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Biogeochemical Cycle

" J
Most naturally occurring mercury exists as Cinnabar

(HgS)
— Very Stable . .

HgS + 0, > (600°C) Hg® + SO, Y
Volatile Hg® remains in atmosphere for 1+ years

Hg® oxidizes to Hg?* with light and Cl- or Br-

Hg?* enters water bodies

Hg?*—=> MeHg by sulfur reducing bacteria in
anaerobic sediments

MeHg bioaccumulates up the food chain

:
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Total Mercury
. Method Review

e Total Mercury in Water, Sediments, Tissues
— U.S. EPA Method 1631, 245.7, 7474,
— Water Preparation: BrC| oxidation
— Solids Prep.: HNO,/HCI Digestion = BrCl Oxidation

— Sample Analysis: SnCl, Reduction = Purge = Gold
Amalgamation > CVAFS

e Total Gaseous Mercury
— U.S. EPA Method I0-5
— Collection & Analysis: Gold Amalgamation = CVAFS

J




Total Mercury
. Method Review

Purge & Trap 'I\/Iodule TDM & Model llI
SnCl, Reduction Argon Carrier Gas
N, Purge Trap Desorption

Gold Amalgamation CVAFS Detection

Ultra-low level: IDL < 0.05 ng/L; MDL < 0.2 ng/L



Elemental Mercury (Hg°)

. P
e Water
— N, purged from water to gold amalgamation trap?
— Trap desorption > CVAFS
— MDL 0.005 ng/L

e Sediment/Soil (still in development)
— Soil + DI Water = N, purge to trap

— Research Questions
e Efficiency of release of Hg®
* Species Conversion
e Sample storage and stability



Reactive Mercury

“ J
Primarily for ionic Hg(ll)

Mercury available for methylation
“Acid-Labile” mercury

— HCl Preserve (pH < 2)

“Reactive” mercury

— Flash freeze ; thaw in O, free environment
Analysis:

SnCl, reduction > Gold amalgamation = CVAFS

Just like total Hg analysis
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Selective Extraction

5-step SSE

J

BEROOKS RAND METHOD BR-0013 - Mercury 5-step Selective Sequential Extraction Procedure

Fraction Description Extractant typical compounds
F1 water soluble DI water HgCl,
HgS0.
F2 weak acid soluble/stomach acid”  [pH 2 HCVHOAC HgQO
F3 organo complexed TN KOH Hg-humics
Hggclg
CHaHg
F4 strong complexed 12N HNO, mineral lattice
Hg-Cl-
Hg"
Fa mineral bound/cinnabar aqua regia Hgs
m-HgS
HgSe
HgAuU
MNotes

All fractions are oxidized with BrCl after extraction and prior to analysis



~ Selective Extraction
. J
EPA METHOD 3200 (Extraction) & 1631 (Analysis) - Mercury Species by Selective Solvent Extraction and Acid Digestion
Operationally-Defined Mercury Fractions Extractant Individual Mercury Species
Total Mercury All mercury-containing species
Extractable Mercury Extractable Organic Mercury HCl'ethanol followed by CH,HgCI
Solid Phase Extraction CHCH,HgCl
Extractable Inorganic Mercury HClethanol followed by HQCl=
Solid Phase Extraction Hg(OH),
HG(NO;),
HgSO,
HgO
Hg** complexes?
MNon-extractable Mercury | Semi-mobile Mercury HNO4/H,0 Hg" or Hg"-Mm"®
Hg™ complexes®
HQ-Clz (minor)
Non-mobile Mercury HCIHNO2/H.0 Hg-Clz (major)
HgS
HgsSe

Motes

a iZertain inorganic mercury complexes may be present in both fractions
o This represents a mercury-metal amalgam

All fractions are gxidized with BrC| after extraction and prior fo analysis
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Methyl Mercury
Method Review

e Methyl Mercury in Water

— U.S. EPA Method 1630; USGS File 01-445
— Preparation: Distillation

e Methyl Mercury in Sediment & Biota

— USGS 5 A-7
— Preparation: KBr & CuSO, Leach—> CH,Cl, Extraction =

Back Extract into DI Water
e Analysis Method for all Matrices:

Ethylation = Purge & Trap > GC Separation =2

Thermal Reduction = CVAFS




Methyl Mercury Preparation]
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*Requires:
e Temperature Control
to within 1°C
Complete
Encapsulation

Direct distillation with no refluxing



Methyl Mercury Analysis

Purge and Trap
Ethylation
N, Purge

Tenax Trapping

TDM
Argon Carrier Gas

Trap Desorption

GC & Pyro Module
Argon Carrier Gas

GC Separation
Thermal Reduction

Ultra-low level: IDL < 0.01 ng/L, MDL < 0.02 ng/L



Methyl Mercury
Chromatography

Guru 4.0 Demo -- : CalibrationBatch_080265.brd

File Instrument Scale Help
CVAFS Port:  comi [
. Start Batch . . Purge and Trap Port:  COM2 “ Current run: 50 - Completed: accepted
Autosampler Pork:  COM3 “ Mext run: 51 - Ready
Batch Information | Run Information | QA Information | Resulks | Peaks | Report | Automation
4500 Selected Pesk: 2
Retertion Time: 1.56

3,500 —

2,500 -

1,500 -

00—
500 ! /‘\ | 1
500 T T I
1 2 3
T T T T 1
o 1 2 £ 4 S
[ Modify Start/Stop ] [ Mew Start/Stop ] [ Restore Original ] [ Select Peak ]

Run Type Mame/ID Trap Peak Peak Height Analyzed Result (pg) Final Result (pg/kg) QA Results Criteria Reject
7|Calibration Standard CAL1 0.5pg A 2 337 0.467 93.4/65-135 |l ~
|Calibration Standard CALZ 1.0pg B 2 536 0,960 96.0/65-135 [] =
9|Calibration Standard CALS 2.0pg (£ 2 940 1.96 95.1/65-135 ]

10:Calibration Standard CAL4 10pg A 2 4,056 9.69 96.9/65-135 [] v




Automated Methyl Mercury
System (MERX)




" Automated Methyl Mercury
. System (MERX)

e Gas Pressurized Liquid Handling System

— Patent Pending

— Eliminates maintenance intensive pumps

— Reduced carryover contamination
* Rapid Infrared Trap Heating

— Patent Pending

— Results in better chromatography & sharper peaks
 Wide linear range of 5000x

— Calibrate from 0.005 ng/L to 25 ng/L

J
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Brooks Rand Labs - MERX Mercury Speciation Analytical System



‘Automated Methyl Mercury |
. System (MERX) )

e Benefits

— Easy-to-use: Learn to use in only hours
— Fast: Runs every 6.5 minutes or less

— Great Performance: IDL of 0.002 ng/L
— Low Operating Costs

* Less than 1/4t the labor compared to manual systems
 Minimal reagent use and very low maintenance



Dimethyl Mercury

. P
 Water and Soil
— Purged from water to Tenax or CarboTrap
— Trap desorption > GC > Pyrolysis =2 CVAFS
— Analysis same as Methyl Hg except

* No preparation or ethylation

— Automated (water only)
—MDL < 0.01 ng/L
— Peak retention after Hg® before Methyl Hg



" Derivatization Techniques: °
Ethylation (NaBEt,)

. J
e Direct Ethylation — Works on most waters
— No Distillation — N-propyl Hg surrogate

e Limitations

— Hg(ll) and Ethyl Hg both
ethylated to Diethyl Hg

25,000
20,000+
15,000 / \

10,000 / \

5,000 —
ol 1 ,/f\ | / k Il B




" Derivitazation Techniques: °
Propylation (NaBPr,)

. J

Pros

— Allows differentiation between Hg(ll) and Ethyl
Mercury

— Maybe more efficient reaction than ethylation

Cons
— Will require new surrogate Hg compound
— Difficult to source (1 source in Europe)

Works very well in water
MeHg MDL 0.003 ng/L; EtHg MDL 0.005 ng/L



" Derivitazation Techniques:
Propylation (NaBPr,)

-

Hg® DMHg MeHg EtHg Hg(11)

Retertion Time: 1.532
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Summary

“ J
e Speciation provides critical information on

toxicity, mobility, and bioavailability of Hg.
 THg, Reactive Hg, Methyl Hg

— methods well established for all water, sediment,
tissues

e Dimethyl Hg and Elemental Hg well
established in water, but methods need more
R&D and validation in soil/sediment.



Summary
\ J

e Methyl Hg Automation and direct ethylation

— Improved precision and MDLs
— Improved efficency

* Propylation
— Works great for methyl and ethyl Hg

— Still needs some validation
— Sediment/soil needs R&D
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