R e e R
B b

Journal of the Mississppl Acndemy of Scienced

. Aquatic Plants For pll Adjustment and Removal Of Taxie Chemicals and
Dissolved Minerals From Water Supplies

B. C. WOLYERTON, PH.I.
Benior Reserack Sclentist
Mational Asronautics and Space Administration
John 0 Stennis Space Center
Stennis Space Center, M5 F3520-6000

BYROM KEITH BOUNDS
Chesmist
Sverdrup Technology, Inc,
Jokn © Stennis Space Center
Stennis Space Center, M5 S028-60010)

Abstenct. Microbial plant filter systems with torpedo gross [Fanicum re-
pensl and Southern bulrush (Seirpus californicus] were wvaluated for Lhair uti-
Lty in adjusting pH levels and remeving potassiom ferre eyanide, pataasium
eyanide, pentachloraphenol (PCP} and dissolved minerals from contaminated
water. Tho initlal concentrations of eyanides were In the range of 0.1 &528 ppm
ard all were reduced to<0.2 ppm in 24 hrs with bulrush, The initial averags

POT eancentration of 0,85 ppm was reduced Lo an average of 0.04 ppm In 24 hra
with torpeds grass.

The total dissolved sollds ITDHS) in the torpedo grass filter system were re-
duced fram 988 mg/L to BEB mg/L in 7 days with & 10% water loss due Lo

evapotranspartation, Adjustment for the water kess reprosents a TDS removal
rate of approximately 83%.

Plant/rock {(lters slse demonstrated the sbility w0 adjust pH levels from &
to near 7 in several hours,

Introdueilon, The rapid growth aver the past few years of using aquatic
Pants for treating various types of wastewale is evidenced by the many pub-
lieations in this aren (4,6,9,10,12:17,21-46]. The National Acronautics and
Space Administration INASA), at the John . Stennis Space Center (S5C) In
South Mississippi, has beon conducting resoarch In the field of vascular plant
use for space and earthly applications for over 16 years, The Injtial effarts in-
volved aquatic plants in lagoons and microbinl filters for treating and recycling
domestic wastowster and toxle heavy metal rmoval. These suthors kave obe
sarved that several vascular aguatic plant ppocios am VEry versatile and ara
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capable of mproving water quality in many ways. A series of experiments,
using rock filters that supported the growth of two nquatio macrophytes, tor-
rede grass (Pandeum repens) and Southern bulrush (Scirpua californieus), wors
conducted to remove toxic orgenics and Inorgonics, reduce dissclved solids in
Lha form of mineral salts, snd bulfor pH oxtremes back to neutral conditdons,

Pentachloraphenal is a highly toxie phenolic derivativoe that Is widosprend
inits distribution mainly due o its use in wood preservatives and pesticides, It
is structurally persistent and is considered potentially carcinogenic when in-
gested, inhaled or absorbed through the skin, It has been listed by the U, 8.
Environmental Protection Agency (EPA) as a priority pollutant for screening,
and I8 Lhe subject of athor dagradation etudies (6,7,11 ).

Likewise, eyanide and its derivatives are Usted a8 regulated inorganic pol-
lutants by the US EPA with o maximum allowable quantity of 0.025 mg/L in
drinking water nccording to 1965 amendments of the Safe Drinking Water Act
of 1674 (18}, T is primarily used in the phologrophy Industry, In the extraction
process of predous métals and as o precurser in the manufacture of plastics,

Another parameter of growing concorn in our witer supplies is dissalvod
solida, When the total dissolved solid levels in water are greater than S00mg/L.,
the water in consldored undesirable as a source of drinling water and Irrigation
prablems are created for farmers grawing certain crops. Each year, more agri-
cubturnl land is loat from production as a rosult of saline conditions caused by
Irrigation. Ta date, approximately one-tanth of the warld's 200 million ha (819
million ac) af irrigated lnnd has detoriorated because of salinization (2], Appro.
wimatoly six million ha (15 milllon sc) of mederately saline soil are faund in
MNosth America. Another type of salinity problom ecourring In regions such ns
ihe Minslssippd Gulf Const is created by Intraslon of salt water from the Gull
into the ground water used for both drinking and irfigation purposes.

Currently the mast prominent method of removing salt and other dis-
polved solida frem water gupplies taday is reverse camosis. Reverso osmosis ro-
quires that the influent water be pum ped, usually under high pressure, through
specin| membrana filters in order to cause the migration of dissolved sulb-
ntances ina direction againat the natural oamotic pressure, This procesa Is very
costly, energy intensive, and has various other problems, one of which is the
Liobagical fouling of the membrane that decreason tho MNow rates and in turn Ine
creases the pressure required to achieve the desired water flow. As a result of
the fauling problem fraquent, time consuming, and costly membrane eleaning
miusk be dane.

To data, biological methads of anlt romoval using halophytos o salt-con
centrating plonts have received little attention. However, the ability of certain
planta, both nquatic and terrestrial, to concentrate nalt is widely recognized
(13,200,

Increasod intorest in phl ndjustment of water suppliea has doveloped ba-
cavse of the concern generated in acid rainfall studies, Ressarch has shown that
with increased nitrogen oxide amissions from motor vohiclen nnd sulfur dioxide
emisslans from conl-burning plants, a reduction in tho pH of rainfall and other
farms of precipitation is detected. Redueed pH in water supplies direatly afl:
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fegts drinking water sources, irrigation supplies, wildlife and man-made ob-
Jeats.

A promising, alternative to reverse osmosis and other physical treatment
processon for waber quality Improvement wan domonsteoted in this study, The
sequentinl supporting experiments are outlned Delow.

Description of Experimental Systems, Two galvanized steed troughs (50.5
con W ox 308 cm D x 298 cm L), Glled with recka (2.5 - 7.5 em in diamater | wero
used as microbial filters, These filters were spproximately three years old snd
wore well eonditioned with an netive blofilm doveloped in previous domestio
wislewaler oXperiments,

Oivo trough wos planted with torpeda grass (Pancium repens) apgpeosi-
mately § months prior to experimentation. The second trough was planted with
Southern bulmash (Seirprs califernious) approximately 3 montha prior to ax:
perimentation. Dath plant species were well-reoled in their respective [llters.

Procedure and Analyses. In the first phase of study, pentachborophencl
{PCP) in o methanol concentrate was mlxed with freshly collected domestio
wastewster from one of the SEC logoons in a polyethyleno plastic contalner
that sarved ns n chemical reservoir during testing, The PCP-ppiked wastawater
wis pumped Into the rock filters using ColelParmor Serles 7140 motering
pumps, The pumping rate was controlled to sllow & 24 hour retention time in
pisck fllters, Routing snalyses were done an the samples to et for pHl, dis
solved oxygen (DO tempernture, five-day biochemical oxygen demand
(BODy | snd total organic carbon ITOCL All analyses followed procedures cuts
lined in Stondard Methads {18).

Samples for PCF wore collected In glass containera ond extracted ime
mediately following collection. The acid extraction of PCP was perfermed ac
cording to Longbottem ond Lichtanberg {B] and the concentration wan detar:
mined In & Howlett Packord Model BBBIA gas chromatagraph equipped with n
flame ionizationdetoctar {FID) and & HF 26 m Ultra Performancs croaslinked
5% phenyl methy] silicone capillary column.

In the second phase of study. two eyanide compounds, potassium ayanide
and potassium ferric cyanide, were used individually in place of the pentach-
lorophanol for 4 and 2 weok experimental duratlons, reapectively. Two different
cyanide compounds were studied to determinae if the plant systems would de-
monstrate o selective preference. Cyanide concontrations in influent and ef-
Muent samplos were measured using an Orlon 001 Tonalyzer equipped with a
Model 0406 cyanide ion electrode. The routine analyses previously dascribed
were also porlormed on the samples,

In the third phase of study, the same two plantSrock Gllers wene uaed in &
batch study of salt uptake by the plants. Eight compounds, calelum chloride,
sodium chlorlde, magnesium chloride, potassium chloride, calciom sulfate, so-
dium sulfate, magnesium sulfate and potassium aulfate wers collectively mixed
in TEL (20 gall of water to achiove a 0.01 m concentratlon of each salt and intro-
duced Inta ench af the rock filter trougha. An influent ssmplo of the salt salu:
tion was taken prior to addition to the rock filter and offluent samples were cal-
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lected on a dally basis from the opposite end of the troughs, The rocl filters
were drained and the salt solution wes chonged on a regulnr basis cither at a 7
oF 14 day interval, Teating was done dally for pll and TDS, Wator levels in the
troughs were measured daily and recorded to caleulate water lase due Lo plant
uptako snd ovapotranaparatlon,

In the final phase of experimentation, the additional salt was not addod
and the pH of influent water was reduced to spproximately 5.0 using con:
centrated Hp50y4. The testing was maintained in a batch methad and samples
wara callectod hourly far the firat thres howrs and then daily for o seven day
period. Influent samples were collocted prior to entoring the rock fliers and
eflluent samples wero collected at the opposite ond of the Tlters, pH readings
wire tnken using & Fisher Accumenth pH meler,

Hesulta. Average data from 33 pentachboraphenal (PCP) experiments us
ing the rock filter with torpedo grars during o nine wealk periad is shawn [n
Table 1. The Initial FCP concentrations ranged from 0.17 £o 5.7 mg/L and the
removal rates for o 24 hour retention timo ranged from 76.6% to BB A% with on
average of 0645,

Table 1. Pentachlorophenal data for torpedo grassfrock filter.*

Average Copcentrations

Infuent EfMuent
pH 068 4 044 6.90 + 0.20%"
DO, mgsL 3 + 13 41 # 1.1
Teamp, "C 240 4 4.8 ML 4 16
BODg, mgdL 1HEE + 465 28 4+ 112
TOC, mg/L 655 + 19.0 3 4+ 54
Pentachlorophenol 085 + 1.2 04 A4 0.08
(PCT), mg/L

*Average data fram 33 experiments
#*Standard deviatlon

The efficiency of a Southorn bulrush nguatic plant marsh flter to remava
patass|um cyanida and potassium forric evanide from water contaminated witl
these chemicals is shown in Table 2, The initial potassivm cyanide concentra-
Hons range from 0.2 to 6,35 ppm while the levels of petassium forrk ovanido
ranga from 3.5 to 328 ppm. Within & 24 hr period all eyanide lovels were re-
dused to below detaction levaln of 0.2 ppm. Mo dilferonce was soan in the Lar
pedo grass/rock filter's effect on the two different eyanide compounds.

In both the pentachlerophencl and cyonide studies, the plant/rock filters
were very effective in improving the water quality according te the routine
analyses that are aleo lated in Tablos 1 and 2, Bosed on the averages of the col:

T

ircerrrEded



4 e EA e

Table 2. Cyanide data Tor southern bulrush/rock filter.

Average concenliatlanes

Infuent Effluent

pH T.08 + 033 .06 4 ot
0, mg/ L 7 £+ 10 42 4 1.0
Temp, © M1 £ L& 254 4 1.0
BODy, mgsL BEE & 433 138 <+ 108
TOC, me/L 650 & 221 1.6 4+ &A
Potassium 30 %+ 18 =he £+ 0.4
eyanida, mg/L*

Potassium 126 4 103 <0E 4 00

forric eyanide, mg/L*%®

*Avorage data from 14 experiments
v*Standard deviation
espverago datn from B experiments

lective data of each study, the pH roadings of influent samples were buffered to
a more peutral pH of 7 and dissolved oxygen lovels were Increased on an aver
age of 0.5 mg/L for the bulrash/rock filter and 0.8 mg/L for the torpede
grass/rock filter, In bath filters the average BODg and TOC wera reduced
significantly.

The ability of Ssuthern bubush snd torpedo grass marsh filLers Lo remoye
total dissalved solids (TDS) in the form of calcium, potassium, sodium and
magnesium chlorides nnd sulfates is ahown In Figure 1. Theso two squatic
plants were similar in their ability to remove dizzolved minerals from water.
Greonhouso studlos demonstrated the potential of salt-tolerant plants such as
torpedo grass and Southern belrush for removing disselved minerals from
wator, For each 1.5 m ¥ af plant/filter surface area, npproximately 2.5 g of dis-
sedved minerals can be removed during the fiest week. In studios extended be
yond the first week, a continual removal of the dissolved minerals did grad-
uslly oecur until the plants roached & near saturation bevel. Therfore, iL can be
concluded that frequent plant harvesting will increase the mineral remowal
rates, Greonhouse obsorvations suggest that 8 9 week harvest intervals shauld
be maintained during the growing season. It can also be noted from data net
ghown Lhat pH levels in Both plantfrock filters were reduced from an average
pH of 6.1 of influent samples Lo 6.5 of effluent samples within 24 hrs.

Bulrush marsh filters liave alss demonstrated the pbility 1o ndjust pH
levels from 6 ta near 7 within 24 hrs 2s seen in Figure 2. This eflfect can also be
soen §n the pH rosults of th torpedo grass marsh filter, indicaling thet both
plants have the ability to talerate acidlc pH conditiens. n both filters, Lhe buf-
ferecl pH of approximately 7.0 was maintained throughaut the T days of test-

ing.
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FIGURE 1. ARTIFICIAL MARSH WASTEWATER TREATMENT SYSTEM
COMBINED PLANT/ROCK FILTERS TO REMOVE DISSOLVED
MINERALS FROM WATER.
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FIGURE 2. ARTIFICIAL MARSH SYSTEMS USING SOUTHERN BULRUSH
FOR ADJUSTING THE pH LEVEL IN ACIDIC WATERS.
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