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Abstract : The National Environmental Specimen Bank (NESB) has been collecting broad leave
samples to monitor environmental pollution from five different designated sampling areas. In order
to ensure the reproducibility and comparability of the results, all the procedures from selecting trees
and pooling leaves to make the representative sample are defined in the standard operation
procedures(the SOP). The representative samples were subjected to the chemical analyses for some
heavy minerals and Polycyclic Aromatic Hydrocarbons(PAHs). The uncertainty levels involved in
each step of the SOP, that is, the sampling and the chemical analysis, were derived using the Robust
ANOVA, which enables the relative comparison among the different levels of pollutants
concentrations with confidence. Furthermore, the effect of the varying degrees of precipitation on
the pollutants concentration of the leaves was also examined. Overall, the biological difference
estimated from the duplicate samples was found to exceed the variation across the site, implying
even aerial deposition over site. Samples from Gwanak Mt. showed highest heavy metal
concentrations than the other sites. Washing off effect of the pollutants adhering in the form of
particles on the leaf surface was found to be affected by the cumulative precipitation.
Keywords : Standard Operation Procedures, Measurement Uncertainty, Washing off Effect
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Table 1. Instrumental condition with GC/MS for the analyses of the leaf samples

Detector Mass selective detector (MSD)
Column Perkinelmer, Capillary 30.0 m x 250 ym(i.d) x 0.25 pm(film thickness)
Injector temperature 270 °C
Temperature Ton source temperature 250 °C
oven temperature : 100 °C(5 min) — 280 °C(12 min) at 10 °C min
Gas flow rate Carrier He 1 mL/min
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Figure 2. Comparison of the measured values for the analysed elements that are representative of each study site (the
bars at the measured values represent the degree of expanded uncertainty from RANOVA).
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Table 2. Example of the RANOVA result with the broad leaf samples(Quercus mongolica) from Mt.Gwanak.

Al Fe Pb Ni Zn Cu Cr Cd Co

Stotal 16.78 12.64 0.11 0.39 341 0.43 0.13 0.01 0.04

Sgeoch 747 7.19 0.07 0.00 0.00 0.00 0.00 0.00 0.03
(% of total variance) 19.80 3234 | 4120 0.00 0.00 0.00 0.00 0.00 39.55
Ssamp 12.83 7.55 0.08 0.39 3.09 0.38 0.10 0.01 0.03
(% of total variance) 58.43 35.69 | 42.63 97.61 81.88 78.43 57.76 92.31 56.88
(% of measurement variance) 72.86 52.75 72.51 97.61 81.88 78.43 57.76 9231 94.09
Sanal 7.83 7.15 0.05 0.06 1.45 0.20 0.09 0.00 0.01

(% of total variance) 21.76 31.97 16.16 239 18.12 21.57 4224 7.69 3.57

(% of measurement variance) 27.14 47.25 27.49 2.39 18.12 21.57 4224 7.69 591
Steas = (Ssamp T Sal) 15.03 10.40 0.09 0.39 341 043 0.13 0.01 0.03
smeas(%0 Of total variance) 80.20 67.66 58.80 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 60.45
mean 57.62 72.83 0.65 0.98 10.44 2.90 048 0.03 0.09

Uat the mean) = 28meas 30.06 20.79 0.18 0.78 6.82 0.85 0.27 0.02 0.07
U% 52.17 28.55 2717 79.82 65.35 29.29 56.36 69.71 7524
RSD 29.13 17.35 17.72 39.91 32.67 14.65 28.18 3486 | 4839

100

80

40

20 ¥

0

Al Fe Pb Ni Zn Cu Cr Cd Co

2 5%ansl(%) of total V

52:amp(96) of total V
52geochem(96) of total V

Figure 3. The result of RANOVA with leaf samples
(Quercus mongolica) from Mt.Gwanak.
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Figure 4. Concentration changes of metals (Al, Fe, Pb, Ni) in the leaf (Zelkova serrata) at Yeosu Heungguk site over the
last 4 years compared with the precipitation.
#n=5("12,°13), n=10("14, ’15), precipitation is cumulative for the last 4 weeks prior to the sampling
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Figure 6. Removal of the elements in the leaf (Zelkova
serrata) at Yeosu Heungguk site after washing.
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