A Comparison of Non-lethal Techniques for the
Measurement of Mercury in Fish Tissue
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Why the interest in Mercury?

» Human health
» Neurotoxicity of methylmercury
» Fetal development (600,000 at risk in US; K. Mahaffey)
» Nearly all states have consumption advisories

» Mobility in the environment
» Atmospheric deposition
» Reactivity and chemical speciation
» Landscapes, food webs

» Bioaccumulation through food webs
» 6-7 orders of magnitude (water to fish)

» Anthropogenic forcing
» Currently est. 50-75% emissions, approx 3-5x baseline



Rationale for Non-Lethal Measurement

» Disadvantages of whole fish collection:
» Cost, time, effort, space requirements
» Direct and indirect effects on food web structure

» Potential for repeated measures (temporal studies) and
larger sample sizes

» Some tissues are already being routinely collected
(or perhaps easily initiated)



Potential Sources of Hg Variation
to Proxy Methods

» Differential partitioning into tissues (biopsy, fin, scale)
» Chemical form of mercury with distribution in tissues (fin, scale)
» Surficial contamination of tissues (fin, scale)

» Survival of organism for repeated measures, ecological concern
(biopsy)

» Analytical variables (blood, scale)

» Temporal variability (blood)
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Fin Clipping
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» 401 Northern Pike, 79 Walleye, 19 Arctic Grayling, 14 Winter Flounder
» Fins were 83% methylmercury
» Total Hg in fins ranged from 2.7-8.9% of fillet total Hg
Mean % similar between lakes/species
» Individual lake correlations vary: r’=0.13 to 0.96, median r?=0.56

» Walleye: pelvic fin vs axial muscle r’=0.63, caudal fin r?=0.73
» Northern Pike: caudal fin r’=0.84 (2 outliers), 40-50 cm length r?=0.95
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Distal THg (ug g™ g dry weight)

Fin Clipping

2x as much THg in Distal Fin Tissue
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Fin Clipping

Across Region and Species
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» <1 mL taken
» Heparinized (anti-coagulant) needle and syringe
» Caudal veinipuncture
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» 62 Smallmouth Bass from southeastern Missouri rivers, r2 from 0.82 to 0.92
» Similar to Cizdziel et al. (2003), r2 from 0.73 to 0.94



Scales




Scales

» Lake et al. (2006):

76 Largemouth Bass from interior Rhode Island

» 4-15 scale composites, Precision: mean % CV=7%

» Tested pre-cleaning treatments to reduce variability

» Pilot study treatments (scales vs muscle tissue):

no treatment:

cold DI water wash:
warm DI water wash:
detergent solution:
soap solution:

r2
0.74
0.78
0.81
0.77
0.90

Hg (ng/g dry)

77
26
16
15
15
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Axial Muscle Biopsy

(Photo courtesy Medsurge LTD)

Biopsy Needle Dermal punch
14 gauge 4-6 mm diam.
50 mg tissue 100-250 mg tissue

...wounds closed with sterile tissue adhesive (e.g., Nexaband)



Axial Muscle Biopsy

(Photo courtesy Paul Blanchfield)



Axial Muscle Biopsy
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» Slopes within 6% of dissection procedure, r2 between 0.93-0.97
» Precision was not statistically different between needle/punch/dissection—also observed
by Schmitt and Brumbaugh (2007)...< 2.5 %CV
» Punch required more time, effort than needle (40 s versus 10 s)
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Axial Muscle Biopsy
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Axial Muscle Biopsy

» Tissue Partitioning: dorsal muscle area best predictor
Pearson (2000), Cizdziel et al. (2002)

» Survival: No drop in survival relative to controls:

» Dermal punch:
Tyus et al. (1999), Waddell and May (1995),
Hamilton et al. (2002), Baker et al. (2004)

> Biopsy needle:
Uthe (1971), Baker et al. (2004)




Analytical Issues

Which chemical form should be analyzed? Total Hg.

» Piscivores generally contain > 95% of total mercury as methylmercury
Methylmercury analysis more expensive, laborious than total mercury (2-fold)

» Sample Precision: Biopsy and Blood 2-4% CV, Scales 7%, Fins 8%

» Automation—new analyzers and techniques
» CVAFS vs CVAAS precision issues
» Total Hg: autosampler combustion analysis with catalyst (5S40 k)
» Methylmercury: autosampler ethylation technique (S50 k)



Dermal Punch
» Best correlations, easy to perform
» Cleaning of instruments, cross-contamination, sealing wounds

Biopsy Needle
» Best correlation, easy to perform
» Collecting enough analytical mass, sealing wounds

Blood

» Correlations not quite as good as tissue biopsy
» More difficult to perform

» [Hg] can be near analytical LOD

Scales

» Easy to collect

» Weaker correlation, lower precision (location on the body?)
» Potential for contamination

Fins

» Easy to collect, at least partial re-growth
» Weaker correlation, lower precision

» Potential for contamination, partitioning



...Which Method to Use?

...it depends upon your study question and how
much time/effort afforded

1) Prediction for individual fish: biopsy, blood

2) Screening studies for water bodies, regions:
all techniques, including scales and fins

Dermal punch > Biopsy needle > Blood > Fins = Scales
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