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" Wastewater Treatment
Utilizing Water Hyacinths
(Eichhornia Crassipes)
(Mart) Solms

INTRODUCTION

In ihe Jast iwo decades, the practice of dumping either
untienied or p.l.rliu'll:j' treated waite into rivers and sireams has
hecornve a major sounce of conflict between industry and groups
ol eitleens comeerned abaul prodecting our enviranment, Conge-
yuently, the LS. Environmental Protection Agensy was char-
eree bo impate and enforee regulations on the quality of (e
wasiewater thal indusiries can discharge inlo receiving waler,
This digeney i slowly imposing siricler standards on ind vsirial
waslew aler LM lue e witl the mim af eveniunlly schieving “aero
digluinge™ of any indudinal pollutants Inle receving walers
1 talic 1w &2 SCHD)

Wt beer o nut vero o ischarge is o realintic goal i a maner of
debaie. In any case, the discharge of industaial waste must be
cgailiied, since il comsliluent components, holh organic and
moiganic, have been shown o have deleterious effects, Some
e g wonn e vl ey sel direeily asioding or carcinogens,
Clahers meay incrense the biochemical oaygen demand (BOLD)
and pomseguendly lower the dissolved oxygen in receiving
saters, causi g sullocation and deaih of many aquatic species,
Sull avhers may impart objectionable taste and odors to
duinkang wilers, @ bes harmful bl certainly unde sirable efieci ¥

Inorganic compound s aleo have many adverse eflects on man
daied s envisomme vl Torie heavy metaly tond 1o concentrale in
thic D and Mors of Uhe aguatie environmental and produce &
vaniely of effcets in man once 1hey are mpested, For exam P'h
vadmaum, hesides bei g b carginogen, ey heen linked 1o kidney
ailinends, hyperlension, amd other caroviscuth, conditions;
hesuivillent Choamiim is Llonic o nd carcinogenic 1o both man and
v wisms fuund in the aguatic ¢nvironme nl, mercury concen-
trates imthe human feius and cavses permanent felnl brain dam-
et nd arlver proeduces  permaneg Iﬂlubgrly dhscoloration ol
L alkan and Boonmes ioxe of allvsed 1o accwm late. ¥ & B0

The Wakunal Space 'I'-r-thnnru“ Labarninres {MSTL), Hay
S0 Lowis, Mustiasippi, has the problem of treating chemicaland
phutagraphes wasle products thet conlain i variety of organic
v punaiineds dis well me silver and trace smounis of such melsls as
vidmium i chromium, Pghlic Health Service (PHS) recom-
Vi iial it Tk mibn KR dischmige |evets of wme heavy metnls
aie prescated in Tabde 1.

Frosont lvchaupues Tor 1r:n|in||_ phnlngrlphi: wWaslEwaler
e Buide |I.HI'L:1;: aclivated :.ludg: plunl; and zerahic Lagoans,
Woaty mclinls can he iemoved with varying degrees of efficiency
by el | precipitation, kel rode position, solve nl e KLraction,
sibalilraten, on exchange and sctivaied carbos absorpiion.?
Rlusedd wastes such sy (le wasted divcharged st NASTL wauld
peyuiie @ combination of these wweatment techniques. All of
ihese pnethuds are expensive 1o install apd maintain and do not
ilways el LA wiand ands.
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In aneffon o develop a relatively inexpensive and effective
mscans of ircating the chemical and photsgraphic waste al
HSTL, the National Acronauics and Space Administration
(MASA) has inmalled & water hyacinth Dliration system. The
waler hyucinth, (Eehbornfa cravsiped) (Mars) Solms, B an
excellent candidate for a biologecal Nliraticn system for &
number of reasans, Water hyacinilis poasess an extensive rool
sydtem which allows them o feed divectly from ine agueaus
mad iwm, cxiracting chemicals and nutricnts rapidly and effi-
cienlly. In experimeninl sewnpge #nd chumical weatment wys-
temis, waler hyacinths have demonsirated the ability Lo substin-
vially reduce the conde nlraticm of o ganies, minernls, and heayy
rcialy in Lhe effluent waiers B 500 ¥ Agoiler lealure i ihe
slant's trcinendously high growth pute. Capshle of nroducing
IE5 menrie tons of wet hinmars pee hecture per dny wnder ideal
prowing conditions', the water hyacinth is Zerieved by many
Bsliinigid 1o be Lhé mail |1r|;||:||.u:l'|lr: |,'||a|l1-1 ait eatth,! Thew
features, whech make the waler hyacinth sueh o surcesslul pest
specick, cim abio be of great potential berefit 1o man when the
plante are properly utilized,

Table I I'uHI-:. I-h-:.'lih Lepvlee Hecommendations oy Maxi-
mum Diischarge Vévels of Heavy Metak

Mkl 1 maximuir Bivcharee ssval, g
Lapd o, 00
Eilver a, 00
Codmium (] |
Chram ain @, 00

Description of the Water

Hyacinth Treatmenl System

A specially designed Ingoon was coattrucicd af ihe Mational
Spacs Technology Laboratories by NASA Tor the treatment of
phoioprpahic and ehemical labaatory wiste, The lagoon was
constrscied in a rigerag configuration with the lollowing
specilications: length, 333 m; width, 6.4 m; depth, 078 m; total
valume |6T8,000 lites, tofal surfide erea, 0022 e (See Figure
1), The pig-ag design promotes efficient Tiltvation by maximiz-
ing the lageon's lenglh within & cohatively small area. In
addiiion, this design facilitates acccss of harvesting mashings 1o
the water hyacinths,

s lagaon receives approximalely %5060 Litvas per day, A
mimimum peeniion time of 20 days was bl inne ihe sysiem,
assuniing that this woold be the mavmum ties doring the
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winier months in which ihe plants would be meiabolically
imivlive.

In Way 1975, this system was slocked with sullicient waler
hoisthint b s g sppeorimately 20 percent of the surface wren,
and The wiste fram ihe chemical pholographic laboratorses was
aiwenied i the lagieon, Although chemical waste was 1he snle
wiree of nuttkents avkilable 16 (he planty, they grew rapidly,
multiplying 10 75 pereent coveragg within four weeks. During
the summer mamhs, the waler hyncinths were sprayed with
ilithien to control spider miles, { Bryohia prostiosa). The
Mints thrived during all months of the experiment with the ex-
ception of January and February, when Treezing lemperature
waused the 1ops of the planis to die back.
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M ethods

Mily prab samples weie (aken g 4 lve wasievwaler belare il
entered the lagaon and from the ellluenl walers Water samplcs
were analyeed for pH, dissolved oxygen {00, iotal suspendsd
solids [T55), tofal arganic carbon (TOC), S-dey biochemical
anygen demand” (HOTH), total phoshporows, ard chemical
onygen demand (COD), according'lo Sianiurd Meihods, "
Heavy metal cantent of water samples wis determined with the
sid of an IL Model 253 Alomic Absorplion/ Flame Emission
Specirophotomeler. :

Chver & sin-week period, sumple water hyacinths were taken
fram the lagoon weekly and analyied for heavy e fals, o,
stems and Jeaves were analyred scparatelytode lerming whether
vhe melals migrated Lo voper parls of he planis Thess plants
were washed, dried inanoven an | 10°C for 48 bicvurs e g md
v din even, ling consistvney i # W nring commurcial blender, All
glussware was ucid -withed priog W use. Cine grum sampls were
weighed out and transferred 1o 106 ml Kjeldahi Nasks: Tathe
Nask wies addeed 10 m1 concentrated nitric asid, approximalely
60 i distilled water and boiling chips. The samples were
digested until only a chear solution und a fine residue re mained
The supernatant was lilered into 100 ml woluimetiie [bisks and
diluted 1o volume, The solution was analyred by atomic
ahrorption. A blank wis digested with all samples wndl wsed pva
carrection Taelor for any contaminants in the feagents thal
might hinve been introduced

Results

Tabte 11 shuws @ complete yearly annlysis by manth of ihe
infuent and cifluent waters of ihis system. Silver was the only
ekl proscil bn agusntiies sulliven be noled, Triaves of
atlver metals were ncchsionally detccted in the infiuznt walers,
bl no aiher metsls were Tound in e eMuent, The water
hyacinths maintained the effueni pil between tEond 1.8 The
dissolved onygen remiined above the penerally accepled stan:
durd of 5 mgfl all but ane monih Mo alpal blooms were
ahserved during these twelve months as jndiziled by the
pelatively low suspended solids, The reducilon i dissolved
solids varied from 29 pereent 1o u high of 73 peicent.

The concentrations of towl Kjeldahl nitrogen and 1otal
phosphursus were also redvoed by large perceitagas, as indi-
cnted in Table 1. The mast significamt demonstea.ten of water
hyicinths biolpgical Filieat o eaputlitles was Lae vaduction of
WOy, The chumical axygen demand his atwo been veduced by
B3 percent i 93 percent, p

‘Table 111 shows the systemic uplake of the heavy meials that
were routinely detecied in the influcal waslewsters, Over a a3
we ok puriod, witer hyacinihs sccumulated these heavy melaliio
concentrations several hundred limes the initial levels, The
highest concentrations of heavy nietals were [ound in the roots,
the site of upluke of these pubslances, bt there was plso a
signilicant accumulation i the plunt slems and bives,

Tuble Wi, Analyses of Water Hysrinths Refure Imtroduction
inlu the Chemleal Waste Sysiem windl A fler Sin Weeks Eaposure
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Table Il Monthly Average Diata of ihe Water Hyscinth Chemical Waste Filtration Sysicm
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CONCLUSIONS

I¥ise tiskion

Fhe water hyacinths proved 1o be & very elfective filiration
syl in Dk v leaiming wuslewaler caonfaming b complex chemical
misiure. Ciganics, heavy melals and otier elemenis were
slfcetively rumasved frivm the wastewaler by plant rool sorplion,
venice iation andfor metabaolic breakdown {Tuhlke Iy Trace
chemnenia clorugg the I.u!,-nun LYslem wore u"{fli\.’{!lrlg|n.;nmd1n
Fewaly whmd conmply with IS reedmmendit ions,

Fven the harndy water hyacinth is not immune to heavy metal
eeflitants - Approsimately every eight weeks during Lhe
suimaned, e feal tips hegan b tuen brown and curl, ind icating
that whe phints had sustnined permancnt melahalic injury from
et csaromimcidal pollutantis, The damaged seclions of waler
Bscinthe wire hirvested and piled nearhy, since it is believed
Haat gilints in ihas condition are no langer maxanally efficient at
|-u||1'_|.uu.- wislowitlers. When water hyacinths are used in per-
et shuniicn | waste trcatment systems, periedic harveuing
ol abimiaged analf o satunated plants may be pecessary if the
el ol fosiy lieavy metals is very high

Siiwee the plant stems and beivves, as well ns soots, were found
T wonton heavy metals, no part of the harvested plants can be
sl s Focal am fentilire s, However, the harvested Manis can be
sl sy Torthe prsd uetion of biogas. W hole harvested plants
forreanam g shudge, i hingas is prod veed) should be put ina pit
v lly abes el s elinsinate ground water infiliraiion. Such j
(e as plamwed v be wriliced a0 the NSTL zig-sag lagpoon, Crver o
st il ol yuars, e heavy metnls in the pit may sccumulate Lo
fesels Tugh vimeugh that | heir exiraclion becomes econamically
lvasible. Such small “mining™ operations - particularly of
silver amay  piave 1o be an elficlent wzthed of recycling
saluichle metah for indssinal use,

Phetetimining the aptinal rese ntion time Tor asysiem designed
fae pemnine hvavy metals iy eomplicated by the fact that these
sebatiiiecs realily usdergo ehelation in the presence of 1he
pganic chenialy sl discharged into the system .} Although
plants wall sagmdly 1ake up metals in the jonired form, chelated
it are ot iead iy sorted by the plant roots, Some ¢ lvelates
At very stahbe and can be hroken down only by active microbial
sdeprndition, e degridation has occurred, the plant roos
will vadily san b nhe Tiee mectal fone. Moae rescareh bs needed 1o
tinlerstind 1he tame Lay engencered by the process af chela-
el sl abegradaiion and ihe effect of this proceis an
detcrankning the propes sclention time for maxmum renvaval of
bieasy mgtals foaem he sysiem,

As & result of the water hyscinth's demonstrated ahility 1o
treat cherical waste elfectively, the vsperimental gann system
has hetin pedmarently irsialled a1 MSTL,

In comnleination with microongsisms, guatic planls seeli s
witer hyavinths must be seriously considered in developing
filtasinion syaleins for r'tmu\'ins Irave Ml chemicn's well mi
Bewvy mlale and carcimogenis ogaifes, Fos Lige andusirial
systems, use of the waler hyacinih may be fimited 1o wurm
dlimates, hut small volume diatinng should  cnnsides
Ereenbsise techmiques for maintaining these plae Additionsl
tesdirch ind soreening showld be cunducted wilh the musiscriog
chumbicals found o indavirial wiste to establish chemical
canceniration levels that the water hyacinth and other aquatic
plants can tderwte and remove,
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