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GROUND-WATER QUALYTY IN SELECTED AREAS SERVICED
BY SEPTIC TANKS, DADE COUNTY, FLOBRIDA

By
W.A.J. Pitt, H.C. Mattraw and H. Klein

ABSTRACT

During 1971-74, the U.5. Genrlnﬁul Survey imvestigated the chemi-
cal, physical, bacteriological, and virological characteristics ef the
ground water in five selected areas serviced by septic tanks in Dade
Gounty, Florida. Periodic water samples were collected from multiple~
depth groups of meniter wells ranging im depth from 10 to 60 ft at each
of the five areas,. .!.nliy:ii of ground water from base-line water-qual=
ity wells in fnland areas remote from urban deve lopwent indicated that
the ground water is naturally high in organic nitrogen, smmonia, organic
carbon and chemical oxygen demand. Some enrichment of ground water with
lui:l.ﬁn provided a possible key to differentiating n*ptic-;tmk effluent
from othar urban ground-water contaminant nﬁmm. Bigh ammonia nitro=
gen, phosphorus, and the repetitive detection of fecal coliform bacteria
were characteristic of two 10-foot momitor wells that consistently
indicated the presence of septic-tank effluent im 5m water. Dis-
persion, dilution, and various chemical processes have presumably pre-
vantad accumilation of uptilc-tank ef fluent at depths mntnr-l:han 20
ft, as indicated by the 65 types of water analyses used in the investie
gation, Fecal coliform bacteria were present on one or two occasions
in meny monitor wells buf the highest concentration, 1,600 colonies/

100 ml, was related to storm-water infiltration rather than septic-tank



discharge.

Areal variations {n the ﬁmpalaitim and the hydraulic conduectivity
of the sand and limestone aquifer had the most noticeable influence on
the overall ground-water quality, The ground water inm the more perme-
able limestone in south Dade County .l.'t!ll-.‘ Homestead contained low con=
centrations of septic-tank related nm:timmﬂ,. but higher concentra-
tions of dissolved sulfate and nitrate. The ground ﬂltt:" in north Dade
County, where the aquifer is less permeable, contained the highest dis-

solved iron, manganese, ixm,_ and organic carbon.



INTRODUCTION
Septic tanks have been used for the disposal of domestic waste

water in Dade County, in southeast Florida, for more than 70 years. By
1970 nearly 175,000 septic tanks were discharging about 40 Mgal/day of
domestic waste water into the Biscayne aquifer; the prime source of
fresh water in the county. Over the vears of growth of Mlami and its
suburbs, sanitary sewer systems of different capacities were built and
expanded in order to gradually reduce the loads discharged into the
aquifer from septic tanks, Because of the rapid rate and the aprawling
nature of the gruwt:h. thﬁ number of septic tanks imstalled for new
housing exceeded the number of septic tanks retired from service through
connections to sewer systems. Even during 1970-73, vhen some restric-
tions were placed on new septic-tank installatioms by zoning ﬁfﬂi:ﬂﬁ.ﬁﬁi-,_
the nuober of new septic tanks installed surpassed the number that were
removed ;!ﬁu I:ﬂiﬁ:t by sewering., Moreover, thousands of residences
still depend upon individual water supply systems in mu still served
by septie tanks. These residences are served by imdividual shallow
wells for household use or lawn irrigation.

| Reported incidents of pelluted well water were minimal before the
mid 1960's, despite the thousands of wells and septic tanks that were
then operational within the couty. Recently, reported incidents have
been increasing, and local officials and county, state, and federal pol-
lution=control personnel have expressed concern over tha potential for
majoxr water-quality problems if saptic-tank installations were allowed
to proliferate in the yet sparsely developed or undeveloped parts of

tha county.



Purpose and Scope
The purpose of the investigation 1is to evaluats the effects of |

llp'l:i.ﬂ.ﬂ-tlﬂk effluent on ground-water gquality. Although some early data
are available on ground-water quality in Dade County they are for parts
of the county primarily near municipal wells, UNo detailed finformatiom
18 available concerning uataf quality at different depths in the aqui~
fer. The work in this project was apecifically designed to determine
how water quality was Flfh-:t-adl at different depths and in places where
septic-tank density varied, and where geologic and hydrologic condi-
tions differ., The information obtained would be used by zoming and pol-
lution-control officials in establishing interim criteria for septic-
tank densities in the remaining developable areas of the county.

The l_l-l‘-ﬂp; of the fnvestigation was restricted to a definftion of
the ground-water quality im long established single-family residential
areas (lJ years or more) where septic-tamk dnm-l.ll:y does not exceed four
septic tanks per acre. It does not include a definition of quality in
areas on which apartments or other multi-unit bufldings have been cone
structed. To serve as & basis for comparison with the septic-tank
aress, ground-water samples were collected from base-line ﬂltl!t*qullf.tj"
sampling sites in uninhabited parts of the county, three times from May
to October, 1973. Included in the study also was a determination of
the local soil properties and the hydrologic and geologic characteris-
tics of the Biscayne aquifer in the areas investigated.

This report, the second of this inwestigation, presents the re-
sults of  years of dats collection by the U.S5. Geologlcal Suxvey. The
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investigation was begum im 1971 in cooperation with the Dade County
Manager's office. Also participating were the U.5. Emvirommental
Protection Agency, the Dade County Pollution Contrel Department, and
the University of Miami. An interim report was released to the open
file in September 1974 (Pitt, 1974).

| led ts

Data and technical assistance for this investigation were supplied
by the following people: Dr. Leonard Creenfield and Mrs. Prances
Parsons of the University of Miami; Mr. Pavid Hopkims and Dr. Russell
Todd of the U.S. Envirommental Protection Agency; and Messrs. Nystrom,
Rodriguez, and Barker of Dade County Pollutiom Control, Messrs,
Alonso, Beach, Bermstein, Franconi, and Onysko allowed the use of thel:
propexties to conduct the tests.

Appreciation is also expressed to Mr. Richard Brusuelas of the
Greater Miami Chamber of Commerce and to Mr. Demmis Carter of the Dade
Coumty Manager's office for their efforts in promoting the investiga-
tion.

HYDROLOGIC SYSTEM
Biscayne Aquifet

The Biscayne nqul.fer is the only source of fresh ground water in
Dade County, yielding about 250 Mgal/day to municipal water systems
within the county in 1974. In the south part of the county where the
permeability (hydraulic conductivity) is highest the Biscayne is com-
posed primarily of solution riddled limestone amd sandstone. In
central and north Dade County the content of sand in the aquifer in=
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creases, thereby reducing the overall permeability. The aquifer is
wedge-shaped, being thin at the west county boundary and increasing in
thickness eastward to more tham 150 ft at the coast in north Dade
County. Contours on the bottom of the highly permeable limestone of
the aquifer are shown in figure 1 (Schreeder and othexs, 1258, fig. 2)

Nearly everyvhere in Dade County oolitic limestone forms the up~
per part of the Biscayne aquifer. Its méxdmun thickness is about 40
ft but the average thickness along the coastal ridge is 20 to 30 fr.
It thins westward in the Everglades. The limestone is riddled with
solution cavities, primarily in a vertical direction, and therefore
rainfall infiltrates rapidly to the water table (Parker, 1951). Im
north and parts of central Dade County mediuvm sired quartz sand forms
a veneer over oolitic limestome. The send also absorbs rainfall readi
1y. All septic tanks and drainfields are cut into the colitic lime-
stone or the sand.

The lower part of the Biscayne aquifer is composed of cavernous
limestone of overall high permeability west of the cosstal ridge, and
limestone, sandstone and sand of lower permesbility along the coastal
areas. Municipal and irrigation wells of high yield (as euch as 7,000
gal/min) penetrate the permeable limestone in the lower part of the
aquifer., Most wells for lawm spricking and for residential use remote
from public supply service aress withdraw water from the shallow parts
of the aquifer.

The interconnection of the pore spaces in rocks affects the abili
ty of ground water to move through the rocks.  'This characteristie of
the rocks is referred to as hydrsulic conductivity, commonly called

12
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aquifer (Schroeder and others, 1358)
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permeability. The hydraulic conductivity multiplied by the saturated
thickness of the aquifer at selected locations equals the transmis-
slivity of the aguifer ac those locatioms. Thus, the properties of con-
ductivity and transmissivity are important in Dade County water-qual-
ity studies because they are indicative of the ability of the aquifer
to conduct contaminants, such as those related to septic tank effluent,
to dmgfﬂient areas. In sandy areas of relatively low hydraulic
conductivity, septic tank effluent tends to accumulate and disperse
slowly, whereas in areas of high hydraulic conductivity it tends to
dissipate rapidly and move long distances.

Bffective porosity refers to the smoumt of interconnected pore
space availsble for fluid movement. It is expressed as a percentage
of the total volume occupied by the interconnecting openings, Parker
{1951) suggested that this walue probably ranges from 0.10 to 0.35 for
the Biscayne aguifer. The high value would be associated with the
cavernous sections of the aquifer.

Aquifer tests of the Biscayne aquifer made by Parker (1955), in-
dicate that the average hydraulic condoctivity ranges from 6.7 x 103

ft/day to 9.4 x 103 ft/day. The transmissivity ranges from about
3.7 x 105 £t2/day in north Dade Couaty to nearly 2.0 x 106 ft2/day

near Homestead (Meyer 1974). Values for the Biscayne aquifer are

among the highest recorded in the United States (Parker, 1951).
Recharge to the Biscayne agquifer occurs throughout Dade County,

particularly during the rainy season. Water levels therefore are

usually bighest during September and October, amd lowest during April

1%



and May, Parker (1955) and Meyer (1971) estimated that of the 60 inm.
of annual rainfall in Dade County, 20 in., is evaporated. Of the &0
in. that infiltrates 20 in, is lost from the ground-watexr system by
evapotranspiration, 18 in. is lost through canal discharge and coast-
al underseepage, and the remainder is used primarily for domestic and
agricultural purposes. These data indicate that nearly 50 percent of
the rainfall that infiltrates to the water table was discharged to the
ocean by canals and by coastal seepage, and tend to confirm the high
hydraulic conductivity of the limestone into which the canals are cut,
and the good hydraulic comnection between the canals and the aquifer.
Because of the good conmaction, the primary canal drainage system in
the county is a major influence on the occurrence and movement of

ground water.
Ground-water Flow Pattamn

In order to minimize flooding during heavy rainfall, control

structures {m canale are opened to permit draimage of excess water to
the oceann., This causes ground water to move to the canals thereby
lowering water levels in intercamal areas. The effect of drainage
(lowering of ground-water levels) decreases with distance from the
canals. The rate of ground-water movement also is greatest adjacent

to the canals, decreasing with distance from the canals.

Early im the dry season the control structures are closed, and,
unless unseasonal heavy rains occur thereafter, thay remain closed
until the next rainy season. Closure of the comtrol structures
causes the flow rate and flow distribution in the aquifer-canal

15



Fystem to change. After the structures are closed, the inland econ-
trolled reaches of the primsry canals contiowe te pick up ground water
from the interior parts of their basins and from Water Conservation
Area 3 (fig, 2) and transfer it dowmstream toward the control struc-
tures where water levels are maintained at the scheduled levels of
the structures. However, the levels sustained along the lower cone-
trolled reaches are usually higher than the adjacent ground-water
levels so that water seeps from the canals into adjacent parts of the
aquifer. This reversal im ground-water movement remains throughout
the dry season in all csnal basins except those im south Dade County,

In recent dry sessons water levels in the interior of south Dade
County have declined below sea level, temporarily resulting in an
inland hydraulic gradient. Wormally the hydraulic gradient is sea-
ward. These periodic reversals in gradient affect the ares south of
the latitude of Homestead, The ensuing rainfall then reestablishes
a seaward gradient.

Simce ground water moves downgradient along lines perpendicular
to water-level contours, the direction of flow within the aquifer
system in Dade County in general can be determined from the contour
maps of high end low water levels showm in figures 2 end 3 (Hull and
others, 1973). The contours show that the water levels are highest
in Comservation Area 3 where flow originates, and lowest along the
coast and in the south., General flow is east in north Dade County,
and southeast and south in south Dade Councy.

The inland bending of the contours morth of the Tamiami Canal

16
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(fig. 2) is the result of drainage by the dense network of primary
snd secondary canals. In the morth the temporary ground-water mounds
(fig. 2) along the coastal intercanal areas during the wet season
tend to confirm slower drainage to canals. There, the upper part of
the aquifer is composed primarily of sand whose hydraulie conductivi-
ty is Lower than that of the soluriom riddled limestones of the south
part of the county.

An additional influence on the movement of ground water in Dade
County is the continuous large withdrawals from the mumicipal well
fields adjscent to Miami Canal (fig. 2), and the Smapper Creek Canal.
All ground-water flow within the areas influenced by those withdrar-
als is toward the withdrawal centers. Canal water in the vicinity of
the well fields feeds the well fields by seepage into the aquifer,

Movement of Contaminants in the Aquifex
Constituents i{n effluents reaching the saturated zone of the

Piscayne aquifer, whether they be from septic taaks, soakage pits or
other sources, eventually discharge to Biscayne Bay unless they are
diverted en route by pumping wells or are adsorbed by the rock matrix
of the aquifer. Their course and time of travel through the aqui fer
depend upon the location of the source of the effluent with respect
to the ground-water flow system, the climatic comditionms, the nature
of the effluent, and the type of aquifer material through which it
moves. The travel time to the bay may range from a few days to years.
As indicated previously, the movement will be rapid if effluent is in-

troduced during the wet season near a canal or the bay, and slow if

19



the source is distant from canals in an inland area--particularly
during the dry season. Within the saturated zome movement of effluent
will have lateral and vertical components, as dictated by the hydrau=-
lic gradient within the aquifer, and the effluent demsity if it dif-
fers from that of the mative ground water. 1If it is fintroduced in an
srea of aquifer recharge where the water level is. high it will have
en initial downward component. Then it will move laterally dowm-
gradient to areas of discharge, such as the bay or canals where it will
then move upward (fig. 4). The main resultant plume of diffused ef-
fluent will migrate selectively through zones of high hydrauliec
copductivity and will be retarded by zonmes of low conductivity. Theres
fore detailed geologic and hydrologic informatiom in addition to data
on amount and types of effluent infiltration are needed to make ac-
curate sssessments of the effect of affluents on ground-water quality.
In the case of septic tamks, an unknown factor is the quantity
of effluent that actually infiltrates to the water table along the
urban coastal ridge where the water table is 8 to 12 ft below the
septie=tank drainfields during much of the year. Part of the liquid
would be evaporaked or utilized by lawn grass, shrubs, and trees. The,
remainder would filter through unsaturated sédiments which may remove
some of the comstituents in the effluent. It is possible that along
much of the urban ridge area, effluent from ordinary single-family
residential septic tanks may mot reach the water table axcept when 1t
is carried dowvmward by heavy rainfall. In areas of lower elevation
west of the coastal vidge, the water table is at higher elevation,

and the unsaturated zone 1s thimmer; thewefore, sffluenmts will likely
20
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reach the water table during the dry season as well as the wet season.
A large number of analyses of water and rock material would be re-
quired in order to determine the nature of the chemical, physical and
ionlc interactions between the effluents and the rock matrix within
the saturated and umsaturated zones, and the effect that seasonal
rainfall has on flushing of the matrix and dilution of the effluent.
This investigation involved only the ground-water quality within the
saturazted zone at the five selected septic-tank areas.

In addition to uql:tj,,:;a-t.an,k effluent, a probable major source of
contapination to the aquifer-canal watﬁm is storm runoff from roads,
parking lots and shopping centers, and from regidential and agricule
tural areas, Downtown business districts and most densely developed
areas near Biscayne Bay are serviced by sewer systems which discharge
storm water to the bay or to tidal reaches of drainage camals. 1In
the near-coastal areas not served by storm sewers, stomm water infil-
trates the aquifer to carry surface contaminants to the zone of
saturation; however the residence time of the contaminants in the
agquifer is relatively short be-l:n:u.ua of the prowimity to uncontrolled
sections of drainage canals and the bay.

In the less demsely developed urbam and suburbsn parts of the
county stoTm water runoff is downward to the zone of sacturation. The
storm gewer systems that have been built are for the many shopping

centers scatterad throughout the suburbs, Thesa storm sewers geners
ally discharge directly to the nearest camals. In the shopping

centers distant from canals, the runoff is piped to a sump to remove

22



solids and debrig, and then to & soakage pit or gallery where it in~
filtrates the aquifer. Downward infiltration of rainfall in the
residential areas probably carries with it soluble xesidues frow thou-
sands of lawns fertilized at regular intervals. Similarly, runoff
percolates vertically downward in the agricultural areas of south Dade
County, but there applicaticns of fertilizer are heavier and more
frequent than in residential areas. Thus the potenmtial for nutrient
enrichment of ground water ia the agricultural south part of the
county is greater than it is in other parts.

Since ground-water movement in the interior urban~suburban and
agricultural sreas is affected by operations of comtrol structures in
the major canals, the residence time of contaminants in the ground
water would be long compared to that in coastal areas. As indicated,
ground water in the interior moves toward the drainage esnalg during
the r.-i-ﬁr season when controls are open. When controls are closed,
ground water continues to move toward the upper comtrolled canal
reaches, but at a greatly reduced rate, Along the lower controlled
reaches the flow is from the canals into the aquifer. Therefore com-
taminants fa canal water along lower controlled reaches have the poten-
tial of entering the aquifer during the dry seasoms.

Further alteration of canal water {s from the discharge of sewage
effluent into controlled reaches of canals from scattered treatment
plants. Most of the effluent is given secondary treatment, some ter-
tiary. During prolonged dry seasoms when no flushing takes place,
domeé canals become nutrient enriched to become a source of aquifer con-
tamination along their lower reaches.

23



OBSERVATION-SITE DESCRIFTIONS

Location and Construction

Five sites served by septic tanks were selected for detailed geo-
logle and ground-water quality study, They represent -dift"artnt hydro-
gealogic environs within.tha urbanized area (fig. 2). Two sites ate in
sandy areas of relatively low hydraulic conductivity in north Dade
County and Hialesh, and three are in limestone areas of high hydraulic
conductivity in West Miami and Homestead, The two t:l.!:ﬂ in Homestead
are hydrogeologically similar but they are different in septic-tank
densities. Two additional base-lins water-gquality sites were selected
in undeveloped inlend areas, one west of Hialeah and amother northwest
of m“ld. The five selected urban test sites are plotted om the
nmap in figure 5, which shows the approximate areas in Dade County served
by sanitary sewer systems. The west edge of the sewered areas approxi-
mnates the inland extent of major housing subdivisions; the Lantervening
areas are served by septic tanks. Areas west of the subdivisions in
the south half of the county are primarily devoted to citrus groves and
truck farms.

Sets of wells of different depths were constructed during October-
December 1971 at the five septic-tank sites, and during May 1973 at the
two undeveloped base-line sites. Most of the wells were comstructed of
3-in. diameter steel plpe and were completed with 1 or 2 ft of open
hole at the bottom. Wells ending in sand were finished with a 2.5 ft

screened well point. The wells were drilled to dﬁpthl ranging from 10

to 60 ft below land surface. The 60-ft wella in areas of hard lime-
24
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gtone were drilled by rotary machine in order to cbtain rock-core
samples. A steel casing was then inserted to prevent vertical mixing
of water in the well bore. All the other wells were constructed by
driving the casing or well point to the predetermined depth.

Details of the septic-tank study sites are shoum in figure 6-10.
They show the density of residences, the locations of the primary and
secondary sets of monitor wells, and an fndication of the normal di-
rection of ground-water flow at the site. The primary sets are near
the ends of the septic tank drainfields amd the secondary sets are down~
gradient from them, Although they are not shown on the site location
maps, each surrounding residence alse has Lts own septic tank and drain-
field, All areas are served by treated public water supplies for drink-
ing and household uses. Scattered residences in each area utilize
{ndividual shallow wells which are pumped frequently for lawn and shrub-
bery irrigation. Therefore the movement amd quality of ground water at
the observation wells are influenced not omly by the discharge from the
immediately ad)acent septic tank and drainfield, but also by the dis-
charge from the surrounding drainfields and by the pumping of irriga-
tion wells. Where the density of septic tanks and irrigation wells is
high the potential for recirculating septic-tank effluent increases.

The north Dade site (fig. 6) is south of Snmake Creek Canal and the
direction of ground-water flow there is influenced by the Snake Creek
Canal. When the control structure in the <anal is opened pericdically
for flood control, ground-water flow at the septic-tamk site is toward

the canal. At all other times, the camal level is higher than the ad-
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jacent ground-water level and flow is from the canal into the aquifer.
During most of the year the direction of movement at the observation
site is southeast.

The direetion of ground-water flow at the Hialeah gite amd the
Weat Miami site is influenced by continucua heavy withdrawals at the
municipal well fields. At the Hialeah site ground-water flow is south-

weat, and at the West Miami site, southeast. At the Homestead sites

the general ground-water flow is to the southeast.
Solls and Lithology

The natural soll cover at all monitor sfites has been mechanically
altered by the constructiom of homes and roads and by landscaping. At
some sites the soil probably has been completely stripped to the
oolitic limestone bedrock. The soil types im the wicinity of the five
septic=tank sites are listed in table 1.

The soil in the north Dade County area genmerally ranges in depth
from 12 to 48 in. and in the Hialeah area from 6 to 10 in. At the
West Miaemi and Homestead sites and at the Z base-line sites the soil
ranges in depth from 2 to 6 in. Scil pH is usually higher in the south
part of the county than Lt is in the nexth part. In the north Dade and
Hialeah sites the internal drainage (infiltratiom of water) of the soil
i3 relatively slowar than it is in the othe? sites (table 1). The West
Miami and Homestead sites have very rapid Laternal drainage character-
istics, The rate that waste water from a septic~tank drﬁnﬂ:ld can be
adsorbed is higher where where the internal draimage is fast than where

it is slow.
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TABLE 1.--Fatural soil characteristice (U.S. Department of Agriculture, 1958)

-Sice

North Dade

Higleah

Wedt Miami.
Homeatead Low Densaity
Homestead High Density
Horthwest Base-ling

Southwest Base-line

Soil Series

Dade
Filne Sand

Dade
Fine Sand

Rockdale
Fine Sand

Rockdale Fine
Sandy Loam

Rockdale Fine
Sandy Loam

Rockdale
Fine Sand

Rockdale Fine
Sandy Loam

Orgenic Content

Low Yo Modearate

Moderate:

]

¥ OF i

Intarnal
Drainage

Rapld te
very rapid

Rapid when low
water table
Very rapid
Very rapid
Very rapid

Hhrf rapid

Very rapid

—pt

Soil Depth
Inches

12-48

6=10

2- 6



The organic content of the soll is greatest at the Hialeah site,
least toward the south part of the county. Organic material in sandy
sediments is important because it has the property of alding in the re-
moval of certain contaminamts that are in solution or suspension in
water as the water percolates through it., However, as organic material
decomposes it imparts soluble organic compounds to the water infiltra-
ting the sediments and loses some of its capacity to remove contaminants.

Detailed information on the lithology and the water-bearing characs-
teristics at each site was obtained by collecting rock material at 5 ft
intervals from the 60-ft wells. The logs of these wells in figures
11-15 show that the upper 80 ft of aquifer in the north part of the
county is primarily sand but in the south and central parts it is pri-
marily limestone.

T™he general differences in transmissivity fxrom north to south arxe
reflected by the predominance of sand in the north, where tramsmissivi-
ty ig relatively low, and thepredominance of cavermous limestone in the
south where transmissivicy is high.

The information noted im the logs on the pexcent of recovery of
cored material is kighly important because the smmount of rock reseovared
is a key to the hydraulic comductivity of the rock. Recovery of 80 per-

cent or more suggests that the limestone is Fairly dense, containing few

cavities, and is considered a confining zome. A decrease in the per-~
cent of recovery suggests high hydraulic¢ econductivity of the limestone
because of increasing size of solution cavities. A few of the more

perneable sections were noted batween 35 nd 40 ft at Homestead (30
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DESCRIFTION

ORGAMNIC SOTL AND FILL

SAND AND SOFT SANDY LIMESTOMNE

HiRL LAYER BETWEEM LATERS OF HARD LIMESTONE

OOLITIC LIMESTONE AND LAYERS OF MEDIUM SaND

BROWNISH QUARTZ SAND, FIME TO MEDTUM

VERY FINE SROWN SAND

FINE SAND AND THIN LIMESTOMNE LAYER

FINE, WHITE SILICA SAMND

WHITE LIMESTONE
COARSE SAND

CORRSE SAND AND SANDY LIMESTOMNE

HARD LIMESTOMNE
SAMDY |_IMESTOME

WHITE SAND AND SANDY LIMESTOMNE

HARD LIMESTONE
SAMLY LIMESTONE

SAMDY LIMESTOME COMTAINING CAVITIES

FIGURE 11.--Lithologic section, morth Dade sits.
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ORGANIC SO0IL AND FILL
HARD L IMESTOME

SOFT SANDY LIMESTONE

SAND: AND THIN LAYERS OF LIMESTONE

SANDY LIMESTOMNE
QIARTZ SAND
SANDY LIMESTOMNE

CALCAREDNS AMD SILICA SAND, PARTLY CONSOLIDATED

FINE WHITE SAND AMD STRINGERS OF CLAY

WHITE SAND AMND CLAY
TAN COARSE SAND

HARD L IMESTONE, MEDIUM PERMEABILITY

WHITE SILICA SAND, PARTLY CONSOLIDATED

== PERMEASLE L IMESTONE .
L —— HIGHLY PERMEABLE SAMNDY LIMESTORE

Iy —
= — |

]

FIGURE 12.--Litholegic sectios, Bizleah site.



PESCRIFTION

FINE SILICA SAND AND LIMESTONE FRAGMENTS
SILICA SAND

WHITE LAY

Cal CAREDS CLAY

SAND
LIMESTONE, GOOD PERMEABILITY

TAN LIMESTONE, GOOD PERMEABILITY, G5 PERCENT CORE RECOVERY
DENSE LIMESTONE, 1100 PERCENT CORE RECOVERY

SANDY AND MARLY LIMESTONE

LIMESTOME; SILICA SAND IN CAVITIES

SOFY. WHITE LIMESTONE CONTATMING LARGE CAVITIES:
HIGH PERMEABILITY) 'S0 PERCENT CORE RECOVERY

DENSE LIMESTONE
SANDY LIMESTONE

HARD, PERMEABLE LIMESTONE
S-ELLY SAND

FERMEABLE LIMESTONE; T% PERCENT CORE RECOVERY

HIGHLY PEFRMEABLE LIMESTOME: CLEAN SOLUTION OPENINGS

HIGHLY PERMEABLE LIMESTONE; 60 PERCENT CORE RETCOVERY

FIGURE 13.--lithologic section, West Miami site.
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DESCRLPTION

MARLY LIMESTOME

TaN OOLITIC LIMESTONE COWNTAINING SOLUTION HOLES
75 PERCENT CORE REUNWERY

SANDY L IMESTONE

LIMESTONE AND SILICA SAND

DEMNSE LIMESTONE 95 PERCENT CORE RECOWVERY

| HARD , PEFRMEABLE LIMESTOME

DENSE LIMESTONE

TAN, PERMEASL E LIMESTONE
CENSE LIMESTONE, 100 PERCENT CORE RECOVERY

PERMEASLE LIMESTONE, CALCITE IN CAVITIES

HIGHLY PERMEABLE LIMESTONE

FIGURE 14.-Lithologic section, Homestead low-density site.



, ‘LII’.i-r [DEE‘T&I,
T |onogy [uETRES

T

DESCRIFTION

MARLY LIMESTONE
SOLUTION RIDDLED OOLITIC LIMESTONE

FOSSILIFEROUS, OOLITIC LIMESTOME; CAVITIES

DENSE LIMESTONE; 100 PERCENT CORE RECOVERY

SOLUFTION RICOLED LIMESTONE, HIGHLY PERMEABLE)
25 PERCEMT CORE RECOVERY

SANDY LIMESTONE, GOOD PERMEABILITY; &0 PERCENT
CORE RECOVERY

HARD L IMESTDME, LARGE CAVITIESy &5 PERCENT
CORE RECOVERY

DENSE LIMESTOME; 80 PERCENT CDRE RECOVERY

HARD, GRAY LIMESTOME, HIGHLY PERMEABLE; 30 PERCENT
CORE. RECOVERY

DENSE LIMESTONE; 100 PERCENT CORE RECOVERY

PERMEABLE LIMESTDMNE, CALCITE IN QAVITIES: 65 PER-
CENT CORE RECOVERY

HARD LIMESTOME, BO PERCENT CDRE RECOVERY

FIGURE 15.--Lithologic section, Homestead high-density site.
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pércent recovery), and between 31 and 38 ft at West Miami (50 percent
Tecovery).

The limestone section to 60 £r im the south half of the county is
marked by frequent layers of hard, dense limestone ranging in thickness
from 1 in. to more than 5 in. Although these are relatively Lmperme~
able and tend to locally retard downward cirveulation of ground water,
individual layers appear to be discontinuous and collectively, therefore,
they do not prevent the movement of water. Selective samples of cores
of the dense limestone were analyzed in the laboratory for values of
hydraulic conductivity. Table 2 shows that the hydraulic conductivity
ranges from 1.8 x 107 ft/d at a depth of 37 ft in the Homestead site,
te 7.2 x 101 fe/d at a depth of 42 ft in the West Miami site.

Tracers were used to determine if the secondary sets of wells at
the five sites were properly located to obtain water samples that were
representative of the septic-tank effluent, as the effluent moved down-
gradient. Sodium nitrate and a fluorescent dye were injected 2.5 ft
below land surface at the head of the high density drainfields, and
directly into the zeptic-tank distributionm box at the low density
Homestead site. Each tracer was introduced as a 20 gal slug during 3
to 4 h,

Data from observatioms of the tTracer movement from sampling in
secondary wonitor wells imdicate that the ground water moved at rates
ranging from 2 ft/d at the north Dade site to 11 fr/d at the Homestead
sdte., OCround-water velocities determined from tracer tests are given
[n table 3. The velocity for the Hialeah site (table 3) may appear to
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1%

Location

West Miami
Homes tead
Homes tead
Weat Miaml
West Miami

Homes tead

TABLE 2.--Laboratory analyses of limeetome cores.

Depth

{£tr)
19.2-19,5
27.6=27.9
36.9-37,2
41.8-42.1
51.3-51.3

56.6-37.1

Specifie
gravity of
solids fgm/ c.c)
2.73
2.73
2.73
2,70
2.70

2.69

Total

porosity
(percent)

Hydraulic conductivity

(Ee/d)

19.8
15.0
20.6
2L.8
20.1

S-E

9,18x10"3
L.54%10-6
1.Bx10-7
7.2x10~1
5.9x10"3

&4.3%10=3

(m/d)

2.8x10"3
4,7x10™3
5.5x10~6
2,2%x10=1
1.8x10=3

1.3x10-5



TABLE 3.--Ground-water veloocities at five septic-tank
test sites.

Homestead Homestead
Hoxth Low- High-~
Dade _ Eisleah Hest Mismt Density ~ _Density
Velocities by tracer test
(ft/a)
2.5 3.3 1.9 11.4% *x

* Ipnconclugive data,



be high for an inland area composed mostly of sand. The observed rate
probably is influenced by the proximity of the site to the large mu-
nicipal water-supply withdrawal area.

The much higher velocity at the Homestead low-density site, even
though pethaps not vepresentative, confirms that septic-tamk effluent
will disperse more rapidly in the south part of the county tham in the
north part.

g’:mnd—ﬁuter Sampling

Nesrly 19,000 chemical, physical, and bactericlogical snalyses
were made during this study. Most of the snalyses were made by the
Geological Survey, using methods outlimed by Raimwater ard Thatcher
(1960), Brown and others (1970), or in aceordance with procedures of
American Publie Health Associstion (197L). Many of the BOD {(bio-
chemical oxygen demand) determinations were donme by personnel of the
Dade County Pollution Control Department, and some of the COD (chemi-
cal oxygen demand) and the bacteriological analyses were done by the
U.S. Environmental Protectiom Agency. The University of Miami analyzed
for viruses.

With the exception of the base-line well sites, which were sampled
3 times during May 1973-October 1974, all the wells wexe sanpled quar-
terly for 2 ¥ in order to span two climatologic and hydrologic seasons.
puring the first year samples were collected by pumping the wells
through sterile flexible transparent tubimg using 4 centrifugal pump.
During the second year, a wacuum pump was used to facilitate the sam-
pling, Ultraviolet radiation was used to sterilize the pump and tubing
prior to pumping using procedures discussed by Pitt (1974). Each well
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was pumped at a low rate umtil one and 2 half times the volume of water
stored in the casing was removed before a sample was collected. This
method minimized vertical and horizontal movement of water to the well
by collecting only small volumes of water from the section of aquifer
immediately adjacent to the bottoms of the wells.

The period of ground-water sampling and the mmber of samples col-
Lected from each monitor well are shown in table 4. The general
gpatial relationship of the primary and secondary sampling wells and
theit rumerfcal designations are shown in fipure 16.

QUALITY OF GROUND WATER

The chemical quality of the ground water in Dade County wvaries only
glightly; most differences are related to the mature of the aquifer and
local land=-use patterns. The observed concentrations of the various
parameters are influenced by numerous factors, including rainfall and
drylfalluut composition, reactions with soils and the agquifer materials,
application of Fertilizers and pesticides, biological ptocesses at and
below the surface, various waste leoadings, chemical reactioms between
constituents, temperature, and pressure.

Eighty~three physicnl, chemical, and biological indicators of
ground-watsr quality weie used during the study. The numercus analyti-
cal results are separated into filve sections: natural ground-water
constituents, septic-tank related parameters, trare metals, pesticides,
and viral characteristics. While several parameters are included in
one or more sections, the apalytical results suggest that certain con-

stituents in the ground water are naturally occurring (table J) and
some are identifiable as being associated with septic~tank effluent
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TABLE 4.-~Period of sampling momnitor wells

Depth
Sice Krest)

1o

20

Eorth Dade Prisary 15
40

60

Forth Dade Secondary 10
10

1o

20

Rinlesh Primiry 30
40

60

Kialesh Scecondary 10
20

Horthvest Base-line 10
&0

10

20

&0

West Miani Secoudary 10
20

10

20

Hoomstead Llow Density Primaty :‘;
&0

20

Boomstead low Dansity Secondary ::
&0

10

20

Bomertesd Nigh Domsity Prismry ﬁ
&0

Bosestead Migh Denalty Secondary %:
Soutbwest Base-line 20
L%

Well

Rpsher

G-1630
G=1631
&-1£32
C~163)
G-1634

G-1643
B-1644

G=161o
G-1611

8-1646
G-30L5

G~1805
G-1605

G-1603
E-1603

g LT

G=1615
G-1616
G-1617
¢-1618
G-1615

G-1625
G-L626
G-1627
C-1623
G+1629

G-1615
GalalZ
G-li2d

&-1649
G=1550

G403
C0%

Date of
Tirak
Siepling

720218
72-02-18
71 02-18
Tl=02=1E
Ji-01-1%

71-05-2%
71-05-2%

71-10-28
Ji-lo-28
J1-16-28
Fi=10-28
7l-10-2%

F2-05-24
F2-06-24

73-05-23
I G~25

T1=03-27
Ti=-10-27
T1-10-27
7i=10-27
7N-10-27

T2=-05-23
73-05-13

T=10-28
71-10-18
7i-10-28
71-10-28
71-10-28

72-02-17
72=02-17
72-02-17
72-082-13
Ti=02=17

Ti-02-16
Ti-00-14
F11=02=1G
72-02-1%
Ti=-02=14

72-06-24
72051k

13-05-23
13+(6-23

Date of
List

Samling

73-10-15
73-10-15%
73-14-15
73=10=15
73-10-15

73-10-15
73-10-15

73-10-16
73-10-1&
13-10-15
73+ 10=16
73-10-16

73-10-16
3-10-16

74+10-15
14-10~15

T3=10-16
73-10-16
i3-10-16
73~10-16
13-10-16

73-L0-16
13-10-16

73=10-17

13-k0-17
73-10-17
T3-10-17
73-10-17

73-10-17
73-10-17
73-10~17
13-18-17
13=10=17

73-10-18
73-10-18
73-10-18
¥3-20-18
F3=10=18

73-10=18
73-10-18

73-10-18
73=10=18
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FIGURE 16.--Well depth and pumbering system for the five
septic-tank sites.
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Muxb ax
of

Well Depth Tape M e Feet
Temp erature Thermomet ey M 2i9 25.5 Degrees C
Turbidity Turb{dimatar o3I 18.2 JTU

pH pH Electrode M 329 7.7% pH Units
Specific Conductance Wheacstone Bridge M 329 541, i
Diseolved Solids Reasidue Evaporatiom 180°G Q k Ky 12l mg/ L
Il:. Solids Calculated  Major Iom Sum 3:8 302 mg/l
Inerganic Cazbon Carbon Analywer 0 235 55.1. mgfl
Tatal Catbon Carbon Analyzer i ] 235 6l.4 mg/l
Carbon Dioxide Calculated 3% 11,8 mg/l
Alkalinity Titration | 317 210 mg/l
Bicarbonate Titration H 328 256 mg/1l
Carbonate Titration M 347 0.034 meg/l
Total Hardmess Atomic Absorption Q 318 238 mell
Non Catrbonate Hardness calculated 318 28,1 mgdl
Calcium Atomic Absorptiom o 319 B9 .4 mp/l
Magresium Atomle Absorption 0 319 3.2 mng/l
Dissoived ZEromtium Atowies Abzarption 0 319 B, ugfl
Plssolved Sadium Atemia Absorption 0 e 18 .6 mgfl
Disenlved Fofamsium Atomlc Absorption 9 319 3,13 mg/l
Digsolved Lithium Atomic Absurptdon 0 K] mgll
Chloride Hercuremetric (0 R R 47,6 mgfl
Sulfata Spectrophotometric Q@ 329 6.4 mgfl
Fluoride Color imetric O 319 +250 mg/l
§1ilica Atomic Abszorption o 328 4,60 mgfl
Dissclved Mangmnese Atomic Absorptiom o 235 17.0 g/l
Dissclved Iron Atomic Absorptiom 0 277 1%9i0. ug/l
Color Color Disks ] 328 47 .5 Pt-Co Std.

* Median pH walue

TABLE 5.--Natural ground-water constituente

M Miasmi Subdistrict laboratory
0 Ocals District laboratory

Standard

Deviatiom _ Range

1,12
25.1

674
34,1
5.4
10.3
11.8
10.6
29,2
35.5
0.430
4.9
16.3
8,88
1.01
116,

6423
1,42

3.81
10.2
-107
1.79
3.1
&510.
B6.9

10.

3.3

0.

6,8
182,
136,
¥8.
19,
il.
Q.
79.
96 .
0.
T8,
0.
30.

9
360,

246
-2

-1||ii|tlilllitlilliliill

31.
£30.
8.5
694,
&ib ,
370.
8L.
85.
18,
289,
352.
.
310.
B0,
120,
8.0
1200,

334
5.7

30,
LT
1.1
9.7
210,
36L£00,
850.



{table 6). Also listed are summary statistics for the 42 monitor
wells used in this investigation. Individual analytical results are
available for inspection at the U.S. Ceologiecal Survey, 901 S. Miami
Avenue, Miami, Florida,

Natural Ground-Water Constituents

The quality of the ground water in Dade County differs from place
toe place (fig. 17). Dissolved calcium and bicarbonate are the major
ioms. These ions are digsolution products of the limestome, Seolution
qf native rock is 21so responsible for the observed magnesium. Sodium,
potassium, chloride, and sulfate are naturally present in water. These
ioms are also a useful index of septic-tank effluent and are discussed
in the section on septic-tank related parameters.

Many parameterg in natural ground-water systems are comtrolled by
or ara influenced by the caleium carbonate eguilibrium system, This
equilibrium system can be represented by the following series of reac-
tions:

1. Coz + H20 2= H2003

2. CaC03(s) + H7C03 =5 catt + ZHCO3™
3. HCO3 %=HT + 03"

4. Ho0 == u* + 0B

The list of chemical and physical properties commonly determined
in a chemical analysis wvhich are directly affected by changes in this
equilibrium system includes dissolved Cca®*, RCO3-, CO3=, €02, inorganic
carbon and pH. Due to the abundance of limestome dissolution products
in ths Biscayne aquifer several parameters in table 5--alkalinity total
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TABLE 8.--Septic tank related parameters in samples from the septic-tank teat sitas.

Hubey
off Standard
P <3 <11 S lab Sewples Aversge . Units __ Devistion ~ Range
Bpecific Conductamce Wheatstome bridge M 29 541 — 67 .4 182= 694
Sod{um Atomic Absorption o 329 18.6 ng/l 6.25 2,6~ 35
Pokasaium Atomic Absorption (4] 329 3.13 mi /1 1.42 0.2 5.7
Chloxidé Marcurometric M 328 27 .6 g /1 8.1 - 50
Lulfats Ticrametrie O 329 26 .4 mg /1 10,2 0= 42
Ortho Phosphate Auto Amalyzer 0 321 0,020 mgfl 067 0.0- 0.8
Total Phosphorus Digestion, Auto Analyzer O 323 0.032 mg/l 081 g.0- 0.8
Total Microgen Caleulated Sum 323 2 .02 mg /1 1.30 0.2 12
Organic Nitrogen Digestion, Auto Analyzer O J22 Q.48 ng/l 33 0.0- 6.0
Asmoniua Auvto Analyzer o 223 0,04 mg/1 1,12 0,0~ 6,0
Kitrite Aute Anslyzer (1] 323 0,00 mg/1 w026  0.00- 0.4
Hitrate Auto Analyzex O an 0, 900 mg /1 1.06 0.0~ 4,0
Organic Cacbon Infrared Analyzer o 285 §.50 mg /1 7.12 0,0- 47
BOD 5-day incubacion DM Jis 1.22 wgl L 1.B84 0.0~ 24
cop Titraretric . E0 323 19,1 ‘mg/i 16 .9 0.0~ 94
0il and Grease Ectraction, Gravimatels W i 10.9 mg/l 764 0,2- {00
Detergents Spectrophotomater o 305 0.077 mg/l &, 087 6.0- 0,7
Total Coliforms PLltration, 24 hr, incubation DM 267 53.1 colonies/l00 ml 217, 0.0-1E800
Féeal Coliforms Filtration, 24 hr. incubation M 213 l10.1 colonies/100 mi 110, 0.0=1600
Facal Strap Filcracion, 48 hr, inevbation M 235 17.1 colonfes/100 ml 114, 0, 0=1600

T3, Dade County Lesboratory; E, Enviromnmental Protection Agency Leboratory: M, Miemi Sub-
district Laboratory; 0, Ocela District Laboratory; W, Washington Organics Laboratory.



hardness, dissolved solids sum, dissolved solids residue--strongly Te-
flect changes in the calcium carbonate equilibrium system. Two other
components, magnesium and strontium, are alse assoclated with this
equilibrium, These are divalent cations (like calcifum) and have simi-
lar geochemical behavior and are present with the calcite lattice.
Average conmcentrations of the warious physical and chemical parameters
for each of the seven sites are summarized in table 7,

A simple, and useful, measure of dissolved fons 1is the specific
eonductance of water. This test measures the abflity of water to
condiet an electric current and is a function of the number (concentra=
tion) and charge of the ions presemt. As with dissolved aolids, the
conductance of fresh ground water inm Dade County is atromgly influenced
by the smount of calecium and bicarbonate ions in solution. A strong
association with sodium and chlotide is a_lsu apparent and thexrefore
specifie conductance reflects both natural and man-made fon enrichment,

Iron and manganese are commonly detected comstitusnts in ground
water. Under reducing conditions ivon and mangamese are readily solu-
ble. As shown in table 7 soluble iron and manganmese are present in un-
usually high concentrations at morch Dade and Hialeah and are not re-
presentative of the iron and manganese typically reported for other
gouth Florida wells. Since the wells have black iron casings the ab-
normally high iron and manganese are probably due to digsolution of the

casing.
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Septic-Tank Related Parameters
Sodfium

Sodium is a potential candidate for detecting septic-tank effiluent.
Pruel (1965) reported an average sodium concentration of 100 mg/l for
septic-tank effluent.

Sodium is a major catiom that is reliably detected in standard
chemical analyses. Dissolved sodium 1s a naturally occcurring ground-
water constituent that remains in solution. This comservative behavior
is especially true in Dade County due to the virtual absence of clay
minerals which might adsorb or exchange sodium for other adsorbed
species, Treated dripking water is slightly elevated in sodium content
by the addition of sodium silicate and sodium silico-fluoride. Table 8
shows chemical analyses for rav and treated water at the two major
watar-treatment plants {n Dade County. Additional sodium in effluent
would also be introduced as waste by-products, the -exact m-ntrttim
depending on the dietary habits of the comtributing households,

The average concentrations of sodium in ground water from the
monitor welle at north Dade, Hialeah, West Miami, and the northwest
bage=1line sites are showm in figure 18. <Concentrations of sodium at
the northwest base-line site indicate a natural or background level of
approximately 16 mg/l (milligrams per litre)., Raw water at the Orr
water plant, near Smapper Creek Canal, (table B) is similar with re-
spect to sodium. However, s0dium in the raw water at the Hialeah~
Preston plant near Miami Canal, 1s greater. Concentrations of sodium

at north Dade and West Miami at 40 ft and below are similar and

slightly less than the concemtrations obserwed at the northwest base=
52 |



TABLE 8-- fypical average analysts of raws and treated water at ihe city of
Miami water treatment plante (1872-73).

Alkalinity (CaC03)
Phenolphthalein
Methyl Orange

Hardness (CaC03)
Non=Carbonate

Total

Carbon Moxide, Free (CO2)
Chlorine Residual, (C1p}
Nitrates {(NO3)

Chlorides (Cl)

Fluorides (F)

Sulfates (SO,)

Caleium (Ca)

Iron {(Fe)

Hagnesium (Mg)

Sodfum & Potassium {(as Ma)
Silica (5105)

Turbidity

Total Solids

Electrical Conductivity,
(Micromhosg/em @ 25°C,)

Color

pH

HIALEAH & PRESTON
Well

Hater

0.5
40.

0.2
24,

0.8

7.0
2%«

B.O
Nil.
350.

580.
0.
7.3

ppo*

1)

ORK._ PLANT
Treated Well Treated
Hater Water Water
4. ppmk 0. ppu* 3. ppu®
&0. " o a4, ]
35, " 35. " 36, "
75. " 240, " 8., "
0. " 2. " 0. "
1.5 * 0. " .0 *®
0.5 " 0.5 " 0.5 "
3« " 26, " 28, "
1.o00 " 0.2 " 1.00 *
24. " 32, ™ 32. "
23, " %, " 25. "
0.02 " 0.5 " c.o1 "
4.2 " 4,0 " 3.6 | "
32. " 16. " 19, "
3. * 5.0 " 6.3
Nil. Mil. Nil.
205. " 300, " 160. "
305. S00. 255.
6. F b
8.8 7.3 8.6

* parts per million; analyses by City of Miami,
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iint site, The higher concentrations at depth ate close to observed
concentration at the Hialeah and Preston water plamts and are apparent-
1y representative of expected concentrations (about 26 mg/l) for that
part of Dade County.

The observed sodium concentrations of ground water at and sbove
30 ft are markedly different from thozse of water at greater depth
(fig. 18). A sample collected on November 7, 1972 at the 10-foot secon-
dary well (G-1647) at West Miami (sodium concentratiom, 4 mg/l) illus-
trates what is probably rainfall that infiltrated rapidly to the water
table with little or no mixing within the saturated zome, Sodium con-
céntrations in the five primary end secondary wells, 30 ft deep and
lesg ar the north Dade site are zimilarly low, Results sbtainsd from

these five wells probably indicate storm-water leachates rather than

septic tank effluent. Also shown in figure 18 ia the relatively low
yuﬂ:hn content of the 10 ft Hialeah secomdary well.

Pigure 19 shows the seagonal change in sodimm concemtratiom for
secondary shallow well G-1645 at Hialeah, secondary well G-1647 at
West Mismi, primary shallow well 6-1630 at north Dade, and primary
shallow well G-1610 at Hialeah., Several things are evident. A sea-
lﬁnll. trend of dilution occurs at the ghallow secondary wells in West
Mismi snd Hialeah during the rainy seasom. In contrast, the higher
godium concentrations and more variable behavior of the shallow primary
well in Hialeah indicates an effect of septic-tank effluents. The
lack of a seasonal trend in the north Dade primary well may indicate
apn area-wide low concemtration of aadiﬁn. The cowmon use of soakage
pits or galleries to dispose of low sodium rainfall-runoff may explain

33
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the consistently low sodium concentration.

The average sodium concentrations in the two Homestead sites and
the southwest base-line site are showm fn figure 20. The 1l0-ft wells
contain less sodium than wells 20 ft and deeper, indicating the in-
fluence of rainfall leachates but mo noticeable effect of septic-tank
effluents, The sodium in excess of background in the deeper Homestead
wells, 21 mg/l versus 14 mg/l at the hase-line site, is apparently re-
i.lted to past agricultural practices, when the use of sodium nitrate
fertilizers ﬁn common. Table 9 shows that three other substances,
potassium, sulfate, and nitrate, are consistently higher than in water
from wells at more morthern sites.

Nitrogen

The radical differentes in nitrogen chemistry of water from the
seven sites In Dade County are related to the nature of the soil cower,
the proportion of sand to limestone in the subsurface, the internal
drainage of the sediments, the proximity to agriculture, and septic-
tank effluent. The general chemistry of nitrogen is governed by bacte-
rfal reaction rates and available oxygen, and is basiecally:

Organic Nitrogen -——» Ammonia # Mitrite =2 Nitrate

The sum of the four species is termed total nitrogen. The rela-
tive proportions of the varicus nitrogen phases at each site (primaxy
and secondary wells) are summarized in figure 21, Average concentra-
trions of the separate species and of the total nitrogen in water from
each well are listed in table 9.

Miuek dolls in Conservation Area 3 and the interior undeveloped

57
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FIGURE 21.~--Average nitrogen specie concentrations at the seven sites (primary

and secondary wells).



marshlands produce high organic nitrogen and ammonia values in water,
The two base~line sites are relatively high in orgamic mitrogen and
ammonia. The nin.i:uhill oxidation of ammonia nitrogen to nitrite and
nitrate deeos not ocecur because oxygen is unavailabla,

The only water simples in the nmorth Dade, Hialeah, and West Miami
sites that comtain nitrate were collected from shallow wells that
showed lower walues of sodium than samples from deeper wells at the
same sites. Rainfall leachates providing oxygen vecessary for bacte-
rial nitrification reactions to occur, or Lawn fertilizers high in
nitrate may be the causes Q:E the changes in species.

The unliformly high nitrate nbsmed. in all the Homestead wells is
probably related to the extemsive agricultural activity. The virtual
absence of ammonia in Homestead indicates that the cavernous nature of
the aquifer allows rapid infiltration of rainfall carrying dissolved
oxygen, permitting nitrification of any background ammonia.

Phoaphorus

snalyses of two phosphorus phases were determined on unfiltered
ground-water samples at all of the seven sites (table 9). Trace amounts
of total phosphorus are commonly observed in well-water samples due to
suspended particulate and organic matter, Total phosphorus was de=
tected in 60 percent of the 326 ground water samples. Orthophosphate-
phosphorue was present in 33 percent of the samples. The most frequent
oecurrences of orthophosphate-phosphorus were observed in the northern
four sites (fig. 22).

Water from the northwest base-line wells was consistently low in

61



9

S i

(4 g

7]

= 4 NUMBER OF DETECTIONS

o T NUMBER OF SAMPLES

%5 | o » OBSERVED CONCENTRATION

= 0.60 ] (6-1610) WELL NUMBER

= i

z :

2 040 - * ] =

: : = 3

: S

E; 0.20 ‘E : ::Eiif JL = é

o R 8

2 - § Lo 3

: Per ciboaty lipe it om

0o ]

2 h!i!?r} RELE IS ‘tmllt\;__; 11
um. nzm-m 20 30 30

E_ IN FEEY &M#mm Lvms\;lm—"%m %mmmm NORTHWEST

NORTH DADE HIALEAH WEST MIAMI BASE-LINE

FIGURE 22.-—Comcentration and frequency of orthophosphate-phosphorus in four sites,



concentrations of crthophosphate-phosphorus. Host other test wells
showed. similar low concentrations. Well G-1632 in north Dade yielded
water with snomously high levels of phosphorus, considering the low
observed concentrations of phesphorus in the shallower wells at the
same site. Other constituents of interest in well G-1632 are the lower
organic nitrogen and higher potassium concentrationms than other wells
in morth Dade. Sodium is also low in well G-1632. This combination of
chemicals suggests the influence of lawn fertilizers rather than septic-
tank effluent. Tha lower concentrations of potassium and phosphorus at
shallower depths indicate that vertical percolation of water is not the
source of these constituents, but that they have moved laterally from

an upgradient source, Another possible source of introduction of sur-

face water at depth in the aquifer is storuwater drainage wells which
are common in north Dade County.

The 10-ft primary well in Hialash (G<1610) is definitely enriched
in orthophosphate-phosphorus which can be attributed to septie-tank
effluents. The frequency and concentrations of detectable phosphorus
at the 20 and 30-foot wells (G-1611 and G-1612) in Hialesh are very low
by comparison. However, in the 40-foot well {G-1613) more £requent
detection and higher concentrations of orthophosphate and the relative-
ly high ammonia concentratioms suggest that septics-tank effluent from
an upgradient area is mwoving through the aquifer at this depth.

The 10-foot secondary well in Hialeah (G-1643) contains considex-
able (0.08 mg/l) orthophosphate-phosphorus. Coincidentally, sodium,

chloride, and ammonia are xelatively low compaxed to other Hialeah
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wells. Potassium is slightly higher and nitrate nitrogen is conaider-
ably enriched in well G-1645 {table %). These ulmintinﬁ indicate
fnfiltration of fertilizer-enriched storm water rather than downgradi-
ent migration of septic-tamk effluent.

Concentrations of orthophosphate-phosphorus at West Miami are highes
and more common in the shallow wells (3-1605, £-1647) than in deepéer
wells, but there was 1o clear indication of the relative importance of
septic-tank effluent versus stomrm-water infiltrationm, |

All Homestead test wells show trace amounts of total phosphorus
on several oeccasieons. Orthophosphate-phosphorus, bowever, was observed
in only 4 of 139 samples analyzed. Two of the four detections were at
well G-1625, the shallow primary well at the Homestead low-demsity sita,
In view of the parvasive agricultural enrichmeat of nitrate, potassium,
and sulfate, the virtual absence of orthophosphate in water from any of
the Homestead wells appears contradictory. Dissolved phosphorus reacts
readily with calcium te form insoluble hydroxyapatite pracipitates.
Additionally, when irom hydroxide precipitates, the precipitate scaven-
ges dissolved phosphorus, The cavernous limestome in Homestead allows
8 good circulation of oxygen-rich water which encourages iron hydroxide
precipitation. Whether the greater prnrpaﬂ;_iun of Limestone to sand
.ﬂ',l.'ﬂliu the squifer in the Homestead area or the formation of iren
hydroxide precipitates is responsible for the absence of phosphorus 1is
unclear. In either case, phosphorus is not mobile in the south Dade

area,



Cazxbon

Carbon is reported as, imorganic, organic and total. Total and
inorganic carbon are determined analytically., The organic carbon is
reported as the difference between total carben and the inorgamic
carbon. This difference method for organic carbon does not work well
for ground-water samples high in imorganic carbon, Where several
samples have been analyzed the average value may show trends bectween
areas that are, in faet, different. Average carbon analyses for each
of the test wells are listed in tables 7 and 9.

Organic carbon is derived from decaying organic matter. Contribu-
tions to the ground-water system are generally highest in the interiorx
marshes. Litter on urban streets comtains a falrly large qulnttty'uf
readily=-soluble organic waste products. The shallow primary well in
Hialeah (€-1610) i{s rich in ammonia nitrogen and soluble phosphorus but
unaffected with respect to organic carbon. Organic carbon appears to
be a poor indicator of septic-tank effluent due to the fairly high
natural concentrations in the ground water,

A consistent pattern of decreasing organic carbonm contemt south-
ward in mda.cmnty is spparent. However, this general relation proba-
bly reflects the overall distamce from organic-rich marshlands where
concentrations in ground-water are high and the distance over which
lower organic carbon surface water infiltration cam dilute this compo-
nent, Another factor of possible importance is the relative flushing
rate of the aquifer which would allow more rapid infiltration of oxygen-~

rich rainfall permitting oxidation of organic carbon to inorganic carboen

by facultative aerobic bacteria.
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Sulfate

The chemistry of sulfur is controlled by bacteria, plant utiliza-
tion, natural rock materials, dissolved ions in solutiom, pH, and
availability of oxygen. The base-line sites are characterized by low
dissolved sulfate concentrations (table 9). These sites are located
in relatively undisturbed areas of heavy vegetation and g-ﬁnau:l'.ly
characterized by reducing conditions, Although much sulfur might be
available in the enviromment, the reduction of sulfate to sulfide by
obligate anaerobic bacteria can lower the sulfate concentrations in the
ground water. The low sulfate concentrations at the base-line sites
are probably the result of this process.

The highest concentratioms of dissolved sulfate are in the
Homestead area. The combined effect of agricultural enrichment of
sulfates and the oxidizing conditioms found in the permeable aquifer
are probably respomsible. The gemeral decrease in dissolved sulfate
concentrations morthward coincides with the lower aquifer permeability
and concomitant reducing conditions.

Oxygen Demand

Two measures of the amount of oxygen comsuming material contained
in a water sample are COD (chemical oxygen demand) and BOD (bio-chemi-
cal oxygen demand), BOD values indicate the probable amount of oxygen
consumed under matural conditions within the 5-day span. COD is an
approximation of the readily oxidizsble material Lrrespective of time.

Both are influenced by owganic material and reduced chemical species.

BOD is consistently low (less than 2.0 mg/l) im Dade County ground
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waters. HNearly half of the samples in which BOD was greater than
2.0 mg/1 are from the north Dade wells. Imcreases in BOD above natural
levels appear to be related primarily to infiltration of storm water.

COD i3 generally higher in the base-line sites than in the septic-
tank areas., In order of decreasing COD concentrations the pattern,

North Dade > Hialeah > West Miami >
Homestead Low Density _» Homestead High Density,
'is particularly strong (table 9). Only the north Dade site shows any
increase in COD due to cultural factors. The very low sodium observed
in the water in the shallower wells (30 ft and above) at the morth Dade
site indicates that the increased oxygen demand is related to infiltra-
tion of storm water. County-wide, a lower COD is related to a higher
permeability in the aquifer. As more oxygen is availasble to Teact with
organic materisl and reduced chemical species the oxygen demand is
ut.uﬂnd and the COD decreases.
Bacteria

The three most common characterizations of biological purity in
water samples are total coliform, fecal coliform, and fecal strepto-
coccl, Total coliform include a wide spectrum of bacteria from soils,
septic tanks, storm=water leachate and many other socurces. Fecal
coliforms are derived solely from warm blooded emimals, especially man,
dogs, and cats. Fecal streptococci are derived primarily from other
vertebrates and imsects.

Total coliform bacteria were present in ome or more samplimgs from

every monitor well., Fifty three percent of the 322 samples collected
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during the study contained total coliform bacteria. Figure 23 summa-
rizes the distribution of positive detections by site. The frequency
of positive detections decreases with depth (fig. 24), and iz a re-
flection of the distance from the surface source and the length of time
in the subsurface environment.

Fecal coliform were detected most frequently in the primary
shallow wells at Hialeah (G-1610), West Miami (6-1605), and Homestead
low density (G=1615). The total detections of fecal coliform were 37
of 312 samples, or 12 percent. Surprizingly, north Dade and the two
base-line sites had no fecal coliform detections,

Fecal streptococci bacteria detectioms were twice as frequent as

fecal coliforn detections, 83 of 302 samples (fig. 23). Only two
monitor wells at the Homestead high demsity site and three of the four
base-line wella failed to show ome or more detections of fecal strepto-
cocci .

Two factors that tend to encourage the growth of bacteria in the
aquifer are the absence of light and cthe nearly constant temperature.
Amomg the factoers which tend to retard the development of bacterial
populations in ground water, are the low lewvels of dissolved oxygen,
the large proportion of 2olid suvrfaces which would adsorb bacsteria,
and the wvirtual absence of phosphorus and trace metals essential to
thedr growth. Owverall, the diecff rate of introduced bacteria is very
rapid, The highest concentrations of fecal coliform and fecal strep-
tococci (1,600 colomies/l100 ml) oceurred on November 7, 1972 in the
shallow secondary well at West Mismli (G=1647). This sample was abe

normally low in sodium because of storm-water infiltration., Three
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moanths later no bacteria were detected.
Metals

The twelve chemical elements listed in table 10 have a stromg
affiniety for oxygen and form oxides inscluble in water. Cadmium and
lead are commonly referred to as heavy metals. The other ten elements
are similar in chemical properties. The twelve elements are commonmly
called trace metals because of their generally low solubllity inm
aquesus solutions, A trace is generally considered to be less than
1 ug/g for a solid or 1 mg/l for a solution. Only iron is naturally
present in concentrations greater than trace amowmts in Dade County
ground water,

The concentrations in table 10 are the maximum obsetved. Dise
solved iron, manganese and zine were analyzed each sampling time. The
othar slements were analyzed once of twice for sach well, OCénerally
the total, unfiltered sample iz higher in concentration than the
filtered sample, The few reversals (dissolved comcentration greater
than the total concentrations) occur when the two or more samples were
collected at different times during different samplings. Average dig=
golved iron and manganese concentrations are listed in table 8 and
were discussed as natural ground-water constituemts.

Aluminum is a common component of many rock forming minerals that
is very imsoluble in water. The few detections of dissolved aluminum
are pnear the detection limit of the analytical technique.

Boron is comwon in marine waters and in marine sediments. Both

quartz and organic matter contain several micrograms per gram of beronm.
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Dissolved bdoron is appreciably greater than total boron, apparently due
to contamination from the filter pads. Total borom is gemerally low
except for the shallow primary well (G-1630) at the north Dade site.
This well shows the highest average organic carbormt {table 9}, and the
boron is probably related to natural organic materials.

Cadmium, chromium, cobalt, copper, lead, and nickel are present in
Erace amounts close to the detection limits of the respective analytiecal
techniques. Zinc is very high in eight wells, -1630, G-1631, 6-1632,
G-1643, G-1644, G-1611, G-1612, and G-1646. These were the only wells
finished with sand points, The bronze filter screen on the sand point
has a soldered seam which has several percent by weight of zine. Con-
sidering the lead content of the solder, the very low concentrations of
dissolved lead indfcates the very low solubility of lead in the ground-
water system. Zinc i3 readily soluble by comparison.

Pesticides

Pesticides is a general term for insecticides, herbicides and
rodenticlides. The toxicants listed in table 11 are all synthetic or-
ganic compounds which are smalyzed according to techniques described
by Goerlitz and Brown (1872). All the compounds listed in table 11 are
only sMghtly soluble in water and are readily adsorbed by solls and
sediments.

Five detections of chlorinated hydrocarbon imsecticide were made.
Only DDT snd DDE in the shallow primary well (G~1605) in West Miami were
prasent in comcentrations zbove 0.0l ug/L.Dieldrin, a common toxicant

for termites, was present in two other shallow wells. Aldria was the

73



TABLE 1i.-—Paificide oomcenfiadysors

ALDAIN
LOCAT 0N WELL N2 LG AL N
a=1 530 =00
NOATH | L-1831 -00
DACE b=iGag « 0B
R Y =} &33 =00
b=l6IN -
ane J G-loed -0
SECONDARY]| O-~l1G4d =00
G=iBki « 08
MIALE AH g_= :: ; =
PRI RY = -
G=16}4 - 30
G=18)4 « 08
HiAREAH G=1 Gk =@
SECONDAR G=] ki =0l
MORTHWEST ] G-3G25 - 00
CONTROL =l 2 =00
Gm] k0% « Ul
WEST =160 U0
LAME G=Ll&0T - il
P RIBARY G=—1 &0H - 06
WESY b=l647 -0l
SECONDARY { o1 6hb - UG
G=lts)lS w0
HOMESTEAD | & o1 .00
DL NSETY a=1b1 T » 00
FRIMART | G=]1G1H « 00
=181 w B
fa ] b 2 =06
mf;_:ﬁlﬂ G=1bZh w O
DEMSITY e=1627 - oo
SECoMDARY ] S=1628 - Ul
B—1629 - il
HOMESTEA we=l b0 - O
i G =182 T
DENSITY p=}E2 ] =00
L G=16Z4% 00
HOMESTERD S G=14al w i
h:lll'::iﬁt‘;"l’ Gie= il = Ll

SECOMPARY

L B MDANE
TEG AL B

=« G0
« G
« 00
« 05

. 00
<00

« B
» Wi
- 0B
- U0
« 0D

]
= O

+ D
& Ok

& 0
.00
« O
- 00
= 00

« 0¥
« 00

- 0B
=00
« 00
=00
o= O

= 00

=00

- Bl
& 0D

= 00
- 00
w00

.00

CHL Q%=
iabEE
$UG L)

frL Y

- 80
=80
=00
- 80

= @0
« 00

« 00
« 00

« 00
« 00
«00
« 00
+ 00

« 00
« 00

« B0
s B0
=00
ale
-80

« 00
» 00
-0
&0l

1.'.‘

a bl
- 08

« Db
o 00

EUR/sL)
=80

=00
=00
————

+ 00
« 00
« B0
»00
=00

» Dl
« 0%

- 00
w00

« 00
« 00

s0
« 00
] ]
«B0
D3

» B0
oy ]
«00
L
« 00

200
.00
=« 0
s 00
«00

=00
«00

WDT
(46,13
00

G0
w 0O

« 00
& D
« 0
=0
+« 30

=00
« B0

« DA
«00
« 00
« B
« 00

- 00
=00
+00

« 00
«Ob
+DB
+00
«00

«08
«00

-« 006
«00
&« 08
-0

=00
00

D=
EL DI N

(RS ¥

U8
=00
«00
«00

i ol

=20
« 00

w1
o 0
o
» Or
« 00

« 00
«0d

00
00

« 00
=09
w Ol
B0
« 00

=1
«0 0

« 00
a0
=00
=0

w O
«00
«FE
« 10 G

EmDEIw
fuGaSL |
=00

= 0%
- n

T
Y]

00
G
M
w00
« 00

w D&
al

«O0
«OD

«0 0
«00
« ¥4
«On
«0f

w00
«00

=03
=00
LR

« 00

00
= 00
=00
00
80

w01
00

+00
= 0

]
00

EEr= )i
1G4 3

=00
-0
=l
- 00

=« 00
= DK

- O
- OB

« 00
« 00

w B
« 00
» 05
=00
u Bl

- 0%
« 00

L]

« 0D

4 151)
w 00
.l

w 0D

» 0D
« B0

= 01
+ O



TARLE 31.-~Couf,

LOCATION WELL NV

é=leid
MOATH | G=l@3d]
pADE { G-lai2

PRI G=1633
ARY G=i634

MORTH G-1043
DADE
BECONDARY| §1644

G=LE&EL1G
miaLgan ) 51611

G6-1612
FHMARY Y eul6)d
§-1614

HLRL EAMH =164
SECONDARY] G-=]Oab

NURTHWEAT) G=J02%
CONTROL 6=3026

G=l60&

WEST f=1604

Bl 1, L G=16B0T
FAILARY G=18&08
E-1&09

uﬂaﬁ“ { G=1&48
G=15613

N | G=1016

uih:l.{ﬂ 3=1&17
PRIBARY | G=1618

B-161%
E-1625%
MOMESTEAD] 5-1s26

DENSITY | G-1627
secongany | a-uzs

G-162%

HOMESTERAD| G-)1&20

ucnl::?w o

B=1423

FRIMARY E---l. 578

MESTEAD

i u?{l 6-1649

DENSITY

SE COHBMRY G-1650

TOX=
APHENE

(UGS

(1]
0
9
¢

oo aHHe DHEDOL

HEPT A=
CHL O

fLGsL )

«08
i

« 00
« 00

0

» G0
w DDy
- 00

= 0
» 00

a 00
T ]

«00
=00
w D
w OO
& 00

- Tn)
A b
- 00

L
= 00

00
1
40
(LY

o 0o
3@

HEFTA=-
Gl o
EPDLTOE

{UG/L)

« 80
= B0
w00

-

=00
L] ﬂﬂ

e

- -
-
- -

L -

» 00
=00

L

«00
B0
1)
« @0
10

« 00
+ 0
=00
1L

PLa
U L)

alh
s
ol
wil

+0
o

« 0
1]
i)
«
« 10

MAL A+
THION
WGL)

- 1
1]
. T
w 01

« 00
- 00

+00
00
=00
« 00
« 00

-1
-840

«00
=00
«00
«00
=00

«00
+00

aB0
<00
=010
08
0K

o0
04

PR A=
Tion
(WasL b

« 48

= 0B
1
]

200
=00

00

p 00
«00
«D0
00

» 04
«00
+ 010
00
1Ly

LY
00

B
w00
00
«00
08

100
~00

=810

+00
B0

0]
« 0

« A
00

=
7 IMNOM

1UGALY

-00
«00
«00
«00

+00
«00

00
,00
00
w00
+ 00

» 04
08

00
«00

L
ML
00
« 340
00

« Ol
« 0

o3
«O 8
+00
«008
0@

10
« O
«0n
+00
00

« 00
« Dl

o 000
»

HETHYL
PARA=
THION
{UG/LD

+80
31
=08
+00

« B
« B0
» 00
1
OB

~e 0
08

» 00
« 0
« (i
« 00
« 0

«O00
00

w0
«00

=00
+ 00
+ 04

Irl'l‘
«00
. w0

« B0
«G0

« 0l
00

« 00
=00

2ak=y
UG/L)

« 00
B0
+ B0
311
-0n

00
« 00

PRl
Wbl
« 04

»
« 08

« 00
« 00

«00
00
A0

«00

« 0
a0

11
oAl
w00
«08
«00

w i}
+ 10
+ 0
=00

=08
w00

2143 8aT
uE LN

«08
«08
U0
« 00
U0

L
« 00

1]
a bl
0
o i

- U0
1

i
« 00

« 00
«O0
«00
00
« 00

w00
]

sl i
+00
«00
« 00
«00

o
w e
» U

« B0
B0

wFD
« 00
« 00
gL

Ny T
39

SILVEX
fUs LY

00
00
B0
o Bl
00

L
00

w00

« 00
.00
00

« 00
00

<00
« 00

]
« 00
1
00
+ 0

« 20
«310
« 00
« 00
00

« 00
« 00
« 20
« 00

=00
« 00

Thi-
THIGN

(e /sL )

«00
10
=0
« 00

<00
«O U

B
.ﬂ'l.l'
o0
13

06
<00

+00
00
00
+00
« 00

B0
vl

« 0
00
«09
&«
« @0

« 20
« a0
- 04

00
1

1y
00

+ 90
« 00

+» 00
« 06

HMETHTL
TRI=-
TRIDN

CURSL ]

100
.00
«00
+00

« 00
w0

D0
«0 0
00
LO0
SO0

08
=0

= h
w0l
« 0
111]
=00

00
w00

B
00
1]
00
]

00
« 30
N
«00
«O0

-1
FRali]

« @0
» 0D

+ 00
i}



only chlorinated hydrocarbon present in a well sample for greater than
10 ft., G-1646, the 20-ft secondary well in Hialeah.

The herbicide 2,4-D is used extensively in south Florida for the
eontrol of hydrills in canals. Two detections were made at 20 and 30 £t
in Hialesh (C-1612 and G=1613).

Viruses

The University of Miami conducted a virus study concurremt with
this investigation (Parsons, 1973) to identify viruses that could cause
cytopathic¢ effects in Wish Amnion cells, Vero and KB cells, Rhesus
monkey kidney cells, and human embryonic kidney cells. NHo such viruses
were found in water samples from any of the wells at the five sites.
That study showed that septic-tank sludge particles act like a poly-
electrolyte. When viruses were added to wet sludge none appeared in the
superpatant fluid from the sludge: =21l the viruses attached themselwves
to the sludge and could be removed from it omly by increasing the pR of
the sludge to 8.0, a condition not normal in septic tanks. A waximum
pit of 7.2 was measured im the septic-tank sludge of the Homestead lowe-
density site 4n November 1972 after a heavy application of alkaline
cleaners by a resident, and therefore represents a special situation.

The last phase of the University of Miami study was a seeding ex-
periment in which a known quantity of attenuated poliovirus was injected
into the septic tank at the Homestead Low-density site. Samples col-
lected from the outlet and from the observation wells on subsequent days

showed that no viruses were present in the effluent.
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GROUND-WATER CONTAMINATION

Contamination is the addition of substances which alter the origi-
nal quality of a substance, in this case the ground water of Dade County.
HWells in remote inland areas were used to evaluate the natural ground-
water quality. In general, the ground water there is high in dissolved
substances derived from the organically rich watex in the conservation
areas, &nd constituents dissolved Erom the aguifer materials. As the
ground water flows slowly south and east, rainfall is infiltratimg perio=
dieally into the subsurface. Each pattern of land-mae results in the
addition of specific constituents. The Homestead monitor wells strongly
reflected the effects of the extensive agricultural activity to the
north and west. The data at Hialeah reflect the heavy residential and
industrial development which characterizes that part of Dade County.
At North Dade, vhich is near major water control structures, the ground-
water quality reflects the effects of local recharge with urbam storm
water. The ground water at West Miami most nearly reflects the natural
water quality.

As contaminant-laden water infiltrates the ground-water system,
mumerous factors or processes affect the concentration distribution.
The more important imelude dilution, chemical precipitation, filtra-
tion, adsorption, absorption, microbial assimilatfiom and, in the case
of bacteria, dieoff. The ground water is further enriched by dissolu-
tion of aquifer materials such as organic substances, sand, and lime-
stone. The net effect of these processes asz the water migrates is
that contaminants are homogenized by advective dispersion and diffu=-
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sion, thereby obscuring all but the most significamnt additions of
contaminants. Only the shallow primary well in Hialeah (G-1610) showed
congistent bacterial and phosphorus encirehment atrributed to septic-
tank effluent. These effects apparently were not transmitted dovmward
but laterally. The shallow secondary well in this location was imme-
diately adjacent to paved streets and apparently teflected the influ-
ence of infiltrating atorm water more strongly than that of septic-tank
effluent.

The major influence on overall ground-water quality is the nature
of the aquifer. The southward increase in aquifer permeability allows
the relatively rapid infiltration of rainfall which develops oxidizing
conditions. The oxidation of organic materials amd precipitation of
oxide chemical components is evident. Although the ground water guali-
ty at north Dade shows the strongest influence of storm water leachates,
the high proportion of sand retards water movement allowing reducing
conditions to develop. As a consequence, sulfate is low, COD, {ron,
manganese and other reducing condition sensitive components are high,

SUMMARY

Three hundred twenty-four ground-water samples were collected from
42 wells ranging in depth from 10 to 60 ft to monitor the ground-water
quality at five sites where residences are served by septic tamks.
Physical, chemical, and bacreriological analyses indicate that septic
tank effluents reach the ground-water system., The shallowest wells
showed the most effect whereas the effect in the deeper wells in the

deeper wells was nominal. The more common indicators of septic-tank
17



effluent were present in the 10-ft monitor walls at Hialeah, and West
Miami.

Water samples from base-line wells cutside the urban areas lndicate
that the ground water is naturally high in orgamic nitrogen, ammonia,
organic carbon and COD. Sodium enrichment of ground water may provide
2 key to differentiating septic-tank effluent from other urbam ground-
water contaminants. High ammonia nitrogen, phosphorus, and the repe-
titive detection of fecal coliform bacteria were characteristic of two
10=ft monitor wells (G=1610, G-1605) that sampled ground water contami-
nated by septic-tank efflusnt, Feeal Eulifﬂrm bacteria were present on
one or bwo occasions in many of the monitor wells but the highest con-
centration (1,600 colonies/100 ml) was related to infiltration of storm
water rather than to septic-tank effluent. The persistence of these
fncdicator bacteria in ground water is apparently very low as indicated
by the infredquent detection and low concentratioms, Viruses were not
found in the ground-water at amy of the five sites.

Areal variations in the hydraulic conductivity of the sand and
Limestone aguifer had the most noticeable influence on the overall
ground-water quality. In north Dade County, vhere the aquifer is less
permesble and reducing conditions prevail, the ground water was highest
in dissalved iron, manganesa, COD, and organic carbon. The ground
water in the more permeable limestone in south Dade County nesr

Homestead was low in these compoments but higher in dissolved sulfate
and nitrate.
Dispersion, dilution, and varlious chemical processes prasumably

obliterate any direct evidence of septic tank effluent at depths
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greater than 20 Er for all the 65 types of water analyses emploved in

the investigation. Contamination from sgriculturel activities in

Bomestead and from storm-water infiltrate at West Miami, Hialeah, and

north Dade are more readily identifiable and pervasive than that from

septic-tank effluents.
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