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TECHNICAL MEMORANDUM X-T2729

WATER HYACINTHS FOR UPGRADING SEWAGE LAGOONS
TO MEET ADVANCED WASTEWATER TREATMENT STANDARDS:
PART |

INTRODUCTION

Although effluent from the typleal sewage lagoon Is an improvement over
tha untreated influent, this nutrient rich discharge ia still frequently high in
suspended golids and bochemieal oxygen demanding substances, As a result
of more stringent requirements belog placed by regulatory agencies on fewage
effluent entering rivers, streams, and eatuarine areas, microbiological trant-
ment alone I8 not adequate. Sinoe the effluent from a typieal sewage treatment
plant 15 also rich in chemical nutrients, the replacement of lagoons wilh expen-
alve conventional sewnge treatment plants would not likely solve tha additdonal
treatment requirements. The simplest and most economical means of accom=
plishing final filtration to remove sutrients, heavy metals. and other chemicals
{rom domentic wastewaters appears to be the utilization of vascular aquatic
plants an domonslrated by Wolverton et al. 1, 2,3,4,5,6,7,8,9

water hyacinthe, (Eichhornia crassipes) (Mart.} Bolms, were used in this
field study because they have demonstrated the most promise In laboratory
miudies in removing nutrlents and chomioals from static watar systems. This
plant has also Jemonstrated the ability to produce phenomenal quantities of
blomass when grown in a warm, nutrient enriched environment. This easily
harvested plant posseses levels of minerals and protein which make 1t & goad
enndidate for a new southarn crop to be utilized in producing animal feed,
organic fertilizer, and soil conditionar, or methane gas and inorganic fertilizer
from the microblal anaerobie fermentation of water hyacinths. This aquatic
plant 18 also a candidate for use in northarn climates when used In conjunction
with hydroolectric power gena rating plants, ‘Thermal discharges from the
condenser cooling water could concelvably be mixed with sewage pumped Into
large Iagoons noar power generating facllities and waler hyacinths grown year=
round in this warm, nuirient enriched water. This concept could possibly
aupply an additional bonus as a radioactive safety fllter where the thermally
polluted water comes {rom nuclear power plants. These facilides normally
produce larger quantities of hot water than conventional power plants along
with the added risk of contaminating the aquatic environment with radioactive




glements such as plutonium, strontium, eesium, etc, as a result of reactor
disruption or leakage from unforoseen disnstars,

MATER |ALS AND METHCDS

The system evaluated in this fleld study 1a a secondary domestic sewage
lagoon loecatad at Orange Grove residential development In north Gulfport,
Mizsigsippl. This sacondary lagoon recelves domestic sewage effluent from
a 1.1 heetare (3. F acre) asrated primary sewage lageon with a two week average
retertion time. it has a .28 hectare (0.7 acre) sirface area and containg a
total voluma of 6,8 million liters (1.5 millien gallons). The average Mow rabo
{nto this secondary system is 522, 100 litars (115,000 gallons) per day, result-
ing in an average retention tme of approximately three wecks.

Packground datn was obtained oo biweekly grab samples for two months
hefore the system was complately eovered with water hyacinths, (Elchhomia
crasalpes) (Mart, ) Solms, Biwockly grab samples wore continued after satura-
tion with water hyaelnths, along with samples from a control lagoon free of
water hyacinths, Grab sample data correlated well with iuonthly 24-hour com=
posite samples obtained with an ISCO Water Sampler Model 1392,

The following anzlyses were performed on all samples: pH, total
kjeldahl nitrogen (10}, total phosphorus (11, biochemical axygen demand (BODg)
(12), fecal colifarm (MPN} {13), suspended solids (14), dissolved solids (13),
and total organio carbon (TOC) (16), Dissolved oxygen goncentraticns and
temperature were obtained directly in the fleld with a YSI Model 54 Oxjgen
Maotar.

The affluent was also monitorod for any gonlamisation by toxlo haavy
metals using atomic absorption or flame emission with an IL Model 253
gpectrolomoler.

RESULTS AND DISCUSSION

The preliminary results of the field test using water hyacinths, (Elch-
hornin eraasipes) (Mart.) Bolma, as a final filtration system in a secondary
domestic sewage lagoon has shown greal promise ln reducing suspended solids,
BODyg and other parameters lo levels below the standards set by the Environ-
mental Protection Agency and state pollution control agencies. Monthly averages
of thia preliminary data arve presented in Table 1 along with state pollution con-
trol standards.
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guspended solids which are mainly due to algae were reduced In the waler
hyacinth lagoon by 74 parcent during the maonth of July, 83 percent for Auguat,
and &0 percent for September. The water hyacinth covered laogoon algo reduged
the Wochamical axygoen domand of the sewage eniering this lagoon during these
critical summer months 1o lavils below the established state standards. Total
lejeldahl nitrogen levols averaging 3 mg/l entering ihe water hyacinta lagoon
grere reduced to averages of 1,2 mg/l in the final effluent with a nltrogon redue-
tion of approximately 60 percent, The average total phosphorus entering thi
water hyacinth lagoon was 5.3 mg/L with a maximum phosphorus removal of
26 porcent for the first {ive wecks, Phoaphorus reduction rates after this
period of time SUgEUSLs that plants should be harvested at flve waek Intervals
for maximum phosphorus romyal

The pil wns maintalned at 6. 5 for the effluent from tha watar hyacinth
lagnon. The average influent pH was 7.7. The fecal coliforin count wis ri=
duced from an average of 121, oo0 M PN/ 100 ml for the influent to an avarage of
40,000 MPHN/100 m effluent. However, no definite correlaton of the affect of
water hyacintha on fecal caliform over the normal effect on fecal coliform in 2
lagmon without these plants has been estoblished during this briel test period,
As axpected the diss givad oxygen lovel droppad from 5.9 msl in khe influent
wastewater to 2.0 mg/l in the wastewater leaving the lagoon. However this
lowar dissolved oxygen concentration produced no pdverse affecta such as an
increase in undesirable odors. Lpoen natural reaeration from mixing action of
the wastewaters leaving the Orange Crove sowage system, the disgolved oxygen
Jeval was brought back up to between 5 and & mg/ !, which is adequate Lo moat
the pollution control permil requirements,

A#s shown in Table 2, many plomants easential to both plants and animals
were found in this secondary sewage lagoon. No loxic levels of heavy melals
wore delected by atomlo sbaorption or flame emigsion in either the influent or
the eifluent sewage wastewater.

CONCLUSIONS

Pased on data presented in this preliminary report, cites located in the
tropical and subtropical reglons of the world should bo able to utilize water
hyacinths as a final filtration system for reducing the levels of polluting sub-
stances In domestlc sewage 10 lavels which comply with advanced wastewater
treatmant standards.

Water hyacinths have demanstrated the ability to absorb organies ,
autrients, and other chemical elements from sewage waste in the process of
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produeing large quantities of plant material, This blomass when growm in

on lehed sewage waste free of toxic heavy motals can be harvested and possibly
processed into valuable high protein food and feed products, organiz fertilizer
and sofl conditioner, methane gas and inarganic fertilizer or other products a8
presently being demonstrated by NASA and universily sclentists.

‘Fhe volume of water hyacinths required depends upon the amount of
sewago to be procesded and the desired purity of the final wastewaler required
by the local effluent quality eriteria. For complete or near complele removal
of phoaphorus from typleal domestle sewage [rom a city or gommunity of 5,000
people would require approximately ten acres of waler hyacinth surface area,
but complete removal of phoaphorus 1s usually not rinqulred or even deslrable.
Therefore much smaller systems could be utilized Lo meet present and future

wastewater effluent standards.
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Tehle 1. Orange Grove Sewage Lagoon Preliminary Fiald Tost Data
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wable 2. Motal Analyasis of Orange Grove Sewage Lagoon

Metals Influent, ppm Effluént, opm
Aluminum .41 0.25
Boron 2,22 2.00
Cadmium ¢ 0,001 € 0,001
Caloium 1.0 1.26
Chromium <€ 0,001 £ 0,001
Cobalt € 0,01 { 0.01
Copper < 0,001 < 0,001
[rar 0.33 0.23
Lead < 0,008 £ 0,008
Mapgnesium 0. 748 0,820
Manganese £ 0.001 € 0,001
Alarcury & 0.001 ¢ 0.001
Hickel < 0.005 £ 0,005
Potassium 4.1 A1
Silver < 0,001 £ 0,001
Solllum 41,407 40,19
Zinc 0.038 0. 007
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