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Total Hg, methyl Hg and other toxic heavy metals
in a northern Gulf of Mexico estuary:
Louisiana Pontchartrain basin

R. D. DELAUNE1, R. P. GAMBRELL3, AROON JUGSUJINDA1, ISTAVAN DEVAI1 and AIXIN HOU2

1Wetland Biogeochemistry Institute, School of the Coast and Environment, Louisiana State University, Baton Rouge,
Louisiana, USA
2Department of Environmental Studies, School of the Coast and Environment, Louisiana State University, Baton Rouge,
Louisiana, USA
3Department of Oceanography and Coastal Science, School of the Coast and Environment, Louisiana State University,
Baton Rouge, Louisiana, USA

Concentration of total Hg, methyl Hg, and other heavy metals were determined in sediment collected along a salinity gradient in a
Louisiana Gulf Coast estuary. Surface sediment was collected at established coordinates (n = 292) along a salinity gradient covering
Lake Maurepas, Lake Pontchartrain, Lake Borgne and the Chandeleur Sound located in the 12,170 km2 Pontchartrain basin estuary
southeastern coastal Louisiana. Lake Maurepas sediment with lower salinity contained higher levels of methyl Hg (0.80 µg/kg)
than Lake Pontchartrain (0.55 µg/kg). Lake Maurepas sediment also had higher levels of total Hg (98.0 µg/kg) as compared to
Lake Pontchartrain (67.0 µg/kg). Average total Hg content of Lake Borgne and the Chandeleur Sound sediment was 24.0 µg/kg
dry sediment and methyl Hg content averaged 0.21µg/kg dry sediment. Methyl Hg content of sediment was positively correlated
with total Hg, organic matter and clay content of sediment. Methyl Hg was inversely correlated with salinity, sediment Eh and sand
content. Total Hg and methyl Hg decreased with increase in salinity in the order of Lake Maurepas >Lake Pontchartrain>Lake
Borgne/ the Chandeleur Sound. Lake Maurepas containing several times higher amount of methyl Hg in sediment as compared to
Lake Pontchartrain and Lake Borgne and the Chandeleur Sound is an area that could serve as potential source of mercury to the
aquatic food chain. Methyl Hg content of sediment in the estuary could be predicted by the equation: Methyl Hg = 0.11670–0.0625 x
Salinity + 0.05349 × O.M. + 0.00513 × Total Hg - 0.00250 × Clay. Concentrations of other toxic heavy metals (Pb, Cd, Ni, Cu and
Zn) in sediment were not elevated and was statistically correlated with sediment texture and iron and aluminum content of sediment.

Keywords: Heavy metals, Lake Marepas, Lake Pontchartrain, Lake Borge, the Chandeleur Sound, mercury.

Introduction

Many water bodies worldwide have elevated mercury levels
in top predator fish that has prompted the issuance of advi-
sories on fish consumption by various public health agen-
cies. The main source of methyl Hg in humans is through
fish consumption.[1] Methyl Hg makes up 90% of the to-
tal Hg in fish.[2] Methyl Hg is a neurotoxic compound that
can easily biomagnify through the food web to humans. The
compound has detrimental effect on pregnant women, chil-
dren and harmful effect on other biota.[1] Mercury contam-
ination of fish in freshwater lakes and streams in Louisiana
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and elsewhere along the Gulf Coast is also a public health
issue. There are many advisories from various public health
agencies limiting consumption of fish.

Levels up to 3 mg/kg have been found in largemouth
bass in some Louisiana lakes, which is considerably above
the maximum permissible level (0.5 to 1 mg/kg) for edible
fish tissue. Having mercury advisories issued for a number
of lakes in Louisiana has resulted in a reduced interest in
these lakes for sports fishing. Even though there are advi-
sories, information on source and distribution of mercury
in gulf fish is scarce. Therefore knowledge on distribution
of mercury including methyl Hg in Gulf Coast estuaries
is important. Source of mercury to the Northern Gulf of
Mexico is lacking. Atmosphere fallout is believed to be the
main contribution.[3]

Mercury levels in the sediment and water column of lakes
worldwide have increased since the advent of the industrial
revolution. Mercury entering water bodies originates from
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Heavy metals in a Louisiana Pontchartrain basin 1007

local regional and global sources. The majority of Hg enter-
ing water bodies are from atmospheric source. A common
source is the increased widespread on the fallout of elemen-
tal mercury that originates from incinerators, smelters and
power plants. Research in the Florida Everglades and else-
where has shown that uptake of mercury by fish can occur
at low levels of mercury in the sediment and water column
if proper biogeochemical conditions exist in the sediment.
Several studies[4] have shown that the total Hg input or con-
centration is frequently less important than the sediment
conditions in controlling methyl Hg formation.

The accumulation of unacceptable concentrations of
mercury in fish occurs largely as the result of bioaccumu-
lation of methyl Hg up the food chain to the top predator
fish,[5] which are also the most desired species. Methyl Hg
formed largely in the anaerobic sediments of lakes move up
the food chain through several trophic levels. It is thought
that the mercury source in fish is related to sediment Hg
originating from the increase in atmosphere fallout of mer-
cury during the past century as a result of coal burning and
smelting operations and from runoff into the lakes from
watersheds receiving this fallout mercury.

The microbially mediated processes of methylation and
demethylation are influenced by sediment redox potential,
pH, and microbial activity of the sediment water system.
Aquatic environments with positive redox potential and
low pH would favor Hg demethylation. The rate of biolog-
ical methylation of added Hg in sediment is greater under
reduced conditions as compared to oxidized conditions.[6]

It has been reported that 95% of mercury Hg in an estuar-
ine sediment is attributable to anaerobic sulfate reducing
bacteria such as Desulfovibrio.[7,8] Researchers have also
found that high salinity levels inhibited methylation while
methylation increased when sulfate levels were low and
concentrations of organic fermentation products were
high.[9] Methylation is reported to depend more on the
organic content of sediment rather than sulfate concen-
tration in pore water. [10] Bishop[11] reported the present of
H2S would allow for the formation of HgS. The extremely
low solubility of this compound could restrict methylation
under these conditions.

Demethylation of methyl Hg (to HgO and methane) was
found to occur at high redox potentials (+110 mV) in es-
tuarine sediments.[6,12] Therefore, demethylation would be
an important transformation in the aerobic or moderately
aerobic zone in sediment. The dynamics of methylation and
demethylation of Hg in sediments may be the key factor
in the flux of methyl Hg from bottom sediments to the
overlying water column. When methyl Hg is released from
anaerobic conditions through a zone of higher redox or
aerobic conditions, the methyl Hg may be demethylated to
elemental Hg, lowering the flux of methyl Hg to the water
column. Since the size of this aerobic layer is dependent on
the sediment oxygen demand (organic matter content), lake
sediment with high organic matter content have very small
aerobic zones, which would limit demethylation.

High concentrations of toxic heavy metals other than
mercury in the sediments of coastal and estuarine ecosys-
tems have been documented.[13,14] Coastal areas are often
high centers of population and industry. Coastal Louisiana
is an area with development of oil exploration, refining,
and petrochemical industries, which are potential source
of heavy metals.[15] Many researchers[16,17] have reported
that wetland systems act as sinks, removing toxic material
such as heavy metals from contaminated water entering
the system.

The objective of this study was to (1) determine methyl
Hg, total Hg, and other heavy metals (Pb, Cd, Ni, Cu and
Zn) content of sediment from water bodies in the Pontchar-
train Basin estuary and (2) determine the relationship be-
tween methyl Hg, total Hg to salinity and sediment prop-
erties and the relationship among other heavy metals other
than mercury.

Although there are no current advisories on consump-
tion of fish from Lake Pontchartrain and Lake Maurepas,
several of the streams draining into these lakes do have mer-
cury advisories. Bayou Liberty in St. Tammany Parish has
mercury advisory from its origin to Lake Pontchartrain.
Blind River in St. John the Baptist Parish that drains into
Lake Maurepas also has an advisory along its entire length
(Louisiana Department of Environmental Quality).

Materials and methods

Sediment was collected along a grid sampling within the
Pontchartrain Basin. Sediment samples were collected on
7.92 km sampling grid in Lake Maurepas, Lake Pontchar-
train, Lake Borgne and the Chandeleur Sound. Transects
of these location samples are shown in Figure 1. Using a
global positioning system (GPS), sample sites were identi-
fied so that a map of the locations could be constructed.

Sediment sampling

The samples were collected from the surface 10–12 cm of
sediment using a hand operated Peterson dredge. A sub
sample of the sediment was placed in mercury free glass
containers, sealed and placed on ice until transported to
the laboratory for storage at 5◦C. until the various analysis
were carried out. The jars were completely filled to exclude
air (oxygen) in order to prevent any oxidation reactions.

Analyses

Sediment samples were analyzed for total Hg, methyl Hg,
total element or other heavy metals and various chemical
and physical parameters (pH and redox potential) as
described below. Total Hg, methyl Hg and element content
including other heavy metals are based on oven-dry
weight. The relationships between methyl Hg content and
sediment properties were determined in order to obtain

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
M
c
G
i
l
l
 
U
n
i
v
e
r
s
i
t
y
]
 
A
t
:
 
1
4
:
1
6
 
9
 
J
u
l
y
 
2
0
1
0



1008 Delaune et al.

Fig. 1. Arch view map showing sampling sites.

information on possible causes of methyl Hg formation in
the lake sediment.

A sub sample of sediment was removed from each jar and
used for the determination of total Hg, methyl Hg, other
heavy metals, organic matter, salinity, and grain size. Then
the sediment redox potential and the pH were measured
using platinum electrodes and an Ag/AgCl reference elec-
trode. Two replicate electrodes were inserted in the sediment
and allowed to equilibrate for 6 hours before measurement.
The pH was measured using a combination glass-reference
electrode.

Surface water salinity and conductivity were taken at
the same time the sediment samples were collected using
a portable salinity/conductivity meter. Sediment particle
size analysis and organic matter content was also deter-
mined in the sediment. Sediment particle size was deter-
mined using the sedigraph technique.[18] Organic matter was
determined by loss on ignition following acid treatment to
remove carbonate.

Methyl Hg analysis

Methyl Hg analysis was performed using a GC-AFS sys-
tem. An integrated gas chromatography – mercury atomic
fluorescence spectrometer included a Hewlett-Packard
model HP 6890 Series Plus gas chromatograph and coupled

to a PSA Merlin Detector via a pyrolysis oven maintained
at 810◦C.

A fused silica analytical column with dimensions of
15 m × 0.53 mm i.d. (Megabore) coated with a 1.5 µm film
thickness of DB-1 (J&W Scientific) was used in the analy-
sis. The column oven temperature was maintained at 50◦C
for 1.0 min, programmed at 30◦C/min to 140◦C, which was
held for 3.0 min, then was programmed at 30◦C/min to
250◦C, which was held for 3.0 min. A split/splitless injector
was used in the splitless mode and maintained at 200◦C. The
carrier gas flow was 4.0 mL/min of high purity argon and
make-up gas flow was 120 mL/min of high purity argon.

The column eluate was passed through a pyrolyzer (Ther-
molyne Tube Furnace 21100) via deactivated fused silica
tubing into a Merlin Mercury Fluorescence Detector Sys-
tem (AFS) Model 10.023 (P.S. Analytical) which was used
for mercury detection. For the PSA Merlin Mercury Flu-
orescence Detector system, the sheath gas flow was 200
mL/min of argon. A real time chromatographic control
and data acquisition system (Hewlett-Packard ChemSta-
tion) was interfaced with the GC and AFS detector sys-
tem for the analysis.[19] Quantitative methyl mercury anal-
ysis was obtained using a five-point (between 0.2 ppb and
10.0 ppb) calibration curve forced to zero (R = 0.999). Sam-
ple preparation was performed based on the method of Alli
et al.[20] and Cai et al.[21−23]
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Total Hg analysis

Total (organic and inorganic) Hg was measured by cold va-
por technique based on EPA Method # 245.1, 245.5 and
7471A using a Mercury Instruments Analytical Technolo-
gies LabAnalyzer Model 254.

Determination of the total Hg concentration was based
on the resonance absorption of the Hg atoms at a wave-
length of 253.7 nm. Mercury contained in the sample
is reduced to its elementary state by a reductant (tin-II-
chloride). A stream of air, which is produced by a built-in
membrane pump, strips the mercury from the sample and
draws it into the optical cell. The concentration of mer-
cury in the cell is determined by measuring light absorp-
tion at a wavelength of 253.7 nm. A built-in computer per-
forms the quantitative evaluation of the response. In order
to obtain an extremely stable baseline, the UV-light source
is controlled by the reference beam method. In addition,
the UV-detectors of the LabAnalyzer are thermostatically
stabilized. Heating of the optical cell prevents decrease in
sensitivity associated with water vapor. Thus the use of a
desiccant, which shows some adsorption of mercury vapor,
is avoided. Using this method, a stable and accurate cali-
bration was obtained (R = 0.998).

Metal analysis (Total analysis)

Sediment were dried (100◦C), ground, and thoroughly
mixed prior to analysis. Sediment samples were digested
using nitric-perchloric acid digestion procedures.[24] The di-
gested samples were diluted to volume and analyzed us-
ing Inductively Couple Argon Plasma spectrophotometer
(ICAP). Analysis was calibrated against known standard
of each metal. Data were compiled and statistical analy-
ses performed using Microsoft Excel program available in
Microsoft Professional 2000 on an IBM PC-AT.

Results and discussion

Total Hg and methyl Hg

The data in Tables 1, 2, and 3 shows average content of
total Hg, methyl Hg, and sediment properties for water
bodies samples. Total Hg and methyl Hg decreased with
increase in salinity in the order of Lake Maurepas >Lake
Pontchartrain > Lake Borgne/ the Chandeleur Sound. The
measured decreases in methyl Hg with increase in salinity is
supported by previous study reported in the literature.[9,25]

Salinity has a negative effect on methylation with lower
levels of methyl Hg in estuaries and marine environment
as compared to freshwater system.[25] Methyl Hg may be
reduced at high salinity because of the production of H2S,
which limit the availability of Hg2+through the formation
of HgS.[9]

Results identified no hot spots or elevated mercury levels
in sediment at the sites sampled. Total Hg and methyl Hg

Table 1. Averages of sediment analysis parameters for Lake
Maurepas (n = 27 samples).

Average Stdev Maximum Minimum

Salinity (‰) 1.91 1.15 3.80 0.20
Conductivity (mS/cm) 3.59 2.08 6.94 0.32
Methyl Hg (µg/kg dry sed) 0.80 0.49 2.33 0.21
Total Hg (µg/kg dry sed) 98 47 237 12
O.M. (%) 4.60 5.93 32.77 0.30
Eh (mv) −163 83 30 −280
pH 7.2 0.3 7.8 6.3
Al mg/kg dry sed) 24131 12561 44369 1530
As mg/kg dry sed) 0.41 0.02 0.43 0.36
Ca mg/kg dry sed) 9817 14199 58776 162
Cd mg/kg dry sed) 0.262 0.014 0.280 0.230
Cu mg/kg dry sed) 11.8 6.8 29.2 <0.5
Fe mg/kg dry sed) 17533 7790 28861 1598
Pb mg/kg dry sed) 26 12 46 3
Mg mg/kg dry sed) 5044 2681 8918 124
Mn mg/kg dry sed) 730 445 1665 52
Ni mg/kg dry sed) 13.88 6.93 24.30 0.70
P mg/kg dry sed) 285 228 1094 1
K mg/kg dry sed) 4494 2468 8228 13
Se mg/kg dry sed) 2.493 3.374 11.180 0.04
Na mg/kg dry sed) 1903 1108 3958 99
S mg/kg dry sed) 3583 2381 10066 89
Zn mg/kg dry sed) 66 34 146 3
Sand % 19.7 18.3 70.2 2.3
Clay % 35.8 16.5 57.7 2.9
Silt % 44.5 11.2 72.9 26.9

levels in the Ponchartrain Basin sediment especially in Lake
Pontchartrain and Lake Borgne were lower than reported
values by Louisiana Department of Environmental Quality
for noncoastal interior water bodies, some of which have
mercury advisory for fish consumption.

Lake Maurepas sediment with lower salinity con-
tained higher levels of methyl Hg (0.80 µg/kg) than
Lake Pontchartrain (0.55 µg/kg) (Tables 1 and 2).
Lake Maurepas sediment also had higher levels of to-
tal Hg (98.0 µg/kg) as compared to Lake Pontchartrian
(67.0 µg/kg) (Tables 1 and 2). Average total Hg content
of Lake Borgne and the Chandeleur Sound sediment was
24.0 µg/kg dry sediment (Table 3). Sediment methyl Hg
content averaged 0.21 µg/kg dry sediment for Lake Borgne
and the Chandeleur Sound. Both total Hg and methyl Hg
content of Lake Borgne and the Chandeleur Sound sedi-
ment located nearer the coast was lower than that measured
in Lake Maurepas or Lake Pontchartrain. The total Hg lev-
els were less than total Hg concentration in sediment of 6
Louisiana freshwater lakes (143 to 221 µg/kg) where health
advisories are in effect due to mercury level in fish.[26] Corre-
lation analyses of total Hg, methyl Hg to sediment proper-
ties (organic matter, particle size, salinity, etc.) are shown in
Table 4.

Distribution of total Mg, methyl Hg, organic matter, and
salinity in the lake sediments are shown in Figures 2, 3, 4,
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1010 Delaune et al.

Table 2. Averages of sediment analysis parameters for Lake
Pontchartrain (n = 147 samples).

Average Stdev Maximum Minimum

Salinity (‰) 2.95 1.49 5.00 0.10
Conductivity (mS/cm) 5.38 2.65 9.84 0.11
Methyl Hg (µg/kg dry sed) 0.55 0.38 2.60 0.15
Total Hg (µg/kg dry sed) 67 31 177 11
O.M. (%) 3.45 2.06 18.18 0.08
Eh (mv) −120 75 20 −260
pH 7.4 0.4 8.7 6.0
Al mg/kg dry sed) 28250 11685 51324 1805
As mg/kg dry sed) 0.40 0.02 0.43 0.35
Ca mg/kg dry sed) 7778 9048 60954 226
Cd mg/kg dry sed) 0.254 0.025 0.280 <0.5
Cu mg/kg dry sed) 14.0 6.7 31.5 <0.5
Fe mg/kg dry sed) 20467 7383 34357 1780
Pb mg/kg dry sed) 32 13 57 4
Mg mg/kg dry sed) 7434 3215 13509 355
Mn mg/kg dry sed) 738 492 2866 55
Ni mg/kg dry sed) 17.99 7.27 34.00 1.20
P mg/kg dry sed) 403 199 1157 1
K mg/kg dry sed) 6566 2942 12547 105
Se mg/kg dry sed) 2.627 3.235 17.881 0.04
Na mg/kg dry sed) 2702 1629 6371 93
S mg/kg dry sed) 3745 2594 12926 76
Zn mg/kg dry sed) 76 32 167 4
Sand % 13.0 15.9 92.4 0.9
Clay % 42.3 14.0 64.3 1.1
Silt % 45.3 11.5 78.3 10.6

and 5. Methyl Hg content of sediment was significantly
correlated (r = 0.648∗∗∗) to total Hg content of sediment,
organic matter content (r = 0.349∗∗∗) and salinity (r =
−0.427∗∗∗). Total Hg and methyl Hg decreased with in-
crease in salinity in the order of Lake Maurepas > Lake
Pontchartrain > Lake Borgne/Chandeleur Sound (Figures
6 and 7). By comparison total and methyl Hg concentra-
tion in Florida Bay (n = 30) ranged from 3 to 100 ug/kg
and from <0.1 to 0.318 ug/kg, respectively.[27] The values
are similar to level found in Lake Borgne and the Chan-
deleur Sound representing a similar coastal environment as
Florida Bay.

Total Hg in sediment (Table 4) was inversely correlated to
salinity (−0.584∗∗∗) and conductivity (−0.597∗∗∗), respec-
tively, which indicated the sediment sites near the coast con-
tained less total Hg than the water bodies in the upper basin
(e.g., Lake Maurepas). Total Hg was correlated to organic
matter (0.157**), silt (0.443∗∗∗) and clay (0.644**) content
of sediment. Total Hg was inversely correlated to sand con-
tent of sediment. Methyl Hg was also correlated with sed-
iment Eh (−0.285∗∗∗). Methyl Hg was also higher in sedi-
ment with higher organic matter, clay and silt content with
correlation of 0.349∗∗∗, 0.438∗∗∗ and 0.321∗∗∗, respectively.
Methyl Hg was inversely related to sand content (−0.416∗∗∗)
of sediment.

Table 3. Averages of sediment analysis parameters for Lake
Borgne and the Chandeleur Sound (n = 118 Samples).

Average Stdev Maximum Minimum

Salinity (‰) 21.27 10.96 37.41 8.20
Conduct (mS/cm) 33.08 15.67 51.10 14.50
Methyl Hg (µg/kg dry sed) 0.21 0.11 0.60 0.05
Total Hg (µg/kg dry sed) 24 11 58 6
O.M. (%) 4.41 3.90 42.50 0.60
Eh (mv) −32 120 330 −240
pH 7.3 0.3 7.9 6.0
Al mg/kg dry sed) 17983 8475 44037 2255
As mg/kg dry sed) 1.62 0.59 2.89 <0.5
Ca mg/kg dry sed) 10900 33212 284528 1952
Cd mg/kg dry sed) 0.86 0.39 20.9 <0.5
Cu mg/kg dry sed) 5.9 3.8 24.3 1.0
Fe mg/kg dry sed) 12002 4161 23620 2731
Pb mg/kg dry sed) 7 3 17 <0.5
Mg mg/kg dry sed) 4764 1237 8549 2086
Mn mg/kg dry sed) 187 84 616 68
Ni mg/kg dry sed) 14.39 3.99 29.20 3.63
P mg/kg dry sed) 329 54 431 162
K mg/kg dry sed) 2356 1032 5878 616
Se mg/kg dry sed) 2.764 1.130 8.640 1.065
Na mg/kg dry sed) 4700 3180 19375 1500
S mg/kg dry sed) 2079 3082 31156 395
Zn mg/kg dry sed) 35 23 253 7
Sand % 57.9 23.9 94.8 12.5
Clay % 15.4 9.5 48.3 1.5
Silt % 26.8 16.9 65.5 2.0

Other heavy metals and elemental content

The concentration of other heavy metals (Pb, Cd, Ni, Cu,
and Zn) in sediment collected were not elevated and were
within the normal range for the metal in sediment for other
areas of coastal Louisiana[15] (Tables 1, 2, and 3). Lead
range from 26 ± 12 mg/kg in Lake Maurepas sediment to
7.0 ± 3.0 mg/kg in Lake Borgne and the Chandeleur Sound

Table 4. Correlation of total mercury and methyl mercury to var-
ious sediment properties (represent analysis of all data set, n =
292 total).

Variable Methyl mercury Total mercury

Methyl mercury 1.000 0.648∗∗∗
Total mercury 0.648∗∗ 1.000
Salinity (ppt) −0.427∗∗∗ −0.584∗∗∗
Conductivity −0.442∗∗∗ −0.597∗∗∗
O.M.% 0.349∗∗∗ 0.157∗∗
Sediment Eh −0.285∗∗∗ −0.322∗∗∗
Sediment pH −0.180∗∗ −0.166∗∗
Sand% −0.416∗∗∗ −0.599∗∗∗
Silt% 0.321∗∗∗ 0.443∗∗∗
Clay% 0.438∗∗∗ 0.644∗∗∗

∗∗Denotes significance at 1% levels.
∗∗∗Denotes significance at 0.1% levels.
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Heavy metals in a Louisiana Pontchartrain basin 1011

Fig. 2. Correlation between methyl Hg and total Hg concentra-
tions.

sediment. Average cadmium level was less than 1 mg/kg
in sediment from Lake Maurepas and Lake Pontchar-
train, and Lake Borgne and the Chandeleur Sound. Av-
erage Nickel concentrations were 13.8 ± 6.93, 17.99 ± 7.27
and 14.39 ± 3.99 mg/kg respectively for Lake Maurepas,
Lake Pontchartrain, and Lake Borgne and the Chandeleur
Sound sediment. Average copper concentration was 11.88
± 6.8 mg/kg, 14.0 ± 6.7 mg/kg, and 5.9 ± 3.8, respec-
tively, for Lake Maurepas, Lake Pontchartrain, and Lake
Borgne and the Chandeleur Sound sediment. Average zinc
concentration was 66.0 ± 34.0 mg/kg, 76 ± 32.0 mg/kg,
and 35.0± 23.0 mg/kg, respectively, for Lake Maurepas,
Lake Pontchartrain, and Lake Borgne and the Chandeleur
Sound sediment.

Sediment texture likely affects mercury levels in several
ways. A greater amount of mercury would be adsorbed on
sediment containing high silt and clay content. High clay
content sediment would also result in less oxygen diffusion

Fig. 4. Correlation between methyl mercury and salinity concentrations.

Fig. 3. Correlation between methyl mercury and organic matter
content.

into the sediment as compared to coarse texture sandy sed-
iment. This, in turn along with higher organic matter con-
tent, would support lower redox potential, which in turn
supports condition for methylation.

Lake Maurepas contained several times higher levels of
methyl Hg in sediment as compared to Lake Pontchartrain
and Lake Borgne and the Chadeleur Sound. This was at-
tributed to lower salinity and higher total Hg content in
sediment. Results suggest Lake Maurepas sediment could
serve as a potential source of mercury to the aquatic food
chain and would need future monitoring (Fig. 7). Organic
matter, which supports reducing condition or low redox po-
tential, enhances both the sulfate reduction rate and mer-
cury methylation rate.[28,29] The combination of low salinity
and organic matter to support reducing condition in Lake
Maurepas sediment provide ideal sediment condition for
methyl mercury production. Methyl mercury production
has been positively correlated with organic matter content
of sediment[30] and inversely correlated with amount of sul-
fide in sediment.[31] Sulfate-reducing bacteria can effectively
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Fig. 5. Correlation between total mercury and salinity concentrations.

methylate mercury when sulfate is limiting (low salinity) and
when other carbon sources (sediment organic matter) are
available to be utilized in the absence of sulfate.[7]

Although despite a vast body of literature, it is still dif-
ficult to predict environmental process regulating methyl
Hg production in aquatic environment.[32] Benoit et al.[33]

reported even though methylation is a function of Hg con-
centration, the range in methylation rate across a ecosystem
is larger than the range in Hg deposition rates. This sup-
ports that factors in addition to Hg deposition play a ma-
jor role in methyl Hg production and bioaccumulation in
aquatic ecosystem. In this study using multiple regression
analysis, the equation shown below was developed for pre-
dicting methyl Hg level in sediment within the Ponchartrain

Fig. 6. Average total mercury concentrations in three lakes.

Basin estuary.

Methyl Hg = 0.11670 − 0.0625 × salinity + 0.05349 ×
O.M. + 0.00513 × Total Hg − 0.00250 × clay

The main variable influencing methyl Hg content was
salinity, organic matter and total Hg content of sediment.
Salinity effect of methyl Hg in sediment likely reflected dif-
ferences in sulfate content of sediment.

Sulfate is a particularly important factor control-
ling methylation. Sulfate reducing bacteria are important
methylators of Hg in anaerobic sediments, and sulfate stim-
ulates microbial Hg methylation at the typically low sul-
fate concentration prevailing in freshwater systems (e.g.,
Lake Maurepas). However at high sulfate levels methyla-
tion is inhibited due to sulfide formation, (sites near Gulf

Fig. 7. Average methyl mercury concentrations in three lakes.
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of Mexico). Recent studies have shown that the inhibitory
effect of sulfide on Hg methylation is not only due to HgS
precipitation, but also the result of sulfide lowering the
availability of Hg for bacterial methylation by formation
of less bioavailable charged Hg-S complex.[32]

High organic content of sediment generally stimulate
microbial activity and hence Hg methylation. Conver-
sion rates of inorganic Hg to methyl Hg are generally
much higher when sediments contain organic substances.[34]

Mercury methylation is generally favored under anaerobic
conditions.

The measured metal concentrations in sediment collected
from the Pontchartrain estuary were similar to results from
a previous study along the Louisiana Coastal zone where
concentration ranges found included: Al from 1.6 to 6.1%;
Fe from 1.0 to 3.5%; Cu from 7.4 to 30.3 mg/kg−1; Zn from
51.5 to 133 mg kg−1; Cd from 2.3 to 9.7 mg kg−1; Pb from
46.9 to 193 mg kg−1; Cr from 17.2 to 65.7 mg kg−1; and Ni
from 13.6 to 43.0 mg kg−1.[15] The concentration of metals
determined in this study were also in the range of averaged
concentrations of some trace metals in the mudflat sediment
in the Mai Po and Inner Deep Bay Ramsar Site of Hong
Kong, China.[35] These data collected provides a base line
for monitoring future metal inputs into the Pontchartrain
Basin.

A common problem in assessing toxic metal contamina-
tion is determining whether concentrations in a particular
area are elevated over “normal” baseline concentrations.
This is difficult due to differences in sediment composi-
tion across the region. Soil and sediment substrates in wet-
land and coastal environments vary widely in their phys-
ical and chemical properties including their mineralogy
and organic matter content.[36] Differences in quantities of
metal-bearing phases (e.g., clay mineral content, organic
matter, Fe and Mn oxides) account for much of the het-
erogeneity. For these reasons, the total baseline concentra-
tions can vary over a wide range making determination of

Fig. 8. Correlation between Al and Ni concentration in the sediment.

local anthropogenic impact difficult.[15] “Normal” baseline
concentration is used to determine whether trace and toxic
metals in a particular area are elevated. The use of ratios
to compare metals with conservative elements (e.g., Al or
Fe) has been demonstrated as a method of removing vari-
ability of sediment parameters between different sites.[15]

Normalization of heavy metal concentrations to Al is a
method used for inter-site comparison and for identifica-
tion of metal-contaminated sites by many workers such
as in the Florida coastal region,[37] in Florida and Geor-
gia/South Carolina coastal regions,[38] and in Louisiana
coastal regions.[15]

Regression analysis were performed on the metal data
sets for the Pontchartrain Basin comparing concentrations
of Al and Fe in sediment with the various metals. The re-
gression of the trace and toxic metals to Al and Fe are shown
next.

A strong relationship was found between Al and Cu(r =
0.900∗∗∗), Pb (r = 0.864∗∗∗), Ni (r = 0.936∗∗∗), As (r =
0.319∗∗∗), Cd (r = −0.129*), Zn (r = 0.861∗∗∗), and Mn
(r = 0.703∗∗∗) (see Figure 8 as example).

Al is a major constituent of aluminosilicate minerals that
are important metal-bearing phases in coastal sediments.[38]

Strong correlations with Al in these sediments suggest that
metals found in mineral sediment material rather than pol-
lution as a source of metals in sediment from the water bod-
ies sample. Metal/Al correlations remain significant despite
likely repartitioning into various sediment phases (e.g., sul-
fide or Fe oxide phases) following deposition.[15]

The above heavy metals (Pb, Cd, Ni, Cu, and Zn) were
also statistical correlated with Fe content of the Lake sedi-
ment. Figure 9 shows typical relationship. The correlations
(r values) for Pb, Cd, Ni, Cu and Zn were 0.921∗∗∗, 0.287∗∗∗,
0.928**, 0.931∗∗∗and 0.894∗∗∗, respectively. The heavy met-
als were also correlated with clay content of sediment. The
higher concentrations of these heavy metals were found
in sediment with high clay content. Sandy sediment was
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Fig. 9. Correlation between Fe and Ni concentration in the sediment.

inversely correlated with metal content, which contained
lower amount of the metals. Results show that over-all there
was little heavy metal pollution in sediment of the lakes. Re-
sults will serve as a baseline for future studies documenting
metal pollution in the lakes.

Conclusions

(i) There were no elevated levels of total Hg and other
heavy metals in sediment in the Pontchartrain estuary.

(ii) Sediment methyl Hg content was positively correlated
with organic matter, total Hg and texture (clay or silt
content of sediment).

(iii) Methyl Hg content of sediment was inversely corre-
lated with salinity and sediment Eh and sand content.

(iv) Lake Maurepas had higher total Hg and methyl Hg
levels in sediment as compared to Lake Pontchartrain
and Lake Borgne and the Chandeleur Sound.

(v) Total Hg and methyl Hg decreased with increase
in salinity in the order of Lake Maurepas > Lake
Pontchartrain > Lake Borgne and the Chandeleur
Sound.

(vi) Lake Maurepas due to low salinity, high organic mat-
ter content and high methyl Hg content in sediment is
an area which could be a potential source of mercury
to aquatic environment.
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