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Memorandum

To: Cathleen DYE

CC: D. Reible, D. Constant,
From: F. Michael Saunders
Date: October 1, 1995
Subiject: R2D2 Students

We have made commitments to three MS students at GA Tech for the R2D2
program. The students and their projects are listed below. All of the students
are ex-military/DOD personnel and are in pursuit of MSEnvE degrees from
Environmental Engineering. I will soon provide you with a full background and
program of study for each.

For the spreadsheet #4 and to describe the students the following preliminary
data are provided. The funds available at this point will not provide the
funding indicated below. The available funds will provide a total of ~9
quarters of support and 9-12 are indicated below. To pursue additional
students at this time, additional funds are needed. If available, please advise
so we can be proactive in this regard.

The spreadsheet # 2 indicates an allocation of funds per projects within the
Center. It is suggested that the current TNT Project will continue as a Center
project and that it can also be listed as a DOD related project. In this regard,
two students on the project will continue and complete additional work on the
project under the R2D2 program.

An Equal Education and Employment Opportunity Institution A Unit of the University System of Georgia
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The participating students in the R2D2 program at Georgia Tech are:

Gardner Jackson MSEnvE

David Painter MSEnvE

Don Wright MSEnvE

* preliminary project assignment

TNT Remediation with Algal Cells
(Advisor: S.G. Pavlostathis)

Support = $800/mo w/ full tuition waiver
for 2-3 quarters.

Design applications of TNT remediation
(Advisor: F.M. Saunders)

Support = $1100/mo w/ full tuition waiver
for 2-3 quarters

Sediment based remediation of an Air
Force Industrial Area* (Advisor: F. M.
Saunders)

‘Support = $900/mo w/ full

tuition waiver for 5-6 quarters(as fund
availability warrants)



This material has been removed by the Georgia Tech Library.
For more information, please contact Georgia Tech Library's
Archives and Records Management Department.



DAVID E. PAINTER
Box 26288, Georgia Institute of Technology
Atlanta, GA 30332
(404) 607-9573

PROFESSIONAL HIGHLIGHTS
* Managed the construction of several multi-million dollar facilities for the Corps of Engineers.
* Double major in Electrical Engineering and Arabic language studies. Major QPA was 3.1.
* Proficient in Arabic. Experience in European and Middle Eastern customs and culture.

EDUCATION
BS, Electrical Engineering/Arabic, U.S. Military Academy, West Point, NY, 1979 - 1983.
Basic Civil Engineering Course, U.S. Army Engineer School, Fort Belvoir, VA, 1983.
Construction Management Course, Middle Eastern District, Saudi Arabia, 1986.
Advanced Civil Engineering Course, U.S. Army Engineer School, Fort Belvoir, VA, 1987 - 1988.

EXPERIENCE
Graduate Research Assistant/Student 1994 - 1996
Research assistant at the Army Environmental Policy Institute. Graduate student in the
Environmental Engineering program at the Georgia Institute of Technology.
Project Manager at Army Corps of Engineers Walla Walla District 1993 - 1994
Managed two statewide environmental clean up programs in Idaho and Washington. Managed
construction of the $19 million dollar headquarters building.
Training Officer, 44th Engineer Battalion, Army Corps of Engineers 1992 - 1993
Planned, coordinated, and executed all training exercises for 750 military engineers whose tasks
were to build roads, bridges, and to overcome the obstacles installed by a determined enemy.
Company Commander, A Company, 5th Infantry Battalion 1989 - 1992
Trained new soldiers at the US Army Engineer Center and School. Provided professional
development through training, evaluation and counseling.
Construction Planner, 2nd Infantry Division 1988 - 1989
Planned and coordinated all construction in the 2nd Infantry Division in Korea. Presented the
justification for construction budget to the Assistant Secretary of the Army for Civil Works.
Project Manager at Army Corps of Engineers Middle Eastern District 1986 - 1987
Supervised the construction of a $160 million dollar facility for the Saudi Arabian government.
Was the regional liaison officer to the Saudi Arabian army.
Platoon Leader, 7th Engineer Battalion, Army Corps of Engineers 1983 - 1986
Led a team of 20 - 30 military engineers in tasks like building bridges and performing earthwork.

AWARDS
Awarded Meritorious Service Medal for two successive company commands at Fort Leonard

Wood, MO.
Awarded Army Commendation Medal for presentation to Assistant Secretary of the Army for

Civil Works.
Awarded Army Commendation Medal for project management under adverse conditions in Saudi

Arabia.
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Education

1994-present

1982-1986

Experience

1991-1994

1988-1991

Awards

Additional Information

Gardner H. Jackson
499 Northside Circle, Apt 725
Atlanta, GA 30308
W (404) 894-9344 H (404) 352-8631

GEORGIA INSTITUTE OF TECHNOLOGY - Atlanta, GA

+ Candidate for Master of Science degree in Environmental Engineering, to graduate
June 1996.

« Concentration in the treatment of municipal and hazardous wastewaters.

« Graduate Research Assistant.

UNITED STATES NAVAL ACADEMY Annapolis, MD

« Awarded Bachelor of Science degree, concentration in government and engineering.
« Distinguished Graduate, ranked 53 of 1029 students in class.

Lieutenant, United States Navy
SURFACE WARFARE OFFICERS SCHOOL Newport, RI

«  Steam Propulsion Plant Engineering Officer Course Coordinator. A position
normally reserved for more senior officers. Supervised five officer and ten enlisted
instructors. Radically altered the curriculum resulting in more realistic officer
training. Ranked 2 of 24 officers, all of whom were selected for assignment as
department heads.

« Steam Engineering Instructor. Taught steam propulsion plant engineering including
boiler, turbine, and auxiliary machinery theory, operations, maintenance, and quality
assurance to nearly 1,000 commissioned officers.

ENGINEERING OFFICER, USS SAVANNAH Norfolk, VA

*  Main Propulsion Assistant. Supervised two officers and 65 technicians in the
operation and maintenance of the ship's boilers, main engines, turbine generators,
and all associated equipment. Recognized as top division officer (1 of 15) by
Commanding Officer.

«  Electrical Officer. Supervised 25 electricians and communications technicians in the
operation and maintenance of the ship's electrical systems. Made a once
unsatisfactory electrical safety program flawless.

»  Shipyard Coordinator. Primary liaison between commercial shipyard and ship for a
six million dollar overhaul contract.

+ Auxiliaries and Cargo Fuels Officer. Supervised 28 technicians in the operation and
maintenance of the ship's heating, refrigeration, steering, and hotel service
equipment. Responsible for the quality and safe handling of seven million gallons
of cargo fuel oil. Transferred over 100 million gallons of fuel oil with no spillage.

+  Navy Commendation Medal. Awarded for performance as Steam Engineering
Officer Course Coordinator.

* Navy Achievement Medal. Awarded for performance as Shipyard Coordinator.

+ Selected for assignment as ship's Chief Engineer.
+ PC Fluent. Word Perfect, Quattro Pro, Excel, Sigma Plot, AUTOCAD
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ponald A. Wright
2005-A Lake Park Dr.
Smgrna, Ga. 30080
(770) 435-2058

EDUCATION

1984-1988 United States Naval Academy. Annapolis. Md.

* Bachelors of Science in Physics. Graduated with Merit. Class Rank: 168/1060. GPA 3.24
o gelectedr?‘oor ﬂtels?lperintenscf:lent's List 2 semesters. Selected for the Commandant's List 5
emesters
* [nducted into Sigma Pi Sigma (Physics Honor Society) .
* Battalion Supp,l%ﬁicer: gConguc;?ed the successtul ?gsue and return of 500 dnil rifles.
* )Samuxrrllme{v"l'rmnmg: Watch Captain on a sailboat our crew sailed from Puerto Rico to
1apolis ;
* Activities: Captain Company Soccer Team, Class Company Commander, Freshman Cross Country.
lngra‘rqnu?él Sg%cer, Field%al{ Softball. National Ment chglarshlp Finalist

1988-1991 Naval Air Training Command.

* Completed primar_\lr flight training in top third of my class. L
* Successfully completed carrier qualification, instrument rating, low level navigation.
* Recerved two awards for accuracy in weapons delivery.

1991-1992 Naval Nuclear Power School and Prototype

* One year of post graduate academic and hands on course work in electrical engineering, mechanical
engmneering and chemustry. Received additional training in nuclear engmeenn% and power tplant des%l,
IC,JpBl'at!OIl and management. [ graduated 13 of 84 from Nuclear Power School and third of fourteen from

rototype.

1991-1995 Navy Nuclear Trained Officer/ Plant Engineer

* Thorough knowledge of design and operation of engmeenngbplant equipment including heat
exchangers, hydraulic plants gneumanc systems, steam turbines, lubricating oil systems, valves, water
chemistry control, AC and DC power generation, distribution and control and all électronic/electrical
reactor control and monitoring systems.

1994 * Eertiﬁed as Naval Nuclear Chief Engineer by Division of Naval Reactors, Department of
nergy
EXPERIENCE

1988-1995  LIEUTENANT UNITED STATES NAVY
1994-1995 Communications Officer, USS L. Mendel Rivers (SSN 686

* Supervised eiC%ht Radiomen in the operation and maintenance of all communications equipment onboard.

* Reviewed an apgro_ved all messages transmutted from our ship. . . .

* Reviewed and submitted Commumcations Plans for submarine operations during a six-month

* Mediterranean Deployment including several NATO exercises. i )

* Implemented procedures that resulted in our ship processing more than six thousand messages during our
deployment with 100% accountabulity.

1994-1995 Quality Assurance Officer, USS L. Mendel Rivers (SSN 686)

* Managed and implemented shipboard Quality Assurance program. Qualified, trained and supervised 15
anfhty Asiu:ance Inspectors aI:ld 30 technig’ans n repajrpof gea watgr, highe%ressure air, hydraulics and
nucilear sysiems.

* Designed, implemented, and adminstered a monitoring program to spot check in progress maintenance
and ensure anhty craftsmanship. This program was cgltepd ags particufa?rly outsmcﬁngg:;n the ship's

o s L vl e il A Program whil

TO TEWOT ormed on maintenance controlled under Qu surance Program
uality Assurance Qﬁ'l%er. Saved hundreds of man hours of work. o R .
* Coordinated installation and repair of ship's Dry Deck Shelter system. Conducted audit with
Naval Sea Systems Command to maintain ship's certification to conduct manned, submerged
operations with Dry Deck Shelter.

eceived Navy Achievement Medal for efforts in upgrading ships” Quality Assurance Program.
1992-1994 Reactor Controls Assistant, USS L. Mendel Rivers (SSN 686).

* Supervised nine nuclear trained electronics technicians in operating, maintaining and troubleshooting
control, instrumentation, and protection e_qu:gmem on the nuclear reactor.

* Reduced time to conduct control rod testing by 50% less than average time through organization and
rior planning evolutions on the reactor plant such as control rod tes%ng.

1vision was cited on OFtl)eranonal Reactor Safeguards Examination by examining board as best Reactor
Controls Division they had ever seen.

* Personally cited for above average performance as Engineering Officer of the W
examining board during Operan%nall) Reactor Safe:gu;gldsn E)?ar.;rgﬁnatigg.r of the Watch (EOOW) by

1988 ggfnft:l Assistant to Ordnance Department Head, Strike Aircraft Test Directorate. Naval Air Test
* Developed a database management program to track test projects through all phases of testing,
Hobbies

Flying. Hold private pilot's li d t t ial li i i i
T gg,R ,pgyvgl ely %an!lcgggge? expect to complete commercial license in 1996, Racquetball, Skiing, Weight

%*

*
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7 November 1996

To: D. Constant, HSRC S&SW
From: M. Saunders
Subject: Semi Annual Progress Report - Deliverable #2; E-20-W81

The status of the R2D2 project was summarized in the oral report submitted at the October
HSRC-SAC meeting in Baton Rouge. The R2D2 fellows have been D. Painter, D. Wright

(current), T. Udell, and H. Gardner

Environmental Engineering

200 Bobby Dodd Wav

Atlanta, Georgia 30332-0512 US.A.
PHONE 404-894:2265  Fax 404-894-5266

A Unit of the Unizersiry Sustem ot Georzs 2n Ezuai Education and Employment Opportunity Institution




Direcror:

Danny D, Reible, Ph.D.

Louisiana State University

Department of Chemical
Engineering

Baton Rouge LA 70803

504/388-6770

FAX: 504/388-1476

reible@wst3.che.lsu.edu

Co-Director:

F. Michael Saunders, Ph.D.
Georgia Institute of Technology
Environmental Engineering
200 Bobby Dodd Way

Atlanta GA 303320512
404/894-7693; -9725

FAX: 404/894-9724
michaelsaunders@ce.gatech.edu

Co-Director:

C. Herb Ward, Ph.D.

Rice University

Environmental Systems Institute
PO Box 1882

Houston TX 77005
713/285-5438

FAX: 713/285-5948
kkrueger@ruf.rice.edu

TECHNOLOGY TRANSFER AND
TraINING DIRECTOR:

John C. Nemeth, Ph.D.
Georgia Tech Research Institute
EQEML

0841 Baker Building

Atlanta GA 30332
404/894-8076

FAX: 404/894-6199
john.nemeth@gtri.gatech.edu
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15 December 1997

To: Danny Reible
From: Mike Saunders
Subj: R2D2 research

Attached is a manuscript report for the R2D2 HSRC
project. This is the culmination of the research we have
conducted with R2D2 resources and will result in a peer-
reviewed publication for the Center.
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Coupling Mercury Methylation Rates to Sulfate Reduction Rates in Marine Sediments

Jeffrey K. King'", F. Michael Saunders’, Richard F. Lee*, Richard A. Jahnke

"The Georgia Institute of Technology, School of Civil & Environmental Engineering,
Atlanta, GA 30332-0512, USA

*The Skidaway Institute of Oceanography, 10 Ocean Science Circle, Savannah, GA
31411, USA



*To whom correspondence may be addressed:

Jeffrey K. King

Skidaway Institute of Oceanography
10 Ocean Science Circle

Savannah, GA 31411

Fax: (912) 598-2310

Email: jking @skio.peachnet.edu


mailto:jking@skio.peachnet.edu

10

11

13

14

15

16

L1

18

19
20

21

Abstract- Anoxic, slurry incubations were performed to examine the relationship
between mercury methylation rates (MMR) and sulfate reduction rates (SRR) in
saltmarsh sediments from the southeastern United States. MMR and SRR were similarly
affected by temperature, addition of low weight molecular organics, and microbial
inhibitors. MMR was at a maximum in the 12h after inorganic mercury addition. Initial
rates of Hg-methylation are correlated with SRR. A significantly slower MMR observed
after the initial 12 hours following inorganic mercury addition suggested that sorption or
precipitation reduced the availability of mercury for methylation. MMR results for
various concentrations of inorganic mercury indicate that saturation kinetics occur. Using
this kinetic framework, a model for MMR based on SRR and inorganic Hg concentration
was developed. This model was then used to predict the MMR reported in temperature
and substrate/inhibitor experiments. The model provided a reasonable estimate of MMR
observed in the initial 12h of the slurry incubations. However, the sequestering of
inorganic mercury into less reactive pools, by sorption to surfaces or incorporation into
other phases, alters the amount of bioavailable Hg and hence MMRs. Future models
which assess the bioavailibility of Hg in the sediments must be developed to extend these

observations to field sites.

Keywords: Sulfate-reducing bacteria, Methylmercury, Sulfate-reduction rate, Mercury

methylation rate
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INTRODUCTION

Contaminated sediments containing mercury continue to generate serious health
concerns due to the neurotoxic effects of mercury on mammalian systems. The mercury
poisoning at Minamata Bay, Japan illustrated the potential hazards associated with chonic
exposure to mercury, particularly methylmercury [1]. A twenty-year testing program that
addressed methylmercury exposure in 514 native communities across Canada suggested
that many people in these areas were at risk of mercury poisoning [2].

Lavaca Bay, Texas and Brunswick, Georgia (LCP site) have been identified as
two sites in the United States with very high mercury concentrations in marine sediments.
Mercury concentrations as high as 12,000 mg/kg were reported in waste settling ponds of
a former chloro-alkali plant located at the LCP site in Brunswick, Ga. [3]

The lipophilic nature of methylmercury enhances it ability to be bioaccumulated
when compared to inorganic mercury. This results in biomagnification of methylmercury
in the food chain [4-6). Sulfate-reducing bacteria (SRB) in anaerobic sediments have been
implicated as primary methylators of inorganic mercury [7-10]. Microbial-inhibition
studies utilizing molybdate, an inhibitor of sulfate-reduction, effectively reduced the
methylation of mercury in sediments by 95% [7]. The mechanism by which mercury is
methylated is unclear. One postulated mechanism involves methyl corrinoid derivatives
(methylcobalamines) as facilitators of the methyl group transfer [11,12]. Other data
suggests that the methyl group conjugated to mercury is derived from the amino acid

serine [13]. Choi and colleagues have proposed that methylmercury synthesis by the
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SRB, Desulfovibrio desulfurican, involved the acetyl-CoA pathway with methyl group
transfer of CHs-tetrahydrofolate in conjunction with methylcobalimins [14,15].

A variety of environmental factors appear to influence MMR [7], most probably
by altering the bioavailibility of mercury. Miskimmin et al. [16] found increased
concentrations of dissolved organic carbon (DOC) decreased specific rates of mercury
methylation in Canadian lakes due to complexation. Additionally, pH has been observed
to influence MMR [17] by controlling the protonation of organic carbon compounds with
functional groups that would otherwise bind mercury [18]. Studies have also illustrated
that mercury sulfide (HgS) is not available for methylation [19], and that MMRs
generally decrease with higher sediment sulfide content [10]. Choi and Bartha [20] found

that precipitation of S with the addition of Fe** dramatically increased the amount of
Hg available for methylation in anoxic sediment slurries. Based on equilibrium
constraints and a pKy; of 52 for HgS, a very large fraction of inorganic mercury would be
bound to sulfide in sulfide-rich environments and virtually unavailable for methylation
[21]. It should be noted, however, that the formation of methylmercury from pure
mercuric sulfide has been reported when concentrations in excess of 100ppm were
added to sediments for a 7d incubation prior to sampling [22]. However, the
methylation process was significantly lower than that of inorganic divalent mercury.
Other studies have demonstrated the importance of sulfides in the sequestering of
mercury and other metals in marine sediments which render the metals unavailable

for uptake or accumulation in aquatic organisms [23-25]
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We report the results of anoxic sediment slurry incubations in which we examine
the correlation between SRRs and MMRs. An effective model describing the observed

relationship is presented in the final section.

MATERIALS AND METHODS

Study Site

Sediments were obtained from coastal marshes located at the Skidaway
Institute of Oceanography in Savannah, Georgia. Sediment cores (10cm) were collected
using a 12cm core barrel with teflon plunger and incubations started within 1h of
retrieval. Intact cores were maintained at 27°C and sectioned in lem intervals for
analysis. Sediments used in slurries were collected from the marsh at a sediment depth
between 1 and 3cm. Moisture content analysis was conducted on sediment and found to

be 60-65% of the total sediment mass.

Batch Reactor Design

Slurry reactors were constructed using 150mL Fleaker Beakers (Corning,
New York, USA) with air-tight caps. Thee ports were placed in the air-tight cap and
sealed with silicon sealant. One tube (15cm) allowed for continuous nitrogen gas
addition though the slurry at 40ml/min. This served to evacuate the reactor of any oxygen
that might be present. The second tube (8cm) served as a gas release port while the
remaining tube (15cm) reached the bottom of the reactor and served as a sample port.

Reactors contained 15ml of sediment and 45 ml of seawater (17.39% salinity). Seawater
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was purged with nitrogen gas for 30 minutes prior to sediment addition and the entire
reactor was continually shaken (100rpm) and maintained at 25°C thoughout the
incubation. After an initial 12 hour stabilization period, 8 pl of 1nCi/pl radioactive
%80,* (ICN Biomedical, Costa Mesa, CA, USA) was added. Inorganic mercury (Fisher
Chemical, Fairlawn, NJ, USA) additions were performed 12 hours after - S042' addition
to avoid any short-term artifacts that may be associated with the tracer addition. For
substrate/inhibitor experiments, the substrate or inhibitor was added during initial reactor
construction. The pH was monitored in slurry reactors and the variation of the pH
did not exceed the range of 6.8-7.2. Sampling was achieved using a 15ml syringe with
3ml aliquots recovered and stored at -78°C for subsequent analysis. Using batch
reactors continually purged with N, gas, redox constraints were imposed on the
sulfate-dominated system such that the oxidation/reduction potential was
representative of optimal SRB redox conditions: —0.11 to -0.22 E,"(V) [30]. It
should be noted that the redox constraints imposed in both batch reactor and core
analysis create an environment most conducive to SRB. Thus, reactor/core rates
may not be indicative of in situ rates given the fluctuating natural conditions that

exist in the field.
Intact core analysis

SRR incubations were performed by injection of 1l of 1uCi/uL radioactive
#S0,> (ICN Biomedical, Costa Mesa, CA, USA) into intact sediment cores at lcm
intervals. The core was allowed to incubate for 12 hours at 27°C after which it was
sectioned into depth intervals and analyzed as described below. For the MMR

incubations, 2L of 0.5ug/uL inorganic mercury (Hg**) were made at 1cm intervals.
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Intact cores were allowed to incubate for Ohs and 12hs. After incubation, the cores were

sliced and analyzed as described below.

Sulfate Reduction Rate Determination

Sulfate reduction rates in sediment slurry reactors were determined using the
analytical procedures developed by Fossing and Jorgenson [26]. Aliquots of the slurry
were removed and placed in 10 ml of 20% w/v zinc acetate (ZnAc) solution. The
sediment slurry was then centrifuged at 2500 rpm and washed with nitrogen purged dH,O
thee times. The sample was transferred to an air-tight reaction flask which was supplied
with a gas-bubbling tube, a condenser, and ZnAc trap. This unit was continually purged
with N, gas. The sediment sample received 16ml of 1M Cr** in 0.5N HCI and 8ml of
12N HCI [26]. The slurry was gently boiled for 40 min. During this distillation the total
reduced inorganic sulfur was dissolved and carried as H»S to the ZnAc traps which
contained 10ml of a 5% w/v ZnAc solution. The calculation of SRR was determined

using the following equation:

(50, )a e24 106
(A+a)h

SRR = nmolS0,” em™d ™

where a is the total radioactivity of ZnS, A is the total radioactivity of SO,* after
incubation, & is the incubation time in hours, (8042‘) is the sulfate concentration in nmol
per cm’ slurry, d is the time in days, and 1.06 is a correction factor for the expected

isotope fractionation [27]. °S and total radioactivity were determined using a liquid-
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scintillation counter (Beckman LS6500, Fullerton, CA, USA). The SRR was then
expressed as nmol sulfate reduced per gram dry sediment (converted from nmol/cm’ slurry
by calculating density of slurry and dry sediment fraction of slurry) per hour in the reactor
experiments. For intact core experiments, SRR was expressed as nmol sulfate reduced
per gram dry sediment (converted from nmol/em’ segiment by calculating the density of the

sediment and dry sediment fraction of sediment).

Slurry Water Sulfate Determination

Sulfate concentrations present in slurry water were determined based on a method
developed by Tabatabi [28]. In brief, a barium-gelatin reagent was utilized in the
turbidity analysis of sulfate. The gelatin solution consisted of 1.5g of gelatin in 500ml of
de-ionized H,O. This solution was stored for 24hs at 4°C before use. To 150ml of the
gelatin solution, 1.5g of barium chloride was dissolved and incubated 1h at 25°C before
use. Standards consisted of 0, 10, 20, and 30mM SO42' concentrations utilized in the
development of a standard curve. Slurry samples were placed in micro-centrifuge tubes
and stored at -78°C until analysis. Samples were centrifuged for 5 minutes at 2000rpm
and the overlying water extracted. To 10ml of de-ionized H,O, 500 ul of 1N HCI was
added followed by 40ul of slurry water or standard. At 1.5minute intervals, 500ul of the
barium/gelatin reagent was added to a sample tube. The tube was mixed gently. After
30minute incubation at 25°C, the samples were analyzed in 1.5minute intervals at 420nm
in 4cm quartz, spectrophotometric cells. The standard curves developed for sulfate

concentration determination generally had r* values greater that .995.

10
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Slurry Water Mercury Determination

The reactors were maintained as previously described. For slurry water mercury
analysis, the entire slurry mixture was centrifuged at 2000 rpm for 15 minutes and the
entire aqueous fraction collected (approximately 50ml) into teflon containers which had
been cleaned with hot concentrated HNO; for 24hs then rinsed with dH,0. Extracted
water samples were placed in teflon containers and acidified with 250l of concentrated
HNO; and 20ul of bromine monochloride (0.54g of KBr in 50ml of concentrated HCI.
After 1h, add 0.76g of KbrO3). Samples were incubated at 27°C for 48hs. Samples were
then filtered using a 0.45 pmeter capsule filter (Gelman Sciences, Ann Arbor, MI, USA)
prior to analysis.

Analysis was performed by placing the sample (50ml) into a 250ml gas washing
bottle fitted with 6mm input and output tubes, fritted gas bubbler, and an injection port.
A continuous stream of nitrogen (350ml/min) was fed though the reaction vessel to a
cold-vapor Uv detector (ThermoAnalytical, Richmond, CA, USA). A moisture trap
containing 20g of Magnesium Perchlorate (MgClO,)(Fisher Chemical, Fairlawn, NJ,
USA) was fitted immediately after the reaction vessel and before the detection unit. The
MgClO, was held in the trap using cotton plugs. Concentrated nitric acid (1ml) was then
added to the sample in the reaction vessel. Once a consistent base line had been
established, 500pl of 10% stannous chloride (SnCl,)(Frederick Smith Chemical,
Columbus, Ohio, USA) in a 3% H,SO,/dH,0 was added though the injection port to the
sample. The sample is then monitored using a Cold-Vapor UV detector with 30cm cell.
Concentrations were determined based on a standard curve which was generated using

inorganic mercury standards diluted in marine water and digested like samples.

11
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Methylmercury determination

Methylmercury in sediment slurries and in sediment samples were analyzed using
modifications of the method described by Horvat et al. [29] and Liang et al.[30]. For
sediment slurries and sediment cores, a 0.5-2.0g sample was weighed into a teflon
(PTFE) vial followed by the addition of 5 ml of dH,0, 0.2ml of 20% KCI and 0.5ml of
8M H,S0,. The mixture was diluted to 10 ml with dH,O. Distillation was started after
addition of the reagents. The reaction vial was sealed onto a distillation system,
maintained at 140°C, and an argon carrier gas was applied at a flow rate of 60ml/min.
The distillate rate was approximately 7 ml/h. The distillate was collected in 30ml teflon
coated (PTFE) vials which were kept in a water bath chilled to 0°C. Prior to
distillation, Sml of dH,O was placed in the collection vial.

An aliquot (exact volume depends on methylmercury concentration) of the
distillate was added to 100ml of dH,O in a 250ml ethylation reaction flask. The sample
was buffered to pH 4.9 with 2M acetic acid-sodium acetate solution (0.2ml) which was
followed by the addition of 50ul of a 1% aqueous sodium tetraethylborate solution. The
flask was immediately closed and connected to a collection trap (Tenax® 20/35
mesh)(Alltech, Avondale, PA, USA) on one end and argon on the other. The mixture
was allowed to react without bubbling for 15 min. After the reaction period, the solution
was purged for 12 min at a flow rate of 250ml/min with Hg-free, high purity argon. The
outflowing gas stream was passed though a Tenax trap (100mg packing). After the
sample was purged, dry argon was flushed though the Tenax trap for 5 min to remove

traces of condensed water vapor. The mercury species on the trap was released by
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thermal desorption into an isothermal gas chomatograph U shaped, silanized glass
column filled with 15% OV-3 Chomosorb W, AW, DMCS at 100°C. Under the argon
flow, the eluted mercury species was converted into elemental mercury by thermal
decomposition at 900 °C and then detected by CVAFS (cold vapor atomic fluorescence
spectrometry)(Model 2500, Tekron, Ontario, Canada). The output from the detector is
quantified using a GC integrator (Model HP3394A. Hewlett-Packard, Avondale, PA,
USA). Methylmercury was quantified by comparing peak areas of standards with those in

samples.

Quality assurance

The quality assurance protocol for methylmercury detection is included because of
the novel technique used in quantification. Quality assurance included instrument
calibration using certified standards and the analyses of matrix spikes, certified reference
materials (CRM) and reagent blank, according to EMAP-U.S. EPA criteria [31]. The
correlation coefficient of the standard calibration was always greater than 0.99. A
continuing calibration standard was run after every 10 samples to verify that the
instruments remained calibrated. Matrix spike and matrix spike duplicates were
determined on 5% of samples; actual field samples were spiked with approximately 10
times the instrument detection limit in order to examine the percent recovery of the
matrix spike. Recoveries of total mercury and methylmercury spiked into sediments were
95-110%. Analytical quality control was performed by the routine analysis of certified
reference material (PACS-1 marine sediment certified for total Hg as well as

methylmercury). Procedural blanks were run in each set of sample analysis. Recovery of
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methylmercury spiked into sediments (5-50pg) and passed though the whole analytical
procedure were between 95-102%. Calibration curves were prepared daily with 5,10, 25,
and 50pg levels of methylmercury (r >.99). The instrument detection limit, thee times

the instrumental noise, was about 1 pg.

RESULTS

Intact Core SRR and MMR

The SRR and MMR of non-contaminated sediment cores taken from Skidaway
island marshes are illustrated in Figure 1. Both the SRR and MMR maximum are located
in the top 4cm of the core with a continual decrease observed in SRR and MMR with
respect to depth. The results in Figure 1 suggest that a correlation exist between SRR and
MMR in sediment cores. These results suggested further investigation of this

phenomenon by utilizing more controlled environments that were not limited by mass-

transfer effects.

Sequestering or Precipitation of Inorganic Mercury in Batch Reactors

An initial study with mercury additions of 955ng/g4y weigh Hg™™ was conducted to
monitor slurry water mercury concentrations in a 12% slurry reactor. The variation in
methylmercury and aqueous mercury concentrations observed during slurry incubations is
displayed in Figure 2. Initially following Hg"™ addition at the zero timepoint, slurry water

mercury concentrations were 160 ng/L which implies that greater than 99.8% of the
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inorganic mercury added to the reactors was associated with the solid phase.
Methylmercury concentrations increased in a linear fashion over the initial 10-12 hour
period followed by the attainment of a plateau value. Slurry water mercury responded in
a similar but opposite manner demonstrating the strong correlation of MMR to slurry
water Hg™" concentration. From these data it was established that a 12h determination of
MMR is essentially at an effective maximum rate that can be correlated to the initial dose
of Hg™" (e.g., 955ng/Zary weigh). Additional incubations were performed in which two
sequential doses of inorganic mercury were administered 24 hours apart to determine if
MMRs could be reproducibly stimulated (Figure 3). Methylmercury production was
greatest in the 12hs after each addition of inorganic mercury (Figure 3). The reactor that
received two doses of mercury at 0 and 24hs had MMRs for the following 12hs of
273.67pg/g-h and 420.25pg/g-h, respectively. The SRR remained constant (Figure 3)
and no net demethylation took place in reactors over the 48 hour time period (data not
shown) which indicates that abrupt changes in the bacterial respiratory processes did not
influence the observed spike in mercury methylation at the 24h timepoint.

These results suggest that the higher aqueous mercury concentrations present in
the early stages of the incubations correlate with higher MMRs. Subsequent data analysis

will therefore focus on the initial 12h period.

Inorganic Mercury Additions to Sediment Slurries
Results of sediment slurries treated with various concentrations of a single dose of
inorganic mercury are reported in Table 1. These results illustrate a concentration

dependency on inorganic Hg™ added to the MMR observed in the 12hs after inorganic
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mercury addition. The percentage of inorganic mercury that is methylated in the initial
12hr period is also reported in Table 1. The percentage of methylmercury produced
with respect to inorganic mercury applied to the reactor decreases as the dose
concentration exceeds 239ng/g. It should be noted that the net methylmercury
production at 12h in reactors treated with 955ng/g is different in the two experiments
illustrated in Figure 1 and Tablel. We attribute this to seasonal variations in sediment
components and bacterial SRB populations. This point will be illustrated in subsequent

experiments and text.

Temperature Effects on Sulfate Reduction Rate and Mercury Methylation

To examine the influence of temperature, SRR and methylmercury production
were determined for sediment slurries that were incubated at 4°C, 25°C, and 37°C (Figure
4A). MMRs estimated for the initial 12h period increased with temperature. The rates
observed at 25°C and 37°C exceeded that measured at 4°C by factors of 2 and 30,
respectively (Figure 4A). Incubation temperature also affected the SRR in slurry reactors
with average rates at 25°C and 37°C exceeding those measured at 4°C by factors of 4 and

35, respectively (Figure 4A).

Effects of Substrate and Inhibitors on Sulfate Reduction and Mercury Methylation

To examine further the influence of SRR and mercury methylation, a series of
incubations were performed under conditions that either stimulated or inhibited bacterial
sulfate reduction (Figure 4B). Methylmercury concentrations in untreated control

incubations reached values of 10ng/g in the initial 12hs. In contrast, methylmercury
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production in sterilized sediments or sediments to which 100mM molybdate was added
was insignificant. Molybdate is a known inhibitor of SRB [7]. Concentrations for
sterilized and molybdate treated sediments remained below 1.2ng/g thoughout the
incubation (Figure 4B). Incubations in which SRRs were stimulated by the addition of
added substrate (100mM pyruvate or 100mM acetate) resulted in elevated MMRs when
compared to control. Large concentrations of substrate provided reactor environments
that were dominated by pyruvate or acetate as a non-limiting, electron source. After a
12h incubation period, reactors containing 100mM pyruvate produced 3.2 fold more
methylmercury than controls. Similarly, acetate treated reactors yielded 3 fold more
methylmercury than controls (Figure 4B).

The SRR measured for each treatment had similar trends. Relative to the
untreated controls, sterilized sediments and 100mM molybdate treated sediments display
insignificant SRRs (< 1.4nmol/g-h) while in the pyruvate and acetate amended sediments,
average SRRs are enhanced (Figure 4B). In the pyruvate treated reactors, the SRR
continued to increase such that at the 48h timepoint, the SRR was approximately 7 times
higher than SRR controls. This continual increase in SRR is unclear. We have no
explanation at this time for the continued increase in SRR observed in the pyruvate

freatment.

DISCUSSION
The data presented in Figure 2 indicates that the maximum mercury methylation rates
occur within the first 12hs after inorganic mercury addition. This figure also illustrates a

. + . 5 y
decrease in slurry water Hg™" concentrations over time. The MMRs decrease relative to
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decreases in slurry water Hg™" suggests that sequestering of inorganic mercury is a
possible factor in the decrease in MMRs over time. In conjunction, Figure 3 illustrates
that reactors which received a second addition of 955ng/g Hg™ resulted in a subsequent
increase in methyl mercury production for the following 12hs. It is important to note that
the MMR for the 12hs following the second dose is comparable to the MMR observed in
the initial 12hs for both reactors. This result, in addition to no variations in SRR between
the two reactors and no observable demethylation (data not shown), suggests that the
matrix of sediment can influence the amount of inorganic mercury that is available for
methylation. Inorganic mercury has a strong affinity for sediment [32]. Whether or not
mercury that is associated with the sediment can be methylated remains to be elucidated.
Moreover, the various species of mercury that can be methylated have not been defined.

The data presented in Figure 4A indicates that temperature influences both
methylmercury production and SRRs similarly. Isaksen et al. reported similar SRR trends
for slurries derived from sediments at Aarhus Bay, Denmark. Isaksen et al. report SRR
activity for non-substrate added slurries to be minimum at temperatures near 0°C and
maximum at temperatures of approximately 35°C [33]. The results published by Isaksen
and colleagues indicate that variations in temperature can affect SRB respiration. Results
from our studies indicate that the methylation of mercury is also affected by changes in
temperature. Moreover, the responses in mercury methylation and SRR follow the same
trend with respect to the temperatures that reactors were incubated.

High concentrations of methylmercury were produced when known substrates of
SRB were added to reactors, and the inactivation of SRB by extreme heat treatment or

inhibitor addition prevented methylmercury from being produced (Figure 4B). The
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