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Wetlands

- Treat Wastewater Naturally

By imitating and enhancing the natural
cleansing functions performed by wet-
land ecosystems, cnnst.ru-:t-:d wetlands
can successfully treat a variety of waste-

waters. Thruugh collaborative efforts at

THE STORY IN BRIEF

sites across the United States, EPRI is

directing an applied research program to
engineer and optimize constructed wetlands for treating leachate from
coal combustion by-products, coal pile runolf, acid mine drainage, and i_
other metal-bearing utility wastewaters. Meanwhile, in comple-

mentary laboratory research, the natural biological, chemical, and

physical removal mechanisms that occur in welland soils, mi-
croorganisms, and plants are being explored at unprecedented
levels of detail, and genetic engineering and other innovative

approaches are being applied to accelerate treatment processes.
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ctlands are among the
most produciive of
natural  ecosystems,

sharing the character-
istics of terrestrial and agquatic environ-
ments and acting as buffers between them,
In these transition zones, plants and mi-
croorganisms interact with water and sed-
iments, reducing the biological, chemical,
and physical impacts of the intersecting
ecosystems on one another while fucling
wetland productivity,

From ancient civilizations in China,
Sexico, and Egypt all the way up to the
present, human and other waste streams
have heen direcled to wetlands., Wetland
processes have thus been prolecting sur-
face waters from terrestrial discharges for
thousands of years, bul their purification
potential was not formally recognized un-
til Fhe 19605, Since then, intensive research
and municipal, industrial, and agricultural
expericnce indicate that filtering, floccula-
tion, precipitation, nutrient uptake, photo
synthesis, decompuosition, volalilization,
and other natural processes bransiorm
many pollutants—such as excess nitrogen,
CHOCES plmﬂphm'uf., 5!.1I-.p:-r1i.‘]r»;‘] solids, and
heavy metals—into biomass, harmless by-
products, or useful nutrients.

Matural wellands, however, do nol al-
ways function in the predictable fashion
critical to effective environmental control.
Moreover, they have great value beyond
their control capabilities: they offer unique
ecological, aesthetic, and practical benefits,
including wildlife habilat, recreational ap-

porkun ities, g

romand water recharging, [ood
control, and coastal protection. Construet-
ed wetlands enable sociely to reproduce
and exploil the treatment '."rl]m':‘f.]:.lit:ﬁ of
natural wetlands while protecting and pre-
serving those dwindling coosystems.

In constructed wetlands, the processes
intrinsic to natural svslems ocour in o
highly engineered environment, with soils
and other substrates, vegetation, microbial
consortia, flow patterns, size, and other
characteristics tightly controlled to reduce
variability and increase treatment effec-
tiveness. Many processes are decoupled
and fsolated in individual wetland cells
that perform specific treatment functions
or largel specific contaminants. Waste-
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Intelligent design and cngineering of

constructed wetlands are the keys to
cost-effective cleansing of utility waste.
waters, The constructed wetland at
Allegheny Power's closed ash manage-
ment facility near Springdale, Pennsylva-
nia, includes four vegetated aerohic
cells. To create these cells, basing wers
excavated and lined, substrales were
installed, and various species of aguatic

vegetation were planted.

water Flows by pravity—either above or
below the ground-—through these oells,
which wetland designers select, sequence,
and size on the basis of d'i:-i{'l]i-l.TEl..‘ charac-
teristics and treatment goals,

“Propetly designed wetlands greatly
exeeed the treabment capabilities of nat-
ural syslems, even H-.nu;:,h tht‘.}r‘ may [k
wholly unlike wetland ecosystems,” says
[ohn Goodrich-Mahoney, EPRL project man-
ager, “What appear to be lifeless ponds,
mats of algae, or piles of rocks are actual-
ly highly engineered treatment cells; the
cleansing processes occur in substrates, the
waler colummn, and aquatic planks and or-
ganisms, all of which are manipulated to
optimize retention, absorption, transfor-
mation, and control of specific pollutants.”

Technology drivers

Tighter restrictions are being comsidered
for chemical releases to surface waler bod-
ies regulated under the National Pollutant
[hscharge Elimination Svstem (MPDES),
Although a number of states have adopl-
4 aggrcssi_vc' toxics control ProOgrams,
the Great Lakes Water Quality Initiative,
or GLI—an international effort to ensure
longz-term protection of Morth America’s
largest freshwater ecosystern—is the force
behind many of the changes at the federal
lewvel,

Heavy metals commonly found in util-
ity wastewalers are among the GLI's pri-
mary targets. Although typically found in
discharges at very low levels, these metals
can contaminate sediments and can hio-
concentrate in aquatic food chains, pos-
ing potential risks to wildlife and humans.
In the Great Lakes watershed and other
basing, traditional discharge standards,
which are based on the treatment capabili-
ties of existing technologies, are proving
inadequate o mitigate these risks. More-
stringent water-quality-based effluent lim-
ite—possibly set at or below detection lev-
els for trace elements—are under consider-
ation. In addition, NPDES permils thal do
not currently incorporate lirnits on trace el-
ements may be rewritten, and previously
unregulated discharges are facing scruliny.

Conventional chemical treatment tech-
niologies fer metal-bearing utility discharg-
o5 are resource-intensive, requiring cheimi-



cal additiens, ENETEY i!I]JL]l!-._, human su-
pervision, and regular maintenance. Fiaz-
ardous by-products like chemical sludges
can be generated, resulting in disposal
costs, And these syslems may not even be
able to reduce frace element concentra-
tions 1o the levels called for by emerging
water quality criteria. Constructed wet-
lands, by contrast, are langely seli-perpetu-
ating. Resouroe inpuls are minimal once a
wetland is installed, and ne undesirable
by-products are generated. Gravity typi-
cally controls flovw, and treatment 1z medi-
ated by microbial processes, aquatic plant
wrowth, and natural chemical and
physical mechanisms. Fuel and man- F
power requirements are at oan ab-
solube minimum, resulling in signifi-
cantly lower operating and mainte
nance (D) costs,

“In numercus municipal, agricul-
tural, and industrial applications
over the past 20 vears, constructed
wellands have proved highly effec-
tive at reducing trace metal concen-
trations bo rxl'-:t:1n|.*|':,= low levels,”
says Robert Brocksen, manager of
EPRI's Water Toxics Assessment & Wa-
tershed Management Business Area.
“Meanwhile, the rapid evolution of

the electricity enterprise is creating a
market incentive for transfer of the
technology to the power industry.
Constructed wetlands align with both
coal reduction and  environmental
stewardship—near-ubiquitous busi-
ness goals in the increasingly competitive
marketplace.”

In collaboration with utilities, environ-
mental engineering firms, and the Univer-
sity of California al Berkeley, EPRI is di-
recting a comprehensive program to de-
velop design and engineering guidelines
for the treatment of commen melal-bear-
ing waste streams, Cngoing activities in-
clude demonstration projects o breaden
the I';".\:'l}f-_"r'ii-'ﬁ('l-‘ baze: ficld and lilbul'dh:ll'}"
work to increase mechanistic understand-
ing of treatment processes; and experi-
mental work to accelerate or otherwize en-
hance removal of specific contaminants.

“EPRI's program is introducing new di-

mensions to constructed-wetland technol-
£

ogy.” savs Goodrich-Mahoney. "MNever be-

At the Springdale wetland,
tha leachate is pumped over
a concrele acralor on its
way to an equalization basin,
where most of the iron
removal eccurs. The aerator
introduces the oxygen
necessary for the chemical

reaction for iron remaval.

fore have tundamental treatment mecha-
nisms been explored at the lewvelz of detail
afforded by advanced analytical tech-
nigques, and our efforts to oplimize these
processes are on the leading edge of mi-
crobiology, plant physiology, genetic engi-

neeting, and other disciplines.”

A brief history

The power industry’s experience base
with construcked wellands is relatively
limited. And results have been mixed.
Maost utility systems were designed and

constructed in the middle to late 19805 on

the basis of numerows successful ﬁp]?'ﬁc'ﬁ-
tions by the coal mining industry. Acid
mine drainage is similar to such matal-
bearing utility wastewalers as runoff and
seepage lrom coal storage and preparation
areas and leachate [rom some combustion
b:r'-prn_'b-cl'.u:l disp:}s.nl tacilitics, Common
concerns include low pH; high acidity;
high concentrations of iron, MANEANLEE,
and aluminum; and trace concentralions
of arsenic, boron, cadmium, chromium,
copper, lead, nickel, selenium, zine, and
other chemicals,

In 1983, the Tennessce Valley Authority
installed the indusiry’s first constructed
wetland—a system to treat acid seepage
fronm an earthen dike surrounding a coal
slurry pond at the utility’s Fabius coal

preparation plant in Jackson County, Al-
abama. This initial TVA system, an im-
r_‘mundmenl‘ that i still l.’:ll.‘li'i'c'lli.['lf,_" ti_'ld'd_‘,'_.
has always produced compliance-quality
discharges requiring no additional chem-
ical treatment. “That's nol o say we
haven't had to climb a learning curve
in terms of design, construction, and op-
eralion,” says Gres Brodie, TVA program
manager for water and wastewater, “The
impoundment has succeeded only because
of serendipily,” he explains. “Seepage just
happens to fow through a berm con-
shructed lm'g::-l}-' of limestone; thal intro-
duces alkalinity, which results in efficient
irom removal. [t ook us quite a while to
figure oul why the system worked. We
know a lob more now than we did in the
T8

Other carly utility systems have been

plagued by problems. One example 15 a

construcked

wetland  designed o treat

highly acidic seepage from an ash pile in
western Pennsylvania. Although the sys-
tem reduces acidity levels and concenlra-
Homs of iron, manganese, and aluminum,
it produces a noncomplying discharge be-
cause it 15 undersized for the incoming
mass loading and lacks the alkalinity-
producing components now recognized
as critical. Tn addilion, the system has
been cverwhelmed by high flows during
storme, As a result of these problems, the
wetland is functioning only as a pretreat-
ment unil; its effluent fows b a chemical
system for additional acidity reduction
and metals removal.

“The problems experienced al this wel-

land site are complelely aveidable today”
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Water, sediment, and vegelation samples
from the Springdale wetland cells are
being analyzed to increase wnderstand-

ing of treatment mechanisms.

says Goeodrich-Mahoney. “The LL{‘.}-'H arein-

creased knowledge of wetland processes
and intelligent system design and engi-
neering.”

Intelligent engineering

A constructed wetland installed under ai-
lered collaboration with Allegheny Power
illustrates the detailed engineering process
required o develop effective treatment

In vegetated acrobic welland cells,
aquatic plants and soil microorganisms
work tagether to remove heavy metals
and other discharge constituents. In
the root zone, roots and associated
microbes can alter soil chemistry to
sequester contaminants, root hy-
products can create localized environ-
ments in which metals concentrate, and
bacteria can facilitate uptake by plants.
Once contaminants enter a plant's
vascular system, they typically concan-
trate in aboveground tissue. Some can
be volatilized and released to the atmo-
sphere in nontoxic forms. EPRI is work-
ing to clarify and optimize all these
treatment processes,

20 EPRIJOURMAL  Jubyifugust 1937

syslems. Localed at a closed
ash manzgement  Facility
near Springdale, Pennsyl-
vania, the system was de-
sipned to treat an under-
drain discharge rom the fa-
cility into Riddle Run, a szl tributary of
the Allegheny River.

“Because the Springdale site is un-
manned, we were looking for a passive,
economical treatment technology with low
CricM requiremients and the ability to meet
stringenl NIDES limits for iron and other
contaminants,” says Rick Herd, strategic
environmental management advisorat Al-
legneny Power. “Since 1988, we'd been op-
erating a relatively primitive constructed
welland at our Albright ash disposal facil-
ity with mixed resulls: compliance with
iron limits but less luck with manganese
and a couple of other trace elements. W
were confident that the lessons learned at

Albright, along with the expertise andd pe-

sources EPRL broughl o the table, would

resull in a more intelligent and effec-
tive design for Springdale.”

The Springdale system's design is
bazed on PERT™—Phased Element Re-
maowal Technology. The FERT approach
[or identifying, ordering, and sizing
breatment process steps has these un-
de]'l}r;ng F:rirwiplt'ﬁ: 1o eflect Edl'l}-' re-
mowal of high-concentration contami-
nants or constituents that could canse
operalional problems downstream; Lo
ensure compatible input and output con-
ditions betwesn cells as well as optimal
treatment conditions within cells; to main-
tain close hydraulic contrel; and to pro-
vide conservative flose and reatment ca-
pacity margins. “These principles guide
the engineering ol sile- and discharge-
specific designs for constructed-swetland
systems,” says Terry Rightnour, president
of EES Comsultants, the design contractor,
“Designs employing a series of treatment
cells have proved Lo be most effective: each
cell can be customized, and a compart-
mentalized lavout enables individual cells
te be maintained withoul disrupting the
trealment process,”

The Springdale leachate is characterized
by a neutral plTand average lotal iron and
manganese concentrations of 13,48 mg /L
and 274 rTI%_""."l]._, n:r—:r_lcl_'lh’l.'_']‘_i-'. The con-
structed wetland, installed in the summer
of 1995, consists of an equalization basin
followed by eight sequential treatment
cells: Four vegetated acrobic cells, two aer-

obic rock drains, one anasrobic or-

gi;mit; lIP.:ll:H-‘.-' cell, and an al-
gal basin with a sand fil-
ter. “We [ocused on the
proper design and sizing

of the equalization basin

and the vegetated aere-

bic cells to ersure that all
iron is removed early in

the treatment process,” says



Goodrich-Mahoney., “Failure to  re-
move sufficient iron can affect micro-
bial processes thal control downstream
manganese removal and can also result
in the clogging of sensitive substrates
critical to the extraction of trace met-
als,” he explains.

Leachate s pumped from the toe of
the ash disposal Iht‘i]H}' aver a conorets
aerator and into the equalization basin,
The basin, basically a concrete-lined
pond, moderates How to the downstream
cells and removes most of the dissolved
iron. The acrator introduces the (VTN
necessary for hydrolysis of the dissolved
irom and subsequent settling of iron pre-
cipitates. About T of tofal iron s re-
maved by the basin, Some trace metals are
also removed there, binding to and copre-
cipitating with the iron hyvdroxides,

After floweing by gravity through a sock-
lined diteh where additional aeration and
iron precipitation oceur, the basin's efflu-
enl enters the first of the four vegetated
acrobic cells, The system components that
look and function most like natural wet-
.l-l.’”'IL'ih'-.. l]'l.l'!."-l'. 'i.'l"“."-t .‘;llljljﬂ]’t 'l":lr'i()'li!-i H'l'Jli'I:'iL".‘-'\.
of aguatic vegelation—including catlails
and several grasses—on a submerged,
higheorganic-content substrate. Wumerous
environmental control processes ocour in
the water column, in sediments, and in the
ront wone I:L'l'Li?.I:IH]'J]'I(,'t]'E":I and vascular Sys-
tern of the aquatic plants.

Oin the basis of carly studies of wetland
processes, the dominant treatment
mechanism for heavy metals was
believed to be direct uptake
and sequestration by agqua-
tic plants. Now microhial-
Iy mediated transformations
are recognized as the most
important mechanism,  buk
wetland plants are essential,
creating the oxidized rhizospher:

that fosters the growth of
specialized  microbial com-
munities. In the rhizosphere,
these aercbhic bacteria facili-
lale ool system uplake of
metals from the soil; plants
transport these substances to
abovegrround biomass, where
mesl concentrate bul some
volatilize to the atmosphere. Reots and
their associabed microorganisms also can
alter soil chemistry, stabilizing and reduc-
ing the bivavailability of metals. In addi-
Hon, rocks can create chemical environ-
ments that promote the absorplion and
m*t['.l:—*!—;?r.‘qtinr. of ]1{:1|'._|?;1nf'—'~ and support
ricrobial degradaticn,

Al the Springdale site, the four wetland
cells remove residual iron, most of the dis-
solved manganese, and some lrace metals.
The initial cell removes most of the resicd-
ual irom, lowering its concentration to 0.3
mgd L. This cell alzo removes approxi-
riately half the manganese, with further

reductions occurring in the remain-
ir three cells.
The first of two aerobic
rack drainsg receives efflu-
ent trom the final aerobic
wetland cell. As the el-
fluent Aosws over and e
tween rocks of varous sizes,
the rock surfaces provide a

growth substrate for “black slime”

Twao rock drains at the Springdale
watland harbor microorganisms that
promote manganese removal. Be-
cause iron is known to impede
manganese uptake and sequestration,
the system was designed to remove
all iron from the leachate before it

enters these drains.

bacteria. .-"L|'.|m1.;:.;|1 Ll phy:@in]ngim. Lrcak

ment mechanisms have not yet been iden-
tified, these bacteria oxidize dissolved
'n:;u'.gnrwﬁ:;' e]r'.d "-il."l]l'l('h‘il.‘:r -1 a5 I'I'Ii;!'lli;é]-
nese dioxide, reducing its concentration
to less than 01 me /L afler the initial rock
drain,

Effluent fronm the second reck drain en-
ters an anacrobic organic uplflow bed,
which was installed fo remove trace met-
als via bacterial sulfale reduction in an

anoxic envitonmenkt The u['.EIuw 1':1|:|i;!;u-

In rock drains, stacked layers of lime-
stone riprap provide surfaces for the
colonization and growth of hiofilms
composed of “black slime" bacteria. As
the leachate llows around and belween
individual rocks, these microorganisms
oxidize and sequester dissolved man-
ganese. The biochemical reactions
underlying this process are not fully
understood, but the end result is that a
manganese dioxide precipitate forms on

the rock surfaces beneath the biofilm.

R e e A
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ration, in which the discharge fows
through perforated pipes installed at the
bottom of the bed and then upward
H"Irl.'l'llg';]l il :‘-'-P‘|'|'I| |I'|l|:‘-i|'|!'l:|{1|l'| 'i"l'll'l'lpllﬁl HLJI:)'
strate, maximizes hydraulic control, Bacte-
rinin the anoxic substrate generale sulfide,
thus promaoting the scavenging of trace
metals and the subsequent precipitation of
metal sulfides.

The final cell is a combined algal basin
and sand filter. 1 removes suspended
solids, providing tinal polishing and clari-
fication of the discharge before its release
through a flow measurement Mume and in-
tor the high-quality receiving-water stream.

Since being brought on-line in the fall of
1995, the Springdale systerm has remeved
an average of 97% of total fron and 25% ol
dissolved iron, bringing the 43-gal /min
[average] discharge well under its NPDES
limit for this constibuent. Eemaoval efficien-
cies of 89% [or manganese and 79% [or
aluminum have been achieved. In addi-
tion, signilicant fractions of the trace ele-
ments arsenic, beryllium, molvbdenum,

nickel, and zine are being extracted.

Because research has shown that trace
metals can be efiectively removed by
sulfate-reducing bacteria in an anoxic
arganic environment, the Springdale

designers included an anacrobic upflow

| bed in the system. The leachate, intro-

| duced through perforated pipes at the

E bottom of the bed, flows upward through

| spent mushroom compost. Bacteria in
this anoxic compost produce hydrogen
sulfide, which reacts with trace metals
to result in the precipitation of metal
sulfides. (A wetland being constructed
by Alabama Power will also have an
anaerobic bed, but for site-specific
treatment reasons, flow in that bed will
be downward, nol upward.)
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“Oar constructed  wetland  not only

achieves permit compliance but also is
mon:  cosbeffective  than  conventional
chemical systems,” says Allegheny Pow-
er’s Herd. According to the first detailed
economic comparison of realment alter-
natives, the tetal projected costs over the
next 50 years are $2.5 million for the
Springdale installation versus S48 (o 5.8
million for comparably sized chermical sys-
terms: The welland’s advanlages arise from
lows bl costs: passive operation
minimizes the need for supervi-
sion; no chernical additions are
required; ne sludge is gener-
ated; and the only regular
maintenance task is boore-
move iron precipitate accu-
mulations, which is expected
tia |_'l|.._" nrl_'l.._'\_'h";i‘:'il,':r" .;'ll,'.llf'll.]l_ CELIC

overy 10 vears,

The Springdale discharge flows upward
through an anaerobic organic bed where
the removal of trace metals is facilitated
by microorganisms. The upflow configu-

ration maximizes hydraulic contral.

In recognition of these attributes, Al-
legheny Power received a 1996 Industrial
Excellence Award from the Pennsylvania
Water Environment Associalion for the
most promising and cost-etective new
wastewater treatmenl system constructed
in Pennsylvania. According to Herd, the
company plans to mentor the technaology
in ]:lrl:rl.n-::mhip will the slate’s Department
of Environmental Protection, working
with citizens” groups, schools, and cus-
tomers to promote indostrial applications
af constructed wetlands in iks service ter-
ribory.

The use of constructed wetlands at other
Allegheny Power facilities is currently un-
der evaluation. In addition, knowledge
gained [rom the Springdale site is being
applied to upgrade the ubilite's initial Al-
bwight system. A rock drain is being added
to provide a final treatment cell that will
increase the removal of manganese, a prokb-
lem constituent since the wetland was first

inatalled.

Mew application

Coal pile runolf is the treatment target for
2 wetland system being |.'||_‘5-:ig|‘|r.‘l.‘| and con-
structed under tailored collabora-

tion with Alabama Power, “Un-
like the Springdale leachate,
this storm water discharize
is highly acidic and thus is
similar e metal hr.‘.m'[:lg
acid mine drainage,” says
Coodrich-Mahoney. “What
makes the systerm unique is

that it will be the first power in-



dustry application of constructed  wet-
lands for treating this common nonpoint
sorce of pollution.”

The runoff has a pH of less than 3 and
high concentrations of iron and aluminum
—all characteristics known to create oper-
ational problems in constructed wetlands,
Anoxic limestone drains (ALDS) are the
conventional approach for producing the
alkalirity required lo neulralize acidic
waste streams that have low levels of dis-
solved oxyizen, such as coal mine drainage,
As a surface discharge, however, the coal
pile runoff has enough dissolved oxovgen
to oxidize disselved iron. The resulling
precipitate would form an armoring layer
on the limestone surfaces, eliminating an
ALLYs bulfering capacily.

Successive alkalinity-producing systems
(SAPS) are an emerging buffering approach
thalt will be a key component of the Al-
abama Power wetland, SAPS have a rich
organic layer with an inherent oxyvgen de-
mand; this layer, which is similar to an-
aerobic organic upflow beds like the one
installed at Springdale, sits atop a conven-
tional AL, In the Alabama Pewer appli-
cation, the acidic :[i.n:{'!lilrj;r will flowe from
a detention pond into the SATS, The dis-
charge will meve downward through the
organic layer, which will reduce its dis-
solved-oxyzen content and thus prevent
iron precipitation when llmdfﬁl.:hurg-;: [ows
through and is buffered by the limestone
bed, Sulfate-reducing bacteria in the or-
ganic laver will provide additional buffer-
ing. At the SAPS cutlet, the discharge will
be characterized by near-neatral pH, and
it thus will be ready to How by gravity fo
an equalization basin for iron precipitation
and then to other cells for manganese, alo-
minum, and trace element removal.

Acstorm waler convevance system and a

detention ]'.m'.-nrj are under construchon.

According to Bill Garretl, senior en-
vironmental engineer in Alabama
Powrer’s Envirorimental Affairs Die-
partment, pilot-scale tests will be
conducted during the fall and win-
ler Lo examine various ways o pre-
vent the plugging of wetland cells,
a common problem for discharges
with a high aluminum content. Cor-
struction of the actual wetland sys-
lem is planned for 1994,

“This project represents a unigue
oppoerlunity for Alabama Power,”
says Garrett. “Because we are under
nir regulatory pressure to treat the
conl ]Jil:: runall, we can be envi-
ronmentally proactive while devel-
aping in-house experlise in con-
structed wetlands and exploring environ-
mental control approaches that appear
exbremely promising [or some of our other

waglhe management challenges.”

Treatment optimization

Cemplemmenting EPRIs constructed-wel-
land demonstrations are intensive field
and laboratery studies that aim to increase
mechanistic understanding of treatment
processes and develop methods foe maxi-
mizing the removal of specitic trace ele-
ments, “Detesmining the fate of trace ele-

ments 15 critical to optimizing welland

Allegheny Power's Spring-
dale wetland is cost-
effectively transforming a
metal-bearing leachate
{left] into a compliance-

guality discharge (below].

i

&

L,

A combined algal basin and sand filter
provides final cleansing of the Springdale
efluent before its release to Riddle Run,
a tributary of the Allegheny River. Sus-
pended solids introduced by the anaero-
bic upflow bed settle out of the effluent,
and residual metals may be removed by
wetland plants and microorganisms that
have naturally colenized the basin.
Additional plants and microbes may be
introduced on the basis of laboratory and
field studies at Springdale and al olher
wetlands being monitored in EPRI's
constructed-wetland program.
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desigh and management and Lo minimiz
ing risks,"” explains Goodrich-Mahoney.
e need to know hosw these elements are
removed from a discharge, where they re-
side, how long they stay there, and what
chemical form they take”

Al present, the only data available are
from preliminary ul‘uﬂ}'m'ﬁ of a TWA wet-
land that has been used since the mid

19805 o comply with permil standaxds for

a metal-bearing discharge. Core samples

Greenhouse-covered experimental cells
at Springdale enable Allegheny Power
and EPRI to ficld-test the treatmeant
effectiveness of wetland plant species.

from this system, a|m|_1,':-rt':‘| by using [T
LS. Environmental Protection Agency’s
towicity characteristic leaching procedure,
indicate that after 10 years of operation, its
sediments are nonhazardons, Toxicants
are present but not at ]'.ijrh concenltrations,
which suggests that metals are being re
moved from the discharge and trans-
formed to nontoxic forms or sequestered
in sediments, eliminating risks to down-
Stream ecisy=tems,

EPRI studies to determine precisely how
trace clements ovele through constructed
wetlands are being conducted by a multi-
disciplinary team of scientists from the
[,Ini\'rrh‘ir}' of California al Ht:l".-:-'.:]uj-' under
the direction of Norman Terry, pmhﬁﬂ.-;‘::' of
plant biology. Surface water, sediment,
pore water, and vegetation samples are be-
ing collected monthly from the Springdale
site, TWA'S Widows Creek installation, and
l]'l,l_" e CI_'I]_'CI'_'II_'.,'II'I ﬁ_‘:f':,-itl;"l'l'l :i'l'. '.'II.'|FT|'I l'.\i.']'l‘l]fll
California. {The Corcoran wetland, de-
sigmed and built by a team from Berkeley
and other UC campuses and the Tulare
Lake Drainage Dislrict, has 10 experimen-
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tal cells for treating an agricultural waste
shream condaining selemium and  other
trace elements common Lo ulility dis-
charges.) Samples [rom all the wetlands
are being analyzed to caleulate the extent
to which each of 26 trace elements is re-
tained in sediments and waters or assimi-
lated into the rocets and shools of vegeta-
lion. A primary goal is to better under-
stard the role of various species in the
cycling of these elements through wetland
CroEySLEms.

An advanced analytical tech-
nique, high-energy X-ray ab-
sorplion spectroscopy, 15 en-
abling the UC-Berkeley scien-

Movel conceplts fer optimizing the vamoval of

specific chemicals are being evaluated at TVA's

constructed-wetland research laboratory.

lists to examine the chemical transforma-
lions that oocur as i"ll:lll'r'll'il:' Eb:a:nl:—. absorh
and process trace elements. “Conventional
methods physically alter plant Lissue in ex-
arnining ils chemistry, whereas this tech-
nique allows in vive chemical analysis,
pj'-;j!.'iding a um'qm' l_‘.ilL'|IIrl" ol whal BOCS
on inside plants,” says Terry, “Tor the: first
time, we can track the valence state of trace
clements o determine whether “11‘:_1" FIrTE i

toic or nontoxic forms.” To date, a variety

of aquatic plants have been identified that
abzorb selenium and toxic metals and me-
talwalize them to nontoxic chemical forms,
"o m-:am]'u]:-', water |'|_l_r'¢|uir1l b can comvert
toxie hexavalent chromium (Cr') to non-
toxic trivalent chromium {Cr'). From a
practical perspective, the ability to iden-
tHfy whether a trace element is being con-
verted to a noentoxic ferm or whether a
particular plani can render a specific pal-
lutant nontoxic is a major advance, A wel-
land could be vegetated with 2 species
krown b eliminate a contaminant’s toxic-
ity, for example; then, at the end of the
growing season, the biomass could he har-
vested and used or discarded with no fear
of future toxic etects,

Studies of trace element wvol-

atilization by aqualic vegetation

have alse generabed signilicant re-
sult=. Typically pollutants are ab-
sorbed and immobilized in plant
tissues, bul some plants can vil-
atilize trace elements and release
them to the atmosphere. “Yola-
Hlization is a parteularly attractive
treatment mechanism, since it ve-
moves pollutants from an agqueous
medium and releases them in non-
toxic form to the atmosphere,” says
Coodrich-Mahoney. For a cone
atructed wetland in the San Fran-
cisco Bay Area, | IC-Berkeley scien-
tists have determined that wol-

atilization plays a significant role
alse identified controlling vari-

ber levels, pollutant concentration,
and plant growth slage. Shoot
removal was found to stimulate
volatilization in bulrush  plants,
sugaesting that vegetation man-
agement could be emploved to increase
trace element removal efficiency in con-
structed wetlands,

In addition Lo studying process mecha-
nigms, the other major thrust of the UC-
Berkeley program is to develop wavs to
optimize wetland treatment. In ome ap-
proach, wetland plants are being screened
b identily species most effective at alb-
sorhing, immaokbilizing, and/er volatilizing
specilic trace elements. To date, 13 plant

in selenium removal. They have

ables, including temperature, wa-
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species have been screened for the uplake

of 10 frace elements, Some :-:.|H'c'ic*5-: 1ri-

cluding water zinnia, parrot feather, and
umbrella plant—appear o be particularly
effective  for sequestering  specific ele-
ments. Malenl prolection is being consid-
ered for another promising species never

before considered for application in con-

alructed wetlands.

The influence of rl'uizuaphm'c: TICTEHIT-
ganisms on trace element immebilization,
transformation, and uptake by aquatic
vegefation is also being investigated to
identify and isolale particularly effective
microbes, In studies of soil microbes at the
San Francisco Bay Area constructed wet-
land mentioned earlier, bacteria located in
the rhizosphere of aquatic plants showed
higher selenium volalilizalicn rates than
those in the surrounding seil. "Surpris-
ingly, they also enhance selenium uptake

by the plants,” says Terry. “These acceler-
ated transtormation capabilities almost
certainly represent adaplations o a se-
lenium-enriched envircnment. We have
identified micrebe-plant associations that
exhibit enhanced remeval, suggesling a
possible management option: the intro-
duction of the microbes to the water inlet
ol a constructed wetland Lo promote colo-
nization and thereby increase treatmend
capabilities,”

In contrelled laboratory experiments at
UC-Berkeley, modern melecular biology
lechniques are being applied to zenelically
engineer plant species with superior capa-
bilities for trace element uptake, detoxifi-
cation, and removal. Several promising
I,r:Jl'u';igﬁniq_' Indian mustard lines have been
developed, Some of these produce in-
creased levels of the enzymes that mediate
selenium uptake and volatilization, Others
exhibil increased telerance Lo ht:nw,' el
als, such as cadmium. (If a plant species is
to provide effective heavy metal treatment,
its normal physiological functions must
not be adversely affected by its metal up-
Lake and storage capabilities.) Plans are Lo
duplicate these modifications in wetland
plants,

I acddition, a gene known o control the
detexitication of heavy metals in animal
tissue has for the first time been isolated

inn the plant kingdom. By incorporating

the gene into suitable wet-
laned plant species, the UC-
Gerkeley researchers hope
o increase the elficiency
of heavy metal detoxifica-
tion and sequestration by
constructed wetlands.
“The  preliminary  re-
sulls of cur genetics pro-
}:'I'il]'l'l T I:"'Kl'l'(']l'l(.'l_':,-' =
citing,” says Goodrich-
Mahoney,  “We've  only
scratched the surface, but
already there are tantaliz-

ing indications thal we

and methods for eliminat-
ing plugging problems in
ALY

On the basis of expe-
ricnce and information
sained  from coordinal-
ed field and laboratory
studies, EPRI will issue a
manual for designing and
engineering  constructed
wetlands 1o comply with
MPOES permit limits for
metal-bearing discharges,
In addition, the develop

ment of a model called

Indian mustard plants with

could  modify  wetland

plants o improve i

TWED (Treatment  Wet-

potential for enhanced

lands Evaluation amd [De-

selenium uptake and volatili-

physiclogical abilities tor
accurnulating and detoxi-
f":{'i['lﬁ ]'n:i'w\_,-' metals and
volatilizing selenium and
other constiluents.”

Treatment optimization methods devel-
oped during the course of the EPRI pro-
gram will be lested in four off-line cells in-
stalled solely for research purposes ab Al
legheny Power's Springdale site, Because
these cells can be covered with a green-
house, experiments are not limited to the
normal growing season in the northeast-
ern United States. Also, contralled studies
can be conducted to determine the effec-
tiveness of monocultures or mixed-species
assemblages far immobilizing specific con-
laminants, The research cells are currently
being used to examine plant species with

an affinity for boron, a constituent of the

Springdale leachale thal is less amenable
Lin bi{\lugig‘al Llpl;n[-;c* than are other trace
elements

EPEL is also manitoring ongoing work al
Tva's state-of-the-art constructed-wetland
rescarch laboralory in Muscle Shoals, Al-
abama, as well as ab other TWA treatment
facilities. “There are a lot of novel treat-
rment concepds that could further increase
the cost-effectiveness of construcked wet-
lands,” says Frank Sikora, a TVA research
chemist. “Promising areas we are studying,
include new cell configurations for increas-
ing trace metal removal elfliciencies, rock
biofilters for removing manganese, phos
phate rock drains and downflow anaero-

hic systems for treating acid drainage,

zation have been genetically

work to develop superior

wetland species.

sign) is planned, TWED

will simulate  treatment

engineeared in early EPRI

processes  in vegetated
acrobic cells by building
on an existing EPR model
for the management, restoration, and mit-
igation of natural wetlands and on that
medel’s understanding of wetland hy-
drology, biogeochemislry, and vegetation,
TWEDR will also incorporate new knowl-
edge specific to treatment processes in
riock drains, upllow beds, and other con-
structed cells, By inputting the chemical
and physical characteristics of specific
wishe streams into TWELD, utilities will be
able net enly to assess the feasibility of us-
ing consbructed wetlands to meet specific

=]
discharge goals but also to gain prelimi-
nary system design and cost information,

“Constructed-wetland technelogy is ne-
ally in its infancy, yet it has proved cost-
elfective and successful around the world
For all fypes of wasbewaters,” says Coed-
rich-fahoney. “T believe that natural bio-
logical, physical, and chemical treatment
processes exist for every wastewater chal-
lenge; we need only identify, duplicate,
amplify, and accelerate them. Our goal is
to develop an industry-specific knowledge
and experience base now, ensuring the in-
telligent design and engineering of pas-
sive, low-cost systems to meet fubure dis-
charge restrictions regardless of Lheir

stringency.” ]
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