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Introduction 

Located just northwesl 01 the city of Tallahassee, Ulke Jackson has hIstoncal~ provided val~ ~sh and 
wildhfe habitat arid a recrealiooal and aeslooUc amenity lor Leon Coonty. It I\a!i earned a reputa~on as 
an eltCeP1iona1 recreational filhing ~e, and it has been delignaled an Out$tllnding FIofkIa w..r (OFW) 
UnbrtuNilely, lhe e"ects of pollullon have been apparent since at least the eaMy 19705, when water 
quality probiem!l in the southem por1ion of thIS IaklS were first documented (Harriss and Turner 1974), 
Recent ~dies (LaRock and land'ng 1991 , lMngston 1995a, 1995b) have oonclooltd ttl.t th e lake 
SlI"tfS from a persistent discharge of polluted urban ItorfTMIater 1lJ1lDff, Il!SIIIling In eutrophleation 
throughout much of the lake. Evidel10ll has also beef1 found 10 suggest !hat residential ons~e sewage 
If8atment arid disposal systams (septic tanks and dra infi&lds) in the lake's western drainage sulJ...basinl 
ire vportlng baderia and nutrients into streams that disctlafge 10 the lake (LaRock and Land,ng 1991), 
The effects of ~lutlOf1 from any source are exacertJated by the closed nature 01 lhe Lake Jackson 
watershed, which traps po~tants within the sediments and biomass. Unleu aba!ed, COI'Itulu~g pollution 
at the lake will further degrade rts quaMy as habitat and as a recreationa l and aesthetic resource. 

The lake Jackson M3f1agemenl Plan (Macmilan and Oiamond 1994: Maemi~an 1997) was developed 
under the Northwest Florkia Water Management Di$lnct's Surface Wa\eI lmpl(lV8ment and Management 
(S'MM) Pf09Iam as a cooperative, intergovemmental eII'ort 10 protect and, as necessary, restore Itla 
quail)' olltla lake. Among Itla plan's goa ls is to restore water quality to meet or exceed Florida Class III 
and OFW standards Within the plan's W8ter auaH)' Program is the EvaluatlOf1 of Septic Tank and 
sewer Issues (Project 0 -9), tile resutt$ of which are pre..ented here 

The plJrp0$8 of this study was to identify the effect$ of septic systems on surface water ~uality in the Lake 
Jackson watershltd In ordEtr to accompl~ th~, i1 was necessary to Identify if COI'Iditions were conducive 
t) 11118 export of ~Mants fI'om ..eplic systems 10 suffuo;e waters, if subst~ntla' numbe~ of drainlields in 
111. study area were failing, and if surface wators entering the lake from urosew&l1ld neighborhoods were 
01 poor quality The study was ~llShItd in lour components: 

1. 8 geographic analysis to Identity alX! COfl'\Pare the distribution of septic sySlerl'ls and land uses within 
different sub-basins of the study are3 and across different soil and slope enaracterisllcs: 

2. a mail SUI"IIIl)' to Identify the prevalOltIlCe of resident practices in !he study area 110M the potential 10 
alIect 5U~ water quality, 

3. a dralnlieid ~te survey 10 idenllty the frequency of dra~1IeId failure In ttle ISIudy area, and 

( water quality monitori ng to compare water quality between llJb.basins, between sarurated and 
unsaturated condillon$, end between ""per and lower S!abOl'lS on the dramage streams, 

Background 

LaRock and Landing (1991) analyzed Lake Jackson water quality from September 1990 to Septembef 
1991 On one occasion, sampJes were taken prior to and Imml!diately after a storm. The eff&cts 01 rain 
ftr8 \0 increase COIlC4tOtiatioos of indicator bacteria by a Iactor of nearly 100 and 10 ina-88sa!he number 
oIspedM present in !he indICator population Among their concluS ions were th e following (LaRock and 
la'I<i ing 1(91) 

Based on bacteriological f indings efter rain 8'lents, we feel sept;c lank effluents 
containing nutrients and indicator bacteria are being released 10 Lake Jacllson, 
particularty aiong th e westem and southern shore wnes, 

The development along the western and soutn am shore lines appears 10 be adding 
nutrients in the Iorrn of sept;c tank .tIkient (based on our finding of bacleria 01 IeeaI 
Ofig,n), It would be eppropriate to investigate the possibility 01 installing sewer lines and 
restricting all futlile deveW)pinent until the necessary inlrastruo;tore Is In place 

, 



In 1993, very high va loos of fecal and total co liform bacteria were measured by the Florida Department of 
Environmental Prctedk>o in a small pood behind the Lake Jackson Trading Post at ttle corne. 0( Crowder 
Road and U 5 Highway 27 This pond had been Il'I'Ipacted by construction sedimentation and sewage 
0YerlI0ws from an adjacent lift. statioo. It discharges into a stream which enlefllaI<e Jackson Via Lake 
JacklllOfl Mounds Slate Archaeologocal Site. 

Except for a few sma ll subdivisions and the corridor adjacenllO U.S, Highway 27 (N. MOIl roe 51.). the 
western PQftion of the lake's wat&rsl1ed is served en~r&ty by septk: syst&mS. Several ~ge subdivisklns in 
thie area are domInaled by lots smaller than one-third of an acnII. Additionally. the general soils map of 
the county shows that much of the land on the _I side of \he lake is underlain by soits with moder.I1e or 
seYeflI lirrilations lor drainflelds. primarily due 10 high seasonal water tables and slow permation rates. 
Dkect observation has also found that a number of discharges from resJden~al washing machines. slrlks. 
and tUbs have b&en re-rooled from septic systems. These untreated graywatllf discharges enter swalel 
thaI dra in into Lake Jackson. 

Thus. ~ was rea$Oro;Ible 10 susped that septic systems west of Lat.e Jackson were ronlributing pollutants 
10 $lJrface water. A cause-and-effec1 relaliooshlp between onsrte sewage trea\mool and disposal 
systems (OSTDS) end waler llUattty problems. however, had oot been established. It was unknown 
whether drairlfields were fa iling in large enough numbers to cause e significant risk to water qual;jy or 
public health, and it had not been estal>tished whether the density end numbers of septic systems were 
high enough in and of themselves to re!.U~ in substantial export of pollutants. Additionally, little water 
qual;jy data exiaIed lor strealTlO) entering the lake from thoe watel'$/led. 

Perfonnance of Onsite Sewage Treatment and Disposal Systems 

Conventk>oal OSTDS treat domestle wastewater through a tw(lostage process Whereby household 
wastewater !lows first into a septie tank lor Initial treatment and then into a drainrMtkj inMration system. 
Solids are retained wrthlfl the septic lank and reduCed by bacterial digestion. Liquid effklenl is distributed 
... the drainlield into the soil where most treatment occurs (HRS 1993) The average household system 
receives alx.xJt 45 gallons per' capita per day of bathroom. kitchen, and laundry wastewater (Ayres 
Associates 1993), Ellluents entering drainfie1d$ oormaDy contain ~ary i ng amounts of n~rogen, 
phospnorU$. suspen(!ed solids, chlorides , and sod ium (Bicki and Brown 1990), Other cOllsttuents that 
may be present Include microbial pathogens, cleterg.ents, heavy metals. and IOxic organic COII\?OOnd$. 

The mobility 01 pollutants discharged VIa a dl1linrMtld depends on IoUch factors as the thickness of the 
unsaturated lone beneaIh thoe dl1linlield; plaflt cover. terTcleratuA!!. and the composijlOll, condIK:tivity, pH. 
moisture. and oxygen rontent of1t1e soil, Property sited and functioning OSTDS can remove biodlemicel 
oxygen demand (BOD), fecal indicator bacteria, suspended solids, and surfactants within two 10 five ~t 
of the drainfieid infiltrative surface (Ayres Associates 1993). Phosphorus and metals are also removed by 
retention in the toil underneath the drainfoekl. The treatment of mlfogen is typlcal~ less romplete. 
however Organic nitrogen IS COI'1YeI1ed II'lIo amrnoruum (NH.) in the !leptic lank. and most of lIlit is 
COI1v&fted into nlIfate (NO,) in aefobit: soil. Some nitrate may be u$ed by plants. and some I'RiIY undergo 
denitrfficatioo ~ alternating anaerobic zones .nd a carbon SO\KCe. Most. however. escapes into the 
ground water where little further treatment occurs other than dilution (Ayres Associates 1993), 

Given proper OSTDS function, rno&t if not <II pathogenic indicator bacleria die off or are retained within a 
lew lee! of the InfiltratIVe sur1ace (Aytes AssocIates 1993). Inadequate system design. sibng, Of 
maintenance, however. can resu~ in the inlmduebon 0( bacteria inlO ground water. where survival can be 
greatly elctended S ......... aI lends to be yreale$t dumg Ifle rainy sealllOfl. WIth $01 moisture being the 
dOlTlll1ant regulating factor (cantil< Br.d Knox 198'), VlrUseli may tra~eI further and have Ion\l&l 
residence times then bacteria (EPA 1987; Carlile et ai, 1981), but their pre5ence In septic tank effluent is 
intermittent (Ayres Associates 1993), 

$et:Ibc tanks can last quite a Iorlg bme. perhaps !)O years or more lor property IietJgned ood maintained 
concrete. fibervlass. or plastIC tIIMs (Marm and McPherson 1990). The practiaIol hlespan of drainfields 
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!My be more hml~ and is dependent upon soil Olnditionl, maintenance, and oonstructioo PI ac1ices 
Orailfieldl can clog, boIt1 due to OlllStNction practices and through regular use. Clogging can slow 
infiltration rates and contnoote to aVl!f1tuBI hydrauHc failure Causes in"tKIe 5041 compaction dunng 
coo$truction , de~s ition of so lids, mieiObial biomass and metabolic byproducts , arJd soli swelling from 
proooged saturation (Ayres Associates 1993) Clogging is controlled through proper placemenl and 
coos\l\lCtiof1 and can be alleviated by periodic drainfield resting. 

Related 10 the useful hie of a drainfield ~ the phosphorus retention capaoty 01 soil. The uttlmate capaei!y 
011 site lor phosphorus relenlion depends on such facIofs a. soil lTIInerelogy. particle me, redox 
poten1JaI, pH, and volume More finety \extufed 50lls provide extensIVe surt.K:e area for sorpIion, end 
ron. IlurTinum, end calcium in lIle sod allow preclpitallOn reactions to occur With continued loading, 
phosphorus may be expected to move deeper in !he soil profile. Pen.etrabon rates beneath drainfields of 
to iInd 52 em per year for sand and si ltlloam solis, respect;vely, WBfe reported by Ayres Associates 
(1993). Most sites have sufficient soil e:haractefl!;tics to provide very long-term phosphQfVS treatment 
capacity (WaQr>er 1992), although the a<lequacy 01 treatment in areas where septic systems are heavily 
coocentrated or are located in dose proxim ity to surface waters may be more suspect. 

ElIiIctIy whiM comprises osms failU(e somewhat depends on ho:rw theM systems are evaluated and the 
iterpretatlon used as to the overall functionality 01 sepbc 5yslem$. The Florida Department 01 He.~h end 
Rehabilhtive setviees (1993) descnbed lour c~ of OSTOS IiIIilure (after Brown 1990) 

• Class I Failure The system hydrsoulialily fails to transport sewage from the building to the 5Y11tem, 
aeatng an Indoor backup. Such fiIIilures 81e readily idenbfied and corrected and so are oormaly of 
!mIed conoem for surface and ground waler qU8~!)' 

• Class II Fa~ure. Wastewater IS Inadequately conveyed and trealed In the dralnf>eld, causmg ponding 
and other problems at the surfaee This type olla ilure may not be read ily delected without dlreel 
inspedioo and can impact PUt>t1C and environmental heallh 

• Class III Fail,.. Wastewater el1luent re<;e1Ye$ inadequate trealmellt In the dfalnfield InlillfatJOn 
system prior to being discharged rrto ground and/ol surface Will!efS Because thlS!),pe of fall,.e Is 
cifficutt to idenb/y and may be systemIC across a (:(In\rib~ bilsm, health and fItIvWonmental 
~ CIIII resu~ 

• Class IV Failure. lnadequale \reatme<1t persists on a susta ined 00$11, causing long-term ImpPTnent 
of w!lte; quah!)' biological qua il!)' , and public uses 01 ground endlor surface waters Suct1 Impacts 
t)'picaDy occur on a gradual basis and are intractable and expensive to address when linally dete<:ted 

Of pm.,ary Importan« to OSTDS treatment performance IS Ihe vemc.1 diStance between the dralnllald 
and the Willer teble. A svlficient unsaturateod (or vadose) zone be'l'M!iII\h the infitratrve surface ensures 
adequate _lilian ,",d travel *"e and thus provides lor potlulilnt bIod&gradalion. nutrientlrans#onTlllbon 
and flIIentDn, and bacterial and Will dle.¢lf EtlkJent that does no! lrallel through a sufficient unsatllfllled 
zone IS likely ID reach the walBO'l8bte WIth lis mnlal paluten! content 5ubS\8nllill!)' unchanged (BlCkl and 
Brown 1990). A fTIInlmum sepaaollOn of 24 inches between the bottom of the drainfield and the W8I 
aasoo water table IS typically died. althOugh greater distances (such as 36 or 4B inches) may be 
advisable depending on soil permeability (Elicki and Brown 1990, HRS 1993) Where high rainfal l causes 
~ saturation, treatment wil l likely be Inoomplete, and lalera l fiow andlor effluenl dis.charge al the surface 
may resu~, Excessive ly dra ined soi lS may also resull in inadequate travet time and soil contact before 
ellillent reaches t~e water table. 

H9l densities and numbers 01 sepIJC systems in a contributing baSIn may affect water quality even wheee 
Incividual!llte conditions are consO:lered adequate kif ooms use INhere denSIties are sulflClBntly kIw, 
til! reIa\MI contributIOn 01 OSlDS effluent to overal ground water redlafoe is hkewise kIw ThIS helps to 
!InSUre dilution of potlutents that do make rt to the ground water. H.gh OSTDS densittes, howeYer, can 
"!SlAt in a subsUintial portion 01 local gfQUl1d water recharge being derived from drainfields (Bocki and 
3ra.m 1991). The ad~erse effects or excesSIVe densities are compounded when exacema~ng 
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Effect. or Septi c SySlem~ In the LakQ Jack. on Walcrsl>Qd 

col\d i~on$ , such 8S excessIVe soil saturation, exist. Socki and Brown (1 99 1) re~ i ewed mInimum densit ies 
recommemled in the li terature. The results ~aried based upon local condibons. w~h recommended 
minimum lot SIZes .angrng between 0 5 and 2 acres. 

Sept.: tanks and dra lnfields are S\Jbject to state and loca l regulation l eon County standardS and 
rejjulations imp~ented by the Florida Depaftrrent 01 Heahh are brielly described In Appendix A. 

Interaction with Surface Waters 

Ground waters affeded by OSTDS efflo.oent may Interact w~h surface waters by percolabon through 
bottom sedIments ..men a \1ydraulic head differootia l eXISts t>e!ween tho surface waters and the water 
table on the ad}aC8nt land mass (Lapointe and Malzoe 1996). ThIS can occur via tributary stream8 Of 
directly WIthin the receiving waterbody Ellluent may also enter slOrmwalel' runoff when the water table IS 
at Of near !he ground surface Of when failing drainfoelds otherwISe discharge at the surface 

Maintenance at an adequate horizontal 
distance between septic s'fl'lems and surface 
wate<s is important 10 provide space and t,me 
lor pollutant treatment ar.(! uptake, nutnent 
lIansformalion, and dilution before effluent 
consMuenls enter surface walers The 
dista flCes fro m drainfields lequired fo r 
nulllllnts to reach background levels valY 
dependlJlg on local sod condAIOI1S and 
densities and numbers 01 sep~c systems 
Lilerature,suggested dista llces range from 
about 25leet (carlile e1 aI 1981) to hundredS 
of feet (Anderl;en et al 1996) 

f igurv 1. PaU' ....... ys to Surfaee WMer 

Many assessments of OSTDS effee1M'mess hoiIve been condUC1ed In Florida and elsewhefe Four With 
IITlplicabons for surface water quality are briefly dISCUSsed here The resulil; and conclUSIOns 01 these 
stud~s vary conSIderably , demonstrating t ile d iffwlty in establI sh ing generalized pattern s or standard 
plotecticn criteria lapOinte el at (199 0) compared ground and surface water quamy 0'/81' one year 
between a residenh,,) ale" served by OSTOS and an undeveloped control area in the Florida Keys. 
DIssolved inOfganlC nitrogen (n;tnte-onrtrate and ammonIum) levels were elevated over 400 times fn 
OSTDS·affected ground waters over those observed at the contro l site. PhosPhorus enrK:hment was also 
observed but was less pronounced Mo&t ground wat81' nillogen was in Ihe anvnollium form, indieattng 
anDXlC, reducing con,MlOns In surface waters. mlrogen level$ adjacent to the OSTtiS area were highest 
ifI the wei SlJmmer season, the ' lIVerse 01 groond water observalions. The explanation offered was that 
groun d water·surfaca wa ter exchange increased during the wet season doe in part to the hydraulK: head 
differential. It was also suggested tl\at nulnents rR<I"1 be stOfed in the ground waler during dry81' penods 
and dISCharged into surface waters during penods 01 i!lCleased preetpitaUon and hydraulic pressure 

Ayres As$OCiates (1993) measured OSTDS eHluen~ wastewater 1Iow, and ground and surface waler 
quahty over two years in the Tur1<ey Creek baSin oIlIle Indian River lagoon. In general. ground water 
concenlrations 01 nHnle, n~rate. total Kjel:lahl nitrogen tota l phosflhorus. and condllClivity were observed 
to be significant ly higher in the ~ic i nity 01 OSTDS than in upgradient wens Contamnant conCflntratoons 
located 2(l..40 leel downgradtenl from the OSTDS were Ioond to be at or below background level$, 
however. and no surface waler efle(:ts.......e observed Sacteriallevels were elevated ;1' surfaoe waters , 
but th is was attributed to waterfowl and stormwater runoff, 

Wicks and Esic:k$oo (1982) evaluated septIC system Impacts on two lakes (Joanna and Umty) In Lake 
County, Florida, by monltonng shatlow .....,tl s located upgradient and downgradient from ~reas served by 
septIc systems and contro l areas NearShore lake surface waler 5amp~ Were also collected. 
CondllCbVlIy and COncelltrabons at chloride ~nd nutrients were generally elevated downgradient at 
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Eff&eU of Septic Systems In the Lake J~ckeon Wat8 .. hed 

residential areas served by septic tanks, and similar effects were observed in lake waters adjacent 10 
higher density resid ential areas. The poorest lake bacteriologlca l water quality teflded to be found 
adjacent to re5 idential areas. although the source of the bacteria was not evaluated. The report 
concluded that adverse ground water and localized surface water effects were associated with high 
densities (2:" un~s per acre) of residentia l septic systems, but not with lower (;;2 units per ilCre) densities. 

Following nine months of weekly surface water quality sampting in coastal Wakulla County waters, 
IMltiams et al. (1982) concll.lded that septic tank leachate was the most important source of elevated feca l 
co'ilorm in the county's coastal waters. The authors noted that characteristics of the area, such as the 
sIlaiow ground water table and the common close prox imity of residences to surface water, reduced the 
effectiveness and appropriateness of OSTDS for domestic wastewater treiltmen!. 

Study Area 

La ke Jackson co~e rs approximate ly 4,000 acres in the Tallahassee HillS physiographic region of west
oontral leon County, Florida. The lake has an average e le~ation of 86.5 feet National Geodetic Vertica l 
Datum (NGVD). and its closed watershed co~ers 43.2 square miles. It is characterized by open water 
and lu5h emergent, floating, and submerged aquatic vegetation and associated fauna. The generally flat 
bottom of the lake is broken by tw'o major depressions, lime and Porter sinks. lake Ie~els fluctuate 
naturally, swelling during periods at susta ined precipitation and decl ining during droughts when 
pre<:ipitation and runoff tait to rep lace losses to ground water and e~apotransp i ration, lake le~e l 

extremes on record (since 1950) in<; lude a maximum elevation of 96,53 feet NGVD in 1966 and a 
mi1 imum elevation of 75.68 teet during the drought of 1957 (Hughes t 969: Wagner 1984). The most 
recent major decline In lake levet occurred during 1999-2000, expoSing ~irt\Ja l ly the entire lake bottom. 

The study area includes l ive sub-basins along the westem shore of lake Jackson: Okeeheepkee. Lake 
Jackson Mounds, Bellwood, Harbinwood, and Sunset (Figure 2) . Except for some properties adjaeMt to 
U,S, 27, land U5<l in the study area is primarily singie-family residential. The BelMtood sub-bas in and a 
&mal subdf'l ision at the top of the lake Jackson Mounds sub-bas in are served by san itary sewer. wh ile 
al other residential units in the study area use septic systems. 

The Okeeheepkee sub-basin is the southem most portion of the study area, It is located north of 
Interstate-l0 and dra ins into Megginnis Arm. land use is primarily low density residentlat and wooded, 
aIorog with some commercial development with in the upper portion of the sub· basin along Highway 27, At 
the time of the study, a smal l herd of cattle grazed IlOrth of Fuller Drive , downstream of the sampling 
statoo. 

Lake Jackson Mounds is adjacent to and north of the Okeeheepkee sub-bas in It includes the stream 
catcllme!lt that bisects Lake Jackson Mounds State Archaeologica l Site and the ravine system that 
extends west toward Highway 27, Land use varies and includes medium and low density residentia l, 
wocded. recreationat , and--at the western boundary of the basin---medium-to-high intensity commercial. 

BeIM'ood is the upper drainage area of the Harbinwood sub-bas in, It incll.ldes the Park Hitl sut>di~ision 
and is the on ly portion of the study area not served by 5<lptic systems, Bellwood is characterized by high 
liensit")' residential land use with curb and gutter and subsurface storrrrwater drainage. Harbinwood is 
downstream of Bellwood, and it includes the Harbinwood and Harbinwood North subdivisions, including 
roost of Faulk, longview, and Harriet drf'les. land use in Harbinwood is primarily medium-density 
resdential. Some chickens were be ing raised near Ruth Drive during the study period, The primary 
drainage stream inctu des substantial storage and impoundment In its lower reach, 

The Sunset sub-basin drains south into the northwestern portion 01 the lake. The associated stream 
drains Iow-density residentlalland use, wooded areas, and wetlands and enters the lake near the Sunset 
pool;:: land ing, A dog kennel and horse pasture are located in the upper portion of the !lasin Some 
'oIOOded and wetland areas along the stream are used for unauthorized garbage disposal. 



Methods 

The ewluation included geographic anafys1s, B propert)"OYmeI'S survey, a drainftekl site SliNey. and 
surface water qua.ty monitoring Methods were as follows. 

To delineate and characterize the stuOy area, a geographic database was created vsif1g sever.tl existing 
geographic ,"formation s~stem (GtS) co~erages and lim iting iI1em to tile study area: 

I , a basIn !lelineatioo devf!1oped for II la~e Jackson basin stQrmwater study (Bartel et at. 1992): 

2, a soli data coverage based on the Leon County Soi! Surwy (USDA SCS 1981); 

3, ~aphv based on rwo.loot contout maps provided by Leon Coonly aoo U,S, Geologfcal 
Sur\ley 1:24,000 quad sheets; and 

4. a Iot·line coverage provided by the Leon Co~nty Property Appraiser. Office, Ir1d>cating property 
boI.mdaries alld identiflC8lion numbels. 

Soil al'ld slope coverages were overtaid to create a means of ewillating soil Wmtation$ and stope 
fo\jether. SOil data were partitiorled into three drainfle ld tUitai)ility classes: severe. moderate. and $light. 
as classified by the Natural Rfl$Our(;f! COnservation 5efvice (NRCS) and designated w;thin tile sol 
SUr\ley. The NRCS ratings are based on sail propert>es, site features, and obsewed soil performarw;e 
(USDA SCS 1981). The topographic COYef'age WIt$ paftitioned into two classes: slopes from 0 to 2 
percent and slopes at greater than 2 percent grade. These coverage, were then merged to eteaIe $i;( 

'site classes" to descnbe sl,Iilabliity for sep4lc systems (Figure 3). 

Site Clau 1: 0-2% $lOpe aoo sligh! limitations for septic tan~s and drain fieJds. 

Site Class 2: ~ 2% slope and slight limilll\lons for septic tanks and drainfields. 

Site Cia .. 3: 0-2% slope and moderate limitations lor septic tanks and dfainlields, 

Sit, Clns 4: ~ 2% slope and J'I'I()derate limita\ion$lor s-eplic tank' and drninlields. 

Site Clase 5: 0·2% slope end severe limitations for septk: tanks and drainf~lds. 

Site Class 6: > 2% slope and severe lim~alions lor septic lanks and dra intields. 

The tot ...... '" o:werage was mer!;jed with 1>0111 !)as in and s ite class coverages to provide lor parcel·1eveI 
anafys-es by bas-in and sile cbss \MIera paloeis ~ initially partitioned irrto two Of more sub-basm 
andlO!" sIte clBSSM, the entlfe parcels were reassigned to those single site class O!" lub-basin poJyfliOns 
that comprised the majofity of the palceis. 

Rnldent Survey 

A survey of reside<lts based on surveys prevlOUsfy used by the Florida DePBrtment of Health and 
Rehabilitative $er\lices (now Department of Health) and privat£! consultants was mailed to study area 
property owners In March 1994. Survey Questions CO'o'ered respondent demographics, water and ferti~er 
use, and OSTDS history. The suNeV instrument is included MAppendil< B. 

The leon County Property Appraiser's otIIce provided a printout of and mailing lllbel$ for residen!ialtots 
wrthln the study area, Unimproved properties were deleled, and remaining pan:;el$ we.-e ass9'Ied 
sequenUal code numbers. A pre-stamped ret\lfn ma~ing label annotated witt1 the assigned number was 
enclosed, and the survey was mailed out. WIlere property·owner ad<Iresses were outside the study IIn.'a 
or whefe they owned multiple improved parcels, additional instructIOns lor completi ng the survey or 
IoNIMdlng it to appropriale renters were enclosed. 
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Survey A!$pOnses were entered Into II leK! Ne with entries left blank when no response was g;yen and the 
!TI;Umum value entered when (I range was provided. A ·5" would be entered, !of IInmple, " a 
respondenl Ind~led that "4-5" loads of laundry were washed per week. SYrvey code numbers with 
ilnocia~ property appraiser parcel icientiflCation numbenl Wefe included in a second file. which was 
then merged with the survey reSpOnse file. Responses were thu s linked to specifIC parcel identification 
n~, Selected response data were exported to the GIS, providing survey responses u ioHne 
polygon attTiJules. 

Onlnfleld Surv.y 

To proYlr:Ie a field e...aluation of the di$blb...,;oo of drainlieldlailures. thll N'M'WMO rontracted with the 
Lem County Public Hea~h Un~ to survey drai'lfield conditions in the atvdy area. The survey c:onllaled of 
soil bOOngs taken ~ia mantlal aog&r 81 apparent drain!ield edges and evaloations of soil color slid texture 
(W1d depth to water table. Field staff also noted locations 01 discoMeeted graywater discharSjl!$. 

Twelll'y·/Qur lots were randomly seleeted from li sts of parcel identification numbers created for each site 
dan. ResJOen\s were asked for permission 10 ac<;ess the properties for the WIVey, and at liIas! 20 lots 
~ selected fQ( sampilg from each tist, The WIVey was 3CCOl'I1j)lished In June and July lQ9.( 

Surface Water Quailly Monitoring 

The wa1er quality sampling efforl was des.gne<l 10 screen for dif1erenoes ~ water quality between 
upstream and downstream stations, saturated and unsaturate-d conditiools, and sub-baSins, To do this, 
sampling stations were established upstream and downstream of the primary concerllration of improved 
lot, within eech s.ub-basin. II was suspected thill saluration would re-duc!! drainfleld effectiveneS!l and 
i~c.rease stream con ~ectivily between upper and lower stations, thus resulting in increased pollutant 
r::oncentf8tions under saturated cond itions and at downstream stations. 

~r.g station locations, by wb-baSll'l, ~ as follows. 

\. Okeeheepl<ee 
a) upper. east $ide 01 the south end 01 Laris Road 

b) IowI!f" nof1:h sid!! 01 Fullt!f Road between Doris and Ty Cobb ROIHfs 

2. Lake Jackson Meunds 

iI) upper: immediately dcwmhm inte the ravill9 below Be l ~ood Circle 

b) Iowe~ creek in Lake Jackson Mounds State Archaeological Site 

l. BeIt.Yood 
a) uppet: drainage ditch on the north $ide of Nepal Drive 
b) lower sIofmwater outfal on the wesl side of Sonnet DriYe . -.,.., 
.) upper: drainage d~ch on the south SIde of Haniel Drive 

b) klwer: drsinage stream a.djacent 10 the corroer of Oakmont Street and Jacksonlliew Drive 

Sampl ing staticns are illustrated on Figure 4 . Stations were a lso initia ll y estab li she<j in the Sunset sub
basin; however, these were drOlliled from the study after the first three sampling events due 10 a 
tedur:tion In tne project scope 

Six ~ events, three during dry .net three dumg saturated II(Ij cooditiools, were conducted Water 
quaJqo ~rneters anaIy~ed lor are Il$tM In Table I 
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Chemical parameters 

Orthop/losphate (mgII) 
TOlai F'toosphorus (fI'9o') 
Nilrite+NiIraIe Ni\I1:Igen (~ 
~ NIIrog8t'I (rngII) 
TO!III Kje1datll nitrogen (mg.<1) 

Tab1ll1 . W~terOualily P ..... m.ters 

Biological paramete ... 

Fecal o:MiIorm (MPNil 00 mI) 
TOIaIaMomI (MPNI100ml) 
F_ nep!O<X>C:Ci (MPNil00 mil 
~coIi(MPNltOOm~ 

Field par.meta,. 

O .. sclYlId oqooen (~ 

"" __ , 
Flow (efa) 

SalT4Jling was conducted from March 199!o to March 1996 Dfy condition sa""," were collected dumg 
March and ApliI1995. Saturated condition I18mp1es we~ ooIected following significant rain events duftlg 
October 1995 and January, February , and March 1996. T~ saturated corJdition samples were not storm 
samples, bul were targeted for the period aftef pr&ctpltatiOO and surface runoff were complele--thus 
attempbng \0 avoid surface runoff and rainwater diU:iDn that mighl mask the effects of septic em"",,.. 
Ramlall during the study is depicted in Appendix D. 

Statistica l analysis was conducted with the microcomputer application JMP Version 3 (SAS Institute). 
Ir.depettoenj variables examined were sul>baSin. wet versus dty sampling eond~ion~ and upstream 
versus downstJeam sampling locations with,n sub-baSins. Oepe!'Kleld variables were fecal coIifulli 
bacteria, total coIifotms. fec<'I streptoo:x::ei. E. ooIi, ortI>ophosphoru •• total phosphorus, n~rat.-flitrile 
nijrogen. ammcmium nitrogen, and IOtal Kjeldahl nitrogen (TKN). 

Preliminary analySi$ U"r"IQ the Stlapiro-W*. W test i"ldic:8ted sigmlic:ant deviation from r>OtmaIity lor most 
01 the dependeflt vanables. All va,;"blel could be fendered """'" nearly nomliII through simple 
Iogariltlmlc transformaUoo and genembon 01 geometri<: means. and th fs would . 11ow the lISe of parametric 
statisticS. The use of geometric means. however. is undesirable lor a number of reasons. not least 01 
which being that ar~hmetic means are more IntuitNe (Pao1<hur.;t 1996). The statistical analysis of watlll' 
Quality dOlI<! in this study ther~e used norIparametnc rnethOOs that do not require \r.Irosformalion. The 
Wilcoxon rank sum test was used to determine differences among sub-basins and was employed 
separately for each sub-bas in to determine th e influence of wet versus dry conditions and upstream 
versU$ downstream sampling s ~es on water quatity within each 5Utrbasill. An additJonal lhree-w;l1 
analysJ$ 01 variance (ANOVA). performed using lo9-tra'l$/ormed data, Is proWled In Appendi)( C. 
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Eflecl8 01 Septic Sysllme In the Lske .leekson Wet.tshed 

esults 

,,)graphlc Analysis 

obIe 2 displa~ the ilreas, numbers of residentiill lois, and un~ dens~ies WlChin each lub-bilsin ilS II 
!Ole and within the contribUting areas 01 the sampling stations. Harbinwood toyers the largest Sfea and 
,,1IIe greatest nU!N)e( of lots. It also has the highes, uni, density of the un~wered sUb-basir1 s. while 
! aewered Bellwood $Ub-basin ha$1he highest overall derl$lly . Wilhln the .pproximilte contributing 
eas of the water quality samp~ng stations, 8 1 ~htIy higher un~ densilies prevailed in unsewsred sub
l$IIlI. The most dense oflhese is Ha~rtWood. with 1.22 units per acre in the contribu~ng area. 

Table 2. Characteristics of Study Sub-baatns ...... , ..... , ....... IJniI$ per Acre """""'" ....... Units per Acre 

lacresl Cw ,"'- Ar.s- ~aaft! "" !conCrib. _1 
'>' I Mepbe '1'.8 '" 0." ]14.9 '" ,." 
w_~ 236.9 " 0." 20..5 ,. 0." ....., 41 .0 '" 4.12 41.0 '" 4.12 

IloilioMood OM.' '" 0.93 "". , '" 1.22 

"'~ 612.9 '" 
,,, 581.1 '" 0." , ... UM_4 1.111$ 0." 1.$09.6 1,154 o.n 

'Basin area lIPw~am oil"" Iowa< """PII"Il station 

\n analy$is 01 tile number and den~ty of septic system-served parcels wittlin 100 !eel oIlhe streams in 
Nltudy SlJtHlasir1$ was alS(l performed. The Harl)lnwood sub-basin had 64 parcels in th e l00-toot 
ihIIm corridor ilt iI density of 1,49 units per acre.. The Lake Jackson Mounds $tream corridor had 24 
~ at a density of 0.62 per acre, ttl. OIceeheepkee eorridOI had 55 pan::el$ 311.75 per acre. and the 
SI.NM s.utHlas in co rridor had 85 parClI$ at a density of 0.62 un its per acre. 

Table 3 proYides an anilly5is of ttle study wb-basins besed on the sile el3S5e$ descrtled earlier. The 
majority ri the lots are concentrated in Site classes 3 (0-2% slope and moderate 5OiIIim~ations). 4 (>2% 
sIope,m moderate $Oit,). and 5 (0-2% slope ilnd severe soil limitations). The distribution of lois per situ 
d3u appears most problemabc in the Hilfbinwood and Sunset sub-basins, within which the largesl 
nulTlberwert 111 site class 5. Lots were concentrated In e~e classes 3 and 4 in \he o'~er lJUb-basillll . 
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ettect. of Sepdc Sv-_ In !he laD Jlckaon Wato..tled 

Resident Survey 

Of 1,016 $I,Irvers dislribu\e(j , 402 were ~eted 3I'1d returned, yielding a 39.6'110 feSj)ORSe rate. Table. 
summarizes It1e means. medians. modes and S\IITI$ 01" !htt s.urvey. SuITl$ assoe;ated w~h variables 
foIklwed by question mar.:e (1) indicate positive responses. 

Table • . Summary of ResIdent SlItVtOy RHpon_INa402) 

V.rl"ble Mo," 
Residents Per Household 2.46 

"". 0.98 

Water Use (month) 5,224.69 

Gallons per Capita per Day 74.60 

Laundry Wash Freq. (loadsJweek) 4.87 

IrrlQaOOn Freq (day!ll'month) ' .86 
Car Wash Freq. (pel" month) 1.37 

Lot Size (acres) 1.32 

Annual Fertilize!" Applications ' .05 
lbs. Fertilizer P« ~plicalion 40.01 

Age of Home (years) 20.74 

Nllmber of Septic Tanks U6 

Septic Tank Ever Pumped1 

• of nmes (of those P'Jmped) 2.22 

Last Year Pumped "90 
Drainfield Ever Replaced? 

• of Times (of those I"f!placed) 1.27 

Last Year Replaced 1967 

Washing MacIlJ\e? 

Machine Conn«:ted? 

Medii" 

2 

• 
4.1120 

65 

• 
• 
• 

049 

• 
" 20 , 

2 

"" 
• 

1969 

..,." 

2 

0 

5.000 

66.67 

• 
0 

• 
0.49 

• 
0 

20 

• 
• 

"" 
• 

"" 

'''''' 
"" ". 

2.100.325 

'.'" 
'" ". 
m 

'" " . 
U, 
P< 

'" 
229 

Sixty-one percen t of the respondents reported knowing that th eir septic systems had been pumped at 
least once in It1e h~tory of the property. Twenty-$i.lc pel"Cet"lt repOlled ll\at their systems had never been 
pumped. and the remaIJId&r did not know or did not rt!$pOfId 10 the qUf!$tion. Thirty·!our percent dille 
respondenb reported IhaIlheir dmUlfiekl$ had been replaced in the past. Forty-e;ght percent ,ePOOed 
their drain~ds had J1eV« been replaced. and the ~inde.- did not know Of did not res.pond to !he 
question. 
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Based 01\ the rnpooses provided and the survey response rate, a numbef of estimates may be 
exInI!-' , d for the study area by generally applying the lI1I!an SlIMlY responses to the total number of 
reuclentiallols Identified, 

• There were appro~imate ly 2,499 residents and 996 outdoor pets iIlthl study area at the time of the 
SlIIVey. 

• TOI8I water demand was approximately 5.3 million gatlons per month, indIIdlng water use for 
approximalely 1,392 car washes. 1,890 lawn and garden waterings, and 19.792 laundry loads per 

"""'" 
• There were ap~oximately 1.067 applications 01 fertiner per year, averaging 40 Ibl. per application, 

The total annl.Jalload Wal approximately 42,682 Ibl. 

• There wa1I Ipproximately 980 washIng machines in the study area, of which an estimated 402 (.1 
pe!te<II) rret I'IOt be wnnected to the wastewate< treatmerll system. 

• There were approximately 1,199 septic tanks In the study area. 

• Of I!lose homes where OSTOS repairs or maintel\8llCe were reported. syslemt were pumped an 
M'!I'age of IWic:e and drainfields were replaced once durW!g Ihe known hl$tofy of !he property_ 

TibiaS displays reported drairlli&ld replacements and pumping by sub-balin and site cia", Srte clnses 
3 and 5 showed the highest percentages of respondents reporting dreinlleld replacements. S~e claise! 
1,3, and 6 had !he highest percentages of respondents reporting haying pumped their aepoc tallks. The 
hIghat combined perwntageS were in site dasses I, 3, .nd 6. The distribution of reported maintenance 
8dioos by wb-basin was conststent with \he general distribution of lob by W;>-ba,.., (Table 3). 

Tlble 5. R.portltd Dr.lnfleld Malnt.Mlnce Action.: Number .nd Percenblge of Survey 
RMpond'nls R,portlng by Sub-bl5ln and Sit, Clus 

, , , • , , 
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Oraln'leId SUNey 

Drainliekl survey' were attempted at 99 'ilet. Of these. '2 sit.,. were not surveyed due to refusal by h 
occupants to allow access. 01 the 87 dfllinfieidt lhat were evaluated. live drainfiek! f<I~~es and 11 
graywaler dislXlolr.ec1s (20% 01 the siIe$ surveyed) were identified. Although the drainlield survey _ 
intended 10 identify the frequency and di'tribulioo of septic: systems that could be poI~ing the lake, ~ iI 
likely that only Class I and 1I1,IIUres, as deseribed earlier, were idefltified. Table 8 presents the rll$uIis 01 
the drainf,e ld survey by sub-basin. 

It is interesting to contrast the observed 20% disc:onne<:t rate willi the 4'''' rate 01 unconnected wat.hi'Ig 
machines reported in the ma~ s!ne'f. Field observetion indicates IiIat disconnects are not distributed 
evenly throughout the study area, and ~ Is possible lt1et the limited s~e survey did not fully represenl the 
prevalence or distribution of the practice. 

Table 8. Result. of Oralnneld Survey by Sub-basln 

Olteeheepltee U Mou'ld. H. rblnwood Sun.et <M" Oft". 
~" .. ,. , , 

" 
, ,. " f.It"..- , , , , , , 

Disconnect. , , " , , 
" 

Failu .. Rate (%) " 
, , 

" 
, , 

OI.con. Rate (%) " 
, " " 

, 
" "Att&r'r1PlOO surveyl In the vicinit;' of but ootlklt the projon;t sub-basin boundaries . 

Table 1 displays an analysis of obserVed drainMid f<I~lftS and graywaler disconnects by site c/ast. .., 
sub-ttasln, Bo4h failures and disconnecb aeemed concentrated in ,ite class 3 (0.2% slope and modefate 
:;0;1 limitati<:ms), which is consistent with Ihe general dislributfon allots in the study aree (Table 3). A 
reliltlvely large r'l\Jmoer 01 disconnects, eons.ideri~ ttle overon distribution 01 k)ls, were obse!ved in IIiIe 
class " which is eI.ssilied as llaving slight $lOpes and ~ight 5OiIllmilalions. A relatively high number ot 
disconnects were also observed in s~e dass 6 (steel> slopes and severe soils), as was 0fIe failure. R iI 
notable ItIat 00 ob$eNed f8IIures and only three disconnects were obserVed in site QaSS 5 wiIt'i1 
Harbinwood, althollgh the preponderance of Harbinwood lots are w~hln this site class. 

" 



Eff..cta til SeptIc: s,. ....... In II» LaD J.d".Oft W .... _ 

Tab1117. Obll~ OI1lInn.1d Pmbleml by Sk. CI",.nd Sub-basln 

SltaCI .. _ 

Sub·basln. , , , • • • ",., 
Nwn~,ol "'-" 0 0 0 , 0 , 
F8II...-es Harbirwlood 0 0 0 0 0 , 

W ...... 0 0 0 0 0 0 0 ..... , 0 0 0 0 0 , 
"" 0 0 , 0 0 0 , -. 0 , , 0 , , 

Num~,01 Okeeheepl<" 0 0 0 0 0 , , 
Dlsconnecta ......... , 0 • , , 0 " U ...... , 0 0 0 0 0 0 0 

,",w , 0 0 0 0 , 
'" 0 0 0 0 0 0 0 -- • 0 , , , , " 

""" 
, 0 , , , • " 

Surf,ce W.llr Quality Monitoring 

Mean water quality concenlralions Ire compared t.>etween iWlrbaslns in Table 8. Overall mean fecal 
ooiform counts ~e lowest in the IIeYolled ~Iwood wb-basln (16.( organisms/l00 mI) and highest in 
HarlIIItWOOd (4,7811100 mI). Harbinwood fecal coliform counts were significantly higher than those in 
s..hood ard Qkeeheepkee (Wilcoxon rank sum test; 11"0.05) but did not slgnificanlly ditler from Ihose In 
LIIkI J~ Mounds.. Total coliform results were Similar but with higher values. with ooneentl1llion$ 
ranging from 2,7631100 mI kIr BeIwCC)d 10 15.1891100 mllor Hafbinwood. For E. coli. sub-ba$ln rankin!Js; 
_!he sama as those observed lor fecal and total coIilom-., willi yallMl!l ranging hom 1311100 mI in 
Be!M'Dod 10 4,36tVlOO mlln Hsrbinwooc!. Harbirrwood a50 sIlowed the highest fecal strep \1110&$. with a 
mean of 12.1831100 mI, while Ihe Okeehee~ee sub-basin had the lowesl mean ~a1ue all,15eI100 mi. 

" 



Eff-,,~ of S.ptlc Systlmlln the L.aI<. Jackson W.t ..... hod 

Table B. OVerall Mean Wlter Quality Concentrations by Su~in 

(8acteN yaIuu n<><;anisms ..... 100 mi. Othe< v . ...... II n¢.) 

P.ranwoWr "'"_ ... WMoundl ........ .......... 
FealiCoI. <00'"' 1,606'111> '0« 4,781'. 

TOI.IO Col. 8.606'. 12.637'a 2.783'1, 15.'89'. 

E, ~· ~.~ ,.,,!Iab 13tb •. ,." 
Fecal Slrl!p '.- 3.080ab 2.248b '~I\IlII 

NO,+No. 0.43a 0.4811 0.~7a 0.I3I! 

,~ ''''' "''' O.t!>la 0.07. 

"'" O.35.ab 0.25b ,.,., 0.523 

""~, ''''''' O.041Ob ' ''' 0.07. 

~ O."b "''' O.07b 0.23a 

00 7.1a .... ..,. 9.2 • 

NOIe: Values Wiiflift • row IOiIowold bV !he ....... Iobr ..., noIligliiiiCimly <ifl"110 ~ (Wlcoxoo 
'.n~ SlIm ,"1, pwO.~). 
' El<C&e<ll monthly ClaM III tec<II coIiIoIm ...-,.,01 (200/100 mil or monINy total CCIIibm 
IIlnclard II .0001100 mil. 

'E><eee<to onoo-<iay Class'li *",1 a>4ilo,m ,'iWldard (I\OO{IOO mil or one lime lola' ""iform 
slaodard (2,400'100 mI) 

'MIen compared to Florida Class III s.urface water q~a lfty staooards (Chapter 62-302, Florida 
Admin lstralive Code), the mean fecal coliform concentrations in the Lake Jackson Mounds iIIIII 
Harbinwood su~s exceeded the one-day stanoord 01 800 organismS per ,00 mI (Table 8). The 
OI<.eeheepl<.ee sub-basin mean exceeded the monthly fecal col~orm standard of 2001100 ml. All sub
basin mean total coliform concentrations exceeded the C~ ttl IOIaI coliform standard of 2.4001100 mI 
(any ~me). 

Fecal coli1oml to fecal streptococe\ls (FC:FS) ,atlo$ avel'a9(!d 0.51 and ranged "om 0.11 at the 
Okeeheepkee upstream sta~on under wet oonditions 10 3.17 at the !lame station U11der dry conditions 
These ratios have historically been ~sed to distinguish bacteria from human sources "om those 
origil'ilting from animals. Raijos highei' than 4 were considered indicative 01 human sources, while raID 
below 0.1 _e considered Indicative of animal sources. with inlem1edlale ratios indicating a rnil:ed 
source. However, FC:FS ratio, are subject 10 a great deal of variab ility d(lf! to differing survival ~ 
between the two ..9roups under various e~mental conditions and other eornpIicating factol'$. For sueh 
reasons, !he 18"' edttion 01 Standard Methods (or tI1e Examina~on of Water and Wastawater (APHA 
1992) dlsco~rages use 01 FC:FS ratios for determin ing SOIJi'C8S of bacteria. 

Sub-bastn relationships for nitratelnitlite levels were the reverse of those I Den for bocteriologictl 
parameters. with Harblnwood showing signiflcai1tly lower mean concentrations (0.1l mgIL N) than the 
other s~s (0.4313..().51 mgIl N). Values observed in Harblnwood were l!ICIdeate, while those 
observed in the othef sub.Qelllns were high to very high based on DEP's statewide stream datab.ase 
(Friedeman and Hand 1989), AI'r'vnonlum concentraliolls were relalM!ty low in atls.ub--ba$lns (0.06-0.15 
mgIL). Total P and Qftho-P concentrations were moderate 10 higtlln Harbinwood (0.23 mgIL TP, 0.07 
mgIL ortho..P) and moderate In the BeHwood, le~e Jactson Mourlds, end Okeeheepk&e sub-basirn 
(0 .07-0.11 rTlQIl TP, 0,03-0."" mglL ortho-P) 

Mean concentration vatlJf!s fourld under different saturation cond itions for each sub-basin are presented 
In Table 9. Significanl differences between saturated and unsaturnted conditions were evident b' 
bacteriological parameters in !he lake Jackson Mounds and Okeeheepkee sub-basins. In boIt1 eases. 
fecal coliforms, E 0011. atld tota l coliforms were much higher under wet cond~ions. 
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Sub·bo.ln. 

Eff&<:Uo 01 Septic Systems In the Lake Jack, on W,t ... h&d 

Tabla 9. Mean Concentrations by Saturation Condition 
(Bacteria values as orgonisms per 100 mi. Other value. 81 n¢.) 

W.tor Qu.llty P, .. moIer 

Foeol C 

'" 
7,678' 

~20' 

'" 
2,Q!U 

Total C, 

3.925' 

15,286' 

3,536' 

1,921 ' 

6,167 

696"' 13,292·' 

1,8M' 15,092' 

2,7117"' 21,738·" 

,~ 

" 
7,239 

m 

"" f.935 

000· 

1,482 

1.926" 

F",. IS. 

1.03-' 

13.532 

1,431 ,.,.. 
4,835 

1678 

10.83-' 

4.729 

0.>0 

0,15 

0." 
0,57 

0,44 

0." 
0.12 

0.41 

"-
0.00 

0.07 

0.07 

0.15 

'" 0.00 

0.07 

0.05 

TItN Or1llo.P 

0.31 004 

0,39 0,07 

0,23 0,04 

0,27 0,03 

0.30 0.04 

0.'" 
0,65 

0,27 

0,03 

0,07 

00< 

" 
0,11 

0,19 

0,07 

0." 
0.11 

0,11 

0,27 

0,11· 

00 

7.45 

.~ 

9.65 

" •. , 
'" 10,35 

10,2 

165 3,605' 153 1152 0.58 0,15 0.25 0,04" 0.07 825 

1,385 13,432 1.042 4.598 0.3~ 008 0.39 0.05 0.14 9,2 

:Sallnted <XII'diilOli vatu1l$ $lfjnibntly higher than unsaturated cond it .... values (Wicoxon rank sum test, ~.05), 
;ExCHds monl:hly CIa •• llilecal coliform .tandard (2001100 mI) or monthly tolal OCIIifolm standard (I.O(l()Jl00 mil 
Ex~ one.day Clus Illf..:al coliform l tanderd (800;1 00 mI) or one time total coliform standard (2 ,4001100 mI), 

In u~sawrated cond~ions. mean feca l coliform concentrations in Harbinwood exceeded the one-day 
Class III tecal coliform standard. wh ile the Lake Jackson Mounds sUb·basin exceeded the monthly 
!\IeI1Ige facel coliform standard. Under saturated cond itions. Harbinwood and Lake Jackson Mounds 
exteeded IIIe one-day fecal co liform standard, and Okeeheepkee exceeded the monthly standard. Mean 
tolaIlXlIiform values in all sub·bas ins except Be llwood exceeded the one t ime $tandard. and Bellwood 
txteeded the monthly total coli/arm standard. Under saturated cond itions. mean tota l col iform values 
from ~I I sub-basins exceeded the one time standard. 

Table 10 compares mean va lues from upstream and downstream statOons within each sub-b.as in, Few 
significant differeoces and no conSistent patterns were apparent. Widespread eKceedances of Class III 
bacterial standards were again apparent at both upstream and downstream stations with the exception of 
Sellwood and Iowef Okeeheepkee in the case 0/ /ecal coUform. 



Eff_ of SeptIc: 51 __ In _ LaMJ.C""'" w_ 

Tlbta HI. Mliln CoocentratJonl by Station lOCfllon 
(s.cteriaYilues •• orpnisms per l00ml. au.. __ nvL) 

W_ Q....uty Paa , 

Sub-bul"" _c. lotlol C. E. coli Ft<:aIS. ~o,., .. , ~ " 00 

c ,...,." ",' 10.853'" '" 2.022 o.n' ,." 0.01 0.11 •• i 

! -- WT 8.2~· .... '>00 0.1. 0.07 '''' ,,, 10.2 

w_ 2,141 ' 1,.7lI2' , ... '.'" ' .M ., ... ..ro ' .00 •. , 
• 
f Bolo :c~ '" 2,506' '" "" 0.71 '''' 0.03 ,,,. ,. , 

~M 1.302 8.327 '.000 M96 0.49 O.OS 0.03 0.13 ••• 

I - " '" •. "" '" '''' 0.1. 0.10 '''' 0.11 •. , 
~- , .... ' 22..133' $.$12 16.5$5 0.12 ," . ., 0.24 U 
w_ 1.076" 13.571 ' '" .. '" 0.51" '''' 0.05- O. to ,., 

Discuss ion 

Conditions wittlin the study area appear conducive to the export 01 poIutants from residential sepIio: 
s~ms to surface waklrs in the lake Jackson waterVled . Large nurrbefs of $ef.ltic systems are present, 
aOO these a re concentrated at high densities in some areas. A n\llTll>er 01 dra infields are elro located n 
close proximity to streams flowing to the lake. Add itionally . substantial numbers of septic systems 8Il 
klcated in soils that are classified as garleraRy inaWropt"iate for draillliekls . The Harblnwood su~ 
appears particularly suspect. giVen the density aOO number 01 ui"Wts witlWl the sub-ba~. tilt 
couceutralion 01 many in inappropriale soils. and the density 01 units in the l00-fooC stream corridor 
Maintenance 01 septic systems may also be generally inadequate. For example, a substantial proporti:rI 
01 mail survey respondents indicated no know!ed98 01 their systems ""er having been pumped, ev.-. 
though most 01 these residences and septie systems have probably Deen around for decadu. 

Theta ilia atiemative sources 01 pollutants to septic systems that could account tor some 01 1ht 
enrichment observed. nctuding !he full range 01 nonpoint source pollutants coomonly gener.oled bit 
subUfball cormlunitiet. As wo:pected, for example. the mai $U1VQ)i irldieated substantial use of fertiiHr 
and considerable numbers 01 pets throughout the study area. ImpactS from tne:;.o sources and i'\Inoll' 
from streets afld sti'\letures are subject to the same geographic factors (e.g .. density. lack 01 stream 
bullers) that increase impacts from septie systems. Stream channe liZation. lack of Infittrabon capady. 
and llream bank erosion also contribute to !l.Urface water poIwion. WildlfJe may 00 sigl"lifoeant in placet. 
partieularly within OIteeheepkee and Lake Jackson Mound$. 

The suspicion thai comparing upstream and downstrum atations woutd reveal iT"ICl"f!ased ODi'lC8fItrations 
down$lleam was not confirmed in the water quality monltomg. while the effects of saturation on pollutant 
eoncenlratiorls were mixed. Bactarlal concentrations were signffiCantly higher under nturated tiIaI1 
unnturated conditions in the Ok~heepk.ee and Lake Jackson Mounds sub-bi!sins, but net in the athers. 
No such effect was found tor nutrients. 
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J 'oIaIIIf qUility MIUIIs did, however, reveal very high bacteria values in nearly aH sub-ba511'1S, 
fuJlartt' in Harbinwood, Okeeheepkee, and Lake Jackson Mounds. This was true under <II conditions 
~ and particularly ooder wei conditions in Okeet>eepkee and Lake Jackson MoundS, This 
iation, and the fact Ihat the sewered BelMoood sub-t)asin generated the least bacteria under al l 
' i!iooS, !end$ credence to th~ suspicion that septic systems are polluting the lake. 

i"aIeInitrite enn.;nment patterns were the reverse of those seen for bacteria, and ammonium 
v:entrations tended to be relatively low PhO!lphorus enrichment patterns seemed more con~Rent 
~ ItIo$e found !of bacteria. atthoug/1 OSTOS are generntly Ihouglll to be better at removing phosphorus 
.. nlrogen. In lXIIlSIdenl1g nutrient concentratoons. however. it is ilrClOrtant to note thai it is unknown 
m!he ~n, In the respectWe sub-basins 'NOOk! be in the absence of anthropogenic ImpacI$ 
m sepO: systems 0/ other sources. ThaI ammonium v;Wes were retatively low suggests that vadose 
JeS in !he study area may be generally adequate lor nitrification. Nitrate from the septic systems eould 
&l"lterirlg ilUrtaee wate rs, bul ~ ;:; not known ~ the nitrate vatues in the drainage streams are different 
.. they would be under &eWere<:i conditions. Interestingly, Bellwood. the only _red study sub-bas in, 
j lIle lIigllest nitrite/nitrate values. These were sign ificantly higher than those found in Harbinwood, 
1cn had the highest un~ clensity of the septic sUb·basins and tile worst bacteriological qua lity . It is 
speded that the much higher unn clensity found in Bellwood results in greater nillite/nitrate loading from 
!ljlOint IOI6CeI of poIutIon common \0 ulban stormwatef runoff. 

81 dlllinf1e1d5 physically surveyed, five lailures and 17 disconnects wef8 identified The survey was 
likely. 1Io\Ofever, 10 deled. sysIemic but less than ob'Iious (Class 111 and/or IV) treatment deficiencies. 
, ~ of the fabes and diseonneets discovered was genMllly coJlSistent .... ith the oYefall 
~ of lots in the stvdy ... ea. There were, however. a relatively large number of disconnects 
tel'\'eO i1 conditions 01 $light ~lope$ and soil 'rrVtation$, as well U In the reciprocal cond~ions of steep 
~ and se.ere .aill, The percentage of di~nnect$ amoog s~e$ surveyed seemed particu larly high 
JIM Sunset, Clt<.eehl!epkee, and Harbinwood sub-basins. It may be that wastewater treatment r of the ty~lea l :septic systems and drainfMl ldsln the area tend to be inadequate. 

onclusions and Recommendations 

It obseNationI obtained through thIS assessment 00 no« provide a conclusive delermination about !he 
portallCl! of septic syslem ef!lvem as a source of nonpOint source pollution in the Lalco Jackson 
iIenhed. Same of these observations are, M .... eyer. consistent with concerns that pollutants are being 
~ to surlace waters. Fecal and total coliform bacteria values were onen found to be quite high, 
iI tI1ey frequently exceeded state water quality standards. Bacteria values were found to be relatively 
f in tile only sewered sub·basin. The nutrient enrichment patterns observed, howeve-r, were not 
.,sistent IYith the tl9cterial enrichment patterns . 

.,. results of !his anatym are also conslltent wiCh those of a numbef of recent studies that describe 
~ IOUrca patlution as posing a continuIng threat to !he healtll of Lake Jackson. Protection of the 
/2 .leCpJres tIIee1rve Iteatment of both 5Ulface runoff and basellow discharge in areas affede4 by 
flelopllleoll TNt can be proyided lhIough stormwaler lreatrnent systems. impn:wed lRiIintenanee of 
Jsting sy~, in1pIementatiDn of a variety 01 urban best management practices. riparian buffer zones, 
II:! pu~ edl.lC8t1on. 

,. high bacteria values warrant further attention and monitoring. If such cond itions persist. the potential 
~ to public health shou ld be evaluated and treatment measures should be cons.ide red . The popularity 
"dbconnectin<;J ~ater from septic systemt also suggests that the general adequaq of wastewater 
JIIaIY for homes in lIle area should be evaluated. The feasibility of adding sewer seIVice to the 
.-n t..ke JlCbon IUb-basin should be evaluSlted pul10uant to Policy 1.2.3 of the Talahassoe·leon 
ilIny 2OtO COn1nhan&ive Plan Util~ies Element. This policy providesior the city and Talquin Electric 
00pa"aIive to ~ into 8n agreement to eldend lllnitary sewer service to septic tank problem 8feas In 
• Lake.l8c:bon walershed. Treatment of stormwater ruoofl and baseflow discharges ttvougll treatment 
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systems, best management practices, and public potlution prevention may also !'&duce concentrations (i 
bacteria and other microbial pethogens. 

All etror! to educate homeowrlllfS about proper septic system maintenance shou ld be collside!'&d. A 
number of studies (e,g .. Martin and McPherson t990), BS well as the :lUl'lley resuMs obtained through U. 
project. suggesl thai the frequency between septic system pumpmgs is typCiIltv 100 long and that ~ 
residents nev« pump systems unt~ tOOy lail, In add ition to inlormation 011 d ireet septic system 
maintenance, educational material cou ld stress household water cons&!Vation. Such conservation COII~ Ande 
!'&duce wastewater now and pollutant loadings, extend drainlield liIe, and reduce the frequency 01 filii,," 
(MartIn and McPhe~ 1990), 

II is wggested lhat 1M Harbinwood suO-basin be a priofity for further evaluation and correetiIIe me3$Ures. 
This basin had the highest bacteria values under all oonditions, and ~ has the largest number am 
greatest concentration 01 septic systems, tJoth basin-wide and within the l00-fooI stream corridor. Nilrit!
nitrate ~ in this basin ware moderate, but phosphorus level, were high. Given the overall density d 
septIC systerr., the number and density of units in !he l00-1oot s!Jearn corTidQr, and the length of tim! 
these systems have been in operation, it is conceivable that drainrreids In Harb inwood are exporting 
bacteria and possibly nutrients 10 the lake_ The lake Jack$On Mounds and Okeeheepl<ee sub-tlasins 
should be con$ideIed for evaluation and treatmenl as wei. BicIIl, 

Further anatvsis could be pur!Wed te better determine the importance of septic systems as a Sl)W"C8 d 
baClefia in the watershed. Dye-trace anatvsis cn:I monitoring 01 shallow ground water wells have beerI BiclU, 
pu~ued in other klcations (e.g" Wicks and Ericl<son 1962), Tl1ese activ~ies , oowever. would bI! 
expensive and difflCu~ over a large area. Some other potential elternatives are described below. 

Additional samplioo. SIIrnples could be COl lected elsewhere in the lake Jackson waterw.hed III 
compare bacteria and nutrient values. Streams dr";~ing relatively undeveloped sub-basins Include 
one flowing just IIOIIIh of the Phipps-OverWeei pert. north of lake Ridge ROCId, and ano\t1ef tIW. 
draJlls into !he lake north of Mille!" landing Road, In-lake sampling may also be condLJCted to help 
identify receiving lIIaterbcdy effects and to fac~itate public health advisones coocerning body-conlad 
water recreation. 

'" 

I prodw::es .ndosporas that are resistant \) 
and aquatic environmools Although C 

wastes and slomlwa~r nJllOff, higher 
human wastewater sources (Valente lit 

map of benthic enrichment may permrt ~ 
wastewater versus non-sewage enrichment 

Probable sources (human or oIhef) of E. cOO can be estmaied 
t (MAR) and gene~c enalysis. Add itiona ltv, signature ~pid 

~~~~~~~~t~\~ for quantitatively detecting biological components of urban runoff based on 
the described by While e\ aI. (n.d .). Microbes can be analyzed for coprostanol, I 

in human dtge-stMt systems, but not in those of birds, fiSh. or domestic or wid 
mammal • . 
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Regulation of Septic Systems 

Florida Statutes (F.S. ,. states that the Florida Department of Health (DOH, &ha ll issue 
action, InstaHation, moditication, abandonment. and repair of onsit.e 5eW1iIQIiI treaImef1t 
KTIS (OSTDS) when! publicly. or Investor-owned sewerage systems are unavailable. 
ruin for placement 01 &uch SYS!IImS in Rille 604E-8 oIlhe Fionda Administrative Code 
rule. no septic system may be Inslal~. repaired . aHered. modified . ab3l\doned. or 
n 8S permitted by the Department. All systems are requ ired 10 be located, installed . 
• !tIat they "function In a sanitary maooer. do !"lOt create sanitary nuisances or health 
JI endanl;ll!f the safely 01 any domestic \lI3ter ,uwly, ground water or slllface water." 
e and efIIuent hom these sysleml mil)' not be dIscharged onto the surface or difedly Of 

es. drai'lage structures. ground Wll\&l'$. surface watl!f5 . or aquifMS. 

requires that septic .ystems not be located !atera l ~ within 75 feet at tile OOl.Indar1es of 
lei Systems are 10 be a milimom 01 15 feet from tile ~n high water t .... 01 swales 
ention areas designed 10 contain standing or tIowIng water tor less than 72 hours after 
.-ater table elevation at the wettest season is require<! to be at leasl 24 inches below the 
the drainfleld. The rule contains further requirements for lot size, system si2:e, setbacks 
..durn, setbacks from tidal surface waters, l imita~ons for floodprone areas .• nd use of 
TIl. Genemt $I,Irface water seltladl: ~ulrements are modified i"t sectlOl1S 
nd2. F.S. 

, Leon Coonty Comprehensive Plan 2010 states th at ' flO new on-s ite sewage disposat 
instal led in the Lat<e JilCksorl Spedal Development Zone on lots having leu than one 
:at lor sjngle farntt properties whic/l....e<e platted with less !!>an one (I) oot acre prior to 
s pI.n e>cc:ept wh_ sanitary sewer II available. - Existing septIC tanks may be replaced 
:It I"glll" units as requ~ed by local r&gulations. No permits will be issued lor ~ septic 
ear IIoodplain in the Lake Jackson Special Deveklpment Zone ' ucepllor reptao:::ement 
~ngle family lots which were platted prior 10 the adoption of this plan except where 
waiable.' 

"lent, Leon County I\Q set ~tand.rd. IoJ 5epbC tanQ within Zone A of the Lake Jackson 
1I!-nt Zone. Zone A Is defined ~ the wetland and floodp/air! eeotorle, from e~vation 89 
,waltlr"1 edge. whichever provides tM greater area of protection, to 100 feet NGVO. 
er.aeted by the Leon CO\lnly Code. Chapter 10. Miele 7. are as loHows: 

101 $ize Is one acre neI usable land, exdusive of al paved area •. public rights
nd pre~red road beds within easements and exclusive at ll-lrearns. lakes, 
ditches. marshes, or othllf such bodies of water as determined by the state 

,n( 01 Environmental Protection or the director of Growtl1 and Environmental 

"'" :w. disposal systems shall be ,iled ac:con:Ilng 10 the predorrinant naturally 
$Oil type beneath the proposed system or II maxliTlOJm sewage Ioad.,g rate 01 

1 p8r"Sl1uare loot per day. whichever yields a greater size drain~ e ld. 

, of a"!'f ensile sewage disposal system shall be located wilhin 75 feet upland of 
89 feet NGVO, wrthln 75 feet of any waterbody or watel"COlne or the 

nallinit of a wetland as determined by the stale Department of Environmentat 
1 Of the dft<:tor of Growth and Environmental Managemenl. or WIthin any 100-
lplain area. 

"III. pnwlously platted, lot or lot of teCOfd eKisting on January 15. 1990. wt\ef1 
single4amily R!SIdential use, shall be exempt from the standards of tills 

of1 {bXI)b but shall comply with a~ other applicable ~. ordinances and 
"IS raiatifIQ to septic tankl . Existing septic tanks may be replaced by the same 



size or larger uflils as requi'ed by oIher applicable laws, ordinances, and regulations 
relating 10 septic tanks, except .... here ~nitary sewer il available_ 

1I11lou1d be noIed !hill item nUrMe< 4 applies to the rnajorlCY of the project area. 

Appe 



Efftt<:b of Septic System. In the Lake Jack. on Watershed 

Appendix B. Resident Survey 



LEON COUNTY AND THE 
OORTlfWEST FLORIDA WATER MANAGEMENT DISTRICT 

LAKE JACKSON NON·POINT WATER QUALITY SURVEY 

PleNe respond. Q)mplelely .. poss .... 10 eKh question below. The more accura1e!he inIomIatior> you provide • 
.... _.,.. .. 18 .. ,,.,,t ond ~ongotUoke.lri$on wilt be 

.... t inIonnation -'>all , omaln MOnYmOUl .ncr .1IaI1 be u .. d on~ for the naluotlon 01 non.polnt pollution of 
1Io1ot Jackson. ThilInIonroation .. behg C<JIecte<I as p.Jrt of ""O(Iing _rm and pIarroIng lor !he pmIe(:tion of !he 
Iooke onIer Aand.!o'. S..-fac:e Water ImprOYe-mer"ollnd Management (SWIM) Program. 

'I How many ildMduais IMide In your home? --""'" 
2) On average, about how many gallons 0Iwa1&r does your horne use a morolto? ___ "'n~ 

(You can gel this informallO!l from your morothly water bill.) 

3) On _rage. about how often do you water your lawn? Tmes per Moolh 

4) On average. about how often do you wash your CiI((.) at home? Times per Mooth 

5) Do you haw a priva11l well !of lnigation. car washirog, etc.? (Y or N) 

Pf9I)!!!1y Inf00nati90 

6) 'Mat Is yo~r approximate lot $l2.e? (Please check box) 
ms than 1/4 Al;re I I 114 to 1/2 Aae I I 1/2 to 1 Me I More than 1 Iv:.re [ J 

7) Do you mairllain yoor own yard ? (Y or N) 
II YES. please go on 10 qOJe$liun 8. 
!fHO, which Lawnlyard seNlce do you use? 

_______________________ PINse go on to Question 11 

8) ApprQ~imate!y how many urnes a year do you apply fertilizer 10 your lawn. thrubs. or trees? 

____ Times A Year 

i) On ave-raQe. about how many poonds 01 fertilizer do you apply each lime? 

____ Pounds per Application 

In) What fertilizer rrix do you apply the most 01 (lor example. 6.6:6)? ____ N P . K Ratio 

llf you do no! ~now the mi~. what product do yoo apply the most of (for example. 

Sr;:oU's Turf Builder)? __________________ 1 

11) I10w m&ny ouldoor petS (dog. and cats) do yOlO have? """ c •• 

OVER~ 
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Qo.Sjte Treatment and 0i!p0s!!1 5nlem Inlofmation 

12) How old is your home? ___ Years [ I Donl Know 

13) Is there more Ihan one seplic tank or waslewaler treatmenl system is.efVing your property? 

__ (VOfN) [ I Donl Know 

14) To !he besl of your knowledge, has your &ejllic tank(s) eVIIf been pumped oul or clearl&d? 

__ (YOfN) [ J Don1 Know 

If NO, or you don1 kflOW', please go on to qlJ8stion 1~, 

If YES, how many limes lias ~ been pumped out Of cleaned? ___ Times 

When was !he las\ time this was daM? (Year) Donl Know 

1~) To the best of your kl'lOWledge, has y~ dr'ainfieid(') ever been replaoed? 

__ (YOfN) 

II NO, Of you don~ know, p~ase go on to question 16. 

I! YES, how many ijmes has ~ bee<1 replaced? Times 

~n was the last time th is was done? (Year) 

16) 00 you use a washing machlfle al home? __ (VOfNj 

II NO, Of you darn know, p~se go on to qli!!Stion 17 

If YES, is !he mactllne's outlet connected to yOUf septic tank? 

__ (V or N) 

[ J Don'l Know 

[ I Donl Know 

I I Don', Know 

Wnal bfand of detergent Of soap do you usua"l' use? ___ ___ _____ _ 

On average, aboot how many loadS a weeI\ do you launo:ief? ____ Loads per Week 

17) Are you aware of any ather devices (krtchen dispotal, showers, etc.) In your nome !hal are not 
connected to you r septic tank? 

__ (YOfN) 

If NO, Of you OOn'\ know, then yoo are done Thanks. 

IIYES, please lislthe devices: 

[ J Donl KnIWl 

- THANK YOU FOR YOUR RESPONSES-
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Appendix C. Study 
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Etr.a. of Septic Systems In th. LaIc, J ackson Wa" ,,'*1 
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Appendix D. Analysis of Variance 

Analysis 01 variance (AN OVA) wa. coOOllCted to eva l ~te differences in bacteriological and chemical 
..... ttr quality parameters among sampled sub-basins and to delBfmine if these paralOleleis varied 
between wet and rJIy conditions I)( between upsll'eam and downstream !aITIpIing IoI;atIOllS within .1.IIr 
ba$nS. Parameters e~mined WI!fe fecal coIifoml bacteria, IOIaI c:olitorms. fecal sIreptococci. e-. coH, 
~s. total phosphorus, nitrate-nitrile nilrogef1, ammonium nitrogen. and lolal Kjeldahl 
rWtroge<1 (TKN). For re3SOrl$ described in th e methods section, both bacteriologica l and chemical 
v.nables were logarithmically transformed prior to analysis. ANOVA tables resulting lrom these analyses 
il/e po-esenteQ below 

Snptilg location ~in basin (upstream vs downstream) had no c:onSlSlem effect on any bacteriologocal 
or chemicat water qualItY parameter Differences between wet and dry condition sampling were obsefved 
lot all bacterioIogIical variables excepl lecal streptococd. Fecal collforms, lotal col ilorms, and E. coil 
n~mbers were l ignllicantty higher under wet than dry cond itions. TKN concentralions were modeltly 
hlgher under wet cond~ions, whi~ no wet-dry differences were observed for the other chemk:.al 
pil8lTl!ters. The differences delee1ed between wei and dry cond~ion. were genera.,. much smaller in 
'"'IInrtucIe than differ&nces observed among basins 

Rllponlt: 
,_. 

Summary of F~ 
RSqlJare 0.676238 
RSQuare Adj 0524474 
Roo! Mean Square Error 0.52272 
Mean at Response 2.499(11 
Obseriaoons (Of Sum W9ts) .. 
Effecl Test 

""" "om OF Sum 01 Squares FR2liO ProlPF .... 3 3 11 796034 143905 ".0001 

" 
, , 0.774700 2,8353 0 1019 ... , , 2.248136 62276 0.0012 

ba$ln'!oc 3 3 0.855600 1.0440 0.3864 
basln'wel 3 3 1.724217 21035 01 193 

""" 
, , 0.060350 0.2209 0.6416 ... "' ... 3 3 0.803310 0.9800 0.41-« 

~OOetTeSl 
Analy~ of Van,nee 
SO", OF Sum 01 Squares Mean Square ,. Ratio ...,. 

" 16.262548 1.21750 44559 

"" 32 8.743554 027324 Pro",F 
CT ... " 27006102 00002 

R .. ponst: Iogfecol 
Summary ol,.it 
RSqo.Iare 067033-4 
RSQuareJ4 0.515802 
ROOI Mean SquaN Error 0.521106 
MeatI of RespOnMl 2.607021 
Ob$ervatk:m (Of Sum Wgts) '" 
EIlectTesi - N .. ~ OF Sum 01 Squares F Ratio Prob>F 

D-' 



EffKtI of Sepllc Sy.tema In the Lak. Jacluon Wate"*"-<l 

belsln 3 3 lU913S4 
k>< , , 0.696249 -, , , 1.924403 
basin'Ox 3 3 0.722619 

""" .... 3 3 1.724781 
loc"'Wet , , 0.121706 
basln' Joc"'We1 3 3 1.286109 

lM1ole-Model Test 
ArIa~sis of Vanance 
Soo~ OF Sum of Squares Me~n Sqt.lalll 
Model " 17.669261 1.17795 
£no< 32 8.689646 0.271SS 
C Total " 26.358"909 

R"pon .. : """P 
Summary of Frt 
RSquare 0.486437 
RSquareAdJ 0 .245705 
Root Mean Square Error 0.69491 
Mean of Response 3.138521 
Obsefvations (or Sum Wgts) .. 
Effed Test 

""'~ ,- OF Sum of Squares 
bas in 3 3 7.4408921 
k>< , , 0.0550130 -, , , 06758880 
basin'Ox 3 3 2.7310061 ........ 3 3 04613421 
loc"'Wel , , 1.6609800 
basin'loc-.....et 3 3 1.6117061 

1M101e-Model Test 
Ar\aiysis of V8fiance 
500= OF Sum of Squares Mean Square 

"""" " 14.636627 0975775 
E~' 32 15452807 0482900 
CTotat " 30.089434 

RnponH: I09lot 
Summary of F~ 
RSq~ 0593125 
RSquareAdj 0402402 
Root Mean Square Error 05031 03 
Mean of Response 3.""'" 
Observallons (Of Sum wtlts) .. 

0-2 

13.7376 <. 0001 
2 .5640 0.1192 
7.0667 0.0120 
08670 0.4583 
2.1172 0.1175 
0.4482 0.5080 
15812 0.2131 

F Ralio 
43379 
P_F 
0.0002 

F Ratio Pro'" 
"363 0.0052 
0.1139 0.1379 
1.3992 0.2456 
18851 0.1520 
0.3185 0.8119 
3.4396 0.0729 
1.1125 0.3585 

F Ratio 
20207 
Prob>F 
0.0466 

E"",,T 
So,~ 

bo., 
k>< 

"""-_ ... 
So,~ 

M",'" 
£no< 
C Tota l 

R's S, 
RSqua 
RSqua 

""'" Mean oq 
Obsel"\l 

EHect T 
SOurce 
hasin 

'oc -, 

Analysis 
Soo~ 
M_ 
E"", 
C Toeal 

Rn 

Mean of 

""~ 



Effect. of s.p~<: SYlltma In the Lak. JacUon Wa.,*hIod 

: Test 
• N_ OF Sum of Squares F Ratio -, , 4.0559906 5.3415 0.00-43 , , 0.2011613 0.7971 0.3786 , , 3.9928403 157750 0._ 

'" 
, , 09242092 1.2171 03194 

"" 
, , 0,1782725 0.2348 0 .8715 , , , 0,9667363 3.8194 0,0594 

'ox'wet , , 14674225 1.9568 0,1400 

!-Model Test 
sis 01 Variance , OF Sum of Squares Mean Square F Ratio 

" 11.B07233 0.787149 31099 

" 8.099603 0.253113 """F , 
" 19.906836 "". 

-, .... 
IiWY 01 Fit 

'" 0,861141 
Ire Adj 0,796051 
Jean Square ErrOf 0,121132 
of RespooS9 1,553893 
~atiorls (Of Sum Wgts) .. 
Test , N,,~ OF Sum of Squares FRatio Prob~F , , 1.2352951 28,0621 <.0001 , , 05035221 34.3162 <.0001 , , 0.0601621 4 1411 0.0502 

'" 
, , 0.7948030 16,0559 <00" - , , 0 1104217 2.5065 0.0165 , , , 0.0004-419 00301 0.""" ""...., , , 0.2066133 .. 6931 0 .0079 

-Model Test 
;ts 01 Variance , OF Sum 01 Squares Mean Square F Ratio 

" 2.9118599 0194124 13.2300 

" 0.41395359 0,014673 Prob>F 

" " 3,38139513 <.0001 

>1158: Iognh4 
.co!)' 01 FM '. 0.n3318 
,reAdj 0.687057 
W.an Square Error 0.24-4874 
~Re5ponse 171B078 
lations (or Sum Wgts) .. 
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Effoocla 0# Septic Sot-, In IN LIou Jackson WatlRho<l -
Etfect Test 

,_. 
5oo~ 'p;om OF Sum of Squares F Ratio Prob>F """ baSin 3 3 07639795 4.2469 0.0124 .... 
'" 

, , 0.9459655 15.7761 0(01)4 '" . " , , 0,0177917 0.2967 0,5897 ... 
tlasin'1oc 3 3 44117525 24,5248 <.0001 

...., _ .... 
3 3 01410944 07843 0.5115 .... 

"' ... , , , 00126063 0.2102 06497 "' ... 
basIn"toe"Wel , 3 02526895 1.4047 0.2594 

.... 
'MIoIe-Uodet Test .... 
AnalySIS of Variance ..... 
s<,,~ OF Sum of Squares Mean Square F Ralio ..... .... , " 6.5458994 0,436~93 7.2777 .... 
,,~ 32 1.9186208 0.059963 Prob>F ~~ 

C Total " 6.4&17202 <.0001 CT 

RHpo .... ' logn03 
Summary of Fit 
RSquare 0.826538 
RSquare Adj 0.745228 
ROO! Mean Squ~re Error 0,177603 
Mean 01 Response 2,478681 
ObseJ\lations (or Sum Wglsj " 
Effect Test 

500= 'p;om OF Sum of Squares F Ratio Prob>F 
bas,n 3 3 2.7946931 29.5333 <000' .. , , 0.5044878 15.9937 0._ .., , , 0.0789203 ,""" 0,1235 
basin"toe , 3 1 2422909 13.1281 <.0001 
bason'wet 3 3 0,0740722 0,7628 0.5124 
klc"Wet , , 0,0733386 2.3250 0,1371 
b.asin "i<x:"Wet 3 3 0,1)417950 0.4417 0,7248 

Whote-Modet Test 
Anatyn of Variance 
Soo~ OF Sum of Squares Mearo Square F Ratio ..,... 

" 4809598\ 0320640 10.1652 ,-- 32 \ 0093701 0.031543 Pmb>F 
C Tolal " 5.8189682 <.000\ CT 

Response: loglkn 
Summary of F~ RS,_ 068106 
RSquare Adj 0.531557 
Root Mean Square Error 0.154636 
Mean of Response 2.4792 
Observations (or Sum INgts) .. 



EffK~ otSeptic 51.tern.ln tho! Lah Jacuon W.tershed 

_T", 

"'" Nparm OF Sum of Squares F Ratio f'rob~ F 

"" 3 3 0.6:2558696 11.5085 <.0001 

" 
, , 0.03979216 1.6641 0.:2063 .. , , 0.11036756 4.6155 0.0394 ... '" 3 3 0.44008560 6 .1347 0.0020 

basil'wet 3 3 0.05357955 0,7469 0.5322 

""" 
, , 001151762 0.4a17 04927 

t.m'loc'Wet 3 3 o 15305595 2,1336 0.1154 

~Test 

AnIIyIis of Variance 

""~ OF Stim of $quam Mean Square F Ratio .... " 1,5339684 0.106933 4 ,5555 ... 32 0.7651958 0.0:23912 Prob~F 

CT .. " 2.3991842 00002 

Rnponse: logtp 
5urmwy 01 Fit 

'''''~ 0.669356 
RSqusre Adj 0.514 l69 
Root Mean Square Error 0.195398 
IoIean 01 Response ' .99065S 
Obse!vatioos (or Sum WgI$) .. 
EfIIIcl Te$I .... N",~ OF Sum of SquafSS F Ratio Prob~F ... , 3 3 1.5799191 13.7935 <,0001 

" 
, , 0.0003862 0.0101 0.9205 .. , , 0.1526730 3.9987 "', .. , .... "" 3 3 0. 2~8938 2,4a73 0.0782 

ba, ........ et 3 3 0.0876114 0 7649 0.5221 
Ox ... , , , 0.0629622 2.1729 0.1502 
bSISIn'loc'We1 3 3 0.2849188 2.4875 0 .0782 

WIIoIe.Model Test 
/wtfrMs ofVsriar.ce 
Soo= OF Sum of Squs," Mean Square "._., ..... " 2,4733645 0.16.891 4 ,3188 

"''' 32 1,22 17666 0,036180 Prob>F 
CTola1 " 3.5951310 0.0003 
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