Methylmercury in Freshwater Fish Linked to Atmospheric Mercury Deposition
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By Chad R. Hammerschmidt and William F. Fitzgerald

Figure and Table Captions for Supporting Information

Table A. Summary statistics for methylmercury (MeHg) in fillets of largemouth
bass (30-40 cm total length) from the 39 states that were included initially
in the 1999 U.S. EPA database (1). All concentrations were measured
and reported as total Hg, which is presumed equal to MeHg (2).

Table B. Wet atmospheric Hg deposition fluxes for the 25 states with
largemouth bass methylmercury data (i.e., Table A). Values in
parentheses are one standard error of the mean.

Table C. Mean (x 1 SE) annual precipitation depth, wet atmospheric fluxes of
sulfate and acid, air temperature, and surface water pH for the 25 states
with largemouth bass methylmercury data (i.e., Table A). All atmospheric
deposition results are from the National Atmospheric Deposition Program
(20), air temperature is the annual mean, typically among multiple
locations in each state, between 1971 and 2000 (21), and pH values are
summarized from the U.S. Environmental Protection Agency STORET
database (22).

Figure A. Temporal variation of methylmercury (MeHg) in largemouth bass
(3040 cm total length) from four Michigan lakes (22). Error bars are one
standard error of the mean.

Figure B. Temporal patterns of methylmercury (MeHg) in largemouth bass
(30-40 cm total length) from Louisiana (a) bayous, (b) lakes, (c) rivers,
and (d) reservoirs where fish MeHg levels have been surveyed for more
than seven years (24). Error bars are one standard error of the mean.

Figure C. Temporal variation of wet atmospheric mercury fluxes at fifteen
locations in the United States where eight or more years of Hg deposition
data is available; (a) northeast and (b) southeast locations, (c) Minnesota,
(d) Wisconsin, and (e) western states. Values for the Vermont site (VT)
are from Keeler and co-workers (19), whereas all other deposition
information is from the Mercury Deposition Network (15).



Figure D. Relation between weighted-mean concentration of MeHg in fillets of
largemouth bass (30-40 cm total length) and average annual wet
atmospheric deposition of total Hg among states where periods of fish and
atmospheric Hg sampling coincide: IA, lowa (1996-2004); KS, Kansas
(1998); LA, Louisiana (1999-2000); MI, Michigan (1992-1994); MN,
Minnesota (1996-1997); NH, New Hampshire (2001); NY, New York
(2002); OK, Oklahoma (1996-2003); VT, Vermont (1993-2003); WA,
Washington (2001-2002); WV, West Virginia (2001-2003). Results for
NH (shown circled; see text) are not included in the regression analysis.
Error bars are + 1 SE.

Figure E. Relation between weighted-mean concentration of MeHgq in fillets of
largemouth bass (30—-40 cm total length) and the fraction of water bodies
in each state that are either (a) lakes, (b) reservoirs, or (c) rivers among
the 25 American states considered in this analysis: AL, Alabama; AR,
Arkansas; CA, California; CT, Connecticut; FL, Florida; GA, Georgia; IA,
lowa; KS, Kansas; KY, Kentucky; LA, Louisiana; ME, Maine; MA,
Massachusetts; MI, Michigan; MN, Minnesota; NH, New Hampshire; NJ,
New Jersey; NY, New York; NC, North Carolina; OK, Oklahoma; OR,
Oregon; TX, Texas; VT, Vermont; WA, Washington; WV, West Virginia,
WI, Wisconsin.
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Table B. Wet atmospheric Hg deposition fluxes for the 25 states with largemouth
bass methylmercury data (i.e., Table A). Values in parentheses are one standard
error of the mean.

Wet Hg
deposition

State Location (MDN site) Sampling period (g m2y™ Reference

AL Baldwin County (AL02) 06/05/2001-06/08/2004 20.2 15
Bibb County (ALO3) 06/20/2000-06/22/2004 11.6 15
Mobile County (AL24) 05/22/2001-05/25/2004 14.0 15

AL mean 15.3(2.6)

AR Adair County, east OK (OK99) 05/06/2003-05/04/2004 141 15
Franklin Parish, north LA (LA10) 10/13/1998-04/13/2004 14.7 15
Stoddard County, south MO (MO46) 04/02/2002-03/30/2004 13.4 15

AR mean 14.1(0.4)

CA Santa Clara County (CA72) 01/11/2000-01/13/2004 2.9 15
Tulare County (CA75) 07/22/2003-07/20/2004 3.1 15
Mendocino County (CA97) 12/23/1997-12/21/1999 4.3 15
Moffett Field, Santa Clara County 01/2000-03/2001 4.4 16
Long Marine Lab, Santa Cruz County 02/2000-03/2001 4.0 16

CA mean 3.7 (0.3)

CT Mean value for four locations 12/13/1995-04/14/1997 8.0 (2.0) 17

FL Broward County (FLO4) 01/06/1998-01/06/2004 20.2 15
Citrus County (FLO5) 07/01/1997-06/29/2004 14.6 15
Dade County (FL11) 03/05/1996-03/09/2004 20.0 15
Orange County (FL32) 09/05/2003-09/07/2004 16.7 15
Palm Beach County (FL34) 07/08/1997-07/06/2004 15.7 15

FL mean 17.4(1.1)

GA Charlton County (GA09) 07/29/1997-07/27/2004 13.9 15

Paulding County (GA40) 06/13/2000-06/15/2004 13.6 15
GAmean 13.7(0.1)

1A Redwood County, south MN (MN27) 07/02/1996-06/29/2004 7.3 15

KS Routt County, north CO (CO97) 09/29/1998-09/28/2004 7.7 15
Montezuma County, south CO (CO99)  12/26/2001-12/30/2003 4.2 15

KS mean 5.9 (1.8)

KY Edmonson County (KY10) 09/10/2002-09/07/2004 11.2 15

LA Calcasieu County (LAO5) 10/13/1998-04/13/2004 11.7 15
Franklin Parish (LA10) 10/13/1998-04/13/2004 14.7 15
Rapides Parish (LA23) 02/06/2001-08/03/2004 14.7 15
Tangipahoa Parish (LA28) 10/13/1998-04/14/2004 12.5 15

LAmean 13.4(0.8)

ME Cumberland County (ME02) 06/10/1997-06/08/2004 6.4 15
Piscataquis County (MEQ9) 09/03/1996-08/31/2004 5.5 15
Cumberland County (ME96) 01/06/1998-01/06/2004 7.4 15
Hancock County (ME98) 03/05/1996-03/02/2004 7.3 15

ME mean 6.6 (0.4)

MA Barnstable County (MAQ1) 07/29/2003-07/27/2004 7.7 15

Ml Pellston, Emmet County 03/1992-03/1994 5.7 18
South Haven, Van Buren County 03/1992-03/1994 111 18
Dexter, Washtenaw County 03/1992-03/1994 8.9 18

MI mean 8.5 (1.6)

MN Itasca County (MN16) 02/27/1996-02/24/2004 8.0 15

Lake County (MN18) 03/12/1996-03/09/2004 6.7 15



NH

NJ

NY

NC

OK

OR

X

VT
WA

\WAY

Wi

Mille Lacs County (MN22)
Morrison County (MN23)
Redwood County (MN27)

Belknap County (NHOO0)
Rockingham County (NHO5)

Montgomery County, east PA (PA60)
Pike County, east PA (PA72)

Essex County (NY20)
Pike County, northeast PA (PA72)
Erie County, northwest PA (PA30)

Columbus County (NC08)
Washington County (NC42)
Sevier County, east TN (TN11)

Adair County (OK99)
Tarrant County, north TX (TX50)
Gregg County, north TX (TX21)

Washington County (ORO01)
Lane County (OR10)

Gregg County (TX21)
Tarrant County (TX50)
Sierra County, NM (NM10)

Underhill, Chittenden County
King County (WA18)
Washington County, north OR (ORO01)

Madison County (VA28)
Greene County, southwest PA (PA37)

Douglas County (WI08)
Florence County (WI109)
Milwaukee County (W122)
Sauk County (WI31)
Shawano County (W132)
Vilas County (WI36)
Walworth County (WI199)

04/23/2002—-04/20/2004
07/02/1996-06/29/2004
07/02/1996-06/29/2004
MN mean
05/04/2001—-05/06/2003
03/27/2001-03/26/2002
NH mean
11/23/1999-11/25/2003
09/14/2000-09/14/2004
NJ mean
12/10/1999-12/09/2003
09/14/2000-09/14/2004
06/20/2000-06/22/2004
NY mean
12/05/1995-12/02/2003
02/28/1996-03/02/2004
01/30/2002—-01/27/2004
NC mean
05/06/2003—-05/04/2004
08/28/2001-08/31/2004
03/12/1996-03/09/2004
OK mean
04/15/2003-04/13/2004
12/13/2002-12/09/2003
OR mean
03/12/1996-03/09/2004
08/28/2001-08/31/2004
05/13/1997-05/11/2004
TX mean
01/01/1993-12/31/2003
12/31/1996-12/30/2004
04/15/2003-04/13/2004
WA mean
10/22/2002-10/21/2003
05/27/1999-05/25/2004
WV mean
03/12/1996-03/09/2004
03/19/1996-03/16/2004
10/03/2002-09/28/2004
01/11/2001-01/12/2004
02/12/2002-02/10/2004
03/12/1996-03/09/2004
01/07/1997-01/06/2004
WI mean

9.0
8.5
7.3

7.9 (0.4)
4.6
4.3

4.5(0.2)
10.4
9.9

10.2 (0.3)
6.9
9.9
9.2

8.7 (0.9)
12.7
9.3
15.0

12.3 (1.7)
14.1
9.5
11.4

11.7 (1.3)
3.2
6.8

5.0 (1.8)
11.4
9.5
4.6

8.5 (2.0)
9.7
7.6
3.2

5.4 (2.2)
11.2
9.6

10.4 (0.8)
7.4
7.4
8.1
9.3
8.3
8.2

10.4

8.5 (0.4)

15
15
15

15
15

15
15

15
15
15

15
15
15

15
15
15

15
15

15
15
15

19
15
15

15
15

15
15
15
15
15
15
15
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Figure A. Temporal variation of methylmercury (MeHg) in largemouth bass
(30—40 cm total length) from four Michigan lakes (23). Error bars are one
standard error of the mean.
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Figure B. Temporal patterns of methylmercury (MeHg) in largemouth bass
(30-40 cm total length) from Louisiana (a) bayous, (b) lakes, (c) rivers, and (d)
reservoirs where fish MeHg levels have been surveyed for more than seven
years (24). Error bars are one standard error of the mean.
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Figure C. Temporal variation of wet atmospheric mercury fluxes at fifteen
locations in the United States where eight or more years of Hg deposition data is
available; (a) northeast and (b) southeast locations, (c) Minnesota, (d) Wisconsin,
and (e) western states. Values for the Vermont site (VT) are from Keeler and co-
workers (19), whereas all other deposition information is from the Mercury
Deposition Network (15).
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Figure D. Relation between weighted-mean concentration of MeHg in fillets of
largemouth bass (30-40 cm total length) and average annual wet atmospheric
deposition of total Hg among states where periods of fish and atmospheric Hg
sampling coincide: 1A, lowa (1996-2004); KS, Kansas (1998); LA, Louisiana
(1999-2000); MI, Michigan (1992-1994); MN, Minnesota (1996-1997); NH, New
Hampshire (2001); NY, New York (2002); OK, Oklahoma (1996-2003); VT,
Vermont (1993-2003); WA, Washington (2001-2002); WV, West Virginia
(2001-2003). Results for NH (shown circled; see text) are not included in the
regression analysis. Error bars are + 1 SE.
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Figure E. Relation between weighted-mean concentration of MeHgq in fillets of
largemouth bass (30-40 cm total length) and the fraction of water bodies in each
state that are either (a) lakes, (b) reservoirs, or (c) rivers among the 25 American
states considered in this analysis: AL, Alabama; AR, Arkansas; CA, California;
CT, Connecticut; FL, Florida; GA, Georgia; IA, lowa; KS, Kansas; KY, Kentucky;
LA, Louisiana; ME, Maine; MA, Massachusetts; MI, Michigan; MN, Minnesota;
NH, New Hampshire; NJ, New Jersey; NY, New York; NC, North Carolina; OK,
Oklahoma; OR, Oregon; TX, Texas; VT, Vermont; WA, Washington; WV, West
Virginia; W1, Wisconsin.
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