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ABSTRACT

Concentrations of cations and anions of major eteméNd, C&*, Mg*, K, CI, SQ?%) were
analyzed in the pore water of a mangrove habigite specific major element concentrations were
identified along a four piezometric well transeahich were placed in distinct geobotanic facies.
Evapotranspiration was evident in the apicum statgiven the high salinity and major element
concentrations. The station landward of an apicuas where major element/Ctatios standard
deviations are greatest, suggesting intense indsitgenesis. Molar ratios in the most continental
station (4) are significantly lower than the neaffeshwater source, indicating a strong influente o
sea water flux into the outer reaches of the mamgezosystem and encroaching on the Atlantic rain
forest. Indeed, the SBICI~ and CAY/CI™ ratios suggest limited SO reduction and relatively high
C&*/CI” ratios indicate a region of recent saltwater atmta

Resuwmo

As concentracdes dos elementos maiores, (@', Mg?*, K', CI, SQ?) foram analisadas na agua
intersticial de pocos piezométricos localizados difarentes facies geobotanicas ao longo de um
transecto num ecossistema de manguezal na Baikgpé&t# — Rio de Janeiro. Maiores salinidades e
concentrag6es dos fons maiores sdo evidencias apmteanspiracdo no facies apicum. Ainda no
apicum foram observados os maiores desvios padid@zfio elemento/CHurante o periodo do
estudo, indicando intensa diagénese in situ. Raxnidsres no piezdmetro, localizado na borda do
manguezal foram consideravelmente menores do tpreeade agua doce, indicando forte influéncia
do fluxo de 4gua marinha. Os resultados das ramfares, SGF/CI” e C&'/CI” na borda do
manguezal adjacente ao continente sugerem limitadacdo de S enquanto os valores
relativamente altos na razao%2&l" indicam contacto recente com agua marinha.

Descriptors Evapotranspiration, Groundwater, Major elementétib; Diagenesis.
Descritores Evapotranspiracg@\gua intersticial, Raz&o elemento principal/Cl, dfaese.

INTRODUCTION diagenetic reactions in coastal wetlands have been
documented (MOORE, 1999; SILVA-FILHO et al.,
Fluid inclusions are used regularly to gain2009; SOTO-JIMENEZ; PAEZ-OSUNA, 2010).

insight on composition of wetland pore water in sMajor element concentrations of cations and anions
wide range of geological environments (SHEPHERDNay be used to indicate the mixing among water
et al., 2000), including mangrove ecosystems (Ridfasses and water source. ' )

and Stieglitz, 2002). Elevated concentrations afjom As chloride is conservative in most
element (Cl, SO, N&', K, Mg?*, and C&) may be diagenetic and biological reactions, the ratio tuf t
brought about by diagenetic reactions in mangrovglement with other solutes, e.g., major element/Cl
ecosystems, where fresh water and sea water inter4@tios, may be used to define subtle changes ierwat
(SILVA-FILHO et al., 2009). Such geochemical composition, indicative of a changing source (RAO et
reactions may be heightened in tropical coastddl» 2009 ). The aim of this manuscript is to e
systems where mangrove forests may increase galinie ability of major element/Cl- ratios in pore wate
of shallow pore water through extensive@long a transection within mangrove zones, indieati
evapotranspiration, as salinity commonly increase8f source. We propose the use of major element/Cl-
beyond sea water values (MCGOWAN; MARTIN, ratios in pore water, directly influenced by spiecif
2007). The relationships between submarin@€ochemical processes taking place. within a zone
groundwater discharge, relative sea level rise anghere fresh pore water and sea water interact.
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Srupy AREA separate sub-watersheds. The region is under a hot-
humid tropical limit with the mean annual
Sepetiba Bay is being located at |0ngitudé:>recipitation ranging from 1400 mm to 2500 mm. The
44°W; latitude 23°S, near Rio de Janeiro, city (Rig. bay_ is surrounded by ‘mangrove forests where
The bay is approximately 305 Rrand extends 40 km environmental preservation and urban areas
from east to west and 20 km from north to soutre Theorrespond to 20% and 9.2% of the catchments,
drainage basin has catchments of 2617 with 22  respectively.
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Fig. 1. The location of the study area is on a dasgion of Rio de Janeiro State (Brazil). Thensrection composed by four
sampling stations across a mangrove ecosystemhdiimontal distances between stations were 30 m.
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MATERIAL AND METHODS shown on Table 1. Both cation and anion
concentrations are greatest in station 2 wheraisali
The study area is located in Brisa Beachjs greatest. In fact the major element concemtnati
Environmental Protected Area of Sepetiba Bay, BraziNa', c&*, Mg?*, K*, CI, SQ?) are significantly
(Fig. 1). To determine the processes associatétl Wicontrolled by salinity, the statistics related b t12
dissolved major element/Cl- ratios, yearlong sangplinmonth campaign are as follow: (Nay = 16.0 + 3.7,
was undertaken in wells along a four station mav@ro rz2 = 0.98, n= 31, p< 0.05) (Eay = 0.22x + 10.3, n=
transect. The four sampling stations were across3i, r2 = 0.66, p< 0.05) (M y = 1.7x + 1.6, 12 =
differing mangrove zones: (1) lower tidal flat, 0.66, n= 31, p< 0.05) &, y = 0.38x + 0.24, r2 = 0.80,
characterized by external mangrove vegetation §Le. n= 31, p< 0.05) (Cl, y = 17.0x + 17.7, r2 = 0.98, n=
the edge of the coast, lined wipartina spp. and 31, p< 0.05) (S¢*, y = 1.0x + 0.17, r2 = 0.91, n= 31,
Rhizophora spp.) (2) upper tidal flat, characterized by p< 0.05). The average salinity varied greatly betwe
a hypersaline, unvegetaded apicum zone, (3) intemgtations 1, 2, 3, and 4 (42.80, 65.73, 5.25 an6,6.6
mangrove, mainly composed A¥icenia spp, near the  respectively). When average elemental concentrsitio
spring high tide limit and (4) inland zone, are normalized by Cl(element/CI), results appear to
characterized by a grass plain followed Awicenia  be generally conservative for specific elements'{Na

spp. The horizontal distances between stations were 39 K!*) along the four station (n=4) of the transect:
m. Fresh river water and sea water were also ¢etlec Na*/CI" (12 = 0.85); C&/CI™* (12 = 0.80); Mg2/CI" (r2

near the study site throughout the year and andlyre = 0.23); K*/CI* (12 = 0.69); SQ*/CI" (r2 = 0.28).
the same batch as the samples taken from the wells. Specific spacial values worth noting are the'(@i”

~ Water samples were collected at each statiognd SQ?*/CI™ ratios in station 4, being generally
from piezometers wells between January an DecembRigher than the other stations (Fig. 2). In terrhthe
of 2003. The PVC piezometric wells were covered byear long sampling, the major element/QGiatio
the 63um membrane, to prevent suspended materiglverages varied greatest in station 3, excluding”SO
from entering the wells, and inserted to a two mete/C|™ in station 4 (Table 2). As mentioned above,
depth. The water samples were collected from thetation 2 showed the highest salinities, increasmép
piezometric wells using 3 m long tubes and syrirtges twice to that of sea water.
extract the pore water. The pH values were detexthin
using a OAKTON probe. Salinity was determined DiscussioN
during each field trip with hand-held YSI sensdihe . .

. L ’ The major element concentrations and

samples were filtered in situ onto a d filter (GFC . . . .

A . element/Cl ratios found along the intertidal gradient
glass fiber) and were stored in 60 ml polyethylen%re comparable to the values found in Silva-Filho e
bottles, transported to the laboratory in a coof and

, o : al., (2009) and McGowan and Martin (2007).
stored at fridge temperature (4°C) until analySéz Excluding C&"/CI"and SQ*"/CI", specific ratios along
major element concentrations were determined by

L atﬁe study area are distinctly similar. In contrasajor
ionic chromatography (SHIMADZU LC-10AD). mentyconcentrations (%acé+ Mg?* K*maér
2

Precision was determined by measuring a standa%!(e) ) show differing distribution gradients, havin
after every tenth sample and assessed by calaylatiiy, 9 9 ’ 9

the coefficient of variation (standard deviationided site  specific elemental _signatures significantly

by the average value). The coefficients of theatam mflgenced by salinity (Fig. 2.)' The high §allnﬁ|a!1d
were ~1% for Naand Mg* and ~2% for K, and C&" major element concentrations found in station 2
concentrations ’ correspond to the the open areas within the apicum,

suggesting active evapotranspiration in this iidart
region of the mangrove ecosystem. From the molar
ResuLTs ratios and concentrations measured in the fouiostat
along the year, are for the most part, considgrab
To define the study area of this work as gower than values found in nearby river water (€abl
mixing zone, a fresh water endmember wagnd 2). Considering the ocean water endmember,
established by taking river samples. As sea wat@hese values indicate a strong influence of se@mwat
values vary little, multiple sampling was deemedfux into the mangrove ecosystem pore water, even i
unnecessary. The endmember results represent # outer limits of the tidal flat where salinitg i
perspective extreme values of the water masseglatively low. The relatively high salinity in theore
coming into contact within the region where fresiep  water from within the intertidal region, specifityain
water and sea water meet.  The endmembefation 2, and levels of major element concentmatio
concentrations measured in this study were igfcations and anions (NaCa2+, Mg?f, K*, CI, SQZ-),
agreement with local fresh water and sea wateregalu gre indicative of saltwater intrusion into the manwg

(Tables 1 and 2). Major element concentrationgore water (SILVA-FILHO et al., 2009 ).
(Na", c&*, Mg®", K*, CI, SG?), pH and salinity are
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Table 1. The results obtained for salinity pH amel & major elements analyzed in the four statibreugh monthly samplings
over a year. Sea water reference values are asemted.

Station Date salinity pH éa Mg* Na' K* cr SO
2003 mM mM mM mM mM mM
jan 40 8.19 19.1 79.3 664.7 25.7 732.1 40.5
fev 40 7.26 18.0 72.2 736.9 24.9 850.2 35.8
mar 50 791 18.2 72.2 704.3 25.7 857.7 43.6
abr 45 7.61 18.2 70.3 742.4 13.9 790.6 45.9
1 mai 40 *NA 19.2 71.1 657.8 13.7 769.3 46.6
jun 46 6.91 18.4 68.9 733.7 13.5 841.4 40.2
ago 46 7.28 18.0 68.2 813.4 19.0 841.7 33.6
out 36 6.89 17.0 59.9 740.0 17.6 778.3 38.7
nov 37 6.89 17.4 64.1 733.1 18.1 829.0 28.0
dez *NA *NA 18.0 68.0 735.1 18.6 789.6 30.1
jan 60 7.93 26.1 126.9 981.2 31.4 1136.2 70.6
fev 63 6.85 24.4 108.7 1060.3 29.9 1132.3 97.4
mar 68 6.37 25.0 119.8 1093.0 31.4 1156.6 61.3
abr 63 7.1 26.8 109.9 1044.2 16.9 1225.1 77.3
2 mai 70 7.42 25.9 110.9 988.4 16.6 1162.5 67.1
jun 70 7.00 29.3 110.8 975.9 16.6 1060.5 63.5
ago 70 7.00 25.6 106.5 1096.2 22.0 1191.1 61.7
out 63 6.56 27.4 115.1 982.7 22.0 1185.9 63.6
nov 65 6.7 24.8 119.4 1083.0 27.3 1288.3 67.0
dez *NA *NA 25.3 113.6 1071.5 22.3 1116.6 67.9
jan 4 *NA 0.0 30.0 224 .4 8.6 244 .4 8.0
fev 5 7.74 3.0 6.0 535 1.4 64.9 2.8
mar 10 7.3 11.2 21.4 88.1 5.0 150.7 5.9
abr 6 7.37 6.4 10.9 77.0 1.2 97.4 3.8
3 mai 3 7.82 2.7 5.1 51.6 0.3 63.6 1.8
jun 2 7.8 1.3 2.6 25.1 1.3 29.5 1.2
ago 7 *NA *NA *NA *NA *NA *NA *NA
out 4 7.13 8.4 12.6 127.2 2.7 157.5 6.5
nov *NA *NA *NA 1.9 32.8 0.9 34.0 1.1
dez *NA *NA *NA *NA *NA *NA *NA *NA
jan 8 8.12 19.3 12.6 102.1 1.9 1335 9.9
fev 7 6.91 16.6 8.8 99.8 1.4 124.7 8.5
mar 7 *NA *NA *NA *NA *NA *NA *NA
abr 7 7.37 16.0 7.2 81.8 1.2 112.4 8.8
4 mai 7 7.39 16.9 7.4 89.0 1.2 119.3 8.8
jun 7 6.9 17.8 7.9 92.8 1.2 125.6 11.1
ago 6 6.9 14.5 6.3 95.4 0.9 117.5 8.8
out 8 6.57 15.8 6.6 103.3 1.0 123.7 8.4
nov 6 9.03 19.9 9.0 98.2 1.3 132.2 12.1
dez 7 *NA 20.9 10.4 99.0 1.4 130.1 10.1
Sea 34 8.89 10.1 47.0 451.8 8.8 544.3 19.7

*NA — data not available

Table 2. Average major element/Chtios and the standard deviatiaons (N betwesmd710) in the four study stations and in the
freshwater and ocean water endmember values. Qean chemical composition was consistant theeeftandard deviations are
not shown.

point cg’ cr Stdev Mg?/ CI  stdev Na'*/ CI stdev K Cr stdev SOZ/ClI stdev
1 0.022 0.002 0.086 0.009 0.899 0.045 0.024 0.006 .0470 0.009
2 0.022 0.002 0.098 0.007 0.891 0.049 0.020 0.005 .0600 0.010
3 0.054 0.013 0.099 0.024 0.779 0.097 0.022 0.014 .03 0.005
4 0.141 0.011 0.068 0.013 0.770 0.037 0.010 0.002 .0770 0.008

river 0.278 0.070 0.160 0.022 1.180 0.221 0.057 30.0 0.070 0.024

ocean 0.019 0.086 0.830 0.016 0.036
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Fig. 2. Average major element concentrations (ednly Cl and Na) against average salinity valuemfro
the four studied stations.

The site specific salinity variations indicate adetermine the mass fluxes associated to specifjorma
differing sea water intensity within the pore watdér element concentratiaons, it is important to unadeict
each zone, likely triggering geochemical processethe mechanisms that could alter the compositiahef
along this intertidal system. The high salinities i pore water, likely discharging into the Sepetiba Bay
station 2 demonstrate that some of the saline wster recirculating groundwater (MOORE, 2008). This is
stagnant and exposed to evapotranspiration. Tiecause geochemical processes within this mixing
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zone may alter the pore water composition (SANTO$eochemical processes associated to salt water
et al., 2008), which is of interest, particularlgcdause intrusion in mangrove pore water. As there is & lafc
pore water discharge to Sepetiba Bay has beetudies dealing with pore water geochemistry in
reported to be considerably high (SMOAK et al.mangrove habitats, there is a limited amount of
2006). Besides salinity, sea water pH may alsp ala literature available for comparative purposes. The
role in the cation and anion concentrations in theesults of this study provide an outline for future
stations of this study (Table 1) (MCGOWAN; studies on some of the geochemical processes
MARTIN, 2007). Given the relationship betweencontrolling pore water chemistry in (sub) tropical
cation and anion concentrations, there appears tmb coastal wetlands where mangroves are prevalent.
relation between major element/Ghtios and salinity

(Fig. 2). Plots of the major element/Ghtios indicate CONCLUSION
that the four sites are directly influenced by the
geochemical reactions of sea water intrusion, even Considering the river water and ocean water

beyond the outer limits of the tidal flat. ) endmembers, the element/Ghtios are indicative of
Station 3 is located in an area with the

“sea water flow into the mangrove pore water, even

lowest mean saltwater concentration and is the S'E'eyond the outer limits of the tidal flat. From the
with the greatest major element/Cl-  standardation furthest inland (station 4), the S€CI~ and
deviations, varying significantly throughout theaye ~2+c ratios suggest limited SO reduction and

The concentrations and molar ratios variations @lon,relatively high C&/CI" ratios which likely indicate

the year probably reflect intense in situ diageniesisiagnant waters or reduced groundwater inflow in a
brought about through tidal pumping and/or local seregion of recent saltwater contact. The oscillating
level rise, as station 3 is likely on the front wiéresh . jinities in stations 3 and the acl” and C&'/CI”
pore water and sea water mix, as indicated by theyios in station 4 are likely caused by the retasea
oscillating low salinities. (Fig. 2) _ level rise previously reported in the study arehe T

_ Station 4, where the C4CI” ratios show reqiits of this study show some of the geochemical
relatively high values, resembling a possible stan ,cesses, such as evapotranspiration and diagenesi
region on the edge of the mangrove ecosystem, or antroI pore water chemistry in (sub)tropoical ¢abs
area of reduced groundwater inflow. As none of thgaiands where mangroves are prevalent. The
stations exhibit SE/CI™ ratios below the average processes that govern changes in the chemical

ratio obtained for sea water values (Table 2)cqmnosition of the pore water may be indicativéhef

suggesting limited S¢ reduction in station 4 goa"water intrusion, as shown by the element/Cl
sediment. Some SO reduction should occur within geochemical tracers outlined in this study.

the sediment due to the sulfide present in the pore
water (MCGOWAN; MARTIN, 2007). The high
SO/CI™ ratios may reflect reducing conditions and
metal sulfides in solution. Indeed, in stationh& t

SOZ/CI” molar ratios are higher than both ocean and This work is part of the Instituto do Milénio
river endmembers, strengthening the argument ¢£NP/420050/2005-1) and INCT-TMCOcean (573-

stagnant pore water or reduced groundwater inflow £01/2008-9). Christian J. Sanders thanks CAPES and
this site. Considering the salinity and averageeporr APERJ, Grant (E-26/101.952/2009).
water molar ratios of G&CI~ and SQ?/CI", station 4
may represent a region of recent saltwater contact.
The assumptions made is this work are REFERENCES
supported by studies indicating that Sepetiba Bay is
influenced by large ground water discharge (SMOAK ] -
et al., 2006), deterimened from Ra mass balanddCGOWAN, K. T.; MARTIN, J. B. Chemical composition
calculations, as well undergoing a relative risseg of mangrove-generated brines in Bishop Harbor,itkor

) . Interactions with submarine groundwater discharge.
level (SANDERS et al., 2008; SMOAK ; Mar. Chem., v. 104, p. 58-68, 2007.

PATCHINEELAM, 1999), as indicated through \ooRE, W. S. The subterranean estuary: a reactioe of
sediment accumulation rates in nearby mangrove ground water and sea watbtar. Chem., v. 65, p. 111—
forests. As mangrove forests are migrating inlaedrn 125, 1999.

the study site of this work, studies have indicated MOORE, W. S. Fifteen years experience in meastfifiRa
water intrusion into mangrove forests during the and “*Ra by delayed-coincidence countingar.

previous decade (SOARES et al, 2000; SOARES, Chem., v. 109, p. 188-197, 2008.

. - - o AO, M. N. et al. Fluid-evaporation records preserin salt
2011). While mangrove forest migration |nd|cate5 assemblages in Meridiani rock&arth planet. Soi.

relative sea level rise in Sepetiba Bay, the dathis Letts, v. 286, p. 396-403, 2009.
study demonstrates some of the bellow ground
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