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Upgrading

facultative wastewater lagoons
with vascular aquatic plants

B, C. Wolverton, Rebecea G MeDonald

Natianal Aeronautics and Space Adminlstration, MSTL Station, Miss.

Human waste dispesal problems have Leen
the focus of attention for a numbar ol yearn,
bt naow, with the population increasing rap-
jelly, mnre siringent coplroly owver waild Imas
terials are urgently needed to protect our pot-
alile and recreational waters. A primary goal of
waste treatment management is to develop
moie clEcient syslems of waste stabilization,
leading ultimately to water purification and
recyeling

The efectivencss af waite Liealment Ly
tems 15 measured by the reduction of oxygen
demanding material [Sday biochemical oxy-
pen demancd {nons)], tetal sspended salids
{7143}, and nutricnts such as nitrogen anedd
pliospliorus that nre discharged inta receiving
waters. The Ervironmental Protection Agency
(EPAY has recently sot stricler stamalards on
discharpes [rom wastewater treatment Tacili-
lies, Asof July 1, 1977, treatment must efect
an 859 romoval of Loth sop, and ¥is.  The
maximm allowahle level for both parameters
is 30 mgsl.

In the United States, wastewater lagoons
are the mast popular and inexpensive method
of trenting domestic wastewaler in small com:
munities,  Aceording to Glovnal wastowaler
lagoons generally comt less tlan hall as mvich
as ather treatment methads (provided that
lanel coits are not excessive) and require a
minjmum of  malnlenance.  According Lo
Lawis,! approximately 90% of the wastewater
Lagoons i this country serve eanmunities of
10 000 or less.

Dameilic wadlewater ligoons can ba gener
ally elassified inta three cateporios: anaerobie,
serohie, and facultative, which eombines fea-
tyres of anserabie and aerobie ponds, The
design features of these ponds are discussed in
detail by Oswald * and Glaynat  In the south-
em United States the moit commonly used
design bs that of the faculistive waslewater
lagoan.

wrr

Recently, Barsom* conducted a survey as-
sessing the performance of wastawater lagoons
throughout the U. 5. This survey indicated
(hat the majorily of wastewater lagoans are
ot meeting EPA's July 1977 standards,  Ace
carding o this sumney, the noo, of facultative
lagoons averaged 285 to 75 mgsd and  TEE
ranged from 60 ta 210 mgsl, Although much
of the suspended salids cansins of algae, EPA
standards do not differentiate hetwean algae
and  other organies,  Clearly, wastewater
lagoons must be upgraded to meet EI'A atan:
dards,  As was stated in & recent EPA symie
posium, “the development of rolatively inex-
pensive methods for upgrading lageens that o
nat require sophitticated and constand opera-
tian or expensive maintenance i uigently
needed” (Middlebroaks ot al?).  According
1 these workers and Barsom.® eflective redue:
tion of algae and suspended solids in lagoon
effluents is the highest priovity research goal.

To understand why wastewater ligoons
might Tail 1o function properly, it 5 necessary
1o examine the processes that occur within
those ponds.  The overall principle of faculla.
tive bagoon operatlon ix simple, relving upon
the conversion of complex organics inte bac-
teria, algae, and nuirents, The processes of
swpihesls and endagencis respiration carried
an by algae and bacteria in lagoon systems
are not thoroupghly understood, However, we
may simplify the natural purification of waste-
waler fin facultative lsgoons as follows: ane
aornhic and aerobic bacteria decompose of-
ganke waste through reduction and oakdation
processes, respectively, producing carbon dis
axide, methane, water, energy, and free nu-
trents.  Algee use these nutrienis in photoe-
synthesis to generate oxygen and  prosluce
arganie matarisl In s farm more compatible
with the envirenment. Some of these algse
are last frem the system in the efffuent, some
are consumed by aquatle grazers, and some
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dia and are nsturally degraded within the
svilem,  Effective logoon operation requlres
that ircoming nutdents and organic malter be
Lroken down or removed [rom e syilem g0
that they do not appear In the effluent,

In general, properly designed wastewater
lagoons operate elficlently for much of the
par. During the winter, lagoon efluent is
aw in bath song and a8 because there s littke
bialogical activity or algal growth during this
gensom, Do the spring, hawever, as rising Beimn-
peratures  create  conditions  favorable for
grawth, the algne respond dramatically fo the
high level of nutrients which have been build.
ing up in the lagoon over the winter months,
resulting in tremendaous algsl growth. Subse.
quent massive algal death ereates a high axy-
gen demand, favoring the growdh of anserobic
bacteria, which in tum efien cause edor prots.
loms, Thus, spring and carly summer ate the
goasons when lapoans are most likely 1o pros
duce adoss andfor eBuents of unacceptable
quality, The obwicus soluilon to this preblem
is 1o reduce the amount of algas present in the
laginan during the spring and summer montlis,

Direct harvesting of algae is a conly and
compliented procedure, To date, na et hasds
for mechanical removal al slgas, feasilile for
use i small communitics, have been porfected,
althougl several are in the testing slage (ice
siddlabirocks er al¥).  Introducing & wvas-
cular nquatie plant species has been con-
sidered av one means of reducing the amount
of algae in the lagoon efluent.  Vaseular aqua-
tie plants eould discourape ermulic Maictuatians
in algal populations bath by removing excess
nutrienis snd by shading the olgae from sun:
light. Several investigators +* have pioposed
using the water lyacinth ( Eichlornia cras-
wigres) Bor these purpores,  Water hyacindlis.
whieh remove bath nulreents and  organics
directly from Lhe waier via thelr extensive oot
syslemns,’ % ¥ can increase al e phenomenal
rate of 157 af their surface area per day, pro.
ducing at least 19 wel meiric tonshasd.*
Rased o0 measured growth rates, Rogers and
David ¥ eitimated that 1 ha of water liya:
cinths could remove the nitrogen and phos-
phoms waste of over B00 people per day.
These concentrated nutcients can then be re
muved fram the svstem by harvesting the
weater hivacinils.  The harvested plant material
las patential econamic value as 2 soil amend-
ment, a1 a livestack lead 2 and perhaps tven
as a hwman protein supplement. - ¥

Anollier vascular aquatic plant eapable of
supplementing the rale ol the water hyacinih

—

during the winter months is duckwesd (Lemna
and Spirodela spp. ). Studies with these cold:
tolerant plants have shown that they can
thrive g domestio wastewaler and alio re
move exoess nutrients and produce s signifi-
cant elfect an son and T84 recluction rates 9=

Simca 1975, the Wallonal Aeronaustics and
Space Administration has besn growing water
liyscintls  { Eichhornla crassipes) theougliout
rit af the year and duckwesd (Lemna snd
Spiradela spp ) cdoring the winter in wasle
waler' lagoans at the Mational Space Tech:
nalogy Laboratories {MNSTL), Bay 5t Louds,
Migs., to improve effluent quality.  In this re-
port, the perfommance of one of these lagoons
Lielore and alter the addition of water hya.
cinths and duckweed i3 traced.

DESCRIPTION OF THE SYSTEM

NSTL Lagaon #1 consists of a single cell
with & surface area of approximately 2 ha and
an average depth of 122 m. & AWETAgE
flove rate af 475 mbd resulis in 8 retanticn
time of approximately 54 davi. The pooy
[oading rate i this lagoon averages 22 ko 30
kphad, which constitutes s relatively light
laad.? Before the introduction of water hya.
cinths, the wverage suipended sobids discharged
in the effluent waters of this lagoon exceeded
e ETPA limit during some mombs of the
spring and summer.

MATENIALS AMD METHODS

Adequate background data on Lagoon £1
without waler hvacinths necesary for com:
parizon of sob,, s, and pll were recarded in
ihe M5TL cnvironmental monitering files far
the perniod of May 1o September 1874, Dur-
ing this period approximately two grab sam.
ples per week were analyzed. Only six sams
ples were obtained during July 1974, Inas-
mucl as anly ane grab sample per manth was
analvzed as required by the EPA disclarge
permit efective during the intervening months
of Octoler 1974 to March 1976, the data was
judged inadequate for comparative purEoues
and, therefore, omitted.  During the back:
ground months used in this study, approxi-
mately 1000 people were serviced by this
lagoom,  This population Increased to 2000
people by the summer of 18977 .

Heginning in March of 1976, influsnt and
effuent gral samples were taken twice & week
from the lagoon and onalyeed for additional
parameters. Waler samples were analyzed far
pH using o combination eleetrede, digsolved
owygen (oo} using e membrane electrods

3 Joumal WP, Vol 51, Mo, £
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TADLE I, Manthly averags dats of total su spended golids and S-day biochemical oxygen
demand for backpround and experimental periods.

A, Deekground peried

T-EE\. m‘ﬂ B Thy, I'l1‘,||1
Dale [afuent  EMuand [efuent  Efweent
May, 1974 139 B8 il )
June, 1974 &) Tt i 15
July, 1974 Al £l a1 17
August, L9T4 av 4 Y ah n
Teprembir, 1374 LTH ar a1 11
Karch, 1974 i 1] 158 9
Apeil, 1976 ] %0 93 16
May, L27% 15 3% 12 4
B. Iaitial stackiog menibs (partial water Tyecinth coverage)

June, 1976 A} 13 " 9
July, 1976 61 il 0 g
C, Watar hyeckngh axperimanial peiiod
Mugusy, 1974 ' 3 (a5 7
Seprember, 1916 4 L 144 5
Oppaber, 1976 4 3 12 F)
Mowember, 1RTE LE 1 141 1
[ecaimleed, 19762 (AR 3 b} 1
j.arul:'ll'}'. 1937 L] i Ly !
IPebeimary, 1970 151 I ] i
March, 19706 104 i 11 i
April, 1977 (3L 1 oF L
May, 1T il 13 141 [
June, an Bé Ul 125 ]
Juiy, 1917 iR 4 141 3
August, 1917 Hik i 37 [
Leplember, V91T 1 L Wi 4

o W aner hyacinghs damsged by gald weather ; duckweed treayment apEralive
Wi ater hyaginthes recowes fpoma winer with initial coveragy of 105% s March. 1958,

metliod, temperature, suspended and dissalved
salids using standard glass Bher Fhers to de-
termine the filtrabla and nonflirable residues,
aind  won, using  the membrane electrodde
meihod 1o determine the dissolved oavgen
cancentrations according to “Standard Meth-
ads” Tatal arganic carbon {To€) was deter.
mined with the combustlon-infrared method
using a Toc analyier {Beckman 915y, Klel
dahl nitrogen and phiopharus were determined
wiih an autotnalvzer [Technican) after sam-
ple digestion wilth & ||:'51:|'..I'H;.5ﬂ|..l"l-¢ﬁjﬁ-ﬂ¢
silution.

Water hyvaginths were introdurced into the
lageon i June 1976, and I Auguit (he
plants had covered approvimately G5 of the
surface ares.  Maost of the plants, which are
pat  cold-tolerant, died during the winter
months and were replaced by duckweed, In
March 1977, the surviving plants resprouted,

achieving a 25% coverage by the end al this
wninntl.

RESULTS

By comparing the quality of the lagoon's
eluent during the hackground and experi-
mental periods, u elear picture of the efects of
water lwacioths and duckweeds can he seen,
Table 1 presents all of the compiled data on
res and won, for the availalila Lackground and
water hyacinth treatment periods.  The data
for suspended solids can be mare easily ex-
amined in Figure 1. These vaseular aquatic
plants  substantially reduced the suspended
salids below the 90 maA maximum EPA level
and reliably maintained this requirement all
cear, The substantial reduction of suspemded
colids was largely a result of the vinual elim-
ination of algae from the system, Water hya-
cinths are the most effective in the summer
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Upgrading Wastewater Lagoons

TARLE II. Comparative porcent reducilong of TSS and DOD "

Percent Reductisn

TS5 ROy
Witleout Wich Wiileat With
Water Water Water Water
Manih lyeclathe Myielatha Hyaginihe  Mypiclatha

May Ik o1 ARG or
June =17 EL) L1 04
July —T8 1] T2 L]

Mugund ] A5 7 ] Jal

S prann e 46 T i B6 06 19460

o T conetciuve vear [eductinas,

wonthis, wehiel colneides wiil e maEimum Wt |l|g:|l|jl wiriilile elare the Intreduction of

prabilem pn:rind for a lagoon.  The percent  water hyacinths,

reduction of
( IKF, 155 — EFF. 158
1588 | ———

As shown in Table 1, the

Tag im Wle elMuent wai allen more than the
influent during the summer menths because of

INF, 788 = mﬂ%) periodic algal Meams,  However, with water

TABRLE ITI. Monthly average data of '|1-H wnd disgalved GIFEEN far blti:::rgund and

erperimenial periods,
&, Bachpgrouad period

pll G, mpfl
[uge 4 Tnflugnd EfMasnt Infugnt EMueni
May, 1974 r | LN i .04
June, 1974 14 i04 LR .3
Julw, 1974 .0 L LI 1.1
Aupunt, 1904 1.0 9.1 FN | .4
Bpqeen e, 197 7.0 a7 24 i1
Mareh, 1976 4.9 L 14 14
April, 197346 1.4 %1 .l 10,8
Mlay, 1974 1.3 i 1,5 1.1
0, Bedclal vrseking mentka (partia] water iyacknih eoverage)

June,  19%6 1.4 14 1.4 4.4
Ty, 1978 1.t 1.4 1o 0
€, Wanar hyacinih erperimenia] period
Auguse, 1978 4 1l 1.1 FR |
Seprember, V9TE Lt 1.0 LA {4
Ceneleer, 1990 1.1 10 .y 1.5
Nowember, 1904 1.} 11 1.5 FR]
December, 1974 T.1 L | IL& 13
Januaey, 1977 14 | 1.7 3.5
February, 18378 0 1.2 0.8 i
Mlaseh, 1910 0 il 1.1 1.0
A, 1975 LR ] i 1.0 1.3
Moy, 1977 il 1.2 (1 Y
June, 1977 .5 1.1 1.4 13
July, 1037 Ll 6.9 1.4 1.8
Auguir, 191 Tl LR ] 1.7 1.9
Sapembern, 1997 1.0 il 1.1 1.8

* Warer hyacinths damaged by cald weather; duckweed treatinent nr:r:tlve.

bW s e hyacinehe recover Tram winter with initlal eaverage al 2055

e

m March, 1977,
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TABLE I¥. Manthly average total Kjeldahl nit

N — R e B

=

rogen, total phosphorus, and folal organic

earban for backgrouad and axperimental periade, (Background dats on thess paramalers

not available for May 1974=Geptember 1974.)

A, Dagkground Peifad

TEH, mgfl TP, mgfl TOC, mefl
Trate lofuent  Effleent Influent EMuent fofluent EMuent
Warch, 1974 a% iA 11 1.9 6 kL)
Apeil, 1976 4.8 4 Ly F | 65 A
May, 1976 LG8 14 1.8 i | 1R k1]
L]
B, Imitial ste<klng monbs (partial water hyaciath eaverageh
June, 1978 ) ] 2.3 0.1 A3 L1
July, V976 T4 ] 1.2 a9 LR 1]
€. Water hyaelnth exparimental pariod

Meguet, 19740 1z 10 16 1.1 1 13
Seprembser, (L] LG i LA 1.0 5 i4
Oievalwer, 1970 LLad 1A 5 I.d 15 14
Hovember, 1T06 [ 15 1.5 o.T 50 1%
[ecember, 1HId 14,13 1q i.B 1.0 L1 1%
January. 1977 12.7 4.1 i 1.1 56 4
Febiuniy, 19704 L4 L] 4.0 14 £ i
Mareh, 1977¢ is 3 1.6 1.8 -1 M
April, 1977 14.3 34 4% Ll 6l 19
May, 19T 152 1.1 I K a1 1
June, 1977 151 1.4 1 1o i 1%
July, 1931 a4 1.0 13 1.3 44 17
Augusy, 1977 £4 1 A LA . M il
Capiember, 1917 9.3 5. LY. 1.5 9 11

v Water hyacinths damaged by cald seather: dickweed freatmant aET i,

v Water hyaginths recover [rom winter with inibal caverage of 105 in March, 1935,

hncinths present, Ts8 were eanuistontly e
duced by an average of B9,

These vascular aquatic plants alia had a
significant effect on the reduction of momy,
This reduction was not a5 dramatic as the one
witly suspended solids becavie the lagoon was
fairly eflective 31 noo, reduction hofore the
intraduction of aquatic plants,  Figure 2
clearly shows ihat this agquatic plant sysem
reliahly maintaing (he noe, all year Lelow the
ErA discharge limit ef 30 mgA. Table 11
shows that the lagoon achieved an average o
Th peduction in nons efore water hyacinths
were Introduced; with aquatie plants. the
lagoon reduced the woo, Ly an average of
4%

From Talle 111, the elfect of these vaseular
aquatic plants on pll and po can be ascer
tained. During the Lackground peried, ihe
infisent and cfluent pHs averaged 7.0 and 8.3,
respectively, The efffuent phl often incroaned
aver 10, The EPA discharge permit limits the
ellluent 'pil 1o 9.0; theielore, it i3 clear Lhat

the lagesn rarely met this requirement. Alter
thve intreductinn of water hvacinihs and duck:
weeds, the influent and effuent phls averaged
71 each, This buffering eficets resubs from
an increase in €O, which is nemally depleted
during algal photasynthesis becanse algae de-
fve all el their CO, lrom the wastewater,
whereas most of the CO, required by water
fvscinilie i olained fron the air

As expecied, woater hrvacintlis decreascd the
b fram an average eMuent level af 6.9 mg/
without hvacinths to 2.3 ngs with hreaciniha
{Talile ). This would Le eritical 1o lagioon
operation anly il the lagoon were heavily
losded ard  anacrobic conditions prevailed.
Minimum aeration could be applied a1 the
discharge point ta bring the efflient = con-
centratinn up to the normally perquined  level
ol 5 mgil

The availsble hackground datn an total
Kjeldahl nitregen, total phospharus and 300
concentrations is extremely Hmited (Table IV]).
These parameters were greatly reduced as

310 Jeumal WPCF, Val. 51, No. 2
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Upgrading Waslewater Lagoons

shown In Table ¥ [ the summer months, with
somewhat less reductions during the winter
when duclaweed is the dominant aquatic plant.
Further interpretation of these vesults b8 dil-
feult without a direct comparison, inasmuch
ag a slgniBeant quantity nitengen i noed-
mally lost fram a lagoan as a result of natural
donitrification processes.  The high percentage
seduction in voc is laegely lLecause of the
virtual elimination of algae as demonsirated by
e deamatic reduction of suipended solids,

DISCUSSION

Results indicate that when water Tiyacinths
assume a primary rale in @ waslewater lageon,
the operation of the systen ds significantly
altered, The algal community, with its fast
ERErnONET Fate m? raphd succession, |s replaced
by o rapidly growing maceophyte that con-
tHiuausly comverts divalved organics and nu-
trients into & standing hinmass which s mot
rapidly recveled and doees not contribute to
the toc of the system, The hyacinth plant
Linmnss, which romains within the system, is
ot present in the eMuent.  As a result, offlu.
ent from o lwacinth-covered lagoon will be
lowcer b suspended solids, popy, and nutrients.

Althsuph water eacinths are far superior to
glgse in o lagoan svilem, there ore voveral
icadbvnntapes  whieli should s recagnized,
Av owvgen produced by the water Twacinth in
prltamsnthiesis dies may significantly contriliste
to the ovidation process coenrming within the
ligaan, the ansvrolic porion of a faculiative
lagoon may increase and, ndee conditions of
hesvy poo boading, Lecome total,  Alhough
water lwacinths are not affected by these con-
ditious, edor problems mav resuli. Therelose,
wlien water lwacinth goverage i cannplote and
non laading heavy, meclanical aerntion of the
lagown miny b teccsary durning photosvnihet-
ically inactive periods to prevent fimil aelos

Anotler limitation of water lyacinths is
that Aliese wie withoal pretection s restricted
ta the warmer months of the vear. [In lile
autymn, the effcdiveness of the water hva.
cith is greatly reduced unless the plants are
pratccted by greenlouses o iy lueating ihe
inflinent, 11 unprotocted, water  hyvacinths
should b harvested fallawing the first hard
frast in the autumn,  In aue lightly loaded
Lagoon svslem, il was ned necessary 1o hanvesl
the Lvacinilis afier one seuson of operation;
however, Jor moderutely ta henvily loaded
lsgoons, e accumulated dead plant aterial
wayld impote o large additional arganic loads
therefore, e plants should be harvested each

e iz —_

Table ¥. Average summer and winter
percent reducticns in total Kjeldahl nitrages,
total phosphorus, and total organid carhon
with water hyacinthe in summer and
duclkwesds In winter.

Awerage Perceni Raduseilon

Parameter Suinmer? Winter®
TR T3 &1
" il iy
T L] i

s Summer Monthe—April through Nevembear
% \Winter Months—December throngh March.

{all. Fortunately, the water hyacinth's sea-
vonal demise eorresponds with general periods
af law hiological activily within the lagoon, In
which 738 and organles are at the lowest con-
centraliong, During cooler wentlver, wintar:
resistant primary producers such as duckweed
{ Lonina s 5||Frlrf|."f|1 |.|'||‘:|.}| Thave taken over
in our lagnons performing a certain amaunt ol
purification ' #

Although the necessity al periodic harvest:
ing of the water hyacinths adds 1o the cot of
operation ol the bgnon sysiem, thee flaating
plants are much more easily harvested thon
sulimrped o ronded squatics,  We are opti
mistic over the praspeet of selling the har-
vestod hynvinths to recover at Jeast a part of
harvesting cost,  Particularly pramising is the
use of hvacinths for cattle Teed, plant compost,
sined liogs production,  Nutrient analyses con-
ducted by the authars,* for example, indicate
that enede pratein content of hyacinths grown
i swastowater lagmons compares [averabily with
suvlwean sind pattmseed mieal, averaging 3297
drv weight of baves, Mura /% estimated the
value of sclective water hvacinth lyveproducts
aied ooneluded that e market was net il
vl o help defray the cost of mechanical
comirel of  awater livaciiihs,  Hoavever, Tals
analises mav wol he applicable ta waler Twyn-
cinths harvested Trom wastewater lagoons for
goveral reasms,  Confneiment of harvesting
aclivities to a single location woukd minimize
tramsportation and handling coits, thus increas.
ing the econmnic {eagihility of vilalizing water
hwacinth lyproducts, Locating drvers. chop-
pers and other water hyacimh procesiing op-
erations near the bageon would further reduce
processing and  Aransportation  cests,  Alo,
when gravwn in nulgent-rich Tageon infuent,
the water hyacinth's growth raie i greatly ene
hanced, Searsbrook and Davis M report a 15«
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fold increase in dry matter production when
lapacintle were prown in 2509  wastewaler
oiliwent,

Tha mait common insect which ocossisnally
invades the water hyacinths is the spider mite
{ Bryolis prastiosa).  Although this pest cane
not eradicite the water hyseinth, it can cause
extensive damage if not contralled. This In-
sect [ easlly eliminnted with a light application
af malathian.

Maosquita bieeding was net a praldlem i the
MSTL lagoan. Becawse of the improved qual-
iy of the lagoon's water, Camburid affinis,
commanly refemed 1o as mesquitefish, flour-
ished i the lagoan and maturally controlied
mosuilos by feeding on the Inrvae,

In summary, these expériments have shown
st sulsstantisl coverapge of water hyacinths
significantly upgrades effiuent from a primary
wastewater lagoon treating the waste of ap-
provimately 2000 people.  The addition of
water hvacinthi ta & wastewater lagoan system
net anly reduces suspanded solids and nony,
Lyt also significantly decresses the nutrient and
arganie carbion comtent in the lagean elfuent,
The wse of vasenlar aquatic plants sppears
promising a5 an economical and efficiont way
of upprading wastewnler lagesn avitems in
small communities.
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