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Abstract of Thesis Presented to the Graduate "Counci 1 of 
the University of Florida in Parti a l Fulfillment of the 

Requirements for the Deg ree of Master of Sc i ence 

A MIXED HARDWOOD SWAMP AS AN ALTERNATIVE TO 
TERTIARY WASTEIoIATER TREATI1ENT 

By 

Florence Lorene Boyt 

~Iarch, 1976 

Cha irman: Suzanne E. Bayley 
Major Department: Environmental Engineering 

A mixed hardwood swamp near Wild,.ood , Fl o rida, wh i ch has recieved 

domestic sewage effluent for 20 years ,.as examined to dete rmine the 

effectiveness of the swamp to reprocess wast el"/ater . After flowing 

through the experimental swamp, the nutrient concentration of the 

water was less tha n the concentration of nutrients in th e control 

swamp and Lake Panasoffkee, the final receiving body. The total 

phosphorus level after flowing through the exper imental swamp was 

0.131 mg/l and in the control swamp was 0.274 mg/l. The nitrate 

nitrogen concentration in the experimenta l swamp WBS 0.0942 mg/ l, 

and in the control swamp the level was 0.07 mg/l. The total phos-

phorous concentration was reduced by 98.0%, and the total nitrogen 

con cen tration was reduced by 89.7%. These reduct ion rates are sim-

ilar to those obtained in an advanced wastewater treatment facility. 

Water samples throughout the expe rimenta l and cont ro l swamp ,.e r e 

examined for pathogenic bacter ia. After flm.i ng through approximately 

one mi Ie of swamp, the ,.ater from ti,e se'"/age eff luent produced a feca l 
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coliform to fecal strept6cocc i ratio well below 4.4; thi s indicates 

that the f eca l contamination was not of human origin. 

Growth rat es for trees in the swamp receiving the sewage direc tly 

~Iere higher (5.5 cm/20 yr s ., cypress) than the growth rates in the 

control areas (3.87 cm/20 yrs., cypress). In addition the understory 

standing crop, biomass in the experimental slvamp was approximately 

6 times the unde rstory biomass in the control area. The data in-

dicate that the excess nutrient s from the selvage are taken up in the 

expe ri men ta 1 SHamp. 

The use of the SHamp near Wildwood as an alternative to an 

advanced treatment facility represented a large monetary savings for 

the city. The total cost of a 0.5 mgd advanced treatmen t facility for 

the 25 year life expectancy of the plant would have been $1,984,975, 

or $79,399/ycar. This small swamp of 506 acres · is therefore worth at 

leas t $79,399/year to man. 

v 



· I NTRODUCT I ON 

The Cfty of Wildwood, Florida has been r e leasing secondarily 

treated sewage effluent into a mixed hard.,ood swamp for 20 years. By 

using the swamp as a receiving body for the sel'lage effluent, the city 

made use of a natural system to do work for them \"ithout a high expend­

iture of fossil fuels. During the past 25 years we have been able to 

subsidize urban areas with low cost fossil fuel · technology \'Ihich helped 

reduce many problems such as waste disposal and \'Iater supply. However, 

since fossil fuel is now more expensive it has become necessary to look 

for less energy intensive systems to aid ur ban areas. Situations such 

as the one at Wi ldwood may provide some impo rtant ans.,e rs on how best 

to uti li ze resources and conserve fossil fuel. The purpose of this thesis 

is to explore the use of a wetlands system to process \·Iastewater. 

Recent studies conducted by Parizek and Myers (1968); Sopper and 

Kardos (1973) and Cluff et al.. (1971) have indicated that spray irrigation 

of sevlage effluent is one effective method of water recharge involving a 

natural system. Ln ·addition, Sagmuller and Sop pe r (1967) have presented 

data showing that spray irrigation of municipal waste caused increased 

gro\"th of Ivhite spruce. This process, however , does involve some cost 

in elaborate transport and distribution equ ipment . In Florida such 

distribution cos ts can be eliminated by using a wetlands system. The re 

are tvlO reason s why wetlands systems are \-Iell sui ted for rece iving 

large volumes of nutrient laden .,ater: I) the \'Ie tlands system disperses 
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I·,ater over a lurge area; 2) the vegetation it se lf is adapted to filter 

nutrients from the water. Swamp systems have been reported by Carter 

et aZ. (1973) to have . a very high ~roductivity of 990-1170 g/m2·~r. 

High productivity derives from the swamp's acting as a filt e r to trap 

nutri ents from the water and store them in plant biomass. The high 

productivity and filtering function of swamps are characteristics 

comparable to a salt marsh (Odum, 1969). Studies done in a North 

Caro lin a salt marsh by Marshall (1970) have shown the effect iveness 

of nutrient uptake by marsh vegetation receiving munic ipa l wastes. The 

Spartina biomass in the experimen tal marsh in creased signif icantly in 

the area rece iving municipal sewage. Kitchens et aZ. (1974) and Wharton 

(1970) r eport that river floodplain swamps functioned effectively as a 

nutrient sink for both urban and agricultural waste. 

For a swamp to serve as a viable alternative to tertiary waste-

water treatment it must remove nutrients, especially nitrogen and phosphorus 

fr om the waste. There are many mechanisms by which natural systems can 

remove nutrients. Ell is (1973), Stumm and Loeck i e (1970), and Hayes and 

Phillips (1 958) reported the ability of th e soil to act as a chemical 

fi lter emphasiz ing the high rate of phosphorus absorption in soi ls which 

are high in iron and aluminum content. Nitrog en in water is not so 

easily removed by purely chemical processes, howeve r denitrification has 

been shown to be an important natural sink for nitrogen (Godfrey, 1973; . 

Brezonik and Lee , 1968). The dom i nant form of nitrogen in domesti c 

sewage is ammonia which is readily transformed to nitrite and nitra te 

by the bact e ria Nitrosomorlas and Nitrobacter respec tive l y . The nitrate 

is then readily denitr ifi cd into nitroge n gas by bacter i a such as 

Pseudomollas, Itchl'omobactol', and MicrococcuG (Keeney, 1973). 
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The other major concern in the use of l and sewage disposal is the 

possible public hea lth problems created by pathogens or heavy metals in 

the waste. The presence of some heavy metals such as lead and mercury 

are known to cause disease and death in man. Other metals for example 

copper may cause a disturbance or death of th e vegetation or other aquatic 

organisms. ' For these rea sons, wastes which arc high in heavy metals may 

be unsuitable for land disposal. HOI"ever, these metals are more abundant 

in industrial wastes rather than the strictly domestic wastes released by 

Wi ld\./ood. The soi 1 itse.1f has been shown to be an effective physical 

fi Iter for pathogens (Mi ller, 1973). McGauhey et aZ. (1966) estimated 

that in a moderately permeab le soil the bacteria are retained in the 

top 5 cm and the refo re do not reac h the groundwater. Virus can present 

a problem purticularly if the groundwat e r is near the surface. Well ing s 

et aZ. (197 /1) ha s found viruses to survive after 1.5 m of percolation · .. ·- ·· 

through sand. But Dubois e e't aZ. (19711) report ed better vi rus absorption 

to soi 1 I"hen the sewage was appl ied int erm ittent ly. Others (Dre\"ry and 

El iassen, 1968) have found that the majority of the viruses are removed 

after filtering through 1.3 m of soil, using soil columns in the lab6ra­

tory. A more complete review of the absorptive properti es of virus \"as 

done by Bitton (1975). 

Descri ption of the Study Area 

The city of Wildwood has a population of 2,500 and has been rel eas­

ing about 0.15 mgd of treated effluent i nto the wetlands area for 20 yr. 

The secondary effluent meanders through 590.9 ha (1,460 acres ) bf swamp 

before rea ch i.ng moderately eutrophic Lake Panasoffkee. The present 



se"age tre;Jtmcnt facilities include a trick li ng filter plant "lith a 

capac i ty of 0.25 mgd. Ho"ever, the plant does not operate properly 

and the eff l uent receives little more than primary treatment. Presently 

under construction is a new activated sludge plant with a 0 .5 mgd capac­

ity that will maintain ~ higher quality of secondary treatment. 

The Florida Department of Environmental Regulation became concerned 

th at pollutants from the sewage effluent might reach Lake Panasoffkee 

causing the acce l e rated eutrophication of the la ke. If this were the 

case then Wildwood would be required to construct and ope rate a tertiary 

treatment facility. This study is an analysis of the swamp disposal of 

seconda ry eff! uent to determ i ne "Ihethe r or not th is m.ethod is a reasonab I e 

a lternative to tertiary treatment. 



METHOD S 

Vegeta tion 

At the sewage treatment plant the seconda ry e f f luent emp ites into 

a ditch which carries it into a ponded area, called marsh A, that is 

covered by Lemna sp. (duckweed). Mar sh A a l so conta in s Typha Zatifolia 

(catta il), Salix sp. (willow) and AzoZZa sp. The flow cont inues into 

th e area marked s\.amp B on the map. Thi s swamp is a narrow band o f the 

larges t swamp which has been i so lated by the construc tion of the Florida 

Sunshine Parkway . The surrounding land i s fairly high and probab ly 

would not be flooded most of the time if it we r e not for the s teady 

input of sewage. The swamp is composed of FY'axinus prof unda (a sh), 

Taxod-iulII distichwn (cypress ), and Nyssa syZvatica (b l ackgum). The 

unde r story includes Serona repens (saw pal metto ), Polygonvffi punctati@ 

(sma rtweed ), Cephalanthuc occidentalis (bu tton bush), and Rhus radicans 

(po i son ivy) . The fl ow passes through thi s S\-/amp in to a di tch ~/hich 

run s through an improved pasture and fin a ll y empt ies into swamp C. It 

is composed of mainly F . profunda .,ith T. dist1:chl/ffi, N. sylvatica, Acer 

ruhrwn (map l e ), MagnoZia virginiana (s\-/eet bay), and Liquidcunba:r 

styraciflv.a (s./ee t gum) . The ground in S\-/amp Cis I O\-:e r than s\"amp B 

and mo re moist, ./ith an unde rstory in c lud i ng Itea virginica (Virgini a 

s\.ee t sp ire ), Cornus fOell/ina (st if f dogwood) , Panicwn sphagm:coZa (g rass ), 

Smilax walte1'i (greenbriar), R. radicanc, SabaZ minol' (palmetto), a nd 

Saurvyus oernuus (lizard' s tail). 

5 
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Thecontrol swamp D \-I<lS originally part of the experimental 51-lamp 

C but was cut off by the Florida Sunshine Parkl"ay. Swamps B, C, and D 

are mixed hardl-Iood swamps as defined by Penfound (1952) and Honk (1966). 

SI-Jamp D is composed of the same tree species and understory as is found 

in swamp C. However, in the northern portion of swamp D, which is 

directly adjacent to an improved pasture the trees are smaller and there 

are many clumps of several species of grass. 

Sampling Locations 

A map of the area is shO\-Jn in Figure 1 \-Jith arrows indicating the 

gen e ral flow of \-Jater. Sampling stations are numbered consecutively 

vi i th nWllbe r 1 located at the sewage plant and number 16 at the lake. 

Harsh A and S\1amp B receive the sewage directly a nd includ e stations 

through 6. Urban runoff from the city enters marsh A at station 5. The 

flow then continues through s\-Jamp C on the north side of the Florida 

Sunshine Pa rkway past stations 7, 8, 9, and 12. A culvert allows the 

overfl0\1 of water during periods of high rainfall .to flow through the 

northe rn corner 6f swamp D, under Interstate 75 at station 15, and then 

to L<lke Panasoffkee. The control area is located in the southeastern 

portion of S\-Jamp D and is comprised of stations 10, 11, 13, and 14. 

Water Chem Ist 'Y 

Water samples were collected on a monthly basis at 17 stations and 

stored on ice until taken to the l<lb for <lnalysis. The samples were 

th en analyzed to determine the concentrations of P04-P, Total p, . N0
3 

-N, 

N0
2 

-N, NH
3
-ri, Kjeldahl N, inorgilnic <lnd organic c<lrbon . After the 

phosphate test , the samples were poisoned with mercur ic chloride. The 
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t ests l'lere pe rformed as described in Standa:£'d r.'ethods for the Examination 

of Fa·ter and rVaste1Jater, 13 t h Edition, (19 73). To t a l organic carbon was 

measured witll a Beckman Ana l yzer. At approx ima te ly 3-month intervals, 

temperature and dissol ved oxygen I<e re measured us ing a di sso lved oxygen 

me t e r. The I'lat e r samples "/ere also a nal yzed for the l eve l s of magnesium, 

calcium, sod ium, potassium, iron, zon e, copper, lead, and cadmium, 

foll ol1in9 the procedures desc ribed in Standard Uethods (1973). 

Bacteria 

Feca l co l iforms He re de t erm ined f or the month of July 1974, by the 

MPN technique. During the Ma rch and August 1975 sampl in gs , f eca l coli­

forms and fecal streptococci we re measured using the Hillipo re filter 

techniques as described in Standay·d Methods (1 973 ). The samples l'iere 

dilut ed and filt e red in the field using a Millipore field kit, the n 

re turned to the laboratory for incubation. After in cubat ion the colonies 

I"ere co unt ed and the ra tio of feca l coliforms t o fe ca l streptococci ",as 

computed. 

Hyd ro log i c Calculations 

ln order to construct a nutri ent budget for the swamp , hydrologic 

ca l c ul at i ons concerning rainfall a nd ru nof f were needed to est imate the 

infl ow a nd outf low rate of water f o r th e s\Vamp . Rain data v/ere co ll ect ed 

at the sewage treatment pl ant by the ope rator. Runoff was es timated from 

th ese data. Since the watershed was only approx i mate ly 648 ha (1 660 acres), 

month l y rainfall data we re us ed to compute runoff according to a me thod 

descr i bed Ly Chow (19611). The equat i ons a re given below: 



(p 0.2S)2 
Q = -7'-----"-'-7=-:.-­

(p + 0.8S) 

1000 C n = -:::-'-'--'-7;;­S + 10 

S = 
1000 

Cn 
- 10 

10 

where Q = runoff, inches; P = rainfall, inches; S = potential infiltration, 

inches; Cn = curve number. The potentiometric map , soil map, and aerial 

photographs were used to determine a weighted average curve number based 

on soil type and vegetation. The estimated land cover was 34.8% urban 

land (Asta tula-Tavares soil association) which has a curve number of 60.2. 

The remaining 65.2% was improved pasture (Myakka-Wabasso soil association) 

with a curve number of 39 (Chow, 1964). The r esu lting average curve 

number was 116.3. 

The flo"l from the selvage plant was measured by a flovl meter. The 

average flO\'1 \'/as approximately 0.15 mgd which is below the design capacity 

of tI, e plant. Some water was probably lost in the ditch by evapotranspi-

ration and did not enter the s~lamp . In other areas of the Slvamp it was 

impos s ible to determine flo\·l; the refore only the depth of the water \'Ia s 

measured. 

The rate of ground water infiltration was determined using the 

relationship (Parizek, 1973): 

v = Ki 

where V = velocity of infiltration; K = permeability, meters/year; i = 

potentiomet ric gradient. The value of K wa s report ed by Smith (1975) 

to be 0.369 m/yr for clay. The value for i I"as comput ed by determining 

the potentiometric head produced in the Wildwood area due to the ~arying 
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depth in meters to the Floridan aquifer (Klein, 1971). This value ~Ias 

then divided by the distance, in meters, over which the change in 

depth occurred. 

Sediment A~_~yses 

Sediment cores were taken twice to a depth of 7.6 cm (3 in) and 

analyzed for nitrogen and phosphorus according to the ~rocedure outlined 

in Star>.dczrd Methods (1973). -Both the wet and dry ,,,eight of the soil were 

determined. Deeper sediment cores were also taken so that a soil profile 

could be constructed. 

A soil auger was used to determine the different soil layers beside 

the se,"age ditch as station 3. At stations 6 and 9 in the experimental 

swamps, soi l samples wer-e taken by use of a pipe sampl e r. The soil 

core wa~ then removed from the pipe and the dep th to the clay layer-was.--. 

recorded. A series of shorter sediment cores was used to determine the 

de pth of the organic soil and the depth of the sand layer. 

Gro\-Ith Rates of Trees 

Tree gro"/th data for beth cypress and ash were collected in al I the 

"-lamps ,"i th a tree corer to measure the thi ckness of the growth rings-, 

and a clinometer to det ermine height. The diameter at breast height 

(d bh) was a l so measured . The use of a si ngl e core to measu re rings may 

have introduced a source of error because of the presence of discontinuous 

growth ri ngs which result in an underestimation of the age of the tree. 

Discontinuous growth rings a re more common in older trees, especially 

ash (Panshin and Zeeuw, 1970). They are found ~Ihen the cambium layer 

i n one section of the trunk is dormant and does not produ~e a growth 
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rin g. If . the core i s t aken through s uch an i nactive sect ion, the ag e 

of the tree i s un de rest imated. For the purposes of thi s s tudy, it was 

assumed tha t the error produced was random. The cypress cores we re 

split a nd examined ca refully under a dissecting scope to r educe the 

possible error produced by the "false rings" sometimes found in cypress;.' 

These "fa lse rings" occur when some ce lls are very dense and sma ll an d 

give the appeara nce of a growth ring. In contrast to the normal growth 

ring, however, the f a l se ring does not exh ibit th e gradual progressi on 

of s i ze from the large ce ll s put down in the spring to the sma ll cel ls 

put down in the winter. 

Product ivity of Ash 

The ash trees compri sed roughly 70% of th e trees in swamps S, C, 

and D with no single species dominating the r ema inin g 30%. Since as h 

was dominant only the net productivity for ash was dete rmined . To 

calculate the net product iv i t y of t he ash t r ees in a ll swamps , the 

parabo li c volume of the trees at the present ti me was compared to the 

pa rabo lic volume of the trees 20 years ago . An es timation of the para-

bolic volume, V, was made based on he ight and dbh accordi ng to the 

rel ation s hip V 2 ::: r h. The dbh in 1955 (20 years ago) was ca lcul ated 

by s ubtracting the thickness of the past 20 grol'lt h ri ngs from the dbh 

measured in 1975. Determinat i on of the height of the t r ees in 1955 was 

a more comp l ex prob l em. The height vs. dbh '·Ias plotted (Fi gure 2) and 

a reg ress i on equat i on calcul ated. The eq uat ion and constants used to 

es ti ma t e th e height of the t rees i n 1955 are shown i n Tab l e 1 . The 

corre l at i on coeffic ient , r, was 0 . 844 which repr esents a good correlat i on 

for a sample size of 44. 



Table 

Ash 

1. The 
the 

y 

Y 

dbh 

Number 
of Trees 

n 

44 

regress i on relationship used to estimate 
height of an ash tree given only 

= ax + b 

= height, em 

= diameter at' breast height, em 

Regression Constants 

a b 

45.073 765.096 

the dbh. 

Correlation 
Coeffi ci ent 

r 

0.844 
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Figure 2. The relationship between height and dbh for 
Fraxinus profunda. 
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The 'ne t wood productivity of the trees was determ i ned by the 

met hod of Rochow (1974). 

Pn = (Vn - Vp) x (s p. grl 

20 years 

Pn = net wood productivity in g/yr-tree 

Vn = parabolic volume per tree in 1975 

Vp = parabolic volume per tree in 1955 

sp. gr. = specific grav ity of F. profunda , 0.52 

16 

The specific gravity of the wood cores was de termined by weighing them 

and then measuring th e volume of water "Ihich they di sp l aced . The value 

de termin ed in this st udy agreed well with the specific gravity of 0.53 

for F . profunda as reported by New l in and l1i lson (19171. 

To con s tru c t a nutrient budget for the Sl-Iamp, th e rate of phosphorus 

uptake by th e ash was est imated from th e productivity ca lcul at ions. The 

leaves, sma ll t wig s , and trunk cores from trees in both the experimental 

and cont ro 1 swamps "Ie re ana I yzed to de t erm i ne the phosphorus content for 

each gram of biomass. The samples were oven-dri ed , ground into a 

homogeneous mixture , t r ea t ed I.i th ac i d to ex t r act the phosphorus , and 

ana lyzed follm·!Ing the procedure f o r or thophosphate described in Standca>d 

Uetlwds. Since the average productivity had already been calculated , the 

phospho ru s content expressed as g-P/g-biomass was conve rted into the net 

phospho rus upt ake each year. 

Understory Samp ling, 

Limi ted manpm'le r prevented the measurement of understory product ivity. 

HO',leve r, the s t and ing c rop l<ilS determined i n svlamps B, C, and D. The under-
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story includ ed all plant s from th e ground to 6 feet above the ground, 

excluding ep iphyt es on trees. To obtain a sample, small markers were 

thrown along a crossection of the swamp. The markers were used as a 

center point fo r a 0.25 m
2 

vJOoden fra me ./hich \'/as laid dmm. All. green 

plants within the frame were harvested, taken to the laboratory and 

oven dried at 103 C. Both ' wet and dry \1eights \'/ere determined. 



RESULTS 

Changes in Nutrient Concen trations 

After flowing through the experimental swamp the concentration of 

nutrients 1'!aS reduced to values equal to or less than 'those found in 

the control swamp or Lake Pana soffkee, as shol'Jn in Figures 3, 4, 5, 6, 

and 7. LOI'I concentrations of nutrients ,"ere often recorded at station 

5 since it is the point at which urban runoff from the city enters the 

swamp. Apparently the urban runoff diluted the treat ed sewage and 

thereby lowe red the nutrient concentrations. Th e only exception to 

this was for the concentration of ammonia nitrogen which increased at 

station 5 during th e Het conditions of 1974. This was probably due to 

the rapid flOl'1 of "/ater which may have disturbed the sed iments and 

rel eased some ammonia from previous decomposition. 

The concentration of nutrients in the water . at station 2, 

approximately 487 m (1600 ftl from the se,"age plant, ,"as on the average 

6.4 mg/l of total phosphorus and 15.3 mg/l of total nitrogen . At station 

12 Y/hich is located at the culvert on the Florida Parkl1ay connect ing 

Sl"amp C and sHamp D, and i s 3.7 km (2.3 mil from the seYlage plant, the 

average concentrations for one year were 0.124 mg/l of total phosphorus 

and 1.61 mg/l of total nitrogen. 

The concentration of total phosphorus declined from station 1 to 

stat i on 12 as shOl'in in Figu re 3. The average year ly concentration of 

total phosphorus at stat i on 12 was 0.124 mg/l l'/hi Ie the ave rage for all 

th e control stations \'/as 0.271f mg/l. The consistent, rapid decl 'ine of 

18 



Figure 3. The concentration of total phosphorus during wet 
and dry conditions at the various sampling 
stations. 
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Fi gu re 5. The concentration of ammonia nitrogen present in 
water samples. 
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Figure 6. The concentration of organic nitrogen during wet 
and dry conditions at the various sampling 
locations. The discontinuous lines indicate that 
no \vater ""lS present at some of the sampl ing 
stations . 
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Figure 7. The concentration of organic carbon during wet and 
dry conditions at the various sampling locations. 
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total phos·phol-us from about 11.0 mg/l to belm·, 1 mg/l by station 9 

shOlved that excess phosphorus ,"as quickly taken out of the ~iater. The 

concentr<Jt ions of orthophosphate phosphorus shO\ved the same type of 

response as the total phosphorus and the values are included in Appendix 

A. 

The concentration of nitrate nitrogen Ivas variab,le during this 

study (Figure 4). During August and September of 1974 the concentration 

·of nitrate remained below 1.5 mg/1 at all stations. However, from 

October 1971, until January 1975 there were very high peaks of nitrate 

ni trogen at stations 4, 6, 7, and 8. The increase in nitrate ,"as 

probably due in part to the microbial conversion of NH3 to N0
3

. This 

,"as supported by the data in Figure 5 in which the concentration of 

NH
3
'N decreased steadily during the same sampling period. In addition 

during dry con,lltlons better aeration favored the conversion of NH4 to . 

NO] During February through May of 1975, the nitrate nitrogen level 

was high at station 2 but declined to almost zero at station 6 and 

remained low except for a small increase at one of the control stations. 

Nitrate nitrogen ~ias not detectable at any of the experimental or control 

stations in August and September of 1974 nor from June until September 

of 1975. During these months the nitrate ~ias probably rapidly utilized 

by various plants and phytoplankton. Additional explanations were that 

nitrification was reduced during this time or denitrification was 

increased, hOloJever, no data we,-e collected to confi rm these explanations. 

The patt e rn of change In concentration of ammonia nltroge~ did not 

shcM a seasonal variation (Figure 5). The concentration was high near 
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the se,"age plant but >Ias almost complete l y absent beyond station 6 and 

in the control area. 

In general the concentration of organic nitrogen exhibited an 85% 

reduction during the wet conditions and a 75% redu ction during dry 

conditions. Organic nitrogen (Figure 6) ranged from about 1.0 mg/l to 

7.5 mgll and sho>led 1 ess va r i at i on than othe r parameters. Background 

levels of organic nitrogen were always attained by station 12, about 

3.7 km (2.3 mi) from the sel-Iage treatment plant. 

The organic carbon concentration in the water (Fi gure 7) was much 

higher, ranging from approximately 57.0 mgll to 16 mg/l. There was no 

significant difference betl-leen organic carbon levels in the control and 

experimen tal 51-lamp at the 95% level of confidence. Only station 1 showed 

a significantly higher organic carbon concentration_ 

The effect of dilution from rain and runoff was noted in comparing 

the concentration of nutrients in both ,"et and dry condi tions . During 

August Dnd September 1974, the swamp was very wet and the concentrations 

were more uniform throughout the expe ri mental and control areas. The 

drier conditions from October 1974 until September 1975 resulted in a 

higher concentration of nu trients to the experimental swamp, but the 

level of nutri ents continued to decline with distance from the sewage 

plant often to levels below those observed in the cont rol 51-lamp. In 

the dry conditions the nutrients shOl'led a rapid dec li ne by stat i on 6, 

at which point the decline became more gradual. Apparent ly, under wet 

conditions the nutrients are diluted and carried farther into swamp C, 

whi Ie under dry conditions the nutrients from the sel-/age outf l ow are 

contained within marsh A and Sl4amp B. In no case hOl-iever \-Iere the 
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nutrients 'car ri ed beyond the expe rimental Sl~ilmp or into the vicinity of 

Lake Panasoffkee. 

Leve ls of M~tals and Dissolved Oxygen in the Swamp 

The concentrations of heavy metals were examined and the data are 

presented in Table 2. Since the sewage plant in Wildwood received no 

indu s trial \Vastes the concentration of heavy metals was low in the sewage 

effluent (stat ion 1) as vlell as in the experimental and control slVamps. 

Copper a nd l ead analyses were done in Feb ruary 1975 on a ll samp ling 

stat i ons . In the experimental and control S\vamps th e l ead concentrations 

l'/ere belO\~ 0.03 ppm and the copper concentra tions \-Iere l ess than 0.02 ppm. 

The data in Table 2 IVas collected in June 1975 except for the lead and 

copper concentrations. 

The dissolved oxygen values are shO\vn i n Table 3. The .average--' 

concentration of dissolve d oxygen in the experimental slvamp vias 2.8 mgll, 

vii th a r ange of 0.3 to 6.3 mg/1. The va 1 ues in the cont ro I swamp ranged 

from 2.0 to 11.0 ppm ",ith an average of 2.4 mg/1. The only area which 

sho·,/ed a marked deviation from these basel in e control Sl-/amp values was 

found in the ditch i~ithin 100 m of the sewage outflow. Und e r normal wet 

conditions , the sediments were probably anoxic as ind icat ed by the low 

dis s olved oxygen measured throughout the swamp. Brezon ik et aZ. (1969) 

in dicate that anoxic conditions are most favorable for nutri e nt release, 

since the concentration of nutri e nts in the water and avai l ab l e for 

uptake by plants is at a maximum. 

Bacte ri a In d.icating Fecal Contamination 

The presence of fe ca l bacteriD "'as also br i ef ly examined during 

thi s study. The concentrotion of fecal col iform bacteria rapidly declined 



Table 2. 

Sampl ing 
LocatIon Magnes I um , 

4. 1 

2 3. 8 

3 3.6 

5 3.2 

10 4. 1 

15 5.8 

16 5. 2 

The concentrations of metals in wate r samples taken from a 
swamp in Wildwood, Florida. 

Metal , Concentrations (parts pe r mIllIon) 

Calcium Sodium Potassium Iron Zinc 

92 4. 4 8.8 0.17 0.048 

81 55.2 7.6 0.06 0.042 

79 55 . 2 7.2 0.06 0. 042 

121 29 . 9 6.4 o. 19 0.015 

85 4. 6 2.8 0.32 0.010 

113 3.5 0.4 0 .03 0.008 

95 4.6 1.7 0.05 0.113 

Copper 

0.020 

0.015 

0.020 

0.010 

0 . 010 

0 .0 15 

0.005 

Lea d 

0.03 

0.03 

0 . 03 

0 . 02 

0.02 

0.01 

0.15 

W 
N 



Table 3. Temperature (OC) and dIssolves oxygen (ms/l) measured in samples from 
Wi 1 dwood , Flori da: 

Sampling Location August 1974 November 1974 February 1975 April 1975 

Temp. D.O. Temp. D.O. Temp. D.O. Temp. D.O. 

Sewage Plant 30.0 2.4 24.5 5.7 22.0 1.3 23.0 0. 6 
2 30.0 1.7 20 . 0 1.5 19 .0 1.5 17.8 0.8 
3 30.0 2.0 18. 0 1.9 19.0 1. 2 16. 1 0.5 
4 31.0 1.5 18 . 0 2 . 1 20.0 0.7 17.2 0.5 
5 29.0 2.0 18.0 1.9 20.0 1. 7 18.0 0.6 
6 29.0 2.4 17.0 6.3 20 . 0 1.2 18.0 1. 2 
7 28.0 1.4 17 . 0 1.3 16.5 1.8 
8 29.5 1.3 19.0 2.6 
9 27.5 1.7 20.0 2.7 20.0 1.8 17.6 1.8 

12 28 . 5 3. 1 20 . 0 3.0 19 ·2 3·3 18.7 4.4 
15 29·5 3.5 20.0 4.7 20.0 4.6 20.2 1.4 

Lake 16 29.0 3.0 20.0 7.6 20.0 3.0 19.9 4.5 

Con t ro 1 s 10 27.0 2. 1 16.0 3.6 18.0 4. 1 17.5 4.7 
11 28.0 1.8 19.0 2.8 19.5 1.5 17.3 4.5 
13 26.4 1.8 17.0 1.9 18.5 1.5 16. 2 .1. 7 
14 27.0 3. 1 17.0 1.0 20.0 1.8 16.7 2.2 

. Augus t 1975 

Temp. D.O. 

29.0 0.4 
27.0 1.1 
27.0 1.1 
28.0 3.0 
27.0 2. 1 
no water 
no water 

no W<lter 
no water 
29.0 4.9 
29.0 1.0 

26.0 1.1 
no water 
no water 
no water 

w 
w 



34 

by station 3 as shmvn in Table 4. Howeve r, the fecal coliform concen-

tration in the control a r ea was on the ave r age 200 per 100 ml, which i s 

above U.S. Publi c fl ealt h Service drinking water standards and recreational 

I·Ja t e r s t anda rds. The hi gh feca I co I i form coun t was p robab I y due t o the 

pasture runoff Into the swamp. To dete rmine the influence of agricu l-

tural runoff, th e ratio of fecal col iform to f eca l s treptococci was 

determined (Table 5). In human feces the ra tio i s app roximate ly 4.0, 

while for lives tock It is less th an 0.7 (Geldreich and Kenner, 1969). 

Bas ed on thi s standard, th e high ratio at stati on I a nd sometimes s tation 

3 i nd i ca ted human f eca l contamination as fo und in domestic waste. How-

ever the con s isten tly lowe r rati o at station 6 and beyond indicated the 

feca l contami nat ion was probably created by domestic livestock from 

nearby pastures. 

Vi ru~ 

The viral work done for this st udy was conducted by Dr. Flora Mae 

We ll in gs , Dr . A. L. Lew i s , and Dr. C. W. Mount a in at the Epidemiology 

Research Center in Tampa , Florida . 

The vi ral concentrat ions being re l eased in the Wi l dlvood selvage 

plant chlorinated effluent were quit e variable and rang e from 4 to more 

than 186 plaque formin g units (p fu )/500 ml samp l e . The high virus con-

centrations are probably the resu lt of poor treatment by the t ri ck li ng 

fil ter. The levels f ound in the exper imental sv;amp A, from stat i on 3 

to stat ion 4, varied from 0 to 6 pfu i n 500 ml water samples . The 

sediment samp les from this area shOl-Jed cons i derab l y higher l evels of 

v i rus ranging from I to 61 pfu/"400 9 (.:e t ,veight), exc l uding one <samp l e 
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Table 4. Fecal co liform bacteria found at th e various 
sampling locat ions in Wildwood, Florida. 

July 1971; 

Samplin~ location 

March 1975 

1 
3 
6 
7 
8 
9 

14 
16 

Samp I i "9 locat i on 

1 

May 1975 

3 
9 

13 
16 

S"I~p...!i..~ loca t i on 

1 
3 

15 

August 1975 

Sampl in5Llocation 

1 
3 
6 

13 
15 

December 1975 

Sampling locati on 

1 
3 
6 
9 

13 
15 

MPM/IOO ml (most probable number/JOO ml) 

1.6 x 10~ 
3.0 x 10 
I .5 x 104 
7.6 x 102 

1.5 x 10~ 
3.0 x 102 

3.0 x 102 

3.0 x 102 

No. per 100 rnl 

5.3 x 104 
6.9 x 103 

1.6 x 103 

2.5 x 102 

4.0 x 10 1 

No. per 100 ml 

5.7 x 10~ 
4.8 x 10

1 1.0 x 10 

No. per 100 ml 

1 .2 x 106 

1. 7 x 105 

1 .4 x 103 
5.9 x 103 

1 .7 x 102 

No. per 100 ml 
6 1.14xI0
5 2.11xI0 

9.8 x 10~ 
1.3 x 10 1 
5.3 x 101 11.9xI0 · 



Table 5. The fecal coliform to fecal streptococci ratio, 
calculated for water samples taken in Wildwood, 
Florida. 

.., 
Sampling Location FC/FS" 

Hay 1975 1 3.63 
3 0.40 

15 0.08 

August 1975 1 2.51 
3 4.91 
6 0.30 

13 0.88 
15 0.82 

Decembe r 1975 1 8.63 
3 21 .70 
6 0.38 
9 0.27 

13 1.06 
15 0.92 

... ~ 
No. of fecal col iform/no. of fecal streptococci . 
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which contained too many virus to count. These data indicated that the 

virus settled out of the water and become associated with the sediment 

column. The data are summarized in Appendix B and Were taken over an 

8 month period, March - Octobe~ 1975. 

Prel iminary testing of groundwater wells, one 9 feet and the other 

12 feet deep, produced negative viral results. Howev~r, the sampling 

was done only once in October 1975. At this time 100 gallon water 

samples vlere pumped from each of 2 Ivells located about 10 feet from the 

di tch carryi ng the selvage into s"amp A. One hundred gallon water samples 

taken in the control swamp surface Ivater also produced negative results. 

Nutrient Levels in the Sediments 

Examination of the sediments gave some support to the assumption 

that there vias I ittle vertical movement of \-/ater in the sVlamp. A soi J.---­

profi Ie was constructed from the five sediment cores 5 cm (2 in) in 

diameter taken (Figure 8). Throughout marsh A, swamps B, and C, a 

clay layer Iva5 found between 0.9 and 1.2 m (3-4 ft) below the surface. 

This layer probably prevented an open exchange between the surface water 

carrying treated sewage and the ground water. In addition, the soil 

types of the swamp were reported to be Myakka-Wabasso, Panasoffkee­

Bushnell and ' Terra Ceia-Placid by the Soil Conservation Service.' All of 

these soils are poorly drained with seasonal high water table between 0 

and 30 in. The dominant soil type is Panasoffkee,-Bushnell association, 

Ivhich has a very slow fi ltration rate and a clay subsoi I (ChOl'I, 1971). 

These ch<1racteristics, along v/ith the sediment cores Ivhich shOlved the 

shallo',v clay layer, indicate that there I'las probubly little groundlvater 

recharge. 
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Additional sediment cores were taken to a dep th of 7.6 em (3 in) 

and analyzed for nitrogen and phosphorus (Figure 9). Station 2, located 

about 100 m from the sewage plant, exhibited large concentrations of 

phosph6rus (20.2 mg/g-dry soil), and nitrogen (27.0 mg/g-dry soil). 

Stations 6, 9, 13, and 15 also exhibited high concentrations of organic 

nitrogen (24, 66, 17, and 48 mg/g-dry soil, respectively). The phosphorus 
• 

level stayed high at station 6 in swamp B (15.2 mg/g-dry soil), but then 

dropped to 5.8 mg/g-dry soil at station 9 in swamp C. The phosphorus 

concentration was also high at the control station 13 with a value of 

18.4 mg/g-dry soil. On the basis of the limited data taken there was 

no evidence of a larger build-up of nutrients in the sediments of the 

experimental swamp than in the control swamp. 

Productivity and Uptake of Nutrients 

A la~ge portion of the nutrients was taken up by the trees in the 

sl·lamp. The tree growth in swamp B (Tab 1 e 6) l'las g reate r than the tree 

grol-Ith in the control area (Table n. The average grol1th increment 

for cypress in swamp B, 11hich },as receiving the sel"age effluenf, was 

5.5 cm/20 yr and for ash 4. n cm/20 yr. The average increment for 

the control s",amp "'as 3.87 cm/20 yr for cypress and 3.93 cm/20 yr for 

ash. The difference was significant at a confidence level for ash of 

90% and for cypress at a confidence level of 95%. The productivity 

calculation s showed that ash in the area receiving the additional 

nutrients from sewage had a greater ash productivity, 1101.5 g/m
2
-yr, 

as compared to 882.4 g/Il?-yr in the control swamp. This represents a 

20~ increase in the experimental swamp B. For ash in swamp B the 



Table 6. The data recorded on tree growth in expe ri menta 1 Swamp B for both 
ash and eyp~ess trees. 

Tree dbh (em) Height (em) Last 20 rings (em) 

Ash 33.5 2194.6 4. 80 
28.7 1950 . 7 3.74 
27.2 2438.4 4. 85 
42.5 2499 . 4 4.28 
40 . 0 2255.5 3.48 
36.2 2316.5 3.81 
34.5 2377 . 4 6. 50 
50.0 2682.2 5.34 
28.5 2316.5 3.28 
28.5 2011. 7 3.30 
25.5 2316.5 5.90 
41.1 1341. 2 _7.48 

Average 4.73 

Cypress 52.0 2621 .3 5.90 
28.2 1341.1 5·70 
27.0 1219.2 5. 26 
63.4 2255.5 7.10 
22.3 1767.8 4.82 

Average 5.50 



Table 7. 

Tree 

Ash 

Cypress 

The data collected on the growth of trees in the control area 
Swamp D. 

dbh (em) Height (em) 20 rings (em) 

19.0 1950.7 3.90 
27.0 2555.5 2.98 
51.6 3169.9 5.88 
37.7 2987.0 2.50 
36.0 2804.2 6.60 
21.0 2316.5 2.67 
'2!J.4 2011. 7 3.40 
41.3 2621 .3 5.64 
26.3 2133.7 3.04 
24.8 2255.5 3.10 
29.3 2377.4 3.55 

Average 3.93 

26.7 1889.8 3.27 
42.5 2743.2 4.55 
36.2 2438 . 4 3.80 
33·7 2560.3 3.32 
49.6 2743.2 4. 40 

Average 3.87 

.lO' 
N 



Figure 9. Nutrient content of the soil to a depth of 7.6 cm 
C3 in). 
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phosphorus uptake was 0.181, 9/m
2
-yr I·,hi le th e rate in the control swamp 

2 was o nly 0.158 g/m -yr. 

Data in Table 8 in d icated that understory was also a larg e storage 

for nutri ents in the experimental swamp. The average standing crop was 

64 . 4 g/m2 in slvamp B, 1. a g/m2 in Sl1amp C, and 9.53 g/m2 incant ro 1 

swamp D. These values were calculat ed from the dry weight of the stand-

ing crop in September, which is not the peak grOlvth per iod. Swamp B 

exhibited D lQrge growth of understory during early spring, in an area 

which had bee n covered by water in Augu s t of 1974, had dried out by March 

1975 but v'as wet again in September 1975 . The growth Ivas composed almost 

exclusively of PoZygonwn punetatv.m (smartl-Ieed) and was very dense. The 

und e rsto ry in th e other swamps was more varia ble with no one plant 

domin ant. The understo ry was very respons ive to moisture and nutrient s. 

Thr oughout the summe r of 1975 SI·lamps C and D were dry with no standing ---

Ivater. f! OIvcver after a s ummer rains torm the understory would rapidly 

frow and then die as the swamp began to dry out. Svlamp B I-Ias kept mo is t 

by the constant inflow of sewage effluent and therefore able to support a 

large biomass of und ersto ry. 

Hydrologic Considerat ion s in the Swamp 

The fate of nutri ents within the swamp is highly dependent on the 

hydro l og i c cycle. During periods of high rainfa ll, more nutri ents were 

flushed into the large r SI'lamp; however, under dry conditions the nutrients 

I"lere contuined l'lithin expe rimental Sl-Iamp Band l'lere allOl'led time to be 

absorbed onto til e sed i ments or utili ~ed by th e vegetation. Thus the 

f eas i bi lit y of using the swamp as an ulternative to tertiary wastewater 
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Table 8. The understory standing crop . 

2 
S.D. of Samples Average Dry Weight 9/m No. 

Swamp B 64.4 74.2 8 

Swamp C 1.0 1.3 8 

Swamp D 9.5 10.8 8 



treatment depends to some deg ree on the quantity of water re~eived by 

the swamp. An Dpproximat ion of the hydrologic cyc l e was used to develop 

a nutrient model so that the flow of nutr i ents through the sl'lamp could 

be est imat ed. 

Figures 10 and II show monthly rainfall patterns . Figure 10 

present s dilta from th e U.S. ~'ea the r Bureau Station in Bushn e ll, 15 miles 

southwest of Wildwood. These data were incl uded as hi s torical data so 

that rainfa ll trends for this area could be determ in ed ove r a moderate 

ti me span. The yea rs from 1964 through 1967 shO'.'led a very sha rp peak 

.of r a infa ll dUI'ing the s ummer months . Howeve r, from 1968 until 1974, 

the precipitDtion was more irregular , but wi t h peaks usually during the 

slmlmer mont hs . From 1968 until 19711 the rainfall did not go above 25 . 4 

em (10 ill) pe r mont h until June of 1974, I"lhen 30.5 em (12 in) was 

mea s ured . The pr ec ipi tat ion was measured at th e Wildwood sewage plant 

by th e opera tor for 1974 and 1975 and i s plotted in Figure II. In 

compar ing the r a infall recorded at Bushne ll to that recorded at Wildwood , 

th e same ty pe of pattern eme rg es. A peak rai nfal l occurs between June 

and Augus t, I"ith similar mon thly tota ls. Th e hi s tori ca l data from 

Bushnell imply that the time of thi s study, July 1974 through Septembe r 

1975, produced a wide r ange of precipitation, wi th 1974 be ing a very wet 

year, foll oIVed by the dry yea r of 1975. The refore the r esu lt s of thi s 

study s how the r esponse of th e slVamp t o th e highest and one of the lowes t 

recorded monthly rainfall totals in the past 12 years . 

Since the nutr i ents are conta i ned within t he exper imenta l .slVamp 

durin g dry cond itions, but are more easily flushed out dur ing a ve ry 

\~et yea r, 197 '; was chosen f or use in t he const ru ct i on of a \<ater budge t 



Figure 10. The monthly rainfall totals over the past 13 yr recorded at the 
Bushnell U.S. Weather Station. 
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Figure II. The monthly rainfall totals for 1974 and 1975 as collected by the 
plant operator at the Wildwood sewage plant. 
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so that the max i mum flow from the Sl'lamp could be determ in ed. During 

the summer of 1974 th ere was a continuous flow of water through the 

S\1amp to the lake. HOIoJever, according to the computations, runoff into 

the exper i mental swamp occur red only during the months of J une and July 

of 1974 when the ra infa ll was far above th e storage capacity of the 

soil. The t ota l rainfall for 1974 was 148 cm (58.3 in) with approxi-

mate l y 23 cm (9.1 in) of runoff received by t he experimenta l swamp. 

Evapotransp iration \-Ias ca l cu lat ed to be 11 8.5 cmlyr (116.6 in/yr) in 

this area of Florida. Combin ing the rainfall received wit h the app roxi-

mat e runoff and the Se\1age flo,,) , the total \-Iater in put for th e experi-

mental swamp in 1974 was 171.2 cm (67 .4 in). If the l oss due t o 

evapotransp i rat ion was subtracted , th en the amount of I')ater left was 

52.7 on (20.8 in). A study done by Smit h (19 75) reported that t he 

pe rmeab ility of c l ay was between 0.369 mlyr (1.2 1 ft/yr ) and 0.076 mlyr 

(0. 25 ft/yr). The poten tiometric grad ient for the \~ildwood S\1amp was 

fou nd to be 0.00158. Thus the ground wate r infil trat i on was no t more 

- 6 
than 0.001 mlyr (3.3 x 10 ft/yr), so that most of th e remaining 52 .7 

cm (20.8 in) was expo r ted to the l ake. The overal l hydrological budget 

is summar i zed in Figure 12. Calcul at ion s are presented in Table 9. 

Const ruct i on of a Nutri ent Budget 

The construction of a nutri ent budget (Fi gure 13) gave a better 

understand ing of the pathway of nutri ents through the swamp. The inputs, 

uptake and outf low. for phosphoru s we r e est i mated (Table 10) us ing the 

phosphorus concentration data co ll ected and the hydro l ogica l calculat i ons 

for 1974 . A nitrogen budget was not constructed due t o th e difficulty of 

measuring the effects of nitrification and denitrification. 



Table 9. Calculations for Figure 12. 

1. The sewage flow \-Ias 568 m3/day as measured at the plant and the 
area of the experimental swamp 2.04 x 106m2 . The seh'age ol'tflm, 
was 

(568 m3/day) (365 day/yr) 

2.011 x ]06 m2 
= 0.102 m/yr 

2. Rainf .. !ll for 1974 \'Ias 58.3 inches or 1.48 m. 
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3. Rainfall runoff for 19711 was calculated to be 0.23 m/yr. The area 
of the watershed was estimated to be 4.88 x 106 m2 . 

(0.2j m/yr) (4.88 x 10
6

m
2

) 
= 0.550 m/yr 

4. Ground \olater infiltration was estimated based on the permeability 
of cl<,y (Smith, 1975). 

For the Wildwood area i was calculated from a potentiometric map 
(K 1 e in, 1 9n) to be 0.00158. 

v = (1.21 ft/yr) (0.00158) = 0.00058 m/yr 
" 0.001 m/yr 

5. The rate of evapotranspiration (ET) was estimated at ET = pan 
evaporation x 0.8. Pan evaporation for 1974 was recorded to be 
1.50 m/yr (Heinburg, unpub.). 

ET = (1.50m/yr) (0.8) = 1.20 m/yr 

6. To determine export (E) to 5\Olamp 0 and Lake Panasoffkee, the total 
evapotranspiration (ET) and ground water infiltration (V) were 
subtracted from the total inflow which included rainfall, runoff 
and se\,age. 

E = (0.102 m/yr + 1.48 m/yr + 0.550 m/yr) - (1.2 m/yr + 0.001 m/yr) 
= 0.931 rn/yr. 
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0.550 m/yr 

SWAMP 
WATER 

I 

I 
J .00lm/yr 
J 

t 

EVAPOTIiANSPIRATION 

1.2 m/yr 

EX PORT to larger swamp 
and lake 

GROUNDWATER INFILTRATION 

V'1 
V'1 



56 

Table 10. Calculations for Figure 13 . 

1. The es t I mated f 1 QYj- rate of sewage I nto the 51-lamp \'Ias based On the 
0.25 mgo capacity of the plant. The average concentration of 
phosphorus during one year was 6. 11 mg/1 or 6.lj g/m3 . The flow of 
phosphorus into the swamp each year was equal to 

2. 

3. 

(568 m3/day) (6.lj g_P/m3) (365 days/yr) 2 
~~~-'-....:.....'-...:... = 0.653 g-P/m -yr 

2.04 x 106 m2 • 

The rainfall for 1974 was approximately 1.48 m/yr. The concentration 
of phosphorus in iainfall was 0.03 g/m3 (Brezonik et al., 1969). Thus 
the flOl, of phosphorus into the swamp from rainfall was equal to 

(1.48 m3/ yr m2)(0.03 g_P/m3) = 0.044 g-P/m
2
-yr 

The runoff for 1975 was estimated as 0.550 m/yr. The concentration 
of phosphorus In urban runoff was approximately 0.3 g-P/m3 ~nd for 
pasture the concentration was approximately 0.5 g-P/m3 (Shap iro and 
Odurn, 1975). The runoff into the swamp \'laS composed of 34.8% urban 
and 65.2% improved pasture. The input of phosphorus was computed 
as follO\·/s: 

(0.550 rn 3/m2-yr) (0.348) (0.5 91m3) + (0.550 m3/m
2
-yr) (0.652) (0 .3 g/m3) 

0.203 g-P/m2-yr . . 

The outflow was 0.931 m/yr(see Figure 10). 
of phosphorus for one year (from June 1974 
flow culvert at station 12 was 0.124 g/m3 . 

The average concentration 
- June 1975) at the over­

The phosphorus exported 
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2 Since all the pathways were described in terms of total. glm -yr, 

the effects of dilution through rain and runoff were includ ed . Thus, 

the total export of phosp horus to the l ake \-las 101·', only 0.115 g/m2-yr. 

)n a dry year such as 1975, there was no export to the lake, si nce 

much of the swamp I'las dry. The water that did reach the slvamp was lost 

by evapot ransp irati on or helped to maintain the water level at or nea r 

the so il surface. Throughout the study, the soil in the swamp was very 

moist. HOIvever, from December 19711 through September 1975 there was no 

Ylater flOl'l observed through the culvert at station 12. 



DISCUSSION 

Nutrient Uptake Effectiveness of the Swamp 

Wetlands systems can be used as an alternative to tertiary treat­

ment as was shOl·m for this mixed harcil"ood s\"amp. In a fai rly short 

distance from the sewage plant the swamp removed most of the nutrient 

input from the sewage effluent. After flm·ling through 3.7 km (2.3 mil 

of Sl"amp the concentrations of phosphorus sho\'/ed a 98. 1% reduction over 

th e levels measured at the sewage ditch enter in g the wetlands system. 

In the same distance the total nitrog en concentration was reduced by 

89.7%. A sedimentation-coagu l ation process of advanced waste water 

treatment removes approximately 98-99.5% of the phosphorus (Dobrzynsk l ~,-

1975), which i s in the same range as the phosphorus removal currently 

beirrg effected by the swamp. The nitrogen r emova l rate using an extended 

biological decomposition method removes 90-99% of the nitrog en, which is 

above the 89.7% r emoval by the swamp. Hm"eve r, the natural concentration 

of nitrogen in the swamp was 1.4 mg/ l . Thus, even if the ni trogen in the 

sewage eff luent were completely removed, the concentration of nitrogen in 

the S\"amp I"ould remain at about the sa",e leva l. Even during the "/et 

cond iti ons when the largest export of nutrients occurs, the nutrient 

fl ml Into 51-lamp 0 and the l ake was l ess than the nutrient Inflm" from 

rain and runoff. Thus the se,"age effluent from Hildl-iood Is not a major 

contributor to the eutrophication of Lake Panasoffkee. 

Th e dec rease in nutrient conCcfltration was acc~npanicd by an in­

crea se in the productivity of vegetation within the swamp. The cypress 

60 
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and ash gre\'J more rapidly in swamp B than in s\'Jamp D. This elevated 

growth rat e represented a 20% in crease in the uptake rate of phosphorus 

by ash. Also the und erstory \~a s mos t dense in s>lamp B probably in 

res ponse to the extra \~ater and nutrients provided by the se",age effluent. 

Smith and Post (1973) found a similar response of the understory in a 

pin e community also being treated \vi th secondary effluent. 

A Deta i l ed Nutrient Mode l of the S\~amp 

The model shown in Figure 14 summarizes the flow of nitrogen and 

phosphorus through the swamp. An explanation of th e symbols is shO\~n 

in Figure 15. The nutri ents are carried into the swamp by the water. 

Th e standing \'Iater, shown as a tank, exchanges nutrients freely "lith the 

sedimen t tank. The nutl'ients in both of these tanks are available for 

upt ake hy the aquatic vegetation, however the trees depen d mainly on 

nutri en ts fran the sed iments. The nitrogen is t aken up by plant s in the 

form of nitrate or ammonia, while the phosphorus utilized by plants is 

in th e phosphate form. After being used by the producers the nutrients 

become part of the de tritus. ~he microbes use oxygen in their respiration 

and convert the detritus back to its Inorganic form. ' Also some microbes 

denitrify the nitrog en \-Ihich then leaves the sy s t em as nitrogen gas. 

Since th e sediments are usually saturated there is very little dis so lved 

oxygen. Hm"eve r the \-Iater is shallm", allowing the diffusion of oxygen 

into the \·Jater . In addition many areas of the swamp were dry during 

part of th e year which caused some oxidation of the sediments. 

Phosphorus may be absorbed onto clay particles and precipitat e In 

the form of FeP04 , A1P04 , and CalO(P04'6F2 (varlscite , strenglte, ·and 

fluroapat i te , re spect ive ly'. The magnitude of this process i s depende~t 
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Figure 15. Description of Energese, an energy circuit language 
(Odum, 1971). 

(a) External, unlimited energy source to the system . . 
(b) Heat s in k as required by the second l aw of thermo­

dynamics in order to do work. 

· (c) Component of energy or matter storage in which 
quant ity sto r ed is the integral of the i nfl0\1s 
and outf l ows. 

(d) Autotrophic in dividual or community whic h has 
both anabolic and catabol ic processes. 

(e) Interaction in which output is some unspecified 
fun ct i on of two input forces. 

(f) Autocatalytic unit wh i ch by virtue of feedback 
mechanisms may enhance its abi l ity to process 
energy . 

(g) Force (X) acting to proportion of flow (J). 
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on the oxygen leve l and pH. Drezonik e·t al. (1969 ) reported that under 

anerobic conditions more phospho rus was released by lake sediments. This 

conclusion concurred I·lith a report by Sturrm and Loeck i (1970) Hhich 

stated that the reduced Fe(1 I)P04 compound was soluble whil e Fe(11 I)P0
4 

\'/as not. 

As men tioned above one sink for nitrogen is the atmosphere. In 

this process nitrate nitrogen is reduced to nitrogen gas. Favorable 

conditions for this process are an anaerobic environment, a neutral pH 

(Keeney, 1973), and the presence of organic matter. Both of these 

conditions are met by the Wildwood swamp indicating that denitrification 

is possibly an important mechanism in the nitrogen budget. 

Since it was not feasible to measure the value of each flow shown 

in the model, the model itself cannot be used to extrapolate the effec-

tiven ess of the swamp under other conditions such as an in c r ease in the 

selvage volume. HOI'lever, the increased uptake of phosphorus by ash ~Ias 

observed only in swamp B, which is about 4% of the total area of the 

experimental swamp. The sewage flow is often contained within s\olamp B 

but if the flovi were doubled then more nutrients probably \oIould be 

carried into swamp C, where 194 ha (480 acres) of swamp are available. 

Based on the data from swamp B it seems likely that some increased 

productivity could occur in swamp C in r esponse to the greater levels 

of water and nutri e nts. Because most of the nutrient and pathogen 

remova I occur red Ivi th; n a sma II a rea, s\"ar;1p C wou I d p robab 1 y cont i nue 

to function e ffective ly as an alternative to tertiary treatment even 

if Wi ldlvood experienced some grOlvth in population. The precise relation-

ship between the area of SHamp needed pe r vo lume of waste is very important 

and requires further research. 
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Publ ic Health Aspects of Swamp Sewage Disposal 

In addi tion to r emoving nu tr i ents, the s\vamp i)ppeared to be 

fi lt ering bilcteria out of the wastewate r. Although bacterial measure­

ments were not of major importance in this study the few measurements 

made probably are indi cati ve of a general pattern. Other more intensive 

studi es support this (S opper and Kardos, 1973). Fecal coliform and 

fecal streptococci bacteria are always found in t he excreta of Wi)rm­

blooded anima ls. Their presence in ni)tural waters signifies recent fecal 

pollution and possibly the presence of pathogens. The ratio of feci) 1 

coliform. to fecal streptococci Wi)S used to determine the origin of the 

fecal contaminat ion. Throughout this study the ratio in s\Vamp Band 

sometimes in marsh A 'das at or belo\V 0.7 which is outside the range of 

human fecal contamination. 

Another important public hei)lth considerat i on is th e releas e of 

virus from se~I"ge effluent. Dr. Flora ·Mae Welling s and her associi)tes 

at the State Epidemiological Research Center, Tampa, Florida, performed 

viru s an a lyses on the eff luent and swamp \Vater at Wildwood. Their results 

are summarized in Appendix .[). They found that although many viruses 

\Vere re l eased in the se\Vage effluent, their concentration in the \Vater 

declin ed so rapidly that none were found beyond marsh A. As expected 

(De Fl ora at al., 1975) the viruses were concentrated in the sediments. 

Virus particles become bound up in the organic matter if there is a 

large amoun t of organic s in the wat~r, thus protecting them from the 

chlorine disinfectant (Schaub at al., 19)4). The Wildwood plant 

eff luen t was very turbid wit h a BOD redu ction rang i ng from 30 to 80%. 

It contained a l arge amount of organic matter pre s umably carrying many 

viru s. The ne\~ 0.5 mgd plnnt nOl., und e r construction will hopefully 
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el imina t e these problems. A study done by t1,,1 inu et al. (1975) found 

th at an act ivated sludge treatment process was able to cause the inact i­

vation of virus. Stokes und Hedenland (1974) reported that with a good 

activuted s ludge process 98% BOD removal was attained. When this treat­

ment was coupled I"i t h a chlorine residual of 1 ppm of HOCl for 30 

minutes, viruses were quite effectively controlled. 

Viru s standards have been very ha rd to develop due to the l ack of 

reli able techniques for the concentration and detection of viruses in 

water. The "natura l'" or "tolerabl e" concentrations of vi rus have not 

been determined. However James McDermott, chief of EPA Water Supply 

Division (Taylor, 1974), proposed th at 1 plaque forming unit (pfu) I'as 

equivalent to one infect ive dose and estimated that one out of every 100 

to 1000 in fected people would exhibit disease symptoms. However , the 

Sl-Jump l'/ater in WildvJOod i s used neither for drinking nor recreation, so 

h ighe r v i ra l l eve l s might be permissible wit hout caus ing a public hea l th 

problem. 

Whil e negative results in th e ground water wells do not prove that 

there is no viral contamination, th e presence of a clay layer indi cates 

that there probably is 1 ittle vertical movement of water ",hich I,ould 

carry viru s into the ground water. Th e virus particles are probably 

absorbed onto the soi 1 surfaces in the top 0.6 m (2 ft) (Drewry and 

El inssen, 1968) . No conc lus ive ev idence ori the survival time of human 

pathogenic viruses i n the soi l has been reported , t-ut Wellings et aI., 

(197 5) reported 28 days surv ival in a cypress dome. The data collected 

on the ground water l'/e l ls i n \<ilch'lood sho'ded no virus present suggest­

in g that there is not an excess i ve buildup of v iru s in the swamp even 



after 20 yr of receiving sel"age effluent. Hi th the nevi seco nda ry 

acti va t ed sludge and the viral remova l capacity of the swamp , it is 

sugges t ed tha t additional viru s treatment may be only a cos tly burde n 

t o the tOl"n wi thout produc ing t angib le benefits. 

Economic Value of the S\"amp 

Since the s",amp was s hown to be an ef fectiv e al ternative to tertiary 

wastewa t e r treatment, the econom i c benef it s of this swamp disposal system 

\"e re exp lor ed. 'The construct i on cos t of a secondary treatment pl ant of 

0 . 5 mgd capacity in the vicinity of the '/ild'."ood a r ea vias est i mated by 

Lochra n (1 975 ) to be $290,000. Wi th a life expectancy of 25 years and an 

int e res t rate of 10%, th e amort i zed yearly cost was $31,950 for construc­

tion a lone . In orde r to extend the applica tion of thi s thesi s , th e 

nat iona l cos t figures fr om Smith (1 968 ) were used to estimate the 

ma in tenance cost for a 0.5 mgd secondary ac ti vated s ludge p l ant as 

$20,000 in 1967. Us ing th e Engineer ing News- Reco rd (1975 ) cost index, 

t hi s figure was updated to $39,850 as of March, 1975. Thus the tot a l 

yearly cos t for secondary treatment inclu di ng construction and maintenance 

would be $71,800 or $0.39/1000 ga l. 

To in corporate t ert i ary trea t ment, in c ludin g biological nitrifi­

cation-denitrification, chem ical precipitation, and fil trat i on , would 

double the con s truction cost (Loc hran , 1975) . Ma i ntenance cos t s estimated 

from Smith (1 968) wou ld be a n add i t i onal $47,450/yr fo r a 0.5 mgd t er tiary 

treatmen t plant. The tot a l cost for terti ary treatment wou l d be $79 , 400. 

Thus the swamp as an a lternative to the t er ti ary treatme nt met hod a l one 

has a value of $79,400/yr to th e residents of Wi Idwood . The savi~gs for 
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the 25 yeur life expectancy of the plant are nearly $2,000,000, which 

I'lould marc than pay for the l and its e lf. These figures are summar ized 

in Tab I.e 11. 

Tile tl'IO mini mode ls shown in Fig ure 16 represent the interaction 

between the swamp and the city with and without tertiary treatment. 

~\odel A shows the present interaction betl'/een the cit~ and the Sl"amp. 

Th e waste produced requ ires fossil fuel for secondary treatmen t but the 

product of this treatment still contains usable energy for the swamp 

producers in the form of nutri ents . On ce brought into the swamp the 

nutrients a llow a higher produc tivity rate and produce timber more rapidly. 

Hodel n describes the case of using tertiary wastewater treatment requir-

ing more fossil fuel input. During this process th e "later and nutrients 

are separated by precipitating the nutr ients and then physically rem~vLn~ 

them from the system. Clean water is th e only p"oduct of this system, ' 

By conve rting all of the energy flm'/5 sho'.'," on the mode ls into units 

having th e same energy quality they can eas ily be compared. The t echn ique 

by ,"hich this convers ion can bp. made "'as developed by Odum and Brown 
/ 

(1975) us in g the fossil fuel equivalent (FFE) as the basic unit. The 

concept of energy quality is based on the fact that some energy forms 

such as e l ectr icity have more uses for mank in d than the dilute energy 

of sunligh t and ther efore have a high e r energy quality. Odum and Brown 

(1975) reponed t he ene rgy quality factor of sunlight to fossil fu e l is 

2000, mean ing that 1 kcal of fossil fuel (FFE) i s equivalent to 2000 kcal 

of sun li ght. Odum and Drown (1975) cal culated the energy quality of net 

primary product i v i ty to be 20 as compared to fossil fuel. Since 1 g of 

biomass i s equiva lent to 4.5 kc a l of energy as dete rmined by a bomb 



Table 11. The construction and maintenan ce costs for secondary and tertiary 
treatment are given for an 0.5 million gallons per day se\~age 
plant. 

Amortized Construction Yearly Yearly Total Costs (1 ife 
cost, 25 yr. life at ~\a i ntenance Total of plant estimated 
10% yearly Costs Costs to be 25 years) 

Secondary Treatment $31,949 $39,850 $71,799 $1 ,794,975 

Tertiary $31,949 $47,450 $79,399 $1,984,975 . 

Both $63,898 $87,300 $151,198 $3,799,950 

Cost 
per 
1000 ga 1 . 

$0.39 

$0.44 

$0.83 

" 



Fi gure 16. Mod e l s A and B show the energet ic eva luat i on of 
th e t'·IO I"/aste disposal methods. 
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Footnotes for Figure 16 

a) Construction and maintenance costs for secondary sewage treatment 
= $71,800; 20,000 FFE/do1lar (Ky1stra, 1975) 

8 
($71 ,800) (20,000 FFE/dollar) = 1.80 x 10 FFE/yr 

b) Assume selective harvest of net productivity with 75% merchantable 
I umber 

. ' 2 2 
(1101 g/m -yr) (600 m ) (0 . 75) 

(0.5 g/cm3) (2359 . 7 cm3/bd-ft) 
= 419.9 bd-ft/yr 

harvesting and rough cut cost = $995/1000 bd-ft (Brown, 1976) 

($995/1000 bd-ftl (419.9 bd-ft/yr) (20,000 FFE/dollar) = 8.36 x 10
6 

FFE/yr 

processing cost = $1095/1000 bd-ft (Brm'in , 1976) 

$1095 - $995 (419.9 bd-ft/yr) (20,000 FFE/do1Iar) = 8.40 x 105 

1000 bd-ft 

manufacturing cost = $5000/1000 bd-ft 

__ ~~~O - $1095 (419 . 9 bd-ft/yr) (20,00 0 FFE/yr) = 3.28 x 107 FFE/y~ 
1000 bcl-ft 

total cost · 
(8.36 x lOb FFE/yr) + (8.40 x 105 FFE/yr) + (3.28 x 107 FFE/yr) = 
4.19 x 10 7 FFE/yr 

c) Energy cost to cleanse water of approximately 200 mg/l of dissolved 
sol ids. 

d) 

nF = RT ~n CI/C2 
0.999978 3 
1.0000001! = (1.987 cal/mole-deg.) (300°) ~n 

= 8.48 x 10- 4 kcal/g 
Grams of water processed each year by sewage plant (568 m3/day) 
(365 days/yr) (103 l/m3) = 2.077 x lOll g/yr 
energy quality of wate r = 0.1 FFE/kca l of water (Costanza , 1976) 
Energy va lu e of cl ean warTr from se\'lage plant 
(0 . 1 FFE/kcaJ) (2.07 x 10 g/yr)(8.4 8 x 10-4 kcal/g) = 1.76 x 107 

FFE/yr 

Ne t produc t I v I ty for swamp B = 
to fo ss i I fuel = 2.0 (Odum and 

2 
110 1 g/m -yr; 
Bw,m, 1975) 

energy qua Ii ty of \lOod 

(1101 g/m2-yr) (4.5 kcal/g) (60 0 rn
2

) 6 
'--_-"-_--'--.C...c.....-C... __ --"-"--____ = I . I! 9 x I 0 F F E/ Y r 

2 kcal/FFE 
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e) Const l·llction and maintenance costs for both secondary and tertiory 
trea tment ~ $151,200 

8 ($151 , 200/yr) (20,000 FFE/yr) ~ 3.78 x 10 FFE/yr 

f) Assume se lect ive harvest of net productivity with 75% mechan table 
1 umber. 

22 · 
(882 g/m -yr) (600 m ) (0.75) 

(0.5 g/cm3) (2359 .7 cm3!bcl-ft) 
= 336.4 bd-ft/yr) 

harvesting cost and rough cut cos t ~ $995/1000 bd~ft (Brown, 1976) 

($995/1000 bd-ft)(336.4 bd-ft/yr) (20 ;000 FFE/dol1ar) ~ 6.69 x 106 

FFE/yr 

pro cess ing cost = $1095/1000 bd-ft (Brown, 1976) 

(~~6~ ~d~n5) 036.4 bd-ft/yr) (20,000 FFE/dollar) = 6.73 x 105 FFE/yr 

manufacturing cost = $5000/1000 bd-ft (Brown, 1976) 

(25.~00.~~095 )(336.4 bd-ft/yr) (20,000 FFE/dollar) = 2.63 x 107 FFE/yr 
1000 bd-ft 

To ta l cost: 
(6.~9 x 106 FFE/yr) + (6.73 x 105 FFE/yr) + (2.63 x 107 FFE/yr) = 
3.37 x 107 FFE/yr 

g) Net pmciuctivity for swamp wi thout selvage efflu ent: 

(882 g/m2-yr) (4 .5 kcal/g) (600 m2) 

2 kcal/FFE 

6 
= 1.19 x 10 FFE/yr 
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calorimeter, then 1 g of biomass is equivalent to 4.5/20 FFE. Kylstra 

(197S) reported the value of money to be 20,000 FFE per dollar. These 

conversion factors were used to determine the kcal of ·fossil fuel 

represented by the timber productivity of the swamp, the cost of harvest-

ing, processing , and manufacture of the vlOod, and the cost of Ivaste 

treatment. Once all the values were converted into FFE, the two systems 

were easier to compare. 

In Model A the waste is treated using money from the economy and 

natura l energy. Under this system a total of 2.22 x 10
8 

FFE/yr is 

required from the main economy of Wildwood and 1.91 x 107 FFE/yr is 

produced. This output represents approxi mate ly a 0.9% return on the 

energy invested from the economy. Therefore by matching this invest~d 

energy with the natural energy of the area, th e system produces more 

"t i mber . 

HOl1ever, as shovin. in Model B, the technological processes of Vlaste 

treatment does not represent a very high retu rn on the energy invested, 

only about 0.5%. In this system the local economy invests 4.12 x 108 

FFE/yr but the system itself produces only 1.19 x 107 FFE/yr which 1s 

the value of the clean wat er produced and the 10'der timber yield. 

The city of Wildwood retains a very valuable, and in one sense, 

renewabl e resource in the swamp. The monetary v~lue alone of this Vlet-

lands system for just a tertiary treatment f ac i lity is guite high. This 

figure , however, does not begin to include the importance of the swamp 

as contributing to the regional energy flow through the management of 

Vlater and timber. In nature, the system which . i s the most efficient 

in using all its energy sources for the maximu,,: pO' .. :er output wins out 
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in competition \·lith other systems (Odum, 1971 ; Odum and Bro'"n, 1975) . 

Th e s\~amp rep resent s an ene rgy pathway wh i ch ca n be used by the city 

of ~lildwood in many Hays for the ir mutual benefit and maximum pO\'le r 

output. The use of th e s\~amp to reprocess Haste"later enables th e taxes 

of the city . to remain low. In addition, the fossil fuel "Ih i ch might 

have been used to build and ma intain a tertiary treatment plant can , 

be used for more i mportant tasks . Also, if the ne t productivity of the 

trees in the s\~amp i s ha rvested fo r timbe r, then the system produces an 

additional econom ic ga in whil e ma int a ining th e SNamp in its curre nt 

successiona l stage. In add iti on, processed \'later i s available to fl ow 

int o Lake Panasoffkee. 

The Wild\'lood area provides an exce ll en t examp l e of the interaction 

of man ancl nature in Hhich both benefit. The City of WildHood i s not 

Healthy enough to su pport a hi gh ene rgy wa ste disposa l sys t em. I t is, 

howeve r, l oca t ed in a l arge l y natura l area and small e nough that the 

swamp i s able to process it s waste e ffici ent l y. Thoug h the l oad ing rate 

and the area of SHamp needed wi ll vary in oth e r areas, th e study of 

Wi Idwood shads that ",e tl and systems can be used as an alt e rnative to 

high cost , tertiary treatmen t f ac ilities. 
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Table AI. 

Sampling P04-P Total P 
Loca t i on mg/l mg/l 

1. 48 1. 90 
2 1. 02 1. 28 
3 0.80 1. 00 
4 1. 48 1.72 
5 1. 34 2.84 
6 1 . 06 1. 28 
7 0.88 1. 10 
8 0.88 1. 16 
9 0.92 1. 28 

12 0. 16 0.32 
15 0. 16 0.20 
16 0.10 0.12 

10 0.28 0.40 
1 1 0.26 0.46 

.13 0.40 0.48 
14 0.34 0.38 

Field sampling results of 19 August 1974. 

N0 3-N N0 2-N NH 3-H Org. N 
mg/! mg/ l mg/l mg/l 

0.40 0.750 1.77 4.43 
0.05 0.230 0.00 
0.04 0.000 0.00 2.43 
0.27 0.000 trace 3.45 
0.09 0.690 trace 4.80 
0.07 0 . 000 0.00 3.41 
0. 09 0.000 0. 00 3.59 
0 . 28 0.000 0.00 
0.25 0 . 000 0 . 00 1.77 
0.44 0.000 0.00 1. 21 
0.13 0.000 0.00 2.52 
0.13 0.000 0.00 1. 12 

0.42 0.000 0.00 2.15 
0. 28 0.000 0.00 2.10 
0. 18 0.000 0.00 2.15 
0.36 0.000 0.00 2.24 

Inorg. C 
mg/l 

23.5 
22.5 
21. 5 
23.5 
23.0 
20.5 . 
19.0 
19.0 
25.0 
21.5 
7.7 

30.0 

11.5 
15.5 
8.5 

38.5 

Org. C 
mg/l 

25.0 
21.5 
20.0 
21.0 
24.0 
23.5 
22 . 8 
24.0 
28.0 
19·5 

> 72 . 0 
45 . 0 

24.5 
28.5 
29.0 

> 41. a 

......, 

'"' 



Table A2. 

Sampl ing P04-P Total P 
Loca t i on mg/l mg/l 

4. 05 4.76 
2 1.85 2. 00 
3 1. 52 1.90 
4 1.62 1. 90 
5 0.25 0 . 40 
6 1. 32 1.48 
7 0.20 0 .22 
8 0.82 0 . 92 
Q 0 . 90 1. 00 -12 0 . 21 0. 24 

15 0. 07 0 . 20 
16 0 . 00 0.1 0 

10 1 .011 1. 20 
1 1 0.24 0.28 
13 0.27 0.30 
14 0.39 0.44 

Field sampling results of 18 September 1974. 

N0 3-N N0 2- N NHrN Org. N 
mg/ l mg /l mg/l mg/l 

1.40 0 . 055 4.94 10.70 
0.00 0.033 2.24 2.46 
0.00 0 . 000 1. 24 2.83 
0.00 0.000 1. 91 2 . 24 
0.24 0. 000 0.23 0.90 
0 . 00 0 . 000 0 . 78 1. 79 
0.06 0.000 0.00 1.00 
0 . 00 0.000 0.78 1. 79 
0.00 0.000 0. 34 1. 45 
0.00 0.000 O. 11 1. 10 
0.09 0. 000 O. 11 1. 35 
O. ]/, 0.000 0. 1,4 1. 80 

0.16 0.000 0.34 1. 92 
0.09 0.000 O. 11 0. 90 
0.06 0.000 O. 11 2.35 
0.00 0.000 0. 11 

Inorg . C 
mg/l 

47.0 
40 . 0 
40 . 0 
40.0 
34 . 5 
37.5 
28.5 
34.5 
43.0 
33.0 
34.5 
21.0 

35 . 0 
33.0 
52.5 
72.5 

Org. C 
mg/l 

17 . 5 
11.0 
16 . 0 
17.0 
7.5 
8.5 

15.0 
9. 5 
8.0 

16 .0 
14.0 
22.0 

9.0 
11. 0 
21.5 
11.5 

co 
o 



TBble A3. Field sampling results of 15 October 1974. 

Sampling P04-P Total P N0 3-P N02-N NH 3-N Org. N Inorg. C Org. C 
Location mg/l mg/l mg/l mg/l :71g/1 mg/l mg/l mg/l 

8.60 7.90 0.20 O.OO~ 12.50 5.60 54.0 37.5 
2 4.10 4.10 0.20 0.003 7.16 2.37 48.0 22.5 
3 3.64 3.80 0.20 0.003 5.39 2.12 45.0 22.5 
4 2.64 2.30 0.20 0.008 3.59 1. 00 43.5 15.5 
5 0.26 0.41 0.20 0.000 0.00 1. 12 36.0 19.0 
6 1. 13 1. 36 0.00 0.000 2.35 1. 07 47.5 15.5 
7 1. 16 1. 24 0.00 0.000 2.63 1. 55 43.0 13.5 
8 0.92 0.90 0.00 0.004 1. 96 0.00 43.5 16.5 
9 1. 20 0.92 0.00 0.000 0.00 1.00 52.5 18.0 

12 0.07 0.10 0.20 0.000 0.00 0.78 46.0 15.0 
15 0.05 o. 05 0.00 0.000 0.00 0.67 34.5 12.5 
16 0.04 0.09 0.20 0.000 0.00 3. 13 26.0 25.5 

10 0.06 o. 13 0.00 0.000 0.00 1. 57 39.5 17.0 
1 1 0.08 0.09 0.00 0.000 0.00 0.78 48.0 13.0 
13 0.10 o. 14 0.00 0.000 0. 00 1.35 65.0 35.0 
14 0.13 0.16 0.00 0.000 0.00 1. 12 67.0 31. 5 

00 



Samp 1 i ng P04-P 
Loca:ion mg/I 

1 8.2.5 
2 8.70 
3 7.75 
4 6.75 
5 0.21 
6 2..90 
7 3.33 
8 0.49 
9 O. 1 1 
9a 4. 10 

12 0.04 
15 0 . 03 
16 0.02 

10 0.03 
11 0. 01 
13 0. 05 
14 0.07 

Table A4. Field sampling results of 21 Novembe r 1974. 

Total P N03-N N0 2-N NHrN Org. N 1 norg. C 
mg/l mg/I mg/I mg/I mg/I mg/l 

8.60 :l> 4.600 14.90 5.60 52.0 
9.45 0.000 18.00 3.60 58.0 
8.50 CJ 0.000 16.50 3.47 61.0 
4.70 '" 4.300 4 . 03 2.13 44.0 

0 
0.38 :£ 0.000 0 .00 2.56 36.0 
5.05 a. 6.500 5.81 1. 90 48.0 ro 
4.30 rt 7.300 3.47 1. 79 42..0 

'" 2.80 n 6 . 200 0.00 4.02 42..0 
rt 

0 .16 '" 0.000 0.00 2.52 59.0 
CJ 

5 .00 - 9.000 4. 92 2.2.4 44.0 ro 
0.07 0.000 0.00 1. 79 46.0 
0.09 -. 0.000 0.00 1. 68 30.0 

3 
0 .08 

rt 
0.000 0.00 2.. 13 30.0 

II' 

0. 07 0.000 0.00 1. 79 112.0 
0.07 0.000 0.00 1.29 46.0 
0.08 0 . 000 0. 00 2.01 69.0 
0 .11 0.000 0. 00 1.57 66.0 

Org. C. 
mg/l 

46 .0 
36.0 
2.8.0 
24.0 
29.0 
2. 1 .0 
27.0 
29.5 
31.0 
27.0 
2.4.0 
17.0 
32.0 

22.0 
25·5 
37.0 
54.0 

Remarks 

12. inches 
8 inches 

12 inches 

24 inches 
11 inches 

2.3 inches 
30 inches 

30 inches 

8 inches 

co 
N 



Table A5. 

Samp1 ing P04-P Tota 1 P 
Locat ion mg/ 1 mg/l 

1 9.00 9.40 
2 5.50 5.75 
3 6.35 6.45 
4 1. 26 1. 70 
5 0.29 0.60 
6 1.26 1. 65 
7 1. 20 1.42 
8 1. 11 1.50 
9 0.30 0.46 
9a 0.55 0.64 

12 0.01 0.04 
15 0.10 o. 14 
16 O. 01 0.02 

10 0.04 
11 0.03 0.05 
13 O. 11 0.10 
14 0.05 0.09 

Field sampling results of 17 December 1974. 

N03-N N02-N NH 3-N Org. N 
mg/1 mg/1 mg/1 mg/1 

0.00 58.000 15.40 5.82 
0.00 0.000 8.50 2.13 
0.00 0.000 9.50 2.02 
0.00 15.000 0.00 3.70 
0.00 0.000 0.00 1.00 
0.00 62.000 0.00 . 1 . 00 
0.00 33.000 0.00 ·1 .57 
0.50 40 .000 0.00 2.47 
0.00 0.000 0.00 1.80 
0.00 0.000 0.00 1. 57 
0.00 0.000 0.00 0.67 
0.00 0.000 0.00 1. 00 
0.00 0.000 0.00 0.90 

o. 00 0.000 0.00 0.79 
0.00 0.000 0.00 0.90 
0.00 0.000 0.00 1. 80 
0.00 0.000 0.00 1. 35 

Inorg. C 
mg/l 

48.0 
40.0 
41.0 
27.0 
27.0 
25.0 
27.0 
32.0 
82.0 
43.0 
38.0 
23.0 
32.0 

· 38. a 
41. a 
52.0 
55.0 

Org. C 
mg/1 

38.0 
28.0 
28.0 
28.0 
29.0 
28.0 
22.0 
43.0 
61.0 
45.0 
24.0 
20.0 
23.0 

24.0 
24.0 
47.0 
28.0 

0:> 
W 



Samp 1 i ng P04- P 
~ocation mg/l 

1 10.60 
2 10.60 
3 10 .60 
4 0.95 
5 0. 23 
6 0.50 
7 1. 06 
8 
9 0 . 35 
9a 0.21 

12 0.01 
15 0.06 
16 0.01 

10 0.02 
11 0.03 
13 0.04 
14 0.01 

Table A6. Field sampling results of 17 January 1975. 

Tota 1 P N0 3- N N0 2- N NH 3-N Org . N I norg. C 
mg/l mg/l mg/l mg/l mgl1 mg/ l 

10.60 ~ 0 . 000 17.50 5.15 63.0 
11 . 00 0.000 22.00 3.92 80.0 
11 . 00 a- 0.000 20 . 40 3.14 78.0 (l) 

0.94 0 19.000 0.00 2.58 41.0 
0 . 32 :;: 0.000 0.00 1. 34 38.0 
1. 32 Cl. 48.000 0.00 2.58 40.0 (l) 

1. 15 rt 9.000 0.00 1.00 47.0 (0 

n 
I 

0 . 46 OJ 0.000 0.00 1. 46 98.0 a-
0 . 34 - 0.000 0.00 1.23 66.0 (l) 

0.07 0.000 0.00 0.79 65.0 
0.09 3 0.000 0.00 1.23 44.0 
0.05 rt 0.000 0.00 0.90 54 . 0 

III 

0.10 0.000 0. 00 0 . 79 58.0 
0.06 0.000 0. 00 0.56 63 . 0 
0 . 05 0 . 000 0.00 1.40 76 . 0 
0.09 0.000 0.00 1. 29 90 . 0 

Org . C 
mg/l 

49.0 
30 . 0 
24.0 
11.0 
14.0 
5.0 

13.0 

16 . 0 
18.0 
3.0 

15.0 
5 . 0 

3.0 
5. 0 

23 . 0 
8 . 0 

Remarks 

No water 

ex> ..,.. 



Table A7. 

S~mp 1 i ng P04-P Total P 
Locat ion mg/l mg/l 

1 10.70 13.20 
2 11 .60 13.40 
3 10.20 10 .80 
4 0.90 1. 40 
5 0.42 0.66 
6 5.05 5.70 
7 
8 
9 0.80 1. 14 
9a 0.50 0.69 

12 0.04 0.08 
15 0.02 0.05 
16 0.05 0.11 

10 0.05 O. 1 1 
11 0.05 0.09 
13 0.07 O. 13 
14 0.06 0.11 

FIeld sampling results of 21 February 1975 

N03-N N0 2-N NHrN Org. N Inorg. C 
mg/l mg/l mg/l mg/l mg/l 

» 0.000 15.00 5.50 74.0 
0.000 19.70 2.91 83 . 0 

0- 0.000 19.30 2.46 81.5 CD 

9 Trace 0.00 2.58 37.0 
"- 0.000 0.00 1. 68 34.0 
Cl. Trace 0.00 10.80 93.0 CD 
rt 
CD 
(l 
rt 
ill 0.000 0.00 1. 80 85.0 0-
~ 0.000 0.00 0.90 56.0 ('J 

0.000 0.00 0.34 57.0 
3 0.000 0.00 1. 12 46.0 
rt 0.000 0.00 0.90 34.0 
'" 

0.000 0.00 1. 12 51. 0 
0.000 0.00 1. 23 55.0 
0.000 0.00 0.56 70.0 
0.000 0.00 1. 12 82.0 

argo C 
mg/l 

61.0 
21 •. 0 
22.5 
26.0 
21. 0 
52.0 

9.0 
27.0 
5·0 

19.0 
24.0 

12.0 
5.0 

20.0 
30.0 

Remarks 

2 inches 

11 Inches 
5 Inches 

11 inches 
6 inches 

No water 
No water 

18 inches 

22 inches 

41 inches 
16 inches 
5 inches 

0:> 
en 



Table AB. 

Sampling P04- P Total P 
Locati on mg/l mg/ l 

1 11 . 10 11.00 
2 0.77 11. 19 
3 8.08 8.69 
4 1. 15 0. 16 
5 0.43 0. 86 
6 
7 
8 
a 0. 87 1. 14 -9a 0.48 0.67 

12 0.08 0. 17 
15 0.03 0.12 
16 0.02 0. 28 

10 0.06 O. 17 
11 0.75 0. 17 
13 0.08 0.17 
III 0. 09 0.23 

Field sampling results of 19 Ma rch 1975 . 

NOrN N0 2-N NH - N Org . N Ino rg. C 
mg/l mg/l m~/1 mg/ l mg/l 

0.00 0.000 19.90 12 . 10 57 . 0 
0.83 100.000 0.24 7.73 11.0 
0 . 00 40.000 13.40 9 . 10 44.0 
0 . 00 34.000 0.00 8 . 30 27 . 0 
0. 00 5. 000 0.00 7. 20 32.0 

0.00 0.000 0.00 7.1 0 52 . 0 
0.00 0.000 0.00 6.72 111 . 0 
0.05 0.000 0. 00 6.50 26.0 
0.00 0.000 0.00 6 . 05 30.0 
0.00 0.000 0.00 6.50 24.0 

0. 00 0.000 0 . 00 6.61 30. 0 
0.05 7.000 0. 00 7.20 26 . 0 
0.00 0. 000 0 . 00 6 . 60 42.0 
0.00 0.000 0 . 00 6 . 60 54 . 0 

Org . C 
mg/l 

48.0 
16 . 0 
31.0 
27.0 
23.0 

21. 0 
29.0 
22.0 
20.0 
19.0 

26 . 0 
22 . 0 
28 . 0 
22 . 0 

Rema rks 

No wa t er 
No water 
No water 

co 
0' 



Table A9. 

Sampling P04 -P Total P 
Loca t i on mg/l mg/l 

1 9.90 10.40 
2 10. 40 10 .40 
3 10.20 10.30 
4 0.87 1 . 1 1 
5 0.34 0.43 
6 0. 18 1.00 
7 0.78 0.98 
8 
9 0.23 0.27 
9a 0.17 0.23 

12 0.04 0.07 
15 o. 15 o. 16 
16 0.02 0.05 

10 0.09 0.19 
1 1 0.05 0.10 
13 0.04 0.05 
14 0.02 0.05 

Field sampling results of 17 April 1975. 

N03-N N02-N NH 3-H Org. N I norg. C 
mg/l mg/l mg/l mg/l mg/l 

» » 18.60 7.40 57.0 
20.80 4 .59 59.0 

<:T <:T 20.60 4.93 65 .0 
(1) '" 0.00 2.90 14.0 
0 0 0.00 1. 70 11.0 
~ ~ 

c. c. 0.00 1. 70 10.0 
(1) (1) 0 . 00 1.46 8.0 rt ,.. 
(1) (1) 
(l (l 
rt rt 0.00 1. 60 25.0 
'" OJ 
<:T <:T 0.00 1. 46 22.0 
~ ~ 

(1) (1) 0.00 1. 12 26.0 
0.00 1. 20 12.0 

3 3 0.00 1. 20 24.0 -. 
rt rt 

'" '" 0.00 1 . 12 29.0 
0.00 0.12 35.0 
0.00 1.60 34.0 
0 .00 1. 70 50.0 

Org. C 
mg/l 

70.0 
60.0 
45.0 
37.0 
34.0 
40.0 
37.0 

40.0 
46.0 
41.0 
48.0 
41.0 

33.0 
32.0 
51.0 
49.0 

Rema rks 

No water 

00 ..., 



Table AID. 

Sampling P04-P Total P 
Lecation mg/l mg/l 

1 9.64 10.99 
2 10.00 10.60 . 
3 9.83 10 .80 
4 2 . 03 2.14 
5 0.57 . 1 .06 
6 1. 37 1.64 
7 
8 
9 
9a 0.21 0.30 

12 0. 10 0.16 
15 o. 10 0.17 
16 0.09 0.1 7 

10 0.56 0.79 
11 0.27 0.27 
13 0.09 o. 15 
14 

Field sampling results of 23 May 1975. 

N03-N NO -N NH 3-N Org. N Inorg. C 2 
mg/l mg/l mg/ l mg/l mg/l 

:P 0.000 15.12 4.37 50.0 
0.000 18.10 1. 00 60.0 

0- 0 . 000 19. 10 1.46 60.0 
" a 0.000 0 .45 1. 23 30.0 
~ 0.000 0 .00 2.80 23.0 
0. 0.000 0.45 2.40 26.0 
" rT 

'" n 
rT 
QI 

0-- 8.000 0.00 1. 20 47.0 " 0.000 0.00 1 . 311 46.0 
3 0.000 0 .00 0.80 15 . 0 -. 0.000 0.00 1.70 27.0 rt 
V> 

0.000 0.00 1. 23 30 .0 
0.000 0 .00 0.90 51. 0 
0.000 0.00 1.50 71. 0 

Org. C 
mg/l 

48.0 
25.0 
25.0 
25.0 
21.0 
28.0 

21.0 
15.0 
15.0 
27.0 

17.0 
15.0 
25.0 

Remarks 

13 inches 

10 inches 
18 inches 
2 inches 

No water 
No wate r 
No water 
No flow 

21 inches 
17 inches 

33 inches 
10 feet 

No water 

co 
co 



Table 1111. 

Sampl ing P04-P Total P 
location mg/l mg/l 

1 9.74 10.60 
2 10.30 10.40 
3 10.00 10.20 
4 
5 0.80 0.89 
6 
7 
8 
9 
9a 

12 
15 0.04 O. 12 
16 0. 17 0.25 

10 0.6 1 0.60 
11 
13 
14 

Field sampl ing r~sults of 23 June 1975. 

N03-N N0 2-N NH3-N Org. N Inorg. C 
mg/l mg/1 mg/l mg/l mg/l 

» » 16.80 6. 10 95.0 
19.80 4.88 91.0 

r:r r:r 19.40 5.15 91.0 (l) (l) 

0 0 ..: :;: 1. 12 1. 23 92.0 
0. 0. 

'" (l) 
rt rt 
(1) (l) 
n n 
rt rt 

'" '" r:r r:r -(1) (1) 

;;) ;;) 1. 79 76.0 
-. 1. 46 61.0 n- rt 

'" "' 
1. 90 65.0 

Org. C 
mg/l 

65.0 
39.0 
59.0 

48.0 

40.0 
51.0 

50.0 

Remarks 

18 inches 
No water 

3 inches 
No water 
No water 
No water 
No water 
No water 
No water 
16 inches 
39 inches 

23 inches 
No water 
No water 
No water 

co 
\.D 



Table A12. 

Sampl I ng P04-P Tota I P 
Location mg/I mg/I 

10.02 10 . 02 
2 10.90 II. 37 
3 II .95 9.83 
4 1.06 1. 25 
5 1. 42 1. 45 
6 1. 71 1.88 
7 2. 86 5.25 
8 
9 
3a 

12 
15 0.17 0.36 
16 0.53 1. 09 

10 0.58 1. 18 
II 0.22 0.48 
13 
14 

Field sampling results of 17 July 1975. 

N0 3-N NO -N NH -N o rg. N Inorg. C 2 3 mg/I mg/I mg/ I mg/I mg/I 

l> l> 15. 10 5.54 l> 

12 .90 1. 74 
:J 

'" 
CT CT 19.60 2.97 -< co co 

2.13 
N 

0.00 co 
~ 0 0.00 2. 13 

-, 
:E 

0.00 2.91 
0 

0. a. c: 
(1) (1) 

0.00 2.41 
rt 

rt rt 
(1) (1) 0 
n n ...., 
rt rt 
OJ '" 0 
CT CT -, - a. 
co '" (1) ., 

0.00 2.07 
3 3 0.00 1.85 
rI- rt 
V> V> 

0.00 1. 57 
0 .00 1. 23 

Org. C 
mg/I 

l> 
:J 
OJ 

-< 
N 
(1) ., 
0 
c: 
rt 

o · ...., 
0 ., 
a. 
(1) ., 

Remarks 

12 Inches 
17 Inches 
I I Inches 
14 Inches 
8 Inches 
3 Inches 

No water 
No water 
No water 
No ~Jater 

18 Inches 
29 Inches 

29 Inches 
I Inch 

No water 
No wClter 

\.D 
o 



Table A13. Field sampling results of 26 August 1975. 

Samp ling P04-P Total P N0 3-N N02- N NH -N Org. N Ino rg. C Org. C 3 . 
Locat i on mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l Remarks 

I 9.80 10.10 '" '" 16 . 70 3.60 60.0 50.0 
2 10.50 10.20 17.36 2 . 90 62.0 34.0 12 inches 
3 10.30 10.20 <:r <:r 17 . 92 3.00 62.0 28.0 15 inches '" CD 

1; 2.12 2.30 0 0 0.00 1.34 31.0 25.0 12 inches 
5 0 . 66 1. 35 " ~ 0.00 1.80 29 . 0 28.0 15 inches 
6 "- "- No water (1) CD 

7 
... ... No water (1) '" 8 n n No wate r rt ... 

9 0 0 No water 
9a 

:;J :;J No water 
12 No water 
15 O. 11 0.35 3 3 0.00 1. 34 50.0 34.0 17 inches 
16 o. 14 0. 37 ... ... 0.00 0.00 27.0 29.0 30 inches '" '" 
1 0 0.69 0.90 0.00 0. 00 35.0 26.0 24 inches 
1 1 No water 
13 No water 
14 No wate r 

I.D 



Table A14. 

Sampling P04-P Tot al P 
Location mg/l mg/l 

7. 10 7.70 
2 8.60 9.10 
3 9.10 9.40 
4 0.34 0.36 
5 0.38 0.28 
6 0.27 0.40 
7 0. 38 0. 40 
8 
9 
9a 

12 0.06 0.02 
15 0.04 0 . 26 
16 0.12 0. 20 

10 0 .29 0.33 
11 0.22 0.29 
13 0.16 0.00 
14 

Field sampling results or 18 September 1975. 

N03-N N0 2-N NH -N Org. N Inorg. C 
mg/l mg/l m~/ l mg/l mgl1 

l> l> 13 . 50 4.30 43.0 
16.50 4.30 48.0 

tT tT 15.60 3.58 46.0 
(ll (ll 
~ 0.00 1. 12 10.0 0 0 
:;: >: 0.00 1. 00 10.0 
"- "- 0.00 0.90 10.0 (ll '" rt rt 0 . 00 1. 00 10.0 
'" ro 
n n 
rt rt 
OJ OJ 
cr tT 
~ ~ 

(1) ro 
0.00 1. 10 25.0 -. 0.00 0 . 90 30.0 3 3 _. 
0.00 0.80 18.0 rt rt 

'" '" 
0.00 1.60 17.0 
0.00 1 . 00 50.0 
0.00 1 . 10 23.0 

Org. C 
mg/l 

45.0 
36.0 
40.0 
20.0 
20.0 
19.0 
19.0 

59.0 
39.0 
43 .0 

30.0 
50.0 
42 .0 

Remarks 

12 inches 
27 inches 
19 1nches 
20 inches 

10 inches 
No water 
No water 
No water 

26 inches 
36 inches 

30 inches 

No water 

\.!) 

" 



APPENDIX B 



SEWAGE PLANT 
EFFLUENT . 

I 
8 - >372 pfu/liter 

GROUNDWATER 
WELLS 

STATION 3 STATION 4 

' ..... (.\.:.::; .. :: :.,:: ::,:,,:.<.;:.: : ~.:::. :: .. ; .... : :':.:::'. -. 
':' :': :'~'<.:: .. :::;.:.:::,:,:: : ... ,' ........ . . " ::.·:-:::··~·i·.:.:::· 

. ' . , .. ; ...... MUD 1->61 pfu/400g' .:: ..... ' ' 
. . ":: " .. :,>. 0,:.: ,.:,' :: .:',': '.: ' , 

12 feet-

-9 feet 

}: zero pfu/lOO 9allon sample 

.436 mile ,094 mile 

2300 feet 500 feet 

*not drawn to scale 

Figure B1. location schematic f I , o :V I rus concentration ranges, 

I 
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