
S1 File. Laboratory Analysis Methods Used for 2006 Moss Tissue Samples. 

Drying and Grinding 

Air-dried samples were first passed through a stainless steel grinder with a 20-mesh sieve and 

mixed thoroughly.  Ground samples were dried at 65°C for two (2) hours and cooled in a 

desiccator before weighing for analysis. 

Total Sulfur 

Total Sulfur was determined by combusting 150 mg of sample in a ceramic boat after mixing 

with Com-Cat Accelerator (LECO trade name for tungsten oxide compound), in an oxygen 

atmosphere at 1290o C in a LECO Sulfur Determinator, Model No. S144-DR.  The SO2 evolved 

from the sample was determined by a nondispersive infrared detector empirically calibrated with 

LECO plant reference materials (LECO Corporation, 3000 Lakeview Dr., St. Joseph, MI 49085).   

Total Nitrogen 

Total nitrogen was determined by combustion.  Total Kjeldahl nitrogen was determined by 

converting the various forms of nitrogen to NH4+, measuring NH4+ concentration, and 

subtracting the weight of hydrogen.  To accomplish this, 0.150 g of dry, ground plant material 

was digested in 3.5 ml concentrated H2SO4 with 1.5 mg K2SO4 and 7.5 mg selenium.  This 

mixture was placed in an electrically heated aluminum block at 400°C and digested for 1 hour.  

The NH4+ formed was reacted with salicylate in the presence of hypochlorite and nitro-prusside 

to form an emerald-green complex. Color intensity was measured spectrophotometrically on a 

Technicon AutoAnalyzer at 660 nm.  The method converted only partial amounts of nitrate, thus 

samples containing high concentrations of nitrates were pretreated with salicylic acid to ensure 

complete conversion.  

The combustion method for total nitrogen used a LECO FP-528 Nitrogen Analyzer.  A 150-500 

mg sample was weighed into a gel capsule and dropped into an 850o C furnace purged with O2 

gas.  The combustion products (CO2, H2O and NOx) were filtered, cooled by a thermoelectric 

cooler to condense most of the water, and collected into large ballast.  A 3 cc aliquot of the 

ballast combustion product was integrated into a helium carrier stream.  The stream first passed 

through a hot copper column to remove O2 and convert NOx to N2.  A reagent tube then scrubbed 

the remaining CO2 and H2O from the stream.  N2 content was measured by a thermal 

conductivity cell against a helium background and the result was displayed as a weight 

percentage of nitrogen. 

Metals 

The  elements P, K, Ca, Mg, Na, Al, Fe, Mn, Zn, Cu, B, Pb, Ni, Cr, Cd were determined using a 

Perken-Elmer model Optima 3000 DV simultaneous inductively coupled-atomic emission 

spectrometer (ICP-AES, [S1]).  For this analysis, a 0.25-0.50 g sample of dried plant material 



was digested with 2 mL H2O2 and 0.5 mL trace metal grade HNO3 in a microwave digestion 

vessel for 4 min at 296 watts and 8 min at 565 watts. 

Each sample was rerun using co-axial viewing for Pb, Cr and Cd to increase detection limits. Co-

axial values were substituted for normal ICP analysis values when the normal values fell at or 

under detection limits.  

Laboratory QA/QC 

Calibration checks, blanks, National Institute of Standards and Technology (NIST) standard 

reference materials, and International Atomic Energy Agency (IAEA) reference check samples 

were analyzed to check accuracy and precision of moss results.  At least one QA sample was run 

after every 10 unknowns.  IAEA-336 (the lichen Evernia prunastri) reference material [S2] was 

used for outside reference check samples. The mean percent difference between UMN’s analysis 

of IAEA-336 and either the recommended or information values for Cd, Cr, Cu, Fe, K, Mn, Na, 

P, Pb, Zn was -15.6% in two checks.  Al was excluded from this analysis as it had a large outlier 

value of -60%.  The mean percent difference between lab samples and lab duplicates or field 

duplicates for Zn, Cd and Pb was 1.0%.  The mean percent difference of the absolute values of 

the differences between samples (i.e., the mean differences without regard to positive or negative 

deviation) and their duplicates for Zn, Cd, and Pb was 11.7%. 
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