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#13199 3.1 yiinvoalanzAinulugaamnIsudia « (Dean et. al. ,1972)

Type of industries

Fe

Hg

Pulp.paper mills,
paperboard,building
paper,

board miils

Organic chemical,

petrochemicals

Alkalis,chlorine,

inorganic chemicals

Fertilizers

Petroleum refining

Basic steel work,

foundries

Basic non-ferrous

metals-works foundries

Motor vehicles,

aircraft-plating,finishing

Flat glass , cement ,

asbestos products

Textile mill products

Leather tanning

Steam generation power

plants

Note: plaslic materials,meat products,dairy products,fruits and vegetables,grain miliing,beet

sugar,beverages and livestock feediot industries have no heavy metal discharges.
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(Kadlec and Knight,1996)

Date

Locgtion

Description

1952-ate 1970s

1967-1972
1971-1975

1972-1977
1973-1974
19731975
1973-1976

19731977

1974-1975

1974-1938
19751977
1976~1979

1976~1982

1879-1982
1979-1582

1980-1564

1981-1934

1972
183
1974
1975
1976

1977

Selected Early Research Efforts

Plon, Germany

Morehead City, NC
Woods Hole, MA

Porter Ramﬁ. Mt
Dulac, LA
Seyr;lour, Wi
Hrookhaven, NY

Gainasville, FL

Brillion, W1

NSTL Station, MS
Trenton, NJ
Eagle Lake, 1A
Southeast Flanda
Arcata, CA

Humboldt, SK
Listowel, Ontario

Removal of phenols and dairy wastewater trestmant with
butrush plants by K. Seidel and R, KGckuth

Comwmaummmunmwmmm-
ies of municipal effuant recycling by H.T. Odum and
asscciates .

* Potential of natural salt marshas to reémove nutriants, heavy

metals, and argarics wis studied by |. Vakela, J M, Tea!
and assoclates -

Natural wetland traamiemofmunidpalwastewatarbyﬁ.ﬂ.

Kadlec and associafes

Discharge of fish processing waste to a freshwater marsh
was studied by J.W. Day and co-workers

Constructed marshes wers planted with bulrush and pol-
krant ramoval was studied by Spangier and co-warkers

Meadow/marsh/pond systems studied by MM, Smait
and associales

Su.ndlesotlhamulqptmwedandsbrmcydiﬂgo!
municipal wastewaters by H.T, Odum, K. Ewsl, and
associates .

Constructed and natural marsh welands wers tesied by
FL. Spangler and associates for phasphorus remeval

Subsurface-flow wattands tested for recyc-

ing municipal wastewaters and priority poliutants by
B.C. Woiverton and co-warkers

SmallendosweshmoHaminonMarshes(fmhwam
tidal) were imigated with beated Sgwage by Whigham

Anmralmuhweﬂandmmdiadhrasimaaﬁonof
agricultural drainage and frunicipal wastewatsr mutri-
ents by G.B. Davis, A.G. ven der Valk, and Co-workers

Natiral marsh wetlands receiving agricultural drainage
walers wers studled for nutrient removal by EE. Davis,
AC. Federico, AL Goidstein, S.M, Oavis, and co-

. workers

lPiotwedandh‘aatmentWStem for municipal wastewater
Ww&mwwﬂ .
Bammmofmmicipalsnagehlamand
mmwmwm

Omsmmgdnwmnsmmbrhmmt
dmidpuwammwueravaﬂuyddeinnmd
WMMWHMWW

Subsurface-flow wellands wara lesiad for treziment of
uwpdmmmbyR.M.Gusbagﬂeo-
workery

Selected Fuil-Scala Projects

Belaire, MI
ML View, CA

Othiresen, Germany

Mandan, ND

Vermontville, Mt

Nawbmdwmnwwmmﬁpummm
Gonmnadmmmhrnnﬁpﬂmmm
Fd-mrootmhdliqtruungmidwmmm

ba.sodonmedesignmmodoflﬂdqmwwm
mmm‘wmwmwnmm

wastewater in, 1972

Lake Buena Vista, FL  Natural forestad wettand was used for yearround

advanced treatment and disposal of up to 27,700 m/d
of mumicipal wastewater
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(Kadloc and Knight,1996) (#B)

Date Location Description
Selected Full-Scale Projects—continued
1978 Houghton Lake, Mi Natura) peatland recaiving summer flows of mumcnpal
waslawalar ,
1979 Drummond, Wi Sphagnum bog receiving summer fllows from a faculta-
tive lagoon
1980 Show Low, AZ Constructed wetland ponds for municipal wastewater
treatmant and wildlife anhancement
1954 Fremont, CA Constucted marsh for urban stormwater treatment at Coy-
ote Hi
1964 Incling Village, NV Construcied weﬂands for total assimilation (zero dis-
" charge) cf municipal alfiuent
1986 Arcata, CA Constructed marsh wetlands for municipal wastewaler
reatment
1987 Myrtle Beach, SC Natural Carolina bay wellands for municipal wastewater
ireatment
1991 Columbus, MS First ui-scala constructad wetland lor advanced treatnient
of pulp and paper mill wastewatar
1993 Evergladges, FL Treatment of phasphorus in agricultural runaff in a 1380-ha
construcied filtering marsh
Major Conferences
May 1978 Ann Arbor, Ml Freshwater Wetlar< and Sewage Effiuent Disposal (Titon
8l al., 1976)
February 1978 Tallahassea, FL Environmental Quality Thtough Wetlands Utilization
(Drew, 1978)
Nevember 1978 Lake Buena Vista, Fl.  Wetland Funictions and Values (Gresson et al., 1978)
Juty 1979 Higgins Laks, M Freshwaler Wetland and Sanilary Wastewater Disposal
.. {Sutherland and Kadlec, 1979}
Septemnber 1979 Davis, CA * Aquaculture Systems for Wastewater Treatment (Bastian
and Reed, 1979)
June 1881 St. Paul, MN Wetland Values and Managemam {Richardson, 1981)
June 1582 Amherst, MA Ecological Considerations in Weltands Treatment of
- Municipal Wastewatars (Godirey et al., 1965)
July 1986 Oranda, FL Aguatic Plants for Water Treatmant and Resource Recov-
. ery (Raddy and Smith, 1987)
. June 1988 Chattanooga, TN Construcied Wetlands for Wastewater Treatment (Ham-
mes, 1983b)
September 1982 Tampa, FL Waetlands: Concarns and Successes (Fisk, 1989)
Seplember 1990 Cambridge, U.K. Canstructed Wetdands in Water Pollution Control (Cooper
and Findlater, 1990)
October 1991 Pensacola, FL: Constructed Wetlands for ‘Water Quality Improvement
: {Moshir, 1993)
September 1992 Coiumbus, OH INTECOL Wetands Conference {Mitsch, Chairman)
Decmamber 1992 Sydney, Australia Wettand Systems i Water Pollution Control (Pilgnm,
T Chairman)
MNovember 1934 Guangzhou, China 4th Intemational Conferenca on Watland Systemas for Water

Poflution Control (Jtang and Kadlec, Co-Chairmen)
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- : J L]
unzanaite Tniduf (Reddy and Debusk , 1987) mmwmmimmﬂummﬂo wazamirly

vosyunasyiin fdan13 190 3.4

d. ] Y A - L4 'V
A1323% 3.3 uaraeyitavearnih i 1Fiwimiudo Reed et.al. , 1988)

Common name Distribution Temperature © C Maximum Optimum
scientific name salinity pH
Desirable Survival tolerance (ppt)
Cattail, Throughout 10-30 12-24 30 4-10
(Thypha spp.) the world
Common reed, Throughouf 12-33 10-30 45 2-8
(Phagr;aires the world
communis spp.)
Rush, Throughout 16-26 = 20 5-7.5
{(Juncus spp.} the world
Butrush, Threughout 16-27 - 20 4-9
(Scirpus spp.) the world '
Sedge, Throughout 14-32 - - 5
(Carex spp.) the world

213194 3.4 Anduduvestulanouuazdenveia uazdnsimsih U idvesity

(Reddy and Debusk , 1987)

Emergent Uptake rate Tissue composition Standing Annual
apuatic N P N P crop kg/ha yield
plant kg/(ha.yr) | kg/(ha.yr) g/kg gke (103) kg/(ha.yr)(103)
Cattail 600-2630 75-403 5-24 0.5-4 4.3-22.5 8-61
Bulrush 125 18 §-27 1-3 - -

Reed 225 35 18-21 2-3 6-35 10-60
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(Kadlec and Knight , 1996)
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21319 3.5 uermamnr N lumsuani/aouilszguan (US.EPA ,1983)

media CEC (meq/100 g)
sand <5
sandy loam 5-15
silty loam >15 ,

A13NA 3.6 Mo lavsyiania q Tuitufinemnnuns (US.EPA ,1983)

Metal Soil cation exchange capacity (meq/100g)

{kg/ha) <5 5t0 10 >15
Pb 560 1120 2240
Zn 280 | 560 1120
Cu 140 280 560
Ni 140 280 560
Cd 5 10 20
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3.6.7.2 myadeufiveslavemindhgainity
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my1h 3.7 inwai lunsesnuuyssuuhdauuuilszdu§

HOAY IHAT914 3.7

(Metcalf and Eddy , 1991)
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3.9.1 asemalizma

Gersberg etal, (1984) 1imsifunisdniaTanzminlaold falssavgtu
m:ﬁ1ﬁn€1tﬁnﬁuﬂuﬁﬁwmsﬂwﬁn-ﬂ"u'ﬁﬂm mhadou Cu, Zn unz Cd 17 3.4 ustaeSanu
cu Aogtuvindeiudunninenrzuy dud1dhvsaninmlumsinia ca by
99% WM hydraulic rate 4.7 /T4 oz 8 A/ MolAMANRAMATEN sutmRIndy
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Typha sp.(0) Uaz Scirpus sp (o) (Gersberg et.al. ,1984)
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ﬂQﬂ Scirpus sp. (Gersberg et.al. ,1984)
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Machemer and Wildeman (1992) @M ituemsnfTvuounsgadudumsan
aznoudails lunszumsdrialanshnhiennmilesfiiunsaTaoldialszivg
psnaasanumsdunidanagadu Taveminetiadn q MAudFe Cu zn oz Mn
sanfiuananaiulay Fe uaz cu gngadulddnii zn oz Mn Fagui 3.6 Tamamsiand
'ﬁ'mﬂmirmqﬁun?6ﬁuv‘«'ufﬁ'nmmﬁ?wﬁuumi’n'lﬂﬁ'lmf"l Tuvuz At idnedu zn uas
Cu fignminsdiamryraiud wnidas 1 lusadufuvesmydurzuy magaduTansi
aza i WuBUNTEmT (orgenic site) 'nmi'lumzmumﬁ{ﬁ'nﬁmﬁmi’unﬁﬁﬁ'mfﬁm‘tn

miteaidunya davziru TdeIna1T1an 3.8 uasa1nah 3.9

] Yy ¥ v
713294 3.8 ravesmImansumIgaTy Tanzluimanniviios ney 4.5

{(Machemer- and Wildeman , 1992)

Mine drainage in 50 ml total volumn {mi)
10 20 30 40
Initail Mn,Fe,Cu and Zn mmol/l ) 0.32 0.63 0.95 1.3
Mn initial (mg/1) 6.9 14 21 28
final (mg/l). i.l 11 18 25
adsorbed (umotl) 5.3 29 2.9 2.3
Fe | initial (mg/1) 8.9 18 27 36
final (mg/1) 0.04 0.2 0 0
adsorbed (umol) 8.0 16 24 32
Cu initial {mg/1) 0.12 0.25 0.37 0.50
final (mg/1) 0 0 0.04 0.08
adsorbed (umol) 0.10 0.20 0.26 0.32
Zn initial (mg/t) 1.9 3.8 5.8 1.7
final (mg/1) 0.22 23 |46 6.7
adsorbed (umoti) 1.1 1.2 0.89 0.75
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1l 3.6 SandmsgninnnududuvesTanshnimrniuie fuom

(Machemer and Wildeman , 1992)

1.2
g
1.0 1 W‘a—o wode MnB-D .
E - :
g 0.6 1 o .';" \, ,o’,:-‘e'-._ ,i'ﬁ ——— FeB-D
£ :, _':"' ?I",.o o ‘\‘-"'- o 'o' :
~ 0.5 - -. ;.l (n) \ ] ! oo CuB-D )
= ! i NSO
(] 13 . i
L 041 ! ~-4-> ZnB-D
= > 4
3 Ol Y .
0.2 S an] ~f&— S048B.D
0.0 —— ; v
0 20 40 60 80 100 120 140
DAYS
m_‘.‘_']j_‘hi 3.9 ﬁnqnum*ﬁ'mﬂn?ﬁ’ni’u (Machemer and Wildeman , 1992.)
day pH Sulfate Sulfide Fe Mn Cu Zn
1 4.8 20.3 0.23 0.282 0.54 <0.0008 0.0065
3 55 19.8 1.9 0.122 0.55 <0.0008 | 0.00298
5 5.85 18.3 24 0.0244 - 0,52 <0.0008 | 0.00148
7 6.0 16.8 6.6 0.0113 0.50 <0.0008 | 0.00110
9 6.0 13.7 7.0 <0.0089 0.419 <0.0008 | 0.00092
9 6.15 14.8 8.0 <0.0089 0.428 <0.0008 | 0.00076

Makos and Hmeir (1995) 1dviinsfiny st 11 18veq misldilalseavg
iorimiaveadonsamludewTnssioy vinmmanessziiuddetlemindodsruuly
6931 0.75 uaui  AmduduTandion 100 ppm Mo 2.6 TuH9 90 TuuInveanismaaes
unuee Lit Tnnifien i ieranisedald waz3el8iszae 6 ppm 14973 90 Junds wlius

v | I . v 1
waimiu 1 1 ArnnsodadFua Tnadionluiia 1ddios 1123 ppm iy Femrs1ad 3.10)




v L ; d
dmivfierhuhisliauiunarsnafinaeaniimanes vngui 3.7 uaz 3.8 uasmondudy -
=5 =t » 3 0’ ‘r ’ o 1 lﬁ' o ] ]
voulSa Tnsdlsnfunamshnimauns ludemedaion: Bludumin q vesszuy
- a1 t o . W 3 o o °
dmiudamnild W ugeiui 90 WuddudinsgaduInndlon Tz

a4 & ' 4 o & w
WinndolunhAsfutunmidosullizeenil ssuvfamnsodudinavesdamald

m31aA 3.10 wplfina Insdlvnliniiie uaslutedredi
(Makos and Hmcir ,1995 ) \

time period well 1 [Cr,ppm] effluent [Cr,ppm] pH of effluent
July-Sep 42+9 <05 73+02
Oct-Dec 39+8 6+2 72402
Jan-Mar 39+ 13 12+3 7.5+0.3
Aprd 59+7 20+3 75+0.5
May-Jun 59+5 11+3 7.1+0.1

a = Cr concentrations measured in the effluent and the welt closest to the influent

I

Sulfate added , nfc,} = 248, DpH = 55

20 e e e e i o ey —— e+

1

IO = & (R o PR £ 7 ..‘71'{_._. —ayar.Y

ALY - /-- LA _ L]

0 2 4 § 3 io i2
Time, months

[Cr], ppm

1 3.7 avduduvesInsfloulunssumeanluyae n.n 93-5.0 94 Wudaimaly

%39, (Makos and Hrncir ,1995 )




[Crl, ppm

Time, months

;'JJ-n 3.8 m'lm-.m-ummemuu'luuomamwmwvuu ved 1 vef 2 uax 4
nansunIan ef 3 ua 5 rmmmsm wudnaluya e

(Makos and Hmcir ,1995 )

- Mitchell Az Karathanssis  (1995) Tévn1s3summhminduin Tans
naotin Inold ﬁqﬂszﬁyﬂnumwmummmm-m-umvfuxuu FWS uaz SF lumaiida
Tavzwinomindeis Iwdeunnelsveguin Tavlndhudn (Scirpus validus) uee cattail
(Typha angustifolia) dfedanneidui Cd, Cr, Cu, Fe, Mn, Ni, Pb itaz Zn Tauinfie
nnelsmazgnidudt sy A6 0.3 a/m. Tugae 12 Al luszuy SF Uszdndnm
lun13gad Fe ATTA 719 74 % 1oz Mn tosfinafo 24 % danlumrrzmnnadiz lufivh

& J A i) o L] or 3
2 s2uy Hunivstnniemsunuminita lanznavua

Munger etal.(1997) ldmidrziivdnsazmsdidalansminlagldii
ﬂ:zﬁuf’lm:ﬁ'uﬁmﬂﬁﬁﬁm: siafuduns e ivamiloftdulusnuuzmslva
Aoussrdenies TasenAsusuiiinnnfia Cu, Pb as zn ﬁﬂutﬂﬂu“luﬁﬂﬂuﬂgnﬁw 4
wilafo Typha latifolia, Phragmite australis, Schoenoplectus lacustris UQE Iris pseudocorus Tay
Anmududuves cu P uar za fgnldidi T luszuy du 1, 5 Uaz 10 me/ U0 shock
load 20 mg/ inmnlszdwlszninimlumaditalavsminvesszyunyn dszdninm
Tumsfiaunzdastumstiouinfodszuy dmiy cu fie 8175 % 7 36.6-327.7 mgm’d
33y Pb A8 75.8-95.3 % T 30.8-387 mg/m’-d UOZ Zn 1B 82.8-90.4 % T 33.6-362.1 mg/m’-d

(ﬁ’qzﬂ"ﬁ 3.9)
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Z2 Tn

mg/|

71l 3.9 Soymznrdwalansminves elszAugHin1ImAnes( Munger,1997)

-~ A muiilesy shock load TINAIINAROUAAII TLLUTIAWTOFY Cu, Pb, Zn 14 99.5

%, 99.7 % Uz 99.5 % mwdsy uazideeglinhiisdnn ua Wezouegly szuumnnd

4 L) 4 2 . o i - : 1]
99 % daumarrzvuiinFsvaion undsnzaulaneminhiivsz@ninm Avhieglu

o < 1 ﬂ 4 a1 - ' .
wetland ﬂz“ﬂlﬂUllﬂzllﬂﬂﬂ1u¥uﬂﬂ04[ﬂOl oMo 1131n31sv Cu Pbung Zn

A LY -I' ] y
a1ad 3.11 snudatuveaTaneminmis luNsusazaiia (un./n.)( Munger,1997)

Macrophyte Sample! Cu Pb Zn
Phragmites australis 2 Root 143 27 165
Root tips 167 58 264
Typha latifolia Rhizome 23 9 128
Root 163 , 59 201
Root tips 231 161 970
Schoenoplectus lacustis Rhizome 18 11 78
Root 92 47 260
Root tips 168 72 469
Iris pseudacorus Rhizome 6 8 9
Root 53 22 53
Root tips 87 210 64

Key: 1, N=3; 2 Rhizome not present in specimens used




a3 311 uaaeidiud Yhinalanzerazauvesegimennuniiga
seamamfeTIn uazgamufonindos daunnuenialumigadulaeNsidassiianyi
Typha latifolia ﬂzqwﬁ'u"lﬁﬁﬁqﬂ 7040910 Schoenoplectus lacustris ﬁ‘1ﬂfﬂﬁ‘19]7f»l 3 ¥iin
T Phragmites australis \\Q% Iris pseudacorus ﬁmwummsn'lunnamﬁ'uhus"lnﬁ'tﬁmr‘fu

» ]
Hdﬁﬂﬂﬂ'ﬂﬁ'ﬂﬁﬂ 2 YHAKTN AINITNN 3.12

: a o H 4 A ' o
A1719 3.12 YT lansminazausuianualhuiiewevesaudaz atiain.n.)

( Munger,1997) -

Species Total Cu Total Pb’ Total Zn
Phragmites australis - 5614 299.4 1253.9
Typha latifolia 14168.7 4908.8 18329.3
Schoenoplectus lacustis 2092.8 1797.8 6775.2
Iris pseudacorus 813.5 167.6 876.0

3.9.2 atelurzine

Polprasert et.al. (1996) ﬁ'l’lfoTﬂU'l‘B’ﬁQﬂi:ﬁHfumJ free water surface system
Tuniwmindent ce une Ni dudoulminduiy TaolaRugilgilumnanes Taofin
@ofidrzuuiins 3TeRindo 60-180 un/a mIsuITYNAIIBUNTE 40~400 nn FTeRnenmed-
Su ot 1880 TzuumnIeMSa Cr uaz Ni 180 99 % ilenuiduduves cr 3o Ni)
"lm‘ivuﬁuﬁuagj“lmhq 20 un/ uenvinthaiine Taneminfhudeuseiinadosasiny
findToade Annududy 110 un/a n1sfiadTeAmaty 70 % ursidondudumiudy
du 20 uaz 50 unm m3fiad TeAvzanaailu 50 % tay 35% awdwy  dunisgadu
TanzminTaeRwozuimnesdud il Insminazausguiniign sesnanfenfnuey
1y Taofl Ni sxarzemogiilunnnh cr famseft 3.1 fofu Ni Selnuiuivdeny1d

111 Cr Tavezdung v luififindea
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A17798 3.13 Yinafusaunz TanemInludugud (Polprasert ,1996)

Toxic compounds , mg/g (dry weight) Roots Stems Leaves
Phenol 0.021-0.042 0.613-0.042 0.003-0.016
Cr 0.009-0.194 0.603-0.02] 0.003-0.004
Ni 0.002-0.628 0.004-0.061 0.012-0.026
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