei-
chhornia crassipes (Mart.) Solms] at a standing crop of 
kg wet wt. m-L Daytime (12 h) aeration was provided 
duplicate tanks at rates of 0, 0.003, 0.021, 0.074, 1.03, and
3.53 L m-2 min-1. These aeration levels (from lowest to high-
est) were designated 0 through 5, respectively. The tanks
were aerated using glass air stones (one stone per tank) sus-
pended from floating distribution manifolds. Air was pro-
vided to the manifolds with a 0.7 kW, low pressure air
blower.

Each tank was filled with primary domestic effluent ob-
tained from the Reedy Creek Improvement District waste-
water treatment plant. The DO concentration of the waste-
water in each tank was measured periodically during the 21-
d incubation (YSI model 54A 02 meter). Biochemical oxygen
demand of tank wastewater samples was determined on
Days 0, 1, 4, 7, and 15 (APHA, 1985). Water samples col-
lected on Days 0, 11, and 21 also were analyzed for NH4,
NO3, total Kjeldahl N (TKN), soluble reactive P (SRP) 
total P (TP) (APHA, 1985). Mosquito larvae counts (num-
bers per 250-mL dip) were conducted in each tank on Days
11 and 21. The water hyacinth in all tanks were harvested
and weighed at the end of the experiment to determine the
net plant productivity.

Experiment 2. Effect of Continuous Aeration on
Wastewater Quality

Another experiment was conducted using similar proce-
dures to determine the effects of continuous (24 h -t) aer-
ation on effluent quality. Eight 800-L tanks were stocked with
water hyacinth, and four tanks (designated NM) were not
stocked with macrophytes. All tanks were filled with primary
sewage effluent, and continuous aeration (24 h -~) was pro-
vided at four levels (0, 0.074, 1.03, and 3.53 L -2 min-t)
to the water hyacinth tanks, and at two levels (0 and 1.03 
m-2 min-~) to the tanks with no macrophytes. The BOD5
concentrations were measured on wastewater samples col-
lected on Days 0, 1, 4, 16, and 21. Wastewater samples col-
lected on Days 0, 7, 14, and 21 were analyzed for mosquito
larvae, DO, N, and P forms as described above. The water
hyacinths were weighed at the end of the experiment.

Experiment 3. Effects of Aeration on Wastewater Quality
in Continuous-Flow Raceways

Four rectangular (5:1, length/width) fiberglass tanks (3000
L, 5.9 m2 in area, 0.5 m deep) were fed primary domestic
effluent on a continuous basis, providing a theoretical hy-
draulic retention time (HRT) of 6 d. The tanks were stocked
with water hyacinth to a standing crop of 15 kg wet wt m-2.
Aeration was provided to two of the tanks through two air-
stones positioned near the effluent region of each tank. Air
was provided continuously (24 h -l) at arate of6.1L m-2
rain-t (designated aeration level 6). Influent and effluent
wastewater grab samples were collected twice weekly from
each tank and analyzed for BOD5 (APHA, 1985). Suspended
solids concentrations (nonfilterable residue) (APHA, 1985)
of wastewater samples were measured once per week. The
water hyacinths were harvested and weighed at the end of
the experiment.

Oxygen Transfer Measurements

Oxygen was purged from well water held in a small out-
door tank (130 L, 0.5 m deep) by adding sodium sulfite and

cobalt chloride (46.2 and 0.3 mg -~, respectively). Airstones
(calibrated to deliver a desired airflow) immediately were
placed in the tank, and the increase in DO was measured
over time. The oxygen transfer coefficient (KL~) for each
airflow rate was calculated from the expression:

(KLa)T -- (In ODlo -- In OD70)/(t70 
where (KLa)T = oxygen transfer Coefficient for the existing
water temperature (h-t)

ODto = oxygen deficit at 10% of saturation (mg -t)

ODTo = oxygen deficit at 70% of saturation (mg -t)

tto = time when DO reaches 10% of saturation (h)

t70 = time when DO reaches 70% of saturation (h)

The "standard" oxygen transfer rate (SOTR) [kg 02 -~]
in well water was calculated from the following equation
(Ahmad and Boyd, 1988):

SOTR = (gLa)2O X (9.07) × V X -3

where (KLa)2o = measured KLa values corrected to stan-
dard atmosphere pressure and temperature

9.07 -- DO concentration at 20 °C and standard atmos-
pheric pressure

V -- volume of the test container

No correction for the influence of well water constituents on
oxygen transfer (relative to deionized water) was made. Ox-
ygen transfer efficiency was calculated as SOTR per g O5
pumped per hour.

RESULTS AND DISCUSSION

Aeration level had little effect on BOD5 removal
from the primary sewage effluent in the batch-fed treat-
ment systems (experiment 1). The nonaerated tanks
performed as well or better than the aerated systems
on four sampling dates (Fig. 1). Wastewater BOD5 de-
clined from an initial concentration of 124 mg L-l to
ca. 18 mg L-1 on Day 7 with all aeration rates, rep-
resenting a mass-removal rate of 71 kg ha-1 d-1. Bio-
chemical oxygen demand removal rates of from 50 to
250 kg ha-l d-1 have been reported in previous studies
of nonaerated, water hyacinth-based treatment sys-
tems (Stowell et al., 1981).

The aeration regime had little effect on wastewater
nutrient removal from the water hyacinth tanks (Table
1). On Day 11, highest N- and P-removal rates (%
basis) were observed in the nonaerated tanks. On Day
21, no relationship between aeration and N removal
was observed, although P-removal rates declined with
increasing aeration on this sampling date. Mean re-
moval rates of 0.57 g N m-2 d-I and 0.11 g P m-2 d-1

were provided by the 0 level aeration treatment during
the 21-d study. Some NO3 accumulation was noted in
the level 5 aeration tanks on Day 11 (Table 1). Nitrate-
N subsequently was lost from the system via plant
uptake or denitrification, since wastewater NO3 con-
centrations were low on Day 21. Ammonium-N con-
centrations dropped sharply between Days 0, 11, and
21, but concentrations of this constituent were similar
at all aeration levels on each sampling date (Table 1).

While none of the aeration levels utilized in this
experiment enhanced contaminant removal, level 4
and 5 aeration did increase wastewater DO concert-
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Table 1. Effect of daytime (12 h) aeration on wastewater (primary domestic effluent) quality in water hyacinth tanks.t
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Aeration level Air flow TN TP NO~ NH4 DO Mosq.$

L m-2 min-~ -- % removal ~ mg L-m
no.

HRT§ = 11 d

0 0.000 72.7 57.0 0.42 (0.12) 4.43 (0.03) 0.7 (0.1) 102
1 0.003 62.7 46.9 0.20 (0.09) 6.55 (0.90) 0.6 (0.1) 88
2 0.021 63.9 46.5 0.30 (0.09) 6.73 (1.31) 0.9 (0.4) 38
3 0.074 58.2 52.8 0.47 (0.07) 6.46 (0.27) 1.0 (0.5) 42
4 1.030 55.5 10.6 0.31 (0.06) 6.25 (0.87) 2.2 (0.4) 8
5 3.530 53.5 35.0 4.34 (0.01) 5.45 (1.11) 5.5 (0.1) 14

HRT = 21 d

0 0.000 87.2 92.5 0.18 (0.05) 0.90 (0.08) 0.4 (0.1) 39
1 0.003 86.0 95.8 0.20 (0.01) 1.06 (0.16) 0.3 (0.0) 77
2 0.021 82.1 85.9 0.19 (0.02) 1.17 (0.50) 0.4 (0.0) 51
3 0.074 79.1 82.6 0.26 (0.08) 0.99 (0.33) 0.6 (0.0) 72
4 1.030 85.4 24.9 0.27 (0.05) 1.14 (0.36) 3.0 (0.7) 7
5 3.530 89.5 59.4 0.23 (0.04) 0.13 (0.00) 6.2 (0.1) 39

Values represent means (and 1 SD) from duplicate tanks. Wastewater contaminant concentrations (mg -~) at Day 0: TN, 28.97; TP, 4.26; NH4-N, 15.18; NOj-
N, 0.10.
No. larvae/250 mL dip, mean of five dips/tank.
HRT = Hydraulic retention time.

trations (Table 1). However, increases in wastewater
DO concentrations were not immediate, even in the
most vigorously aerated tanks. Dissolved oxygen con-
centrations did not exceed 1.0 mg L-~ in the level 4
and 5 treatments until Days 7 and 2, respectively.

Mosquito larvae counts decreased with increasing
aeration on Day 11, although on Day 21, no relation-
ship between aeration level and larval numbers was
observed. Aeration-induced reductions in numbers of
mosquito larvae were probably caused by agitation of
the water surface, which interferes with larval respi-
ration. The DO levels provided by level 4 and 5 aer-
ation would also facilitate the cultivation of mosqui-
tofish, which have been shown to provide effective
mosquito larvae control in FAMS used for advanced
wastewater treatment (Stowell et al., 1981). Waste-
water DO concentrations of 1.0 mg L-~ (obtained with
diffusors receiving 1.1 L m-2 min-1) also were found
to prevent odor development and mosquito prolifer-
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Fig. 1. Effect of aeration on BODs removal from primar~ domestic
effluent in batch tanks containing water hyacinth. Aeration levels,
which increased from 0 through 5, are described in the text. Error
bars represent 1 SD of the mean (n = 2).

ation in water hyacinth-based secondary treatment fa-
cility (G. Tchobanoglous et al., 1987, Univ. of Cali-
fornia-Davis, unpublished data).

Water hyacinth productivity was not influenced by
aeration level. Plant productivity averaged 8.3, 5.7,
6.9, 7.1, -0.2, and 6.9 g dry wt. m-2 d-~ for the level
0, 1, 2, 3, 4, and 5 aeration treatments. Poor growth
in the level 4 tanks was caused in part by an infestation
of a weevil (Neochetina sp.), which is a common pest
in water hyacinth-based systems. Because plant up-
take is the dominant P sink in FAMS (Reddy and
DeBusk, 1985), the poor plant growth likely was re-
sponsible for the low level of P removal observed in
this treatment (Table 1).

In Experiment 2, in which aeration period was in-
creased from 12 to 24 h, BOD5 removal among the
treatments was relatively poor. The BODs levels
dropped quickly from the influent concentration of
126 mg L-~ to ca. 40 mg L-~ on Day 4 (Fig. 2). However,
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Fig. 2. Effect of aeration on BODs removal from primar~ domestic
effluent in batch tanks containing water hyacinth (M), and from
batch tanks without macrophytes (NM). Aeration levels, which
increased from 0 through 5, are described in the text. Error bars
represent 1 SD of the mean (n = 2).
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Table 2. Effect of continuous (24 h) aeration on wastewater (primary domestic effluent) quality in tanks with and without water hyacinth.~"

Aeration
leveler Air flow TN TP NOrN NH4-N DO Mosq.§

L m-2 min-J ~ % removal -- mg L-~
no.

HRT~ = 7 d

WH 0 0.000 32.7 28.8 0.19 (0.01) 8.25 (0.72) 0.2 (0.1) 79
WH 3 0.074 46.1 21.3 0.06 -- 7.58 -- 0.3 (0.0) 64
WH 4 1.030 32.1 25.9 0.24 (0.12) 8.05 (0.22) 1.5 (0.3) 47
WH 5 3.530 23.8 31.4 8.27 (1.42) 2.47 (1.27) 5.3 (0.2) 15
NM 0 0.000 31.0 14.1 0.12 (0.02) 5.16 (0.08) 9.3 (1.1) 0
NM 4 1.030 25.0 10.4 0.20 (0.07) 3.64 (0.92) 11.0 (0.8) 0

HRT = 14 d

WH 0 0.000 55.9 53.0 0.10 (0.03) 6.24 (2.40) 0.8 (0.0) 85
WH 3 0.074 77.4 72.9 0.25 (0.08) 1.43 (1.09) 0.8 (0.1) 40
WH 4 1.030 77.0 72.9 0.26 (0.08) 1.49 (1.07) 2.0 (0.4) 31
WH 5 3.530 86.9 51.0 0.13 (0.02) 0.23 (0.08) 6.3 (0.1) 8
NM 0 0.000 48.0 49.9 0.11 (0.01) 0.53 (0.25) 7.9 (4.0) 0
NM 4 1.030 36.8 34.9 0.12 (0.06) 0.31 (0.02) 13.7 (0.2) 0

HRT = 21 d

WH 0 0.000 69.4 29.1 0107 (0.01) 1.60 (0.38) 0.3 (0.0) 27
WH 3 0.074 85.6 77.2 0.05 (0.02) 0.41 (0.08) 0.4 (0.0) 17
WH 4 1.030 79.5 84.7 0.07 (0.01) 0.66 (0.42) 0.4 (0.I) 16
WH 5 3.530 84.8 56.5 0.05 (0.00) 0.43 (0.05) 0.8 (0.1) 5
NM 0 0.000 61.1 59.1 0.04 (0.00) 4.46 (2.01) 1.5 (0.5) 0
NM 4 1.030 47.8 49.0 0.02 (0.00) 0.42 (0.01) 1.5 (1.0) 0

Values represent means (and 1 SD) from duplicate tanks. Wastewater contaminant concentrations (mg -I) at Day 0: TN, 15.28; TP, 3.47; NH4-N, 10.18; NOa-
N, 0.08.
WH = water hyacinth; NM = no macrophytes.
No. larvae/250 mL dip, mean of 5 dips/tank.
HRT = Hydraulic retention time.

little further decline in BOD5 concentrations was ob-
served between Days 4, 16, and 21, with the mass
BOD5 removal rate for the study averaging only 27 kg
BOD~ ha-~ d-~ (Fig. 2). The BODs removal in the water
hyacinth tanks during Experiment 2 was not improved
by aeration (Fig. 2). The BODs removal in tanks with
no plants (NM) was poorer than that attained in the
water hyacinth tanks (Fig. 2). In addition, an algal
bloom developed during the study in the NM tanks,
which suggests that wastewater suspended-solid con-
centrations (not measured in this experiment) likely
were higher in systems devoid of water hyacinths.

Nitrogen removal from the water hyacinth tanks was
enhanced when aeration period was increased from 12
to 24 h, particularly on the 14-d and 21-d sampling
dates (Table 2). The relationship between P removal
and aeration was poor, with highest rates of P removal
occurring in the level 3 and 4 aeration treatments (Ta-
ble 2). With the exception of the Day 7 sampling for
the level 5 aeration, wastewater NO3-N concentrations
in all treatments were low (Table 2). However, NH4-
N concentrations in the water hyacinth tanks declined
with increasing aeration, suggesting that nitrification
(or increased plant uptake of NH4) was occurring 
the level 3, 4, and 5 aeration tanks. Nitrogen trans-
formations in aquatic macrophyte systems are com-
plex, and are difficult to quantify without the use of
~SN-labeled compounds (Reddy, 1983). For example,
the absence of NO3-N in the wastewater does not pre-
clude nitrification, since NO3-N is readily lost through
denitrification in floating macrophyte systems (Stowell
et al., 1981). Mass N removal in the water hyacinth
tanks during this 21-d experiment ranged from 0.24
(level 0) to 0.30 g N -2 d-~ ( level 3), a nd Premoval
varied from 0.023 (level 0) to 0.067 g P -2 d-~ (level
4). Reddy and DeBusk (1987) reported N- and P-re-

moval rates of 1.0 and 0.3 g m-2 d-~, respectively, in
pilot-scale water hyacinth systems used to treat pri-
mary domestic effluent.

In the NM tanks, N and P removal was generally
lower than in the tanks containing water hyacinth (Ta-
ble 2). Moreover, aeration in the NM tanks did not
increase total N and total P removal rates, although
wastewater NH4 concentrations were reduced by aer-
ation (Table 2). Previous studies at this facility have
shown that wastewater pH levels in water hyacinth
tanks average 6.7 to 7.2, whereas pH levels in NM
tanks may increase to between 8.0 and 9.0 (Clough et
al., 1987). High pH levels can stimulate NH3 volatil-
ization, which was the likely mechanism for NH4-N
losses from NM tanks in the present study. Ammonia
volatilization in these tanks also may have been ac-
celerated by aeration-induced agitation of the waste-
water.

Wastewater DO concentrations in both the water
hyacinth and NM tanks increased with aeration (Table
2). Moreover, DO concentrations in the NM tanks
were consistently higher than those in the water hy-
acinth tanks because of photosynthetic oxygen pro-
duction by microalgae. Mosquito larvae counts in the
water hyacinth tanks also decreased with increasing
aeration. The floating water hyacinths undoubtedly
provide some protection for mosquito larvae (or pro-
vide a preferred oviposition site for adults), since no
larvae were observed in the NM tanks (Table 2).

Water hyacinth productivity increased with aera-
tion, averaging 3.3, 5.3, 7.7, and 9.6 g m-2 d-~ for the
level 0, 3, 4, and 5 aeration treatments. This growth
enhancement may have resulted from the continuous
aeration regime (24 h vs. 12 h in Exp. 1), although the
maximum growth rates were not high relative to those
noted in the tanks with 12-h aeration or to those pre-
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Fig, 3. IBfluent (triangles) and effluent wastewater BOD~ concen-
trations from aerated (solid line) and nonaerated (dotted line)
continuous-flow water hyacinth raceways. Error bars represent 1
SD of the mean (n = 2).

100

z O
0 5 I0 15 ~ ~ 30

DRY
Fig. 4. Influent (triangles) and effluent wastewater nonfilterable res-

idue (suspended solids) concentrations from aerated (solid line)
and nonaerated (dotted line) continuous-flow water hyacinth race-
ways. Error bars represent 1 SD of the mean (n = 2).

viously reported (Reddy and Sutton, 1984). However,
differences in plant growth may have accounted for
the observed increased N removal with increasing aer-
ation level.

In Experiment 3, the high level of aeration (almost
twice the daily air volume of level 5 in Exp. 2) pro-
vided to the raceways markedly improved wastewater
quality. During the 30-d study, wastcwater BOD5 con-
centrations from the nonaerated and aerated raceways
were reduced by 74 and 93%, respectively (Fig. 3). The
BOD5 removal on a mass basis averaged 123 kg ha-’
d-1 for the nonaerated raceways and 152 kg ha-1 d-t
for the aerated raceways. Water hyacinth productivity
was not enhanced by aeration, averaging 34.2 and 29.6
g m-2 d-~ in the nonaerated and aerated raceways, re-
spectively.

One potential drawback to the use of aeration in
FAMS is the resultant increased disturbance and sus-
pension of solids from the pond bottom. However, in
the present study, high solids concentrations were not
observed in effluent from the aerated tanks. Suspended
solids (nonfilterable residue) concentrations of the in-
fluent wastewater averaged 67 mg L-~ and decreased
to 17 and 8 mg L-~ in the nonaerated and aerated tanks,
respectively (Fig. 4). Suspended solids removal on 
mass and percentage basis averaged 47 kg ha-l d-l and
76% for the nonaerated raceways and 54 kg ha-1 d-’
and 89% for the aerated raceways.

In the present study, the rate at which 02 was trans-
ferred to well water in small tanks using level 4, 5, and
6 air flows ranged from 1.2 to 9.8 g 02 h-h The max-
imum transfer efficiency of 02 to well water was only
4.0%, which occurred at an air-flow rate of 1 L m-
min-~ (Table 3). As the air flow through the airstones
was increased, the average bubble size increased and
the O2 transfer efficiency declined (Table 3) Abroad
and Boyd (1988) evaluated aerators for fish cultivation
ponds and noted that diffuse aeration systems are less
efficient than paddlewheel aerators in shallow systems.

Oxygen and power requirements for an operational

FAMS designed to reduce the BOD5 of 1000 m3 d-~
of primary effluent from 183 to 12 mg L-~ were cal-
culated. Such a system would require 1.1 ha, and be
roughly 1850 times larger than our Experiment 3 race-
ways. Based on our experimental data, oxygen re-
quirements for the operational FAMS would be 435
kg 02 d-1 (9.8 g 02 -~ ×24h d-~× 1850scalefactor)
and the power requirement would be 8.2 kW, assum-
ing that aeration is provided by means ofpaddlewheels
with standard aeration effieiencies of 2.2 kg 02 (kW-
h)-~ (Ahmad and Boyd, 1988).

Oxygen transfer effieieneies of from 10 to 30% can
be attained in conventional aeration basins with the
use of fine-bubble diffusors. A factor of 1.5 kg O2 per
kg BOD5 "removed" frequently is used as an approx-
imation of oxygen (and power) requirements for the
activated sludge process. In a 1000 m3 d-’ facility, 257
kg 02 d-~ therefore would be required to stabilize a
wastewater BOD~ load of 171 kg BOD~ d-a, which is
equivalent to a wastewater concentration reduction of
from 183 mg L-m to 12 mg L-l (the effluent quality
attained in Exp. 3). Assuming a standard aeration ef-
ficiency (SAE) of 1.2 kg 02 (kW-h)-’ (Metcalf and 
1979), the power requirement for this aeration cham-
ber would be 8.9 kW.

It is notable that the power required for aeration in
the FAMS, using what is probably the most efficient

Table 3. Air flow and oxygen transfer rates in water hyacinth tanks
used for treating primary domestic effluentJ"

O~ transfer
Air flow SOTR~: efficiency

L air In3 air g O~ h-’ %
(m2-min)-’ (1000 3 t ank-rain)-’

1.0 2.2 1.2 4.0
3.5 7.5 2.9 2.8
6.1 12.0 9.8 1.6

Air flows expressed both as absolute rates, and relative to the tank or raceway
volume.
Standard oxygen transfer rate (in well water, at standard temperature and
pressure).
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aeration device available, is almost as great as the the-
oretical power requirement for aerating an activated
sludge aeration chamber. Moreover, our results also
demonstrate that a 1.1 ha FAMS operated without
aeration will remove 135 kg BOD5 d"1 from a waste-
water flow of 1000 m3 d~', reducing the BOD5 con-
centration from 183 to 48 mg Lr1. Hence, the supple-
mental aeration provided to the FAMS supports the
removal of only 36 kg BOD5 d'1, or 21% of the total
BOD5 removal. Using the performance of the raceways
in Experiment 3 as a model, the O2 required/BOD5
consumed ratio is 12.1:1, which is much higher than
the typical 1.5:1 ratio utilized in the design of con-
ventional wastewater-treatment systems.

This study raises several questions concerning the
effectiveness of aeration in FAMS. Nonaerated FAMS
reportedly function as attached-film reactors, with bac-
teria utilizing the plant roots for substrate and with
oxygen being supplied to the root zone through the
plants via their foliage (Stowell et al., 1981). The iden-
tical BOD5 removal rates observed under nonaerated
(DO of 0.4 mg L'1) and heavily aerated (DO of 6.2 mg
L"1) conditions suggests that electron-acceptor avail-
ability in the batch tanks of the present study was
adequate for the microbial populations present. This
supports the findings of previous investigators, that
the root zone of many floating plants is well-oxidized
(Moorhead and Reddy, 1988). The lack of increased
BOD5 removal in response to heavy aeration suggests
that, when aeration is supplied to the water column,
insufficient numbers of microorganisms are present to
utilize the supplemental oxygen as an electron accep-
tor. The batch-fed tanks utilized in the present study
therefore may have performed similarly to a conven-
tional aeration chamber that receives no return acti-
vated sludge.

Another important observation from the batch tanks
regards mixing. In conventional wastewater-treatment
facilities, aeration serves to mix the aeration-basin
contents as well as to provide oxygen for bacteria. For
mixing purposes, aeration is expressed on a volume
basis, with 20 m3 air per 103 m3 of tank used as a
typical design parameter (Metcalf and Eddy, 1979).
Considerable circulation of the batch tank contents
was provided by the level 5 treatment (Table 3), but
this mixing did not result in enhanced BOD5 removal.
Assuming that these tanks are representative of larger
systems, operational-scale FAMS used for secondary
wastewater treatment therefore would not benefit from
the supplemental mixing that accompanies aeration.

CONCLUSIONS
In general, aeration did not increase water hyacinth

productivity, although some enhancement in waste-

water N removal was observed in response to heavy
aeration. The enhanced N removal probably was as-
sociated with increased nitrification (and subsequent
denitrification). In continuous-flow raceways, both
BOD5 and SS removal efficiencies increased with vig-
orous aeration. However, in an operational system, the
power requirements for this enhanced contaminant re-
moval would be high. Lower air flows (0.1-1.0 L m"2

mhr1) can increase DO concentrations of primary ef-
fluent to between 1.0 and 2.5 mg L"1, which may be
sufficiently high to mitigate odor and mosquito prob-
lems.
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