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The fate and transport of total and methyl mercury in almost all
aquatic environments is completely intertwined with the source,
fate, and transport of DOM. (Aiken et al., 2011)

DOM flux from mangroves represents a large fraction of the
global flux of DOM to the oceans. (Dittmar et al, 2006)

Measuring fluxes in tidal systems is hard, but DOM absorbance
and fluoresence can be used to quantify the flux of mercury and

methyl mercury in tidal wetlands. (Bergamaschi et al., 2011,
Bergamaschi et al., 2012)




Problem(s)

* |n coastal SW Florida, there is high mercury in
fish, but.....

* Not from inflows (Rumbold et al. 2010)
* MeHg might be from sediments (Rumbold et al. 2010)

* Flux of DOC and Hg from mangroves is not
well constrained (Bouillon et al. 2008)

Could the flux from mangroves into
coastal waters be significant?




DOC flux from mangroves represents 10% of the terrestrial
DOC flux to the oceans, even though 0.1% of area — DOM flux

approximately the same as the Amazon DOM flux (Dittmar et al.
2006)

MeHg is the form of mercury that bioaccumulates in food
webs.

Mangroves swamps represent ideal conditions for
methylation of mercury.

Mangroves have among the highest leaf tissue concentrations
of THg and MeHg (Ding et al. 2011)
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e Lab  |n Situ

(discrete samples at (continuous measurements
stations indicated on map) at Gunboat Island)
— DOC — Discharge
— Full absorbance and * ADCP
fluoresence * Rated
— THg — FDOM (ex370 em420)
— MeHg * WetlLabs Wetstar
— Stage
— Salinity

— DO, pH, temperature



September 2010 April 2011

22
20
18
16
14
12
10

DOC

O
S

Seawater

oN MO

Dissolved Organic Carbon (mg L™)

2.5
Estuary 2.0
addition 15

SUVA

1.0

25

2.0

FTHg

o 1L .
©)) Salinity lower

05 O 1 ), Water saltier

Filtered Total Mercury (ng L™)

0.0

0.30

0

-+ 0.25

| _% O 4 0.20

o O + 0.15
O + 010

®) 1t O QI?)“ 0.05
:CD : : : —J 0.00
20 30 0 10 20 30
Salinity (ppt) Salinity (ppt)

FMeHg

(.71 Bu) AnasswiAyre N passyi4

1 1 1 E
- 8 4.0 [«
: &
i ) 35 O
> o SRR
O 10 O 3.0 g
@
ir 2
N
L al
7] B
>
4 F 3
1 1 1 1 ,'2
T T T T 3
BH
«
%%> il :
0 10



September 2010 April 2011

DOC

PRBRRENN
ONDMOOONDMO®DOON
1
T
1
T

Dissolved Organic Carbon (mg L'l)

+ 3.0

SUVA ' e e

(I_:) SUJT_U.I 7) WuyGZ Te aaueqglosge AN duoads

g 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1-0

‘_l' 2-5 T T T T T T T T T T T T T T

-

2

= 2.0 + @ 1F -

>3

(&) £ 4 L .

g 1° @ @)

= 1.0 o @ %)

g . ® ® ©

[t X J ®

= 05 1t .

P

— 0.0 1 1 1 1 1 1 1 1 1 1 1 1 1 1

LL T T T T T T T T T T T T IOI 0-30
- 1t + 0.25

| &1l o 1
FMeHg | i S

- ® 1k .. o + 0.05

:.:.: : —“':-:':-0.00

40 60 80 100 120 140 20 60 100 140 180 220
Fluorescent Dissolved Organic Matter (QSE) @
T T T T T T I T T T T
6 8 10 12 14 16 O 5 10 15 20
Modeled Dissolved Organic Carbon (mg L™)

(;.7 6u) Andsswihyre passi4




DOC

FTHg

FMeHg

Predicted Dissolved
Organic Carbon (mg L'l)

Predicted Filtered
Total Mercury (ng L'l)

Predicted Filtered
Methyl Mercury (mg L'l)

September 2010

April 2011

Observed Dissolved Organic Carbon (mg L~

8 10 12 14 16 5 10 15 20
1
)

0.0 T T T T T T T T T T T
0.0 0.5 1.0 1.5 2.0 2.50.0 0.2 0.4 0.6 0.8 1.0 1.2 14 1.6
Observed Filtered Total Mercury (ng L'l)
0.20
0.15 4
0.10 A |
- L
0.05 - . g
0.00 - . . I
0.00 0.05 0.10 0.15 0.200.000.050.100.150.200.250.300.35

Observed Filtered Methyl Mercury (mg L~

D)

0.0

0.30

0.25

0.20

0.15

(7.1 6w) uogred aiuebio

(T_-| Bu) AnaJs|A [e10L

(T_-| Bw) AinaJs [AyIBIN

paJalji4 pajoIpald POA|OSSIQ PaRIPald

paJali4 pajIpald



Gunboat Island September 2010

14 4 .
12 - I

Modeled
10 h

8 25
- 20 w
o

. L 15 =
Variability . ;D '

- 0

DOC (mg L1y

(pdd} Ay

2000

4 f \uﬂumuﬂuﬂumuﬂuﬂUﬂuﬂuﬂvﬂvﬂwmwﬂvﬂ“m”ﬂv[ W

-a000 +
-12000

Discharge (cfs)

-1
L 0
- -1

1 1 1 1 1 1 1 1 _E
50 ,
gg . J Rain event
D | 1 i_.. 1 -j 1 1 1 1 u |-.- 1 1

I I
Mon 20 Tue 21 Wed 22 Thu23 Fri24 3at25 Sun 26 Mon 27 Tue 28 Wed 25 Thu 30 Fri 01

() Wbiay abeo

Freciptation {mm)



Filtered Total
Mercury (ng r-Hv

AN @ —H dH o

O© < AN O oo
—

Gunboat Island September 2010

0.24
0.18
0.12 -
0.06
0.00

— —
6 6
AH-._ u) AH-._ w) D0d

AnoiswAYy1anN
paJalliH



DOC (mg)

Gunboat Island September 2010

1.6e+11 2.5e+9
1.4e+11

. - 2.0e+9
126411 - - Some differences -

Similar rates of accumulation
1.0e+11 1 L 1.5e+9
8.0e+10 -
6.0e+10 - - 1.0e+9
4.0e+10 A
L 5.0e+8

2.0e+10 - ;
0.0 - | | L 0.0
-2.0e+10 T T T T T T T T T T

Mon 20 Tue 21 Wed 22 Thu 23 Fri24 Sat25 Sun 26 Mon 27 Tue 28 Wed 29 Thu 30 Fri 01

Filtered Methylmercury (ng)

2.5e+10

2.0e+10

1.5e+10

1.0e+10

5.0e+9

0.0

Filtered Total Mercury (ng)



Gunboat Island

Salinity higher

September 2010

40 M A T .
salinity || [ i , Water Height lower
—— Gage height | Area of inundation less
930 - I Precipitation - Q
o B «Q
R ®
220 1 T L 03
£ &
I i =
P 10 1 - BC
L )
0 T T T T T T T T T T T T T T T
14 - i Lower concentrations
2 12 - - Pattern shift
c
D 510 - - - 0.20
OE 4. |
T c -] - 0.15
= 8 6 - -
35 - - 0.10
4 4 i
920 DOC
0 2] — FTHg S WWVMW\/W\/\/M/W\/V\/V\,_ 005
FMeHg
0 T T T T T T T T T I e e e e LA S e e S 0.00
4e+9
1.2e+11 - DOC B
g 1.0e+11 4 = FTHg e - 3e+9
%’g\ 8.0e+10 FMeHg -
O = 6.0e+10 - M- - 2e+9
T S 4.0e+10 -
g a* € . - le+9
S @ 2.0e+10 - .
38" MWW |
2 .
-2.0e+10 A _
-4.0e+10 T T T T T ] T T T T T T T T T T T T T T i _1e+9
Mon 20 Fri 24 Tue 28 Mon 04 Fri 08 Tue 12 Sat 16 Wed 20

April 2011

(;.1 Bu) AinosawiA

(6u) AuinasswijAylan

paJtalid

T
[0}
o

100
120
140

paJali4

) uonrendioaid

3

N—r

r 2.5

2.0

P [
o (6]
(;.1 Bu) Ainosaiy
[e101 paJslid

o
o

- 0.0

2.5e+10
2.0e+10
1.5e+10
1.0e+10
5.0e+9
0.0
-5.0e+9

(Bu) Ainois N

[e101 paJal|id



* Integrates over a broad area

* |Integrates over long time scales (multiple
tides, spring-neap, seasonal, etc.)

e Captures events and ephemeral processes
(storms, rain, wind direction, changes in
barometric pressure, etc.)



e DOCwas 180+ 12.6 gCm2yr.

— Compares well to the 44 to 381 g C m2 yr! range summarized in a recent
review (Bouillon et al. 2008).

 FTHg was 28 £ 4.5 ug m=2 yr,
— Among the highest previously reported for FTHg flux in wetlands (Shanley
et al. 2008; St Louis et al. 1994; Krabbenhoft et al. 1995)
— Higher than atmospheric deposition — likely from canopy capture (Ding et

al. 2011).

* FMeHgwas 3.1 +0.4 ug m2yr,
— 10x — 100x generally reported values (e.g. Schwesig and Matzner 2001;
Shanley et al. 2008; Brigham et al. 2009).

— Near the previously published value of 2.5 ug m2 yrfor tidal tule wetland
(Bergamaschi et al. 2011)



How big could fluxes of DOC, Hg and
MeHg from mangroves be in
comparison to other sources?

* Extrapolated over 1400 km? of mangroves in SW Florida
* Compared to 5000 km? of coastal waters

Source DOC Total Methyl
Mercury Mercury
Mangroves 250 MT 55 kg 6.5 kg

YL IMENIAVEIC S 750000 MT - 0.6 kg
Rainfall Negligible 130 kg Negligible

Mangrove % <1% 30% 90%



Tidal pumping from mangroves is important
— Should be included in regional budgets
FDOM is a good proxy, easily measured in situ.
— Continuous measurements are possible

Tidal systems are dynamic — cannot extrapolate
from one or a few tides and get the right answer.

— Need continuous measurements

Large fluxes of MeHg from mangroves
(if proven out by future studies) may help explain
high concentrations in coastal fish in GOM

— Need long term studies
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