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measures the strength of a linear relation between two
variables. Spearman’s rank order correlation (SAS Institute,
Inc., 1988), a nonparametric test that uses the ranks of the
data, was used to determine if there is a linear relation
between depth in the aquifer and major-ion chemistry. The
results for each constituent are presented in table 2. For this
analysis, correlations were considered statistically significant
for probability values (p-values) less than or equal to 0.05.
P-values are the probability of incorrectly rejecting the null
hypothesis, that states there is no correlation. In other words,
the probability that the observed correlation occurs solely as
a result of chance. The concentrations of nitrate and
potassium showed a significant decrease with depth whereas
the concentrations of calcium, sodium, bicarbonate, and
dissolved solids showed a significant increase with depth. At
the 0.05 significance level, chloride and TOC did not show a
significant relation with depth; however, because the p-values
are only slightly greater than 0.05 (table 2), there is a possible
correlation.

Table 2. Results of Spearman correlation analysis for relation between
well depth and selected chemical constituents and characteristics in
water from wells tapping the Biscayne aquifer

[Significance of p-value equal or less than 0.05; < = less than; °C = degrees Celsius]

Constituent Correlation

or characteristic coefficient P-value
Calcium, dissolved 0.29 <0.001
Magnesium, dissolved -.06 .388
Sodium, dissolved 14 .048
Potassium, dissolved -.17 022
Chloride, dissolved -.14 .058
Bicarbonate 32 <.001
Nitrate -.21 011
Sulfate .08 251
Dissolved solids, residue 29 <.001

at 180 °C

Total organic carbon 18 058

Ground-water circulation has been altered by the canals
and conservation areas, which effectively have eliminated the
wet-season water-table mound below the Atlantic Coastal
Ridge (Fish, 1988). Presently, year-round flow patterns are
similar to those of predevelopment dry-season flow (slow
circulation with depth) with the exception of local variations
due to canal recharge and pumping. The increase in concen-
trations of calcium and bicarbonate with depth may result
from this slower circulation of water that permits a longer
contact time between the ground water and the predominant
mineral, calcite, in the limestone. Calcite is important in
controlling the concentrations of calcium and bicarbonate
until equilibrium is reached because the mineral dissolves or
precipitates in response to changes in concentration of these
two ions. It is assumed that calcite will continue to dissolve
as long as it is in contact with ground water that is
undersaturated with respect to this mineral. The computer

program WATEQF (Plummer and others, 1978) was used to
calculate the saturation index (SI) for calcite. The computed
value for the calcite SI was slightly less than zero, suggesting
that calcite has a thermodynamic potential to dissolve in this
system. The increase in sodium and dissolved solids concen-
tration with depth also indicates that less exchange or mixing
occurs with depth between the deeper water and younger
recharge water containing lower concentrations of these ions.

Seasonal Distribution

The predominant mechanism for recharging the
Biscayne aquifer is different during the wet season (June-
October) and dry season (November-May). Precipitation is
the dominant source of recharge in the wet season, whereas
infiltration of water from canals and conservation areas is the
dominant source in the dry season. A paired t-test was used to
test for the effect of seasonal differences in recharge on the
chemistry in the shallow part of the aquifer. A parametric test
was used because, even though the data were not normally
distributed, the differences between the paired data were
normal (SAS Institute, Inc., 1988). Eighty-five wells had
water samples taken during both seasons. Twenty-seven of
those wells were less than 30-feet deep. The test was
restricted to the 27 shallow wells because they are more likely
to be influenced by differences in chemistry of the recharge
water. Each constituent was tested for significant differences
among analyses in the wet season and dry season. The results
are presented in table 3. For this analysis, differences were
considered statistically significant for p-values less than or
equal to 0.05. No significant difference was detected between
chemical analyses of ground water taken during the wet
season and the dry season.

Table 3. Results of paired t-test for seasonal differences in the concen-

tration of selected constituents and characteristics in water from wells

less than 30 feet in depth in the Biscayne

aquifer

[Significance of p-value equal or less than 0.05; — = not enough data to evaluate; °C =
degrees Celsius]

Constituent

or characteristic P—value

Calcium, dissolved 0.176
Magnesium, dissolved 728
Sodium, dissolved 445
Potassium, dissolved 382
Chloride, dissolved 579
Bicarbonate .085
Nitrate —

Sulfate 579
Dissolved solids, residue at 180 °C 582
Total organic carbon 483
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The median, mean, standard deviation, and range of
concentration for selected chemical constituents, dissolved
solids, and TOC for water from 15 to 17 canal locations in
southeast Florida are presented in table 4. To test the
hypothesis that there was no difference between the shallow
ground-water quality and that of the canal water, the
Wilcoxon rank sum test was used. This is a nonparametric test
that uses the ranks of the data to compare the means. The
concentrations for calcium and sulfate are significantly lower
and the concentrations for magnesium, sodium, potassium,
chloride, and dissolved solids are significantly higher (0.05
significance level) in canal water than their corresponding
concentrations in ground water (table 1). This suggests that
although the chemistry of the canal water differs from that of
the aquifer, the chemistry of the water recharged to the
aquifer from the canals probably has little, if any, influence
on the chemistry of the shallow ground water. Dilution may
likely mask the effect of canal recharge on the chemistry of
the shallow ground water. The samples for this study were not
collected specifically to evaluate canal-aquifer interactions,
therefore, possible local effects on ground-water chemistry
resulting from recharge of water from canals may not be
apparent.

SELECTED TRACE-ELEMENT CHEMISTRY

The mobility and fate of certain trace metals in
ground water that is used for public water supply is a
matter of great concern because of possible adverse effects
on human health. In the Biscayne aquifer, detectable
dissolved concentrations for barium, chromium, copper,
iron, lead, and manganese were found in 50 percent or
more of the analyses. The term “dissolved” is operationally
defined as those metals in a water sample that pass through
a 0.45 um (micrometer) membrane filter (Fishman and
Friedman, 1985). The median, mean, standard deviation,
and range of dissolved concentrations in water from wells
tapping the Biscayne aquifer are presented in table 5.
These descriptive statistics were estimated using a
probability plotting procedure that incorporates multiple
detection limits (Helsel and Cohn, 1988). Also included in
table S are the maximum contaminant levels or secondary
maximum contaminant levels allowed for these six metals
as regulated under the Safe Drinking Water Act of 1986
(U.S. Environmental Protection Agency, 1988a, 1988b,
1989). Drinking water standards for the State of Florida are
identical to those of the Federal Government. The median
concentrations for all metals with the exception of iron
were lower than either the maximum contaminant levels or
the secondary maximum contaminant levels. Furthermore,
the maximum concentrations for barium and copper were
also below the maximum contaminant levels set by USEPA
(table 5).

Table 4. Statistical summary of the concentration of selected chemical
constituents and characteristics in water from canals in southeast
Florida

[All concentration values are in milligrams per liter; pH is in standard units; Data are
from the U.S. Geological Survey WATSTORE data base; °C = degrees Celsius]

Con- Stand-

stituent ard

or charac- ‘1 Sample devia- Mini- Maxi-

teristic | size Median _ Mean tion mum mum

Calcium, 17 84 84 7.5 74 100
dissolved

Magnesium, 17 8.8 10 6.4 2.9 32
dissolved

Sodium, 17 49 50 22 23 120
dissolved

Potassium, 17 2.5 2.8 14 1.2 6.6
dissolved

Chloride, 17 78 82 38 36 190
dissolved

Bicarbonate 17 276 283 45 224 415

Nitrate 16 04 .06 06 .01 19

Sulfate, 17 14 19 16 4.3 53
dissolved|

pH | 17 7.62 7.57 A5 7.27 7.85

Dissolved sblids, 17 422 440 116 323 818
residue at
180 °C

Total organic 15 21 22 94 50 46
carbon

'
|

Areal distribution

No distinct areal pattern was evident for selected
trace-element concentrations in water from the Biscayne
aquifer. Generally, iron and manganese concentrations were
high (53 percent and 6 percent, respectively, exceeded
secondary maximum contaminant levels) throughout the
aquifer. Parker and others (1955, p. 731) reported that the
concentration of iron in the Biscayne aquifer ranges between
1,000 pug/L. (micrograms per liter) and 4,000 ng/L., and in
some aréas exceeds 4,000 ug/L. Iron concentrations for
samples . taken for recent studies in Dade and Broward
Counties ranged from less than 10 pg/L to 9,800 pug/L. and
varied widely, both areally and with depth (Howie, 1987;
Sonntag, 1987).

Vertical Distribution

A regression analysis, which uses maximum likelihood
estimation procedures to estimate the regression parameters,
referred to as TOBIT (T.A. Cohn, USGS, written commun.,
1990), was used to test for a relation between trace-element
concentration and total depth of a well. The procedure
provides estimates of the parameters of a simple linear model
when the trace-element data are censored at multiple
detection limits. The slope of the regression line indicates the

12 Major-lon and Selected Trace-metal Chemistry of the Biscayne Aquifer, Southeast Florida



Table 5. Statistical summary of the concentration of selected metals in water from wells tapping the Biscayne aquifer

[All units in micrograms per liter; only values that were above detection limit are included; USEPA = U.S. Environmental Protection Agency;
MCL = maximum contaminant level; SMCL = secondary maximum contaminant level; BDL = below detection limit]

USEPA

Sample Standard drinking

Constituent size Median Mean deviation Minimum Maximum water

regulations
(MCL or SMCL)

Barium, 165 24 36 38 BDL 300 11,000
dissolved

Chromium, 208 1.0 3.4 8.5 BDL 90 150
dissolved

Copper, 172 7 22 43 BDL 31 21,000
dissolved

Iron, 182 312 1,027 2,119 BDL 21,000 %300
dissolved

Lead, 200 3 10 44 BDL 604 '50
dissolved

Manganese, 211 14 19 19 BDL 150 250
dissolved

'Maximum contaminant level (MCL): Enforceable, health-based regulation that is to be set as close to the maximum contaminant level goal as is
feasible. The definition of feasible means the use of best technology, treatment techniques, and other means that the Administrator of USEPA finds, after
examination for efficacy under field conditions and not solely under laboratory conditions, are generally available (taking cost into consideration).

2Secondary maximum contaminant level (SMCL): Contaminants that affect the esthetic quality of drinking water. At high concentrations or values,
health implications as well as esthetic degradation may also exist. SMCLs are not federally enforceable but are intended as guidelines for the States.

relation (positive or negative) between the two variables,
metal concentration and well depth. Results for the relation
between selected trace metals and depth in the aquifer are
presented in table 6. For this analysis, p-values less than or
equal to 0.05 were considered statistically significant. There
was no significant relation between the concentration of any
of the six trace metals and well depth in water from wells
tapping the Biscayne aquifer.

Table 6. Results of regression analyses for relation between well depth
and selected metals in water from wells tapping the Biscayne aquifer

[Significance of p-value equal or less than 0.05]

Constituent P-value
Barium, dissolved 0.855
Chromium, dissolved .508
Copper, dissolved 861
Iron, dissolved 338
Lead, dissolved 331
Manganese, dissolved 723

Factors Affecting the Concentration of
Selected Trace Metals

The sources of barium, chromium, copper, iron, lead,
and manganese found in water from the Biscayne aquifer are
either natural (mineral weathering) or are influenced by man.
There are no reported analyses available for these trace

metals in the Biscayne aquifer material (limestone).
However, Hem (1985) lists the following typical concentra-
tions (parts per million, milligrams per kilogram) of these
elements in limestone: barium, 30; chromium, 7.1; copper,
4.4; iron, 8,190; lead, 16; and manganese, 842. Therefore, one
would expect that chemical weathering of the limestone
would yield naturally low concentrations of barium,
chromium, copper, and lead to water that is in contact with the
rock. Recharge water to the Biscayne aquifer may contain
elevated concentrations of iron and manganese as a result of
leaching of these metals from overlying soils (Estes, 1987).
Concentrations of chromium, copper, and lead above back-
ground levels may result from local contaminant sources
(such as industrial uses of these metals and agricultural
activities), well construction techniques (type of casing
material, composition of drilling fluids), or burning of fossil
fuels (Leckie and James, 1974).

The presence of these six trace metals in ground water
is related to the solubility of minerals and coordinative
compounds of these metal ions (Leckie and James, 1974).
Important parameters controlling the behavior of these trace
metals in water from the Biscayne aquifer are pH, the redox
conditions in different parts of the aquifer, the type and
concentration of complexing inorganic and organic ligands
and chelating agents, and the oxidation state of the mineral
components.

In an effort to gain some insight regarding the
important hydrochemical processes or parameters controlling
the behavior of these metals in water from the Biscayne
aquifer, two methods were used. The first method involved
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calculating the distribution of aqueous species at equilibrium
for barium, iron, and manganese using the computer program
WATEQF (Plummer and others, 1978). Lack of
thermodynamic data precluded the calculation of the
distribution of aqueous species of chromium, copper, and
lead. The second method involves the use of statistical
techniques to determine if any relation exists between the six
trace metals and the following variables: pH, and the
concentrations of total organic carbon, calcium, bicarbonate,
and sulfate. In addition, a comparison is made of the
concentration of selected metals among different types of
casing material used in the construction of the well.

The concentration and distribution of aqueous species of
iron and manganese are dependent upon redox (Eh) and pH
conditions. Variations in the redox condition can change the
oxidation state of iron and manganese, and can change the
species or ligands available for complexing or chelating with
these two metals. Measurements of Eh in water from selected
wells tapping the Biscayne aquifer ranged from -250to +150 mv
(millivolts) (Jeff Herr, South Florida Water Management
District, written commun., 1990). The pH ranged from 6.30 to
7.30 for water collected from these same wells. The pE values
calculated using WATEQF range from -4.24 to +2.54. By defi-
nition, pE = - log [e-] and is analogous to the expression for pH
involving hydrogen-ion activity. The redox conditions for these
calculated pE values in the aquifer range from a reducing
(anoxic) environment to transitional (slightly oxidized) environ-
ment (Leckie and James, 1974). Using the median composition
of water from the Biscayne aquifer (tables 1 and 5) and the range
of Eh and pH values measured, the predominant species of iron
and manganese were calculated using WATEQF. Over the range
of Eh and pH measurements, Fe’" and Mn?* are the predomi-
nant species. For the higher pH and pE waters, Fe(OH)2" consti-
tutes only about 2 percent of the total iron in solution. Under
these conditions, the concentration of iron may be controlled

by the solubility of amorphous Fe(OH)3 , whose saturation
index calculated using WATEQF is +1.1. Hem (1985) reports
that the pccurrence of iron concentrations from 1 to 10 mg/L
(milligrams per liter) are common in ground water with a pH
between 6.0 and 8.0 and sufficiently reducing conditions. For
water with a pH of 7.3 and Eh values from -250 to 150 mv,
MnHC ‘3+ constitutes about 14 percent of the total
manganese in solution. At this higher pH, rhodochrosite
(MnCO3) may control the concentration of manganese in
solution, suggested from its SI of -1.7.

The description of the behavior of iron and manganese in
ground water using equilibrium considerations alone may be
somewhat misleading. One reason is that sorption and ion-
exchangg processes are neglected in a thermodynamic model
such as WATEQF. Another reason involves the nature of the
sampling technique. Many particulate metal hydrous oxides,
such as iron and manganese, are small enough to pass through
a 0.45- pm filter. These oxides are known to sorb other trace
metals (Hem, 1985). When the filtered sample is acidified, the
particulates and the sorbed metals have the potential to dissolve,
releasing not only the scavenged trace metals but also increasing
the “dissolved” iron and manganese concentrations.

To test for a relation between the six metals and
selected | chemical variables, TOBIT was used to estimate
regression parameters for a linear model that incorporates the
multiply! censored data (multiple detection limits) for these
metals (?T.A. Cohn, USGS, written commun., 1990). The
concentration of each trace metal was log transformed prior
to input to the regression models. The procedure provides the
p-valuesithat a significant relation exists between a particular
metal and an independent variable. The significance level,
which describes the probability of falsely detecting a relation
between ivariables, was chosen to be 0.05. The results of the
TOBIT procedure for the selected trace metals and chemical
variables are presented in table 7.

Table 7. Results of regression analyses for relation between factors affecting metal concentrations and
selected metals in water from wells tapping the Biscayne aquifer

[Significance of p-value equal or less than 0.05; + = positive relation; — = negative relation]

Factors affecting metal concentration

Total
Constituent Calcium Bicarbonate pH organic Sulfate
(p-value) (p-value) (p-value) carbon (p-value)
(p-value)

Barium, <0.001 <0.001 0.002 0.135 0.129
dissolved +) +) +)

Chromium, .503 075 .008 787 121
dissolved +)

Copper, 544 174 .010 365 .664
dissolved -)

Iron, 116 .018 .003 .094 343
dissolved +) ) |

Lead, .681 013 .067 .002 070
dissolved ) +)

Manganese, .982 .986 103 727 .849
dissolved

14 Major-lon and Selected Trace-metal Chemistry of the Biscayne Aquifer, Southeast Florida



Some of the following significant relations between
selected metals and chemical variables are worth mentioning.
The concentration of barium showed a significant positive
relation with increasing pH and increasing concentrations of
calcium and bicarbonate (table 7). Barium has been shown to
be incorporated in calcite during coprecipitation reactions
(Pingitore, 1986). This relation corresponds to the increase in
the concentration of calcium and bicarbonate (alkalinity)
with depth in the aquifer and suggests that in areas where
ground-water flow is slow, calcium, bicarbonate, and barium
are brought into solution by the dissolution of calcite. There
is less exchange of water in these zones and as a result, the
concentrations of these ions are higher than in areas where
there is rapid exchange of water. Based on speciation
calculations using WATEQF, over the range of pH values
(6.3-7.3) measured in water for the aquifer, barium exists as
Ba’*.

Lead was the only trace metal whose concentration
showed a significant positive relation with TOC (table 7).
Stumm and Morgan (1981) report that lead shows a moderate
affinity to form complexes with organic anions such as
acetate, citrate, and phthalate. Assuming that TOC in some
way represents the concentration of organic compounds that
could chelate with a particular trace metal, then it is some-
what surprising that copper did not show a similar relation. It
has been reported that the distribution of copper species is
affected markedly by the formation of organic complexes
(Stumm and Morgan, 1981).

The concentration of chromium in water for the aquifer
shows a significant positive relation with pH (table 7).
Chromium most likely occurs as the anionic species CrO4”
in aerobic freshwater (Stumm and Morgan, 1981) and, as a
result, an increase in pH would not favor the formation of
hydroxide complexes. The distribution of chromium species
would also be affected by the redox condition of the water;
however, information is lacking to properly evaluate this
factor.

The association of barium, chromium, copper, and lead
with hydrous oxides of iron and manganese has been
demonstrated in a number of studies (Hem, 1976, 1977, 1980;
Ku and others, 1978). Unfortunately, because multiple
detection limits exist for iron and manganese as well as the
other trace metals, the TOBIT procedure could not be used to
evaluate a relation between the concentrations of iron or
manganese and barium, chromium, copper, and lead.
However, scatter plots (not presented) of detectable
concentrations of barium, chromium, copper, lead, and
manganese as opposed to the concentration of iron suggest
that a positive relation may exist.

The type of casing material used in well construction
may have an influence on the concentration of the selected
trace metals in water samples from the aquifer. Previous
studies have shown that certain types of casing material may
release metallic contaminants into well water through leach-
ing or corrosion (Miller, 1988). Another study (Cooper, 1986)
found evidence for rapid adsorption of copper and lead from
ground water on black iron casing material. Sufficient data
exist for the comparison of median concentrations of the
selected metals and three types of casing material for wells
tapping the Biscayne aquifer: black iron, polyvinyl chloride
(PVC), and stainless steel. Median concentrations,
interquartile range (75th percentile concentration minus 25th
percentile concentration), number of analyses, and percent of
analyses below detection limits for each casing type are listed
in table 8. The number of analyses for each metal for the
different casing types is variable because there are missing
analytical values in addition to concentrations below
detection limit. It is important to note that the median concen-
trations for iron and manganese are nearly identical for black
iron and PVC casing materials, although the interquartile
range is higher for black iron than for PVC casing type. This
suggests that iron is not being introduced to the water sample
from most black iron cased wells. The lowest iron concentra-
tions are observed for water from the wells with stainless steel

Table 8. Statistical summary of concentrations of selected trace metals in water from the Biscayne aquifer by the type of casing material

[N, sample size; IQR = interquartile range; concentration values are in micrograms per liter; PVC, polyviny! chloride; percent of analyses below detection limit is indicated by

parentheses]
Barium Chromium Copper Iron Lead Manganese

Cas-

ing Me- Me- Me- Me- Me- Me-

type N dian IQR' N dian IQR | N dian IQR| N dian IQR N dian  IQR N dian IQR

Black 38 18.8 10.1 75 1.1 3.5 70 1.1 20| 47 300 927 75 4.6 8.7 70 20.9 29.1

iron (34) (35) 39) 30) a7 )

PVC 54 40.2 36.2 63 0.9 33 63 0.8 1.7 1 54 312 468 63 14 53 55 119 12.7
(30) (56) (68) 22) (49) (20)

Steel 23 17.6 20.5 23 0.3 0.5 23 0.4 1.0 | 17 7.7 348 23 52 9.0 23 8.8 11.9
8.7 (78) (70) (82) (26) )

IInterquartile range (IQR) - the difference between the 75th percentile and the 25th percentile.
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casing. The median concentration of lead is highest for the
stainless steel casing type, possibly indicating that leaching
of lead from the casing material may be occurring. A
comparison of median concentrations of chromium and
copper for the different types of casing material cannot be
made because of the high percentage of concentrations below
the reported detection limits. These limited results indicate
that with the exception of lead, there does not appear to be
any relation between the type of casing material and the
concentration of the selected trace metals in water from the
Biscayne aquifer.

The high concentrations observed for chromium, copper,
iron, lead, and manganese in water from the aquifer (maximum
values in table 5) may be related to very local conditions,
possibly the result of localized contaminant sources. In some
areas, water from canals may introduce trace metals into the
aquifer. Median, mean, standard deviation, and range of concen-
trations for barium, chromium, copper, iron, lead, and manga-
nese in water taken from several canals in the study area during
1975-90 are listed in table 9. Median trace metal concentrations
in water from canals (table 9) are higher than corresponding
median trace metal concentrations in water from the aquifer
(table 5). However, given the limited information on the hydro-
logic interaction between canal water and water in the aquifer, it
is not possible at this time to determine if the occurrence of trace
metals in the aquifer is directly influenced by canal water.

Table 9. Statistical summary of the concentration of selected metals in
water from canals in southeast Florida, 1975-90

[All concentration values are in micrograms per liter; data are from U.S. Geological
Survey WATSTORE data base]

Stand-

Con- ard

stit- Sample  Me- divia- Mini- Maxi-

uent size dian  Mean tion mum mum

Barium, 46 36 44 23 5 100
dissolved

Chromium, 20 3 6.2 8.7 1 40
dissolved

Copper, 66 3 6.1 13 1 80
dissolved

Iron, 83 100 143 167 4 1,240
dissolved

Lead, 64 7 il 14 1 72
dissolved

Manganese, 50 6 8.8 8.6 1 41
dissolved

SUMMARY AND CONCLUSIONS

The major-ion and selected trace-element chemistry of
the Biscayne aquifer was characterized from ground-water
quality data collected from the Florida Ground-Water
Monitoring Network Program. This network was established
as part of a multiagency cooperative study delineating back-
ground water quality for the major aquifer systems through-

out the State. The Biscayne aquifer, the principal source of
drinking water in southeast Florida, is a wedge-shaped,
unconfined, highly permeable limestone and sandstone
aquifer. Transmlssmty is very high, generally greater than
300, OOO ft /d but exceeds 1,000,000 ft /d in some areas.
Recharge to the aquifer occurs primarily from precipitation
during June through October and infiltration from canal and
conservation areas during November through May.
Predevelopment flow patterns have been altered dramatically
due to the numerous canals, well fields, water management
practices, and water conservation areas.

Water sampled from 189 wells in the Biscayne aquifer
was typically of a calcium-bicarbonate type. Other water
types that were found less commonly included calcium-
mixed anion, mixed cation-bicarbonate, and mixed. Water
from ong¢ well exhibited a sodium-chloride water type. Water
types other than calcium-bicarbonate occurred primarily
where triey were influenced by proximity to the coast, canals,
or well fields.

Nonparametric (Spearman’s rank order correlation)
and parametric (paired t-test) statistical techniques were used
to test for vertical and seasonal differences in ground-water
chemistry, respectively. There was a significant decrease in
potassium and nitrate concentrations with increasing well
depth whereas calcium, sodium, bicarbonate, and dissolved
solids cbncentrations in water increased significantly with
well depth. Slower circulation at depth (greater residence
time) may cause an increase in the concentration of these
constituents. Major-ion concentration in analyses from 27
shallow wells (less than 30 feet deep) did not change
significantly (0.05 significance level) with season.

Barium, chromium, copper, iron, lead, and manganese
were detected in water from the aquifer in 50 percent or more
of the analyses. The trace metals were analyzed by four
separatelaboratories, and, as a result, detection limits varied
becausei of different analytical methods and laboratory
practices. The median concentrations for each trace metal,
except iron, were below the maximum contaminant levels or
secondary maximum contaminant levels set by the U.S.
Environmental Protection Agency.

No distinct areal pattern was evident for the
concentration of any of the selected trace metals in water
from the Biscayne aquifer. Also, no significant relation was
observed for any of the trace metals with depth in the aquifer.
Concentrations of iron above the secondary maximum
contaminant level were observed in samples from wells at
many locations throughout the entire aquifer, both areally and
vertically. High iron concentrations in water from the
Biscayne aquifer have also been reported by previous studies.
Iron and manganese occur naturally in the aquifer as a result
of chemical weathering of the limestone aquifer material and
from recharge water that percolates through overlying soils
that contain large amounts of extractable iron and manganese.
The concentration of barium in the ground water is
significantly related to the concentrations of calcium and
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bicarbonate. This suggests that barium, a component of lime-
stone, may be brought into solution when the rock dissolves
during contact with ground water. The occurrence of lead,
chromium, and copper in water from the aquifer may be
related to localized sources of contamination (such as indus-
trial or agricultural uses of these metals) or through
canal-aquifer interactions.

Numerous canals in the study area may introduce trace
metals into the aquifer. Median values for barium, chromium,
copper, and lead for samples from canals in the study area are
slightly higher than the corresponding median values for
samples collected from the Biscayne aquifer. Because of
limited information on canal-aquifer interactions, it is not
possible at this time to determine to what extent trace-element
concentrations in the aquifer are influenced by canal water
recharge. Other possible sources for high trace-element
concentrations in the aquifer are local contamination sources,
well construction methods and materials, and natural
dissolution of minerals with variable pH and redox conditions
in the aquifer.
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