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Abstract: Trace elements (TEs) vary in toxicity and should be closely monitored to manage their
accumulation in marine organisms, which may pass on to the food web. This study utilizes the
National Oceanic and Atmospheric Administration’s (NOAA), Data Integration Visualization
Exploration and Reporting (DIVER), National Centers for Environmental Information (NCEI), and
Drought Monitor Systems to acquire arsenic (As), cadmium (Cd), chromium (Cr), lead (Pb), and zinc
(Zn) concentrations in marsh soils along the Mississippi Gulf Coast area using the precipitation and
drought data for the two sampling periods in 2010 and 2011. Results revealed that Zn had a
significantly high correlation (r = 0.80 and p < 0.05) between soil concentrations and daily rainfall
amounts, whereas Pb concentrations in soil were shown to occur after heavy storms. There was also
significant variation between the months for Cd, Cr, and Pb, over the sampling periods. Arsenic
remains relatively stable and statistically similar in the sediment averaging 21.09 pg/kg. Coastal soils
were significantly higher in Cd and Cr concentrations in 2010 (28.89 o/kg for Cd and 28.91 g/kg
for Cr) compared to 2011 (both 9.16 pg/kg). The trace elements, Cd and Cr showed negative
correlation (r = —0.63 and —0.27) to increasing drought intensities. Most of these responses can be
explained by a redox process where TES were sequestered or released as solids and subsequently
becomes saturated or dried out. It was observed that soils in Mississippi’s Gulf Coast study areas
have the ability to be a sink or reservoir during various weather conditions thereby entrapping or
releasing TEs, which becomes more available to organisms.
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1. Introduction

Estuaries are coastal wetlands that serve a variety of roles from being nurseries for marine
species to chemical sink. As a nursery, estuaries house larval fish and crustaceans, some of which are
of economic importance and a primary sources of protein for many populations. Game fish such as
red drum, seatrout, and snapper are fished recreationally and also commercially harvested along with
white shrimp, blue crabs, oysters, and many more [1]. Seafood, being a critical food resource is
needed to be monitored in estuaries for potential pollutants as they may accumulate in marine
organisms and passed on to humans [2,3]. Trace elements (TE) like arsenic (As), selenium (Se),
boron (B), and heavy metals like lead (Pb), cadmium (Cd), copper (Cu), and zinc (Zn) are pollutants
that have a wide range of toxicity to many organisms. Some are essential to our growth and
development at low concentrations but harmful at higher doses, while others are highly toxic even at
smaller doses. Tabelin et al. reviewed the sources, modes of enrichment, mechanisms of release, and
mitigation strategies for these hazardous and toxic inorganic elements in naturally contaminated
rocks [4]. Whalley et al. reported substantial amounts of arsenic (5 to 1740 jug/kg)in the sediments
around estuaries and sequestration from seawater can be considered as one of the main mechanism
by which arsenic, boron, and selenium are enriched on the sedimentary rocks [5,6]. Wetlands, such
as estuaries, can act as a geochemical trap that bond pollutants to the sediments [7] thereby reducing
their bioavailability. According to Peterson et al. a basic understanding of a wetland’s specific
hydrology, precipitation, surface runoff, and flooding is the most essential understanding to the
management of specific sites [8,9]. More recently it has been observed that the Mississippi-
Atchafalaya River system acts as a sink for many TEs. This stacking of TEs from agriculture,
industry, urban runoff, or river discharge will also affect the Northern Gulf of Mexico area [10].

Much work has been done on the kinetics of specific TEs especially the pollution with chemical
contaminants found in estuaries and sediments [11] and their effects of salinity under oxidized or
reduced conditions [12,13]. Other studies focused on the bioavailability of TEs in relation to
sediment types or particulate variations through typical laboratory tests [14,15]. The bioavailability
of trace elements in the estuaries is a complex phenomenon and is affected by many factors, such as
chemical and mineralogy composition of soils and sediments including their solid phase partitioning
along with the effect of salinity, pH, organic matter, and redox conditions [16,17]. Interaction of
rainwater with pollutants in storm water [18], acid-drainage [19], and microbial activity [20] were
typically studied on kinetics at the molecular level. There is little information available on the direct
effects of meteorological conditions on TEs bioavailability at the ecosystem level particularly in
Mississippi (MS) estuaries. This approach of direct measurements allow us to have a clear
understanding of environmental conditions using empirical data [21]. The current research seeks to
determine the overall effect of rainfall, drought intensities, and storm data on TEs binding to
soil-sediments and its significance at the ecosystem level. It is hypothesized that the weather
conditions such as the presence of rain, rainfall variations, drought intensity and storms affects the
concentrations of soil-bound As, Cd, Cr, Pb, and Zn either by chemical redox conditions caused by
inundated sediments or by precipitation reactions that compete for sorption sites in the soil due to
changes in salinity.
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2. Materials and methods

Data on the trace elements was acquired from NOAA’s Data Integration Visualization
Exploration and Reporting (DIVER) system, which collects chemical contaminant data for the Gulf
of Mexico and other geographic regions. Analysis on DIVER system’s environmental data adds
uniqueness by evaluating various hazardous and toxic inorganic elements that could pose very
serious problems in Mississippi gulf coast marsh habitats and estuaries. Related meteorological
information and weather data were collected from NOAA’s National Centers for Environmental
Information (NCEI). Drought information was collected from the U.S. Drought Monitor database,
which stores weekly drought data. The study samples for 2010 and 2011 were selected based on the
location and collection matrix. All samples were documented to be surface-soil sediments from
marsh habitats along Mississippi’s coastline and were collected by a core sampler from depths 1-10
cm (Figure 1). A total of 49 samples each for As, Cd, Cr and 181 samples each for Pb, and Zn were
collected and distributed to various private and public laboratories to determine contamination
chemistry and composition. Analyses were conducted by inductively coupled plasma- atomic
emission spectrometry, mass spectrometry, and atomic absorption spectrometry following EPA
protocols, SW6010B, SW6020, HY017, and 200.7. Detection limits varied based on lab, analyte, and
instrument ranging from 0.012-2.5 mg/kg, 0.004-1 mg/kg, 0.01-1 mg/kg, and nearly zero to 0.35
and 0.78 mg/kg for As, Cd, Cr, Pb, and Zn respectively. Data on precipitation were collected from
several weather stations along the Mississippi Gulf Coast: Biloxi (Station USC00220792), Gulfport
Naval Center (Station USC00223671), Saucier Experimental Forest (Station USC00227840), Ocean
Springs  (Station USC00226484 & US1IMSJC0015), Gulfport-Biloxi Airport (Station
USWO00093874), Pascagoula International Airport (USW00053858), and Sandhill Crane
(USROOOOMSAN).

Mississippi Sound

10 km
5m

Figure 1. Mississippi gulf coast marsh habitats where soil samples were collected
(Barrier Islands where data was unavailable were not used). Image obtained from
National Oceanic Atmospheric Administration’s DIVER.

2.1. Statistical methodology
Data were analyzed using SAS v. 9.4 and graphs were created using Microsoft Excel for

consistency. The mean precipitation was calculated for multiple rainfall events occurring the same
day at different stations. The mean values for daily precipitation rain intensity errors were masked
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for over or underestimations [22]. Due to non-Gaussian nature of precipitation, data were
transformed to log (x + 1) for positive skewness and to remove the heterogeneity [23,24] thus
making the data to be normally distributed. Soil samples were collected by several cruises between
May and October of 2011. The mean TE concentrations were calculated for multiple samples across
the Mississippi coast for the same day. For each TE concentration, data were organized into groups
(rainfall and no rainfall) in order to determine the effect of rain [25]. Data on drought (obtained from
the National Drought Mitigation Center’s (NDMC)) were categorized on a scale of 1-6 as
non-drought and abnormally dry to exceptional drought conditions. This study also included normal
weather, thunderstorm winds, coastal flood, marine thunderstorm, and marine winds information data.

Analysis of variance (ANOVA) was performed to examine the variations of log transformed
daily rainfall, the occurrence of precipitation, drought intensity, rainfall or no rainfall, TE soil
concentrations and other miscellaneous storms against time data. Correlations (r) and regression
analysis were performed for rainfall and drought intensity for each TE concentrations.

3. Results and discussion
3.1. Daily rainfall variation

A total of 166 weather observations were collected from NCEI and were analyzed. Sample
collection were done from May to October for the years 2010 and 2011, with exception of Arsenic
and Zinc, where sampling and chemical analysis was only conducted for one year. Arsenic soil
sediment concentrations were collected in 2010 and for Zinc in 2011. The log transformed daily
rainfall means were found to be 0.39 and 0.29, respectively for 2010 and 2011 (Figure 2). The yearly
rainfall data were not significantly different (p > 0.05) and this may be due to precipitation amounts
averaging similar volumes of rainfall between the months of May and October in Mississippi’s coast.
The monthly analysis of log transformed rainfall showed a significant variation (p < 0.05) with the
lowest recorded in October (0.11) and highest in August (0.60). The monthly distributions for the
amounts of daily precipitation reached its peak during August and declined gradually till it reached
the lowest for the month of October (Figure 3).

0.00

Figure 2. Distribution of log transformed, log (x + 1), daily rainfall (LOGVOL) over the
total collection period between May and October of 2010 and 2011. Mean for each year
was 0.39 and 0.29, respectively. No significant difference in daily rainfall was observed
between 2010 and 2011 sampling periods.
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Figure 3. Distribution of log transformed daily rainfall (LOGVOL) between May and
October for 2010 and 2011. Each “x” represents monthly means. Significant
difference (p < 0.05) was observed between September with May, July, and August.

Zinc was the only TE that displayed a strong positive correlation, r = 0.80, with daily rainfall.
This strong positive correlations are due to high concentrations of Zn that were retained in the soil
with increased amount of rainfall and this may be due to adsorption of Zn to soil-sediments
(Figure 4). After initial rainfall, the amount of Zn-bound sediment to other soil components, such as
oxidized metals or reduced sulfur has considerably increased. Decomposing organic matter or
reduced metal-oxides releasing soluble Zn can be explained by oxidized metal-oxide or reduced
sulfur found in other layers [26,27].
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Figure 4. Zinc (Zn) concentration (pg/kg) found in Mississippi Coastal soils showed a
strong correlation (r = 0.80) with log transformed rainfall (LOGVOL).

There was no difference in the amount of daily rainfall data between 2010 and 2011. This

resulted in non-significant difference in the yearly comparisons for As and Zn. Statistical analysis
showed no significant variation between TE soil concentrations and occurrences of rainfall.
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3.2. Drought variation

Drought data over the two sampling years exhibited a significant difference across every month
(Figure 5). Drought categories included: No Drought (1), Abnormally Dry (2), Moderate Drought (3),
Severe Drought (4), Extreme Drought (5), and Exceptional Drought (6). Droughts were more
frequent and more intense on the Mississippi Coast in 2011 during the summer months ending in
September. In 2010 the only month of the sampling period burdened by drought was October.
Arsenic and Zinc were not observed to be affected with dry conditions. This could be due to less
drought intensity prevailing during the sampling period in 2010. Significant variations for Cd, Cr,
and Pb were observed among each drought intensity sampling periods. Both Cd and Cr
concentrations in the soil exhibit a negative correlation with a mean of 28.6 and 29.3 pg/kg, during
Non-drought conditions and with a mean of 8.7 pg/kg during Extreme drought conditions (Figure 6).
Lead (Pb) exhibited a positive correlation for drought intensities with a mean of 12.7 pg/kg during
Non-drought and 45.8 pg/kg in Extreme drought conditions. Cd and Cr concentrations in the soil
showed significant variations during drier weather conditions. Pb concentrations appears to be
minimal during normal conditions but showed an increase in values as the drought conditions
increased. This was further observed by Pearson coefficients of —0.63 for Cd, —0.27 for Cr, and 0.63
for Pb, and were all found to be significant at p < 0.05. Analysis on drought conditions included (1)
No Drought, (2) Abnormally dry, & (5) Extreme Drought conditions as the other drought intensities
were not observed during that specific sampling time.

()]

N

Drought Intensity
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Figure 5. Distribution of weekly drought data plotted over the both sampling periods:
May to October for 2010 and 2011.

The increase of Cd and Cr during Non-drought conditions could have been due to rain events
that cleansed the accumulated contaminants and other pollutants [28,29]. There was a significant
temporal difference for Cd between the two sampling years and this could have been due to a more
intense droughts in 2011. Dissolved organic matter as well as reduced compounds may leach through
the sediment during dry conditions there by releasing sequestered Cd, which in turn percolates
further into the soil with the changing ground water level [6,30-32]. Highest concentration was
observed for Pb during dry seasons rather than wet conditions whereas Cr illustrated a reverse
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phenomenon [8,33]. However, if sediment was submerged during the dry periods increase salinity
may enhance the mobility of Cd forming stable chloride complexes [34].
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Figure 6. Distribution of cadmium (Cd), chromium (Cr), and lead (Pb) soil
concentrations (pg/kg) at various drought conditions: No drought (1), Abnormally dry (2),
Extreme Drought (5).

3.3. Miscellaneous storm data variation

Miscellaneous storm data that represented extreme storm events of high magnitude collected
during the sampling periods of 2010 and 2011 were analyzed. Cadmium, Pb, and Zn
demonstrated significant variability between normal conditions, thunderstorms with high winds,
marine storms, high marine winds, and coastal flooding. Storm data variations represent a typical
normal weather to rain events where thunderstorm winds can cause either extreme high tides or
low tides. Coastal floods would had heavy wave actions and seawater intrusion due to Marine
thunderstorms and Marine winds [33,35]. For Cd, there was a significant difference between
Normal conditions, Thunderstorm winds, and Marine winds averaging 27.1, 22.8, 30.0 pg/kg,
respectively (Figure 7). The results showed lowest mean values for thunderstorm winds, which
was contrary to other studies, and under saturated water conditions Cd precipitates with other soil
components such as sulfides [36-39].
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Figure 7. Concentrations (pg/kg) of cadmium found in soil during miscellaneous
weather events. Normal conditions, Thunderstorm winds, Coastal floods, Marines storms,
& Marine winds.
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Figure 8. Concentrations (Jo/kg) of chromium (Cr) found in soil during miscellaneous
weather events. Normal conditions, Thunderstorm winds, Coastal floods, Marines storms,
& Marine winds.

Chromium showed an opposite effect when compared to Cd (Figure 8). Lead had the mean
of 24.0 po/kg during thunderstorm conditions indicating that the soil was affected by rainwater.
Marine storms, winds, & coastal floods brings in seawater, which increase the mobility of many
TEs [32,38]. The amount of seawater exposure from these Coastal floods, Marine storms, and
Marine winds were shown to effect Pb concentrations in sediments, with the mean values of 11.4,
10.0, 11.0 pg/kg respectively (Figure 9) [27].

Increased levels in salinity typically promoted desorption from sediment. Sediment bound Pb
had been observed to have a less linear relationship with seawater and demonstrates different
behaviors at different salinities by forming complexes with chlorides from salt water [4,40]. As for
Zn, a mean of 556.7 pg/kg was observed during Thunderstorms with high winds and 121.0 pg/kg
during normal conditions (Figure 10).
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Figure 9. Concentrations (pg/kg) of lead (Pb) found in soil during miscellaneous weather
events. Normal conditions, Thunderstorm winds, Coastal floods, Marines storms, &
Marine winds.
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Figure 10. Concentrations (Jg/kg) of zinc (Zn) found in soil during Normal conditions,
and Thunderstorms winds.

3.4. Temporal variation

There was a significant variation between the months for the concentrations of Cd, Cr, and Pb,
over the sampling periods in 2010 and 2011 (Figure 11). Arsenic remained relatively stable in the
sediment averaging 21.09 pg/kg. Coastal soils were higher in Cd and Cr concentrations in 2010
(28.89 g/kg for Cd and 28.91 py/kg for Cr) compared to 2011 (both 9.16 pg/kg). Precipitation was
similar as the drought intensities demonstrated strong relationships between the two sampling years.
Lower levels of Cd was observed during May (24.38 g/kg) and October (8.89 |g/kg) compared to
the other months that had the mean range from 30.03 to 31.11 pg/kg. Chromium (Cr) exhibited its
highest soil concentration in June with 38.29 |g/kg and lowest in October with 15.56 pog/kg. This
was likely due to intense drought conditions, with exception of July and August, which showed no
significant difference for 2010 sampling period. The highest Pb concentration was observed in
October (33.33 g/kg) and the lowest during June to September (10.56-12.05 pg/kg) with r = 0.63.
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Zinc had the highest mean in May (199.60 pg/kg) during Thunderstorms with high winds, and the
lowest in October (66.96 |g/kg). This increase in sediment-bound Zn suggests an enrichment from
anthropogenic input from either point or nonpoint sources.
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Figure 11. Distribution of Trace Elements concentrations in jg/kg [arsenic (As), cadmium
(Cd), chromium (Cr), lead (Pb)] over entire sampling period for 2010 and 2011.

4. Conclusion

This study was aimed at determining the effects of meteorological conditions, such as rainfall,
droughts, and storms, on TEs at the ecosystem level. The results reported in this study were derived
from the data collected only during the sampling periods in 2010 and 2011. We concluded that
Arsenic was not affected by any of the studied weather conditions. Zinc was the only TE that was
affected by the amount of rainfall demonstrating a strong positive correlation (0.80) that may be due
to adsorption to other components found in the soil. During Thunderstorms, both Pb and Zn
concentrations increased in the soil. This may have been due to storm runoff from roads or other
human impacted areas to the soils that act as a chemical sink by redox processes. TEs were also
greatly affected by drought intensities, either in a positive correlation (Pb, 0.63) or negative
correlation (Cd, —0.63; Cr, —0.27). It was observed that concentrations of Cd and Cr were decreased
while the concentrations of Pb increased in soils during our sampling periods in 2010 and 2011. Arsenic
and Zinc were collected only for one of the sampling years and monthly observations exhibited stable
concentration of Arsenic while concentrations of Zinc were decreased from May to October.

This study observed coastal soils entrapping of TEs (Pb and Zn) while releasing other TEs (Cd
and Cr) under various weather conditions. This release of TEs become bioavailable to the local
aquatic organisms such as bivalves, crustaceans, and larval fish. Such accumulation raises concern,
since chronic exposure had been shown to affect human health. Overall, this empirical study may
offer a better insight of TEs dynamics and their effects on the environment and ecosystem.
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Recommendations
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