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ABSTRACT

The Gulf Islands National Seashore in southeasl&A gets on average about five million visitors
every year. Amongst the multiple recreational atiéig attracting these visitors are both recreati@amd
subsistence fishing. Unfortunately, mercury (Hgjels in different environmental compartments o§thi
park have not been studied and the potential fppgre to Hg by consumption of fish caught in the
park’s waters remains unknown. Following the dissgwf high Hg levels in fish caught from Mobile
Bay in Alabama, and based on the location of thié ISlands National Seashore park, the NationakPar
Service (NPS) decided to conduct a set of studiaswould help park managers to take appropriate
decisions with regard to health risks to peopléinig the park. In this study, we hypothesized thig
reaching the park waters from both runoffs and afrheric deposition could result in fish Hg levels
above safe limits, and therefore, to human exposuhe aquatic systems in and around the park have
high potentials for methyl-Hg (MeHg) production aamctumulation”. This study was therefore initiated
to assess both the levels and the extent of Hgounation in different environmental compartmerits o
selected sites within the park and to determineptitential for sediments collected from these dites
produce and accumulate MeHg. These objectives vesldgressed by a combination of field
observational studies and laboratory investigatafridg methylation and MeHg demethylation. Besides
a few exceptions (e.g., sites with THg levels >@L ) obtained results show rather low total Hg gJH
and MeHg levels in both water and sediment colteétem most of the park units, with most of the
determined concentrations falling within the ramjebackground values reported in the literature. In
addition, the ability of sampled sediments to preedand accumulate MeHg appears to be low as they
tend to favor the degradation of MeHg over its maibn. Unfortunately, fish samples were not
available for this first portion of the study. Déspthe above observed favorable trends, our
recommendation is that the complexity of Hg bioacualation and biomagnification processes in
aquatic food chains warrants an investigation ofiédgls in fish and shellfish as the only effectivay

to address the issue of fish contamination in aqegstems of the Gulf Islands National Seashore



1. INTRODUCTION

Mercury (Hg) has been used widely in science, itrgiuand agriculture because of its unique
physicochemical properties. The current biggestsaorers of Hg in the U.S. are the chlorine and
caustic soda industries (U.S. EPA 1997, Adrianol20But Hg is also used in several other industrial
(e.g., electrical and navigational equipment) amdlicinal (e.g., dental amalgams, vaccines) (AAP and
USPHS, 1999) activities. With regard to environnagémiollution, the above anthropogenic activities
have been linked primarily to point source pollatiwhich tends to have local, and to some extent
regional, pollution impacts. Of more serious condsrthe combustion of fossil fuels that releasgs H
directly into the atmosphere and a significant tiac of such released Hg is usually in the elenenta
form (i.e., HJ) (Boening, 2000). It has been estimated that at gpecific form, Hg can have an
atmospheric residence time that ranges from 0Z years (Nater and Grigal, 1992). This rather long
atmospheric residence time allows Hg to: (i) begsported over long distances, (ii) undergo chemical
transformations such as oxidation in locationsaiaay from point sources, and (iii) ultimately settl
down in remote and pristine terrestrial and aquiaticiscapes via both dry and wet precipitation. In
addition to atmospheric deposition, runoffs an@émévdo act as carrier for Hg that contaminates temo
terminal basins/sinks (Heyes et al. 2004)

Concerns about the toxicity of mercury in the eoninent have increased since the notorious
incident in Minamata Bay, Japan (Klein and Goldb&r§70). This is due primarily to the ability of
inorganic Hg to become methylated in sedimentaryirenments and to produce highly toxic and
liposoluble alkyl-Hg species such as methyl merc{keHg). In consequence, the toxicity and
methylation of Hg have driven most research oergronmental fate and transport, as well as feces
on living organisms. Because of the current in@dagublic awareness on health issues associated w
Hg, mercury production which reached values as higl6.7x 10° tons/year in the 1970’s is now on a
steady decrease (Adirano, 2001; D’ltri, 1972), emthe US, the development of technologies thaticed
Hg emissions associated with the burning of fogels is strongly encouraged and funded by federal

programs sponsored by US-DOE and US-EPA.



In 2001, the Mobile Register (Mobile, AL) reportdtht several popular commercial
and recreational fish species caught in the Gu€Mekico, including the restaurant delicacies
amberjack, cobia and redfish, could contain veghhilg levels (Fig. 1), that they should not
be sold to the public based on fish consumptiomdsteds set by the US Food and Drug
Administration (FDA).

Results of Register-sponsored mercury tests
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Figure 1. Result of mercury tests conducted by the Mobilei®egand reported on 7/22/2001 in Mobile, AL.

Data posted on: http://www.al.com/specialreport/itewbgister/?mercpic4.html



In the past few decades, biogeochemical studiddgoin aquatic systems have shown that
remote and pristine” systems removed from direct anthropogenic impaotdd contain fish with Hg
burdens exceeding safe guidelines for human consompn the southeastern USA, park's water
bodies located off the coast lines of Florida andsdidsippi could receive Hg via both direct
atmospheric deposition on terrestrial and aquatid$capes and river transport of dissolved Hgeo th
Gulf of Mexico. Unfortunately, Hg levels in diffareenvironmental compartments in this national park
remain unknown, despite the fact that they do bwst five million visitors each year including péep
who come to camp and fish in park’s waters.

We hypothesized thatg reaching the Gulf Island National Seashore from both river runoffs
and direct atmospheric deposition could result in fish Hg levels above safe limits, and therefore, to
human exposure if the aquatic systems in and around the park have high potentials for MeHg
production and accumulation”.

This study was initiated to: (1) assess both kaeld the extent of Hg contamination, if any,
in different environmental compartments of seleids within the Gulf Islands National Seashore;
and (2) to determine the potential of sedimentthepark to produce and accumulate MeHg. These
objectives were addressed by a combination of fibkkervational studies and laboratory investigation

of Hg methylation and MeHg demethylation.

2 MATERIALS AND METHODS

2.1. Study site This study focused on selected sites within thef Glénds National Seashore. The

study area extended from Florida to Mississippid selected sampling sites included Fort Picken$ (FP

on Santa Rosa Island, Naval Live Oaks (NLO), anddi® Key (PK) in Florida (Fig. 2a). In

Mississippi, samples were collected from Petit Bbligrn, East Ship, and West Ship islands (Fig. 2b).
Based on the hypothesis stated earlier, the plahisnstudy was to collect water, sediment,

and biota samples during both dry and rainy seaddne to budget limitations, the National Park

Service (NPS) offered to provide us with all fighrgples. Therefore, the sample collection efforoby



group focused on water, sediment and sea weed sanrifortunately, we never received fish samples
during this study, and the succession of hurricandble study areas during this investigation did n

allow us to follow our pre-planed sample collectaampaigns.

Figure 2: Maps showing the geographical location of the @art sampling sites
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Accordingly, data presented herein do not includh Hg levels. With regard to water and
sediment samples, presented data are obtaineddaamples collected during both the rainy and dry
seasons for the islands located in Florida, anthduhe wet season only for sampling sites located
Mississippi. All collected sediments were used abdratory experiments for the determination of

potential rates of inorganic Hg methylation andmeHg demethylation.

2.2. Sample collection and analytical techniques.

2.2.1. Water Samples Surface water samples were collected in acid prared TefloR
bottle with gloved hands, using the “ultra-cleaeefimetal sampling” protocol. In the laboratory,
samples were acidified with optifhICl at a final concentration of 1% (v/v) and kegfrigerated a 4
°C until analysis. Only non-filtered samples weralgred in this study. Therefore, reported Hg levels
correspond to the sum of Hg bound to particulatéenand the truly dissolved Hg fraction. Total-Hg
(THg) concentrations were determined in water sampfter cold oxidation by bromine mono-chloride
(BrCl) prior to reduction with Sngl(Bloom and Crecilius, 1983). Methyl mercury (MeHgkgs
analyzed by direct ethylation of the water sam@ie@ sodium tetraethylborate (Bloom, 1989). In this
latter case, MeHg compounds were stripped fromtismlutrapped on Ten&x transferred by heating
onto a GC packed column (15% OV-3 on Chromosoriy),detected after separation and breakdown of
alkyl-Hg compounds at ~80%C by cold vapor atomic fluorescence spectrometry-AES). QA/QC
procedures included instrument calibration usingndard solutions, certified reference materials,
duplicate analyses, and reagent blanks.

More details on these analytical procedures hawen ldescribed in our group previous
publications (e.g., Bonzongo and Lyons, 2004, Wagetel., 2003, 2005; Donkor et al., 2005; Donkor
et al., 2006).

2.2.2. Collection and analysis of sediment and aqt& plant samples Sediment
samples were collected from all sampling sites agdhcoring while sea weeds were simply grabbed

from ocean floor by hands at near shore locatibm&oth cases, collected samples were placed into



clean polyethylene re-sealable bags and kept imdnle on ice in coolers until return to the laborgt

on UF campus. THg in these solid samples was detedrafter hot acid digestion with concentrated
HNOy/H,SO, mixture of a pre-weighed sample (~1g) in acid4otghglass containers, heated overnight
to a refluxing boil on a hot plate. After coolingcadilution with Nanopurfewater, THg was determined
by the SnGl reduction technique and pre-concentration on fmldwed by detection with CV-AFS.

MeHg in sediment and sea weed samples was detatnfiollewing an alkaline alcohol
(KOH/CH;0H) digestion of ~1g of sediment in an acid-cleaseew capped Teflon vials and heating
at 75C. This step was then followed by aqueous ethyiatib an aliquot of buffered digestate and
MeHg determined as described earlier for water $@snp

For both MeHg and THg, in addition to reagent bfamid standard solutions, a certified
reference material (IAEA-405, estuarine sedimeotstaining an average THg value of 0.81 mgKg
and 5.49 ng g for MeHg) was run with all digestions/analysese Tercent recovery on the IAEA-405
averaged 95 + 11%+€ 10), and 93 * 8%n=10) for THg and MeHg, respectively.

To determine the water and organic matter contesediment samples, a specific amount of
sediment was dried in oven for 12 hours at 105°€aater content calculated from the recorded loss
of weight. This first step was then followed by dmustion of the dried sample in a furnace for 2 bour
at 550°C to determine the organic matter contefdassson ignition (LOI).

2.2.3 Laboratory determination of potential rates & Hg methylation (M) and
MeHg degradation (D) in Gulf island National Seashe sediments:Potential Hg methylation
and MeHg degradation assays were conducted acgaaihe method of Pak and Bartha (1998) and as
adapted by Warner et al. (2003). Measured sedinfeants each site were mixed with nanopure water
(1:1; vollvol). For each site, sediment were honmimed and apportioned into replicate centrifugestub
(2-3 mL sediment in 45-mL tubes). Slurries weretidad for 1 hour with ultra high purity (UHP),No
accelerate the development of anaerobic conditibatsfavor Hg biotransformation. Individual tubes
were then dosed with either Hg@for methylation experiments) or GHgCI (for MeHg demethylation

experiments) to a final concentration of 1ppm am@ilOppm (or 10 ppb), respectively. Tubes were



incubated statically for 5 days at room temperafu2°C) and in the dark. At the end of the incidoat
period, Hg biotransformation in the tubes was stoppy freezing and storage at -18°C until analysis.
The M/D ratios of determined potential transforroatrates (M = methylation and D = demethylation)

were then used as parameter to assess the potdreath site to produce and accumulate MeHg.

3. RESULTS AND DISCUSSION

All data are presented in tables within the text dnmva in figures appended at the end of
this report

3.1. Mercury levels and speciation in the aqueoushpse.During the dry season, water

sample collection was limited to sites located liorila and corresponding data are shown in Table 1a
In August 2004 (rainy season) our sampling campaigended from Florida to Mississippi and data
obtained from samples collected during this sedaid trip appear in Table 2. For sample sites teda

in Florida, Fig. 3 gives a comparative view of lsvand trends of THg during both the dry and rainy
seasons. The obtained results show that THg coratiemts in these aquatic systems range from 0.19 ng
L™ to 14.26ng [* (Table 1a) in the dry season and from 0.71Hgd.4.67ng [ in the rainy season.
About 69% of the analyzed samples fell within thege of calculated worldwide background THg
values (0.1 to 3.5ng ) (Nriagu, 1990; Mason et al., 1994). The few sasmpwith measured
concentration >5ng/L in this study could be an éation of potential contamination from diffuse
sources. In fact, in aguatic systems with well kn@agurces of anthropogenic Hg inputs such as mining
activities (e.g., the Carson River in Nevada, &f§iver in Slovenia, Madeira River in Brazil, arnt
Pra River in Ghana), mercury levels in the contat&d river sections vary from concentrations as low
as 5 ng/L, which is similar to the highest valuesasured in this study, to thousands of ng/L near
discharge points (e.g., Bonzongo et al. 2002; Domktal., 2006). However, these data will be better
compared with data obtained from other coastal tarjsystems. Tabldb summarizes Hg levels
reported in the literature for coastal waters woitte. From this table, it is apparent that Hg level

measured in this study fall in the low end of répdrHg concentration ranges. It is worth noting tha



besides its availability, the bioaccumulation of igaquatic biota is site specific and Hg levelsnal

can not help predict levels in living tissues.

Table 1a THg and MeHg in water sample collected from RdandKey (PK), Fort Pickens (FP), Naval
Live Oak island (NLO) in March, 2004*(Value at detection limit); P = pond; S = sea

water)
Sample ID Site description Site#  THg (ng')l. MeHg (ng Hg [
PK-1 Marsh 1 3.56 0.5**
PK-2 Marsh 2 2.92 0.5**
PK-3 Marsh 3 2.63 0.5**
NLO shallow Inland pond with no contact with sea 4 1.18 0.7
NLO Beaver P Inland pond with no contact with sea 5 0.2 0.5**
NLO-2 P Inland pond with no contact with sea 6 10.46 0.5**
NLO-3 S Island seashore site 7 5.64 0.5
FP P1 Inland pond 14.26 0.5**
FP P2 Island pond 0.19 0.5**
FP seashore-south Island seashore site 10 6.57 0.5**
FP seashore-north Island seashore site 11 4.29 0.5**
n 11 11
range 0.19- 14.26 0.5-0.7
mean 4,72 0.52
median 3.56 0.50

10



collected from coastal environments around the avorl

Table 1b: Ranges of total and methyl mercury concentratidetermined on water (ng/L) and sediment (ng/g) e

Study location

Water (ng/L)

Sediment (ng/qg)

THg MeHg THg MeHg
Rio de Janeiro (Brazil) 3.64-11.04 — 120 - 440 —
Ria de Aveiro (Portugal) 1.0-275.4 — 100 - 51700 —
Eastern Lebanese sea (Lebanon) 0.31-0.44 — — —
The North Sea 0.18 - 0.96 — — —
South Florida Estuaries (USA) 3.0-74 <BDL to 2.3 1-219 <BDL to 0.49
Ulhas estuary (India) 40 - 610 — 80 - 190 —
North shore of Long Island (USA) — — 71.1-5250 —
Baltic sea (Poland) — — 37-880 0.01-2
South China Sea (Malaysia) — — 20-127 0.01-8.05
Bering sea (Russia) — — 77-112 0.1-0.62
Portuguese coast (Spain) — — <BDL to 870 —
Bay of Fundy (Canada) — — 7-79 —
Kastela Bay (Croatia) 69 - 145* — 14280 - 74000 56.36.74
Scheldt estuary (Belgium) 15 0.12 900 3.4
Gulf of Trieste (ltaly) 50 0.2 38.4 2.9
Gulf of Mexico (USA —This study) 0.19 - 14.26* 0.5- 1.58* 6.4 - 838 1-17

* unfiltered; BDL: below the detection limit

11



Table 2 THg and MeHg levels in water samples collecteahfrsampling sites in both Florida and
Mississippi in August, 2004.

Wet season (August 2004)

Sample ID site # Site description THg(ng™) MeHg (ng Hg [
PK-1 1 Marsh 2.49 0.50
NLO Beaver 6 Inland pond 1.76 0.50
NLO-3 7 Island seashore site 2.48 0.56
FPP1 8 Inland pond 0.71 0.50
FP P2 9 Inland pond n.d.* n.d.*
FP seashore South 10 Island seashore site 2.46 0.50
FP seashore North 11 Island seashore site 0.62 0.61
PB West Pond 16 Inland pond with sea contact 0.57 0.50
PB West Pond 16 Island seashore site 1.77 0.50
PB interior 17 Inland pond with sea contact 0.75 0.50
PB interior 17 Island seashore site 0.88 0.50
PB lagoon 15 Inland pond with sea contact 3.58 1.04
PB lagoon 15 Island seashore site 2.64 0.66
Horn garden 14 Inland pond with sea contact 2.98 0.50
Horn garden 14 Island seashore site 2.38 0.61
Horn Ranger 13 Inland pond with sea contact 421 0.50
Horn Ranger 13 Island seashore site n.d.* n.d.*
Horn big lagoon 12 Inland pond with sea contact 3.24 1.02
Horn big lagoon 12 Island seashore site 3.55 0.50
East Ship 18 Inland pond with sea contact 4.67 1.58
East Ship 18 Island seashore site 3.11 0.89
West Ship 19 Inland pond with sea contact 0.75 0.50
West Ship 19 Island seashore site 2.08 0.50
n 21 21
range 0.57-4.67 0.5-1.58
mean 2.27 0.64
median 2.46 0.5

*n.d. = not determined

12



Figure 3: THg comparison of rainy season and dry season- aqueous phase
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Comparatively, THg concentrations in samples ctéléaduring the dry season were higher than those
measured in the wet seasdinlike most riverine systems where the rainy sedsdmgs a load of Hg-
contaminated particles from watersheds resultindgnigh Hg levels in the aqueous phase (Hoff, 1996;
Donkor et al., 2005), here rain seems to bring addution and higher THg levels are observed dyitime

dry season. One possible explanation could be éng small ratio of the catchment area to open water
surface. The Gulf Islands arédfrier isands’ which extend over several miles from east to webithe
coast of Florida and Mississippi. However, the loatent area of the different lacustrine systemgp¢ods)
found on each of the islands under study is usuadty small, resulting in negligible inputs of t&strial
particulate matter and associated Hg into the agiphase. Overall, it appears that the additiolargie
volumes of rain/runoff water would tend to diluteet concentrations of Hg already present in these
lacustrine systemsLewis et al. (2002) reported THg concentrationstap70 ng L' in waters
samples collected from a control and a golf courggacted sites near Santa Rosa Sound. Although
their high values seem to point to a clear signasitamination, the paper does not elaborate on the
sampling, storage, and the handling of analyzedpkssn This aspect alone casts doubt on the

validity of the data set published by Lewis etial2002.

In contrast to THg concentrations which varied agsites, MeHg levels differed very little with a
good number of measured values at or near our tizalyletection limit of 0.5ng £ to a maximum of

13



1.58ng L. These concentrations are similar to levels repbin the literature for other Southeastern USA
aquatic systems with no known direct Hg inputs (tias et al. 1999; Warner et al. 2005). No corieta(r’

= 0.0064) was found between THg and MeHg, sugggstiat the amount of MeHg in water did not depend
on total amount of Hg present in the system. Assioce a significant fraction of MeHg observed inteva
comes from bottom sediment which is the primarg $dr MeHg production in aquatic systems, the
observed low MeHg levels are therefore an indicatid probable low Hg methylation potentials or low
M/D ratios in the park water bodies. Data obtaifreth laboratory experiments and presented lategiher

tend to support this explanation.

3.2. Mercury levels and speciation in sedimentoncentrations of total and methyl Hg
determined on non-sieved sediment samples ranget 2@ ng.d to 838 ng.g (average: 102.3ng™y and
from less than our analytical detection limit torig.g"* (average: 2.28 ng2), respectively. Corresponding
data are presented in tables 3 and 4. For samgitieg) located in Florida and where samples weleatetd
during both the dry and rainy seasons, a trendasirto that of THg concentrations in water was obse
(Fig. 4). The distribution of THg data followed te&uctural pattern of sediments, in that the aedation
of fine particles in top layers of sediments durithgg dry season overlapped with the highest THg
concentrations, while the washout of these same farticles during the rainy season left behindsara
sandy sediment with lower Hg content. This intetadien is based on simple visual observations since
sediment size fractionation was not analyzed. Kingie organic matter (OM) content in sediments wa
found to be a significant and positive functionsefliment THg (=0.84, p<0.05; Fig. 5), supporting the
widely reported strong biding of Hg to organic reaith both freshwater and marine environments.

The highest concentrations of MeHg were measureghiinples collected from Fort Pickens pond
#1 (12 ng.g) and Petit Bois (17 ng-. Both sites had very shallow water with surfaegisents under less
than 1 foot of water. Therefore high summer tempees in addition to sulfate reducing bacteria ($RB
have probably played an important role in the potidn and accumulation of MeHg in these sites (e.g.
Compeau and Bartha, 198&ijlmour et al., 1992; Korthals and Winfrey, 1987lo@m, 1999). When
compared tdMeHg data sets that are available in the peerwadditerature, some of the numbers obtained
in this study do largely exceed MeHg values regbiftem most aquatic systems with no known point
sources of Hg (0.01-7.8 ngiy(e.g. Warner et al., 2005; Kannan, 1997; Bartheidl Craig, 1981). These
MeHg data will be discussed further in relation hwihe ability of these sediments to produce and

accumulate MeHg based on our laboratory experiments

14



Figure 4: THg comparison of rainy season and dry seasomsed phase
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Table 3: THg and MeHg levels in sediment sample collectedhfPK, FP, NLO in March, 2004.
See Tables 1 and 2 for site description

Dry Season (March 2004)

Sample ID Water content OM (%) as
THg(ng/g) ~ MeHg(ng/g)

(%) LOI
PK1 181 0.0005 50.19 5.43
PK1' 213 0.0005 48.27 451
PK2 558 0.0005 74.62 38.99
PK3 115 0.0005 25.98 0.9
PK3 Marsh 29 0.0005 51.86 4.54
NLO Shallow 418 0.0005 81.43 48.39
NLO Beaver 203 0.0005 44.88 7.78
NLO2 P 838 0.0044 85.54 71.17
NLO3 Seashore 108 0.0005 35.73 18.79
FP 1 136 0.0005 390.81 4.93
FP 2 56 0.0005 49.78 4.05
n 11 11 11 11
range 29-838 00044 25.98-81.43 0.9-71.17

0.0005

mean 259.55 0.001 53.46 19.04
median 181 0.0005 49.78 5.43

16



Table 4 THg and MeHg levels in sediment sample from PKONFP and PB in August, 2004.

Inland pond

Sample ID TH% Mel—!g % Water content 70 OM
(ng.g") (ng.g")

PK-1 24.9 0.7 n.d n.d
NLO-3 Seashore 28.4 5 n.d n.d
FP P1 16.4 12 n.d n.d
FP Seashore South 11.8 3.3 n.d n.d
FP Seashore North 11.6 0.0005 n.d n.d
PB West P 25.8 17 37.57 3.73
PB West S 9.3 4.2 20.98 0.41
PB interior P 6.4 49 48.19 3.36
PB interior S 11 0.0005 24.25 0.32
PB Lagoon P 10.3 3.1 32.31 2.6
PB Lagoon S 11.7 6.1 20.39 0.36
Horn Garden P 20.2 2.3 48.9 3.08
Horn Garden S 11.7 3 19.62 0.49
Horn Ranger P 26.7 1.2 19.59 20.05
Horn Ranger S 104 0.01 0.5 0.38
Horn big lagoon P 12.1 3.7 20.61 0.82
Horn big lagoon S 7.8 3 19.75 0.35
East Ship P 34.6 0.2 67.3 16.33
East Ship S 28.8 2.3 23.51 3.55
West Ship P 89.2 0.3 32.77 1.94
West Ship S 8.3 0.7 22.56 0.4
n 21 21 16 16
range 6.4-89.2 0.0005-17 0.5-67.3 0.32-20.05
mean 19.88 3.48 28.68 3.64
median 11.80 3.00 23.04 1.38

3.3. Mercury levels in plant tissuesSea weeds were collected from 6 sites during tee w
season only, and the determined THg concentraiiongt tissues ranged from 105 ngtg 237
ng.g* (Table 5). These measured THg concentrations vesverlthan values reported for most
aquatic plants collected from salt marshes. Fomgit@, THg levels in wetland plants analyzed
by Windham et al. (2003), ranged from 332.8 to 84@j". In contrast, in non polluted coastal
water bodies, Lewis et al. (2004) measured THg eofrations (31 to 50 ng-y that were much
lower than those determined in this study. The rdd@tetion of the bioconcentration factor
(BCF) defined as the ratio of THg concentrationséa weeds to THg in water gave values in
the order of 1Hto 1F (Table 5). These calculated BCF values are mughehithan those

17



reported by Lewis et al. 2004 (from 110 to 772)] anggest that despite the observed low THg
and MeHg concentrations in water and sedimentefsthdied systems, bioaccumulation of Hg
does occur. Therefore, organisms feeding on these weeds could accumulate Hg.

Unfortunately we did not obtain biological tissugther than the analyzed plant materials. No
relationship was found between Hg levels in seadweand sediments or water samples
collected from corresponding sites. However, desghie lack of strong relationships between
either water and plant THg or sediment and plang,TtHe calculated BCF values suggested a
clear tendency for Hg bioaccumulation. Since THgas necessary equal to the bioavailable Hg
fraction, the poor relationships described aboveldcde due to Hg speciation and levels of
bioavailable fractions in both water and sediments.

Owing to the restrictive root mechanism, Hg in péatends to concentrate in roots
(Gracey and Stewart, 1974a, Bony, 1971, De et 8b1&reger, 2005). Windham et al. (2003)
found that 70 t0100% of the metal concentratiorwbble plant was contained in the roots.
Based on this observation, we speculate that highley levels are probably bio-accumulated in
these sea weeds and this was likely not capturedldseonly leaves were analyzed in this study.
This preliminary investigation needs to be followmda well designed study to look at both Hg

speciation in these plants and Hg levels in aguaanisms that feed predominantly on them.

Table 5: THg concentrations in sea weeds in ng/g on weghtebasis and bio-concentration factors

(BCF) determined as ratio of THg concentrationlanptissues over THg level in water

Sea weeds collected THg in water THg in Sea grass

gaer?]rpﬁ?r?gliﬁggﬁed (#) expressed (ngQy (ng.g'.wet weight) BCF (THg)

Horn Big Lagoon (#12) 0.00355 172.0 4.85%X10
Horn Garden (#14) 0.00238 111.9 4.70 % 10
PB-Lagoon (#15) 0.00264 237.1 8.98 X 10
PB-West Pond (#16) 0.00177 199.7 1.13% 10
PB-interior (#17) 0.00088 153.9 1.75 X10
East Ship (#18) 0.00311 105.9 3.41%10
West Ship S(19) 0.00208 196.8 9.46 X 10

3.4. Potential rates of Hg methylation and MeHg desethylation. Determined
potential rates of Hg methylation (M), and MeHg d@hylation (D) as well as calculated M/D
ratios are given in Table 4. Potential rates of idet¢methylation ranged from zero to 19.75%
and potential rates of Hg methylation ranged frarozo 3.46%. M/D ratios have been widely
used to compare the relative rates of Hg biotransdtion from different environment types (e.g.
Ramlal et al., 1986; Pak and Bartha, 1998; Warheail.£2003). M/D ratios determined in this

study ranged from zero when no Hg methylation waseoved to 2.554. Note that only one site
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(PK #1) in Florida had a M/D ratio >1. For evernheit tested sediments, the determined M/D
ratios were <1 and orders of magnitude lower thenabove mentioned maximum value. The
assumption when using the M/D approach has bedrthtbadetermined ratios would correlate
with the observed ambient MeHg concentrations ay tepresent the net balance of the co-
occurring processes of Hg methylation and MeHg dbwation. Unfortunately, our
experimentally generated M/D ratios did not coteelaell with ambient MeHg concentrations
determined on sediment sampl@gthough factors controlling the net product of MdaD
remain poorly understood (Mason and Benoit, 203} possible that in this study, M was
maintained to very low values due to the additibrilimg of Hd" per Kg of sediments with
ambient THg concentration low ppb range (i.e., 80mg/Kg). This significant increase in
sediment THg concentration could have altered ¢aénsent response by affecting the microbial
population structure. In addition, the active sidfaeduction characteristics of the studied
sediments (based onp®l smell) could be an indication of abundant sulfigands that reduce
Hg bioavailability to Hg-methylating agents via rization of insoluble HgS complexes (Ullrich
et al., 2001). Also, the sediment organic matteteat which tends to enhance methylation rates
(Furutani and Rudd, 1980, Wright and Hamiltion, 298allister and Winfrey, 1986) was quite
low in most of our sediment samples (Table 4). ndther hand, the use of only 0.01 mg of Hg
added as CHHQCI per kg of sediments resulted in much highetepial rates of MeHg
demethylation. This could also be due to the fhat D is rather less dependent upon aerobic
and anaerobic conditions, and more dependent uigbnplid (>7) common to these investigated
systems (Matilainen, 1991). Overall, the M/D ratitetermined in this study compare quite well
with values reported for aquatic sediments by Gumand Henry (1991). Overall, for sediments
with such low ambient THg levels, the use of tratable isotopes to determine M and D would
have been ideal (Hintleman et al., 1995, Rodrigetedd., 2004). Nevertheless, based on obtained
data, it is likely that the production and accurtiola of MeHg should be very limited in these
systems and our experimental data support moshefobserved low ambient MeHg levels
determined by direct analysis of samples collettmah the study sites. Recent reports show that
the accumulation of Hg in biota, particularly isHitissues of aquatic systems with no known
Hg point source, is usually not correlated to Mdéigels in sediments (Warner et al. 2005). This
lack of direct relationship finds its explanationthe complexity of the bioaccumulation process
and to the poorly known number of steps and meshasithat lead to the transfer of Hg from

sediment following sedimentary biotransformationrmafrganic Hg to MeHg to biota.
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Table 6: Potential rates of Hg methylation (M) and MeHg démgkation (D) and M/D ratios.

Location Demethylation (%) Methylation (%) M/D rati
PK P1 0.13 0.33 2.554
PK P2 10.05 0.43 0.042
PK-2'S 19.10 0.14 0.007
PK-3S 17.21 0.12 0.007
PK3 Marsh 18.38 0.69 0.038
NLO Shallow P 112 0.13 0.120
NLO Beaver P 17.49 0.26 0.015
NLO-2 P 0.00 0.12 -
NLO-3 S 19.03 0.00 0.000
FP P1 19.75 0.24 0.012
FP P2 0.00 0.21 -
PB WestP 9.45 0.41 0.043
PB WestS 10.94 0.11 0.010
PB InteriorP 1.56 0.17 0.110
PB InteriorS 451 0.00 0.000
PB LagoonP 6.03 0.00 0.000
PB LagoonS 4.63 0.00 0.000
Horn GarderP 9.86 0.11 0.011
Horn Garders 19.21 0.09 0.005
Horn RangeP 1.01 0.05 0.054
Horn RangefS 6.39 0.00 0.000
Horn Big LagoorP 3.26 0.06 0.018
Horn Big LagoorS 2.25 0.02 0.011
East ShigP? 16.53 0.31 0.019

S = seashore; P = inland ponds

4. CONCLUSIONS AND RECOMMENDATIONS

This preliminary examination of Hg levels and spé&on in different environmental
compartments of the studied park has shown thatrnwsediments, and aquatic plants in the park have
relatively low THg and MeHg and can be considered-polluted based on background values reported
in the literature, as well as the safe guidelirigeda for water and sediments. However, fish whty
levels above the World Health Organization (WHOfeslmits have been recorded in many aquatic
systems where Hg levels do fall within the so-chlleackground levels. This is because the
bioaccumulation of Hg depends not only on Hg levielg also on site specific conditions. Based da da
obtained in this study, the ability of sampled seghits to produce and accumulate MeHg appears to be
low. Therefore, one could anticipate a relativaebyvlHg bioaccumulation in biota of these coastal
environments. However, and as stated above, theplegity of Hg bioaccumulation and
biomagnification in aquatic food chains may notanp the above conclusion (Gorski et al., 2003). We
therefore recommend an investigation of Hg levaldish and shellfish as the only effective way to

address the issue of fish contamination in thesatsmsystems.
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APPENDICES

Appendix A: Graphic representation of THg data in water abdld from sampling sites in
Florida. March, 2004
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Appendix B: Graphic representation of THg data in water @déld from sampling sites in
Florida. August, 2004
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Appendix C: Graphic representation of THg data in water sasglollected from sampling
sites in Florida. August, 2004
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Appendix D: Graphic representation of MeHg data in water dampollected from sampling
sites in Mississippi - August, 2004
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Appendix E: Graphic representation of THg data in Sedimeattected from sampling sites in
Florida. March, 2004
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Appendix F: Graphic representation of THg data in Sedimeaotected from sampling sites in
Mississippi, August, 2004
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Appendix G: Graphic representation of THg data in Sedimealiected from sampling sites in
Florida. August, 2004
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Appendix H: Graphic representation of MeHg data in sedimenttected from sampling sites
in Mississippi - August, 2004
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