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ABSTRACT 

The potential for using freshwater wetlands for wastewater management has received much 
attention in North America during recent years. Experimental studies have been c~nducted, in 
several types of wetlands, mostly in the central and eastern United States. Several types of natural 
and artificial wetlands can be used for short-term treatment of wastewater, but the long-term effects 
are unknown for most types of wetla11ds. Only peat-based systems appear to be capable oflong­
term efficient processing of d0mestic wastewater, ilthough the use of artificial pond-wetland systems 
ap?ears to have the most potential and should be considered as an alternative to using natural 
wetIa'J.ds. Other types of freshwater wetlands have limited ability to remove nutrients from 
wa~tewater. Because there is much variation between wetlands that have been studied, it appears 
that each situation is unique and must be considered individually with pilot studies being conducted 
before any wetlal1d is used for wastewater processing. 

INTRODUCTION 

Since publication of the proceedings from a conference on 
water pullution (Tourbier and Pierson 1976), there have been several 'fY1'~P1"l'h'1'1;! 

which the topic of using freshwater wetlands for treating wastewater, primarily domestic 
sewage, has been considered (Tilton et al. 1976, Am. Soc. Civil Eng. As a 
there are several review papers (SIoey et al. 1978, Kadlec 1980, and 
1980, van der Valk et al. 1980) as well as several papers that have reported results of 
periments on the ability of specific artificial and natural freshwater wetlands to assimilate 
wastewater (Tilton and Kadlec 1979, Whigham et al. 1980, Ewe! anq Odum 1978; 
et al. 1978, Boyt et al. 1977). Large-scale experimental wastewater 
conducted in Florida (Odum and Ewel 1978)'and Michigan (Kadlec 1 
1976). While other projects, more modest in scale, have been conducted in Florida 
ct,al. 1979), New Jersey (Whigham et al. 1980), Minnesota (Stanlick 1976), Wisconsin 
(Spangler et al. 1976), and New York (Small 1976, Woodwell 1977, Woodwdl al. 
1974). Several other freshwater wetlands have been used to treat wastewater even 
they were not initially designed as part of experimental studies (Kadlec 1980, Boyt et at. 
1977, Grant and Patrick 1970). One question that needs to be asked at this point is whether 
or not any general conclusions have been reached from these studies. The purpose of this 
paper is not to provide a review of each of the sudjes that have been conducted but to 
present a framework by which past experiences can be used to evaluate some general 
questions about whether or not natural or artificial wetlands can be used as design com~ 
ponents in systems that are used for secondary and tertiary treatment of wasfeWater. 

PREVIOUS STUDIES 

Studies of Wastewater additions to natural peat-based wetlands in Michigan 
and Kadlec 1979, Kadlec 1980) and Florida (Zoltek et at. 1979) as 
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and Ewel 1978, Nessel 1978) have shown that those types of 
process wastewater < Artificial wetlands in WisconsiI,l (Spangler 

systems in ,Minnesota (Stanlick 1976) cpmbined marsh-pond sys-
tems and Jokela 1978) and New York (Small 1 Woodwell 1977, 
Wolverton et at. 1 and wetlands developed on dredge spoil material (Lee et at. 1975 

have been studied. All of these systems, with the exception of the gravel-based 
.... u,.\,u'u..:>. appear to able to process wastewate:t; and the marsh-pond systems constructed 

shown to be particularly efF.cient at removing nutrients from wastewater. 

Many of the artificial systems were based on earlier work of Seidel and coworkers 
;7P1"'A)~lnrll~ and Seidel 1965, Seidel 1976) which has resulted in the use of 

tuan-made wetlands to treat wastes in 'Holland, Hungary, Poland, and Yugoslavia. A 
commercial version the syste~s used by Seidel was patented in the United States 

:FACTORS DETERMINING USE OF WETLANDS 

primary factors that determine whether wetlands cart bt~used 
part of (c.g., more than a million gallons of wastewater day), 
part of small-scale operations (less than 1 million gallons per day), or not used 'at all, 

especially the turnover rate of water the contact 

ability of wacrophytes to utilize nutrients applied in 

f't//Jrll,rI1'1t1 C1'1f'\: are poorly understood for most types of wetlands 
very irrlportant. In situations where water moves r/n,,"I!'!u 

can expect minimal uptake of nutrients (Tjlton and ,Kadlec 
co:mrmI'ed to situations wh(~re water would have a resid-
Ewel and Odum ] has been noted van der Valk 

-,""a,UH/v (1979), there are well-defined channels in many types 
is carried thcough the wetland with very little contz"ct with the 

situation would be p~trticularly common in palustcine systems. 
systems seem to be quite appropriate because water usually 

in the substrate ,;vhich increases the chances for sorption or 
Kadlec 1979, Zoltek et at. Ever! if the emergent plants did 

their presence would cause a decline in wate.c velocity 
for sedjrnent floccuL tion, and sorption in the litter 

Patrick 1980). 1,11 dl instances where efficient nutrient removal 
had a residence time in the system. 

of man-made wetlands would be the potential to GQntrol hydrologic 
e X;l111lP 1 Ie, in temperate latitudes where there is a strong pulse of 

the growing season and release usually associated with decomposi-
~lTnm;Ori et al. 1978) or losses during the spring thaw et aZ. 1978), 

pn:!ccsseu during the assimilation p;;riod and the 
during the release period could be retained or released at 

et at. 



FRESHWATER WETLANDS FOR WASTEWATER MA.NA,GEME:NT 

Substrate conditions appear to be important in determining 
wetlands to efficiently treat wastewater (Whigham and Bayley 1980) annOI11j.;!:n 
information is needed. Almost all types of wetlands appear to be able 
for some part of the year (van del' Valk et al, 1980). For nitrogen, denitrification 
to be very important and may account for the no~ion that many may 
infinite capacity to process nitrogen (Patrick and Reddy 1 
patterns are not as clear. Tilton and Kadlec (1979), Zoltek et al. ( 
Odum (1978) found efficient phosphorus removal in the peat-based 
studied. Some of the phosphorus was accounted for by increased pnOSIJfl()rllS 

the vegetation (Ewel and Odum 1978), with the remainder 
wise immobilized in the substrate. It has been analytically 
all phosphorus that was added and several authors did not find Slg:rUllICctnt l'tlr'7',n.""",c 

substrate phosphorus, In nonpeat-base~, wetlands al. 

1978, Simpson et ai. 1 , phosphorus m~y be retained ,Jv~~,''JH<~U 
be little substrate storage and most display strong "V~,"UA.UU 

In nonpeat-bascd wetlands, immobilization appears to occur 
zone (Whigham et al. 1980), although several authors (Klopatek 1 
Kitchens et al. 1975) have suggested that macrophytes are very 
it has been suggested that harvesting of macrophytes would increase the nutrient assimila­
tion capacity of wetlands. It appears, that only a small amount and P 
could be removed by harvesting emergent (Spangler et at. 1976, Zoltek al. 1 
merged (McNabb 1976) The best possibilj lies for 
nutrient removal appear to occur in situations where the nutrients 
plants (Ewel and Odum 1978). 

Seasonal patterns of nutrient immobilization in wetlands must considered. 
lands in subtropical areas may be capable of wastewater ~""":;'LL'o'LH the 
(Zoltek et al. 1979, Boyt et al. 1 Odum and Ewe! 1978). In 
surface freezes, it is only possible to use wetlands during the sum.mer 
et al. 1976). It should be noted, however, that eutrophication TTI"'''\lPTTI~ 
during the winter months, and Kadlec (1980) listed one Michigan site 
for the entile year even though winters are severe in that part of the 

DESIRABILITY OF TREATMENT BY WETLANDS 

Other scjentists have recommended against the widespread of freshwater 
lands for wastewater management. Some wetlands may be '-'UlcJUI.~.lv 
ing but cannot be used for cost-effective treatment of of wastewater. 
These recommendations have been based on results of experimentation with wastewater 
addition to freshwater tidal wetlands in New Jersey (Whigham et al. 1 and 
based artificial systems in Wisconsin (Spangler et at. 1978). Studies nutrient 
in various types of wetlands Corfell et al. 1975), or concern about the 'J""'IJ~HLUo"-',", 

of wetlands for those purposes when much more iaformation is needed about functional 
processes in wetlands has also led some authors to suggest that wetlands should not be used 
for wastewater management del' Valk et al. 1980, Greeson et al. 1980). 

LONG-TERM CONSEQUENCES OF WASTEWATER ADDITIONS 

Most of the research that have been 
short periods of time. We still do not know how 
to process wastewater before their declines. Table 1 
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wetland tertiary treatment wetlands 
nnVSlcal characteristic" are all variable; percentage removals are based 

[from Kadlec 1980, excep t for the last 3 entries] 

Loading Age Nitrogen Phos- Sus- Colifornis 
People/ phorlls pended 

Year BOD NOa NH4+ TN Total Solid.s Fecal Total 

Lake, 

40 99 97** 

11 "2 91* 97** 

Mt. View, California 1600 ,4 -19 54 39 3 -2.')0 

N.W.T. 40 5 98 96 98 97 99 

Florida 20 99 99 90 98 99 

Miehigan 15 20 99 h 98 

Wisconsin 7 80 51 13 29 SCi 

Dundas, Ontario 59 80 83 96 88 87,98** --47 66 -14 

69 89 33 98 89 12 66 -1285 

Gainesville, Florida 

OduITl 88 

,-,","Levac, Florida 

at. (1979) 98 88 43*** 

Oshkash, \A!'~rr"""'n 

* 

(1978) 91-97 75 

dissolved nitrogen 
Total cilssol,leci phosphorus 
Includes matter 

al. 1 and Ewel and Odum 1978. The data show that 
able to process wastewater for It should be noted, 

instance (1\11. View, Cali forrli a) , the loading rat{~ very 
for removal of BOD, N0 3 , NH4 +, P and swme~naleCl 

low or nonexistent. It r~ot known whether the loading rate is simply too 
whether the wetland has already been exceeded. 

must be con<;iciered. Tilton and Kadlec (1979) SU!QJ~e;stea 

iJU."'C~LLVH of wastewater to peat wetlands would likely result in the re­
by other plants, especially cattail, that .are ,more coml:llQu'in 

There are, however, few data to support this hypothes;1.is. 
found that the freshwater tidal w,~tlands that· they were .studying, 

shifts during the first year of application of chlorinated second­
Those effects might be "aIIeviated by varying the contz;.ct time, 

l'lyrp't'p.;,j'"nO' to note how vegetation can respond to stress situations. 
seasonal trends of biomass, nitrogen (TotaLN), and phosphorus 

years of their study. .Bite 2 received wastewater for two daily 
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FIG. I Seasonal patterns of standing crop biomass, Total N, and Total P for Site 
of wa'itewater daily during two 3-hour spray periods (Whigham et at. 1980). 
8 are shown for comparison. All values are means ± 1 standard er1'Or of 
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was a decline in all three variables by the fourth date. This response 
due to elimina tion of almost all annuals (Whigham et al. 1980) which 
ductive (Whigham et ai. 1978). Biomass and Total N remained low Th,,·r.l1i1'~',",,1"+ 
growing season. In 1976, the dramatic season d.:eline if... the thrce variables did 
OCCUI', Although the annuals still absent or uncommon, biomass and 
stocks of Nand P remained high because the perennials did not the mid-summer 
die-back that normally occurs those wetlands (Whigham el ai, 1 There dlS-
tinct species shifts study, yet the entire system re~.p(Jillalea 
shifts. This leads to the question of whether or not shifts in 
any important functional processes. 

Zoltek et al. (1979) also found short-term cllilmg,es 
land that studied. Shrub "I-'L.v.J.'U." 

year while were abundant during wet 
that the changes may, in fact, be beneficial because it the wetland to "P.,c' .... ".""rl 

variations in hydrologic as well as nutrient loading rates. Odum and Ewel 
floristic stands wastewater but 

niStllS in h'"'''' hUTe> tos·;" 

Banus 
found very few 

What kind of 
was tewa ter ? 
sition in Florida 
assimilate wastewater for 
strate. Kadlec "'A'Y""Y';~,".rl 

and ~Ju,~.lL'U'!';',",HJlv 
at. 

of 

sub­
and 
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resembled sewage Whigham and Simpson (unpublished data) found similar re­
sults in the freshwater tidal wetland that they studied. Zoltek al. (1979) have slHtQest~(l 
that well as other ecosystem components, change~ can be minimized by using 
rest wastewater additions. 

COST -BENEFIT ANALYSIS 

The most detailed cost-benefit analyses have been performed by Odum and his 
his at thc of Florida (Ewe! and Odum 1978). As an example, they 
calculated that 1,000 of wastewater can be trc:ated for $0.42 compared to $1.07 

advanced wastewater treatment and $0.63 for upland spray irrigation (1978 dollars). 
Their work has resulted in consideration being given to widespread use of Florida wet­

in situations where the amount of wastewater to be tleated is not exce"sive. Similar 
considered in Michigan where peat-based wetlands may be used to treat 

'UrCH~t'~'UT51tf>r from small It does not appear that wetlands can be used to 
frum although wastewater polishing may be possible 

It may also be possible to use wetlands to treat non-human 
(1976) for example, shown that it would be economically 

YY\o,UOCH\o'.:> to wastes from Inenhaden processing plants in Louisiana. 
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