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Abstract : Five years have passed since the first set of environmental samples was taken in 2011 to
represent various ecosystems which would help future generations lead back to the past
environment. Those samples have been preserved cryogenically in the National Environmental
Specimen Bank(NESB) at the National Institute of Environmental Research. Even though there is a
strict regulation (SOP, standard operating procedure) that rules over the whole sampling procedure
to ensure each sample to represent the sampling area, it has not been put to the test for the validation.
The question needs to be answered to clear any doubts on the representativeness and the quality of
the samples. In order to address the question and ensure the sampling practice set in the SOP, many
steps to the measurement of the sample, that is, from sampling in the field and the chemical analysis
in the lab are broken down to evaluate the uncertainty at each level. Of the 8 species currently taken
for the cryogenic preservation in the NESB, pine tree samples from two different sites were selected
for this study. Duplicate samples were taken from each site according to the sampling protocol
followed by the duplicate analyses which were carried out for each discrete sample. The
uncertainties were evaluated by Robust ANOVA; two levels of uncertainty, one is the uncertainty
from the sampling practice, and the other from the analytical process, were then compiled to give
the measurement uncertainty on a measured concentration of the measurand. As a result, it was
confirmed that it is the sampling practice not the analytical process that accounts for the most of the
measurement uncertainty. Based on the top-down approach for the measurement uncertainty, the
efficient way to ensure the representativeness of the sample was to increase the quantity of each
discrete sample for the making of a composite sample, than to increase the number of the discrete
samples across the site. Furthermore, the cost-effective approach to enhance the confidence level on
the measurement can be expected from the efforts to lower the sampling uncertainty, not the
analytical uncertainty. To test the representativeness of a composite sample of a sampling area, the
variance within the site should be less than the difference from duplicate sampling. For that, a
criterion, ie. szgeochem(across the site variance) < szsamp(variance at the sampling location) was proposed.
In light of the criterion, the two representative samples for the two study areas passed the
requirement. In contrast, whenever the variance of among the sampling locations (i.e. across the
site) is larger than the sampling variance, more sampling increments need to be added within the

sampling area until the requirement for the representativeness is achieved.

Keywords : representativeness of a sample, small-scale heterogeneity, analysis of variance
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5o BHARLUY SOPS WHFOR UER] 4 AANG EARE HES 00T 4 A3
ol (EA 5, 2007) 2t 7 Al &8 2 194 7S did ez skt ol AtolA e
A R AR AT 59 FS EdE AAE ol % 13\ 4ol AFE HoMHFE AHA] gHpr) 2
(O1AZ =, 2012) Al 59 jEA FHE 98t SOP F 9 (7] FEA EAE) AR A
of Aol thet B0l Bash Hlck, #48 BE TR Shirh A3 BACINY B
obg F wel o) AFE A HEARE 3 5 BT Hel SRARS ARsa. 5. 5
W4 87 wuE o] @40 vk g Ao o WA AR A el dE B2 A= A
3 w7 2 A7) A BARUESS o8 gesojop A9 Wl 3 A (sampling location) A Al %S
37] W], SOP7E el Qi Aael et g AT ThE, 22 gAoR ol 2 AHE AR
4 Gustitication)ol et Bspy A wefg £ (revisit) Y NS AHT SHA2Z ARSI
olof gk, e 7 bAoA anE M BH g o oL A B 102% 5 50R8 M S,
U2 ENHOR B S glofof shm Algmg ool AR SEE e Fang
Ao 2HAAE ATY 5 g gete] gasge)  HCHATFigure ). T @S A S
oF e} A A1) 47} om BAC] NS AN
S0 A9 AR Y AL A A T o SR W A A 5
o T o) = = 1
W BAANe BERA UEY AHE pag g o 9o SRARS Aok Aol 9
. N . 11 11 ojAke] ALeAxTtE AR E= 2 tE] B4
B8 4 QR A P55 AdE A%
_ AZ|E A3 &3} ujushehs Ae] Mg vt gl
5& SOP Al Rhgst At Wagner, 1993). 12 THLyn et al 2007
U o] E3 U A AR|etE BARR wre} 7 e SR
2 et g 5 g, ol R IR A o
A)E BF Q&M Al 5 2A7Fo] A% 3 A
TR I S A N o g 28 A4S Aol
B ESH AT EHA] o= wAIAE 7L Qo] _ _
_ e o A2(-130T ©Jsh)& FAIAI7I™ 200 um oJsk=Z &
T uj ol A et 2 At flolA 7let 2ak _ L _
_ o A -t 28} 2hde skt A 2l= microwave
o o] $I9 A, 2 el AHHE AeA B
ARl A EAS Azan B A o digestion& vesselo] 69% ZAHHNOs)T} 35% M4t
i S desht S S4(,0) 31 898 Felol ARE vjolE
AR SN SYL] DA
S0l Tt A BPPES AXS o] 2 A
AI%’:J S ol eke BAE] o) BAY £
ggsto] sfe= AlAstaLal sk oS sl 8%
o NEF % 919 B AU EY0) AE B IE st
He A9rE guoz d7e gt & Worsich
I A4
1. 8 Az 2FLE
Fe @A | whet gk 2] 2] hEARE= 2 Y Figure 1. Locations of the two study sites(Worak and
=2 55l= 151 Taehwa Mt.) also showing how the duplicate
A S E7ste] ek ZekAl R composite samples were taken from each of the five
sample) 2 FHEo| Xt} FE-&GAXH(SOP)of| uf2} sampling points.
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74k UEt 7] S1ek AR e SIS A5
o} 3fehi A T gA R UiRo] shakA

A S AR CHFigure 2), ©1F S18l S 5A]
2O & BAAIE O34 A (balanced des1gn)o}
o] FAHEA(ANOVA)S AAIeH] S8l AR
E4 s 9 (skewness) 9 ofxefo] o]
(outlier)?] 98k 2| adlsl= EHAE E4 (robust
statistics)7} 285 FHAHEA (RANOVA)S Ajeis}
A thHRamsey et al, 1998; AMC, 1989). =A%k Oﬂ
EHE]— HE]-/\]’GI— X‘]E——— l,]-E]—LH O1§/\‘1 XX’] H

% (measurement uncertainty)7} AH&%=d), Ol%
A #3237 L(1S0)0]l 3] “ZA Aol T sto]
ZZ%E]LQ- ?ﬂ—ﬂl—] oz X‘]‘G]» 7]—_,] ‘:‘/‘\J_—_E'.*g—‘%- L]—E]‘

W mhetn|E e} o] Ao THISO, 1993), o]

O] 2 g oA 2] (e BHER) Rl
192 HAS Ve = He gk o] AE 4

QltHThompson, 1995).

SHESEE AE6] AeliAe WA gAY
ollAl A3 E Al2E9] S7d%kol tig & F4Htotal
variance)& Al 719 @42 Fejsfof sh=t], HA

| Sampling Location |

Sampling Duplicates:

g =
I_|

A= (714 Tad)ol AHAGAA =
W3S HYogy Uehihe A3ty Ak
(geochemical variance, Seeochem) 22 O]= SA 4]
2 7o) A ARl wEAtoof ofsf yepdtt, o|¢} T
ol AmAFHIAolA B === sampling
variance(Sum) & A o A B E ==
variance(shn) &2 Ug 4= Qlrh.
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analytical
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Smml_sgoochcm"'ssamp-"sanal

webd 23 RIEWE 919 AZAATRAL £
sl AL olgstel olelel 2ol At
% glek

— - /2 2
U = Seas = ssamp+sanal

St 5 A I N A G ZH EEHA, o 8}
“meas” for measurement
Sampt A A F I ol A & Al 2 A F EZHAL,
0] 3} “samp” for sampling
St BTN H &) A B EZ AR, 0] 5 “anal”
for analysis

U= FA| %= SHE3HE (expanded uncertainty)
£ 95% A FZo| sFstAHE E&I A} (coverage
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Variance from sampling

AnalyticalDuplicates:|S1A1| |S1A2| |82A1| |S2A2|

Variance from analysis

Figure 2. Example of balanced design for the duplicate analyses on the duplicate samples for the ANOVA(analysis of
variance) that separates the variance from sampling from chemical analysis.
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Table 1. Analytical results of Tachwa Mt.(TH), and Worak Mt.(WA): RSD(relative standard deviation. unit: mg/kg)

Cd Pb Cu Cr Ni Zn As

ave 0.0422 1.3339 1.9117 2.4106 04814 11.9873 0.1869
med 0.038 1.2333 1.9289 24715 0.458 11.9872 0.1873
WA std 0.008 0.2648 0.2229 0.1436 0.0543 0.8742 0.0215
RSD(%) 19.0396 19.8533 11.6582 5.957 11.2756 7.2925 11.5191
ave 0.066 1.4632 2.1616 0.9687 1.4912 20.6175 0.1558
med 0.0592 1.4457 2.0058 0.8646 1.6267 21.2066 0.1329

™ std 0.0184 0.3318 0.3877 0.2098 0.3723 3.6319 0.04
RSD(%) 27.8568 22.6785 17.9347 21.6579 24.9649 17.6158 25.6989

Table 2. Pearson Correlation results for Tachwa Mt.(n=10): Bold representing p-values <0.01, (two tailed) showing relatively
higher correlations among Pb, Cu and Zn

Cd Pb Cu Cr Ni Zn
Pb 0.706
Cu 0.490 0.806
Cr -0.245 -0.075 0.188
Ni 0.081 0.056 0.452 0.583
Zn 0.802 0.783 0.654 -0.086 0.125
As 0.100 0.128 -0.036 0.315 -0.189 0.160
ppmm Korean Pine_Taehwa Mt. Site
- 02 As
0.0
2 5 -02
E -0.4
§
15 /\/\/\/\/\/\ § =05
-0.8
. By °
7 é’ 00 02 04 06 08 1.0
Q Q First Factor
W Figure 4. Factor Analysis for the Taehwa Mt. site showing
b " the separation of Pb, Cu, Zn by the first factor
o] W which can be confirmed from the regression
THWA THWA THWA THWA THWA THWA TH WA result(Table 2).
Cd Pb Cu Cr Ni Zn hs
Figure 3. Comparison of the analytical results of Taehwa A W el Ao AAE AAAL 0 HEZ o] AL
Mt.(TH), and Worak Mt.(WA) showing the overall 3
higher concentration for the TH samples than the T2 2Hike] A= A ch(Table 1). |, 7-2], oF
WA samples owing to TH site’s closer location 0]9] 70 UolAt AR o B3| EjE}Atol| A W] =
to the metropolitan area. .
& 520 SIS RAT o5 A 94 7 g A
T FYE U YoMk F0) Sgo] ixEl Ant WA(Table 2)5 I3 291 A= 34 2.
olch. Ao W A AlRo] FE4 Bz st Al (First Factor)ol o8 Ueix] S5 183} 2o
EZUARSD)E YoMt eshlol A AT ae & oA B 5 o) ol F ] &3k S
= e % ngtd, ol B 2 Aeld | 559 oelel W 88 skl ol v El
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Table 3. Pearson Correlation results for Worak Mt.(n=10): Bold representing p-values < 0.01, (two tailed) showing relatively
higher correlations among the heavy metals except Zn

Cd Pb Cu Cr Ni Zn

Pb 0.998

Cu 0.984 0.990

Cr 0.850 0.875 0.923

Ni 0.999 0.998 0.990 0.869

Zn -0.317 0.264 -0.149 0.206 -0.282

As 1.000 0.998 0.986 0.856 1.000 -0.305
Aom #2urhFigure 4), o5 ALEL WERH  Ho| PAHNLL (Figure 5), YoM RS £43)
E2AWIE 2 SEEAR BuE QrkE| H AP Aol G A5 otd Y54 HlEo] ot
g}, 1992; 1|7 5, 2005), 715l Al efStit £ Sa50 vlal A A vebd vk Qloko]d
I} 7V 7R SR AAEA 12 s AR & 3] 5, 2013), whebs] GoAk AR 23 ofd Y]
F4 CUREYRAIAY, 0BANE G T oS ke B0 F90h gl o] AR 2
Coh A A 9 0 5 P S RREYS  elEdels|uct Astakd 430l ol ettt 2
13k 4= QUITHPD: 0,0250 g/m’, Cu: 00251 T4 sAjgct

ug/m?, Cr: 0,0023 ug/m?’, Ni: 0,0011 ug/m’, Cd:
0.0006 ug/m?),

YoMt A 2] T4
A& At 67 a4 BF7
%th(Table 3). Pt AF A% QI
71 &A% 272 (139 T -Pb: 0.0466 pg/m’,
Cu: 0,0125 ug/m? Cr: 0,0019 ug/m?® Ni: 0.0016
ug/m’, Cd: 0.0006 pg/m’)ol A &= g} el 74
E R HEE ST Bk A 4 7h
A 1S S8l ohelsr SARA Y] shutel alE
4 (Factor Analysis)& AAlstact 1 A3} ofd
(Zn)o] AA 2.Q1(First factor)ol &Js ¢H13] &2

/\0].‘7 i

Red Pine_Worak Mt. Site

——

Cu

00

-0.2

-0.4 Cr

Second Factor

-06

-08
Z

02 03 04
First Factor

01 00 o1

Figure 5. Factor Analysis for the Worak Mt. site that
separates Zn from the other heavy metals.

N\E]— a4t ’\]
U A% sy Cd 0_002 ppm, Pb 0,025 ppm,
Cu 0,037 ppm 2 & ©|= F ALY 719 &(% of
total variance)® UERH wf Cri} AsE A€]}kar o
HE 19 ol5l2 £& AWE o tHTable 4). E]-U]'
H2x(As)9] -, ICP-MS 7|7] £474 mj¢- *&

(o] A9 Bt 0.157 ppm)o A B 4= 9= A
FEATH A Y] TP aIRE v W F B2 Bk

71918(32.9%)= 2tk

A&E 2AETE (y= Cd 0.008 ppm, Pb
0.407 ppm 522, 37kl 95% A F = (k=2)&
g8k o z+z} 0,065+0,016 ppm, 1,472+0,815

ppm -2 FAIS 5= GItH(Table 4). & 24k tH] &
AEIEE vy g2 E0F Yeyed Cd,
Zn, AsE A|9J7t 4711 Y404 50%7F E it 7]

A SAETEY - FEE &2 ssampof Al HIREH

A, ol 7hAI7+e] Ho](biological variation) B
= 22]A o] 2 A (small—scale heterogeneity)©] Al
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Table 4. RANOVA result for Taehwa Mt.

Cd Pb Cu Cr Ni Zn As
Stotal 0.019 0.407 0.588 0.404 0.593 3.968 0.044
Sacoch 0.017 0.000 0.000 0.277 0.329 2.111 0.027

(% of total variance) 82.6 0.0 0.0 47.1 30.8 283 36.8
Sqamp 0.008 0.407 0.587 0.282 0.493 3.339 0.024

(% of total variance) 16.7 99.6 99.6 48.7 69.0 70.8 30.3

(% of measurement variance) 96.2 99.6 99.6 92.0 99.7 98.7 479
Sanal 0.002 0.025 0.037 0.083 0.026 0.377 0.026

(% of total variance) 0.7 0.4 04 43 0.2 0.9 329

(% of measurement variance) 3.8 0.4 0.4 8.0 0.3 1.3 52.1
Smeas = V(S samp T S ana) 0.008 0.407 0.588 0.294 0.493 3.360 0.035
Smeas o0 Of total variance) 174 100.0 100.0 529 69.2 71.7 63.2
mean(mg/kg) 0.065 1.472 2.209 1.097 1.610 20.712 0.157

Ulat the mean) = 25,0, 0.016 0.815 1.177 0.587 0.986 6.720 0.071

U% 24.0 554 533 53.5 61.3 324 45.1

RSD 28.7 277 26.6 36.8 36.8 19.2 284

Table 5. RANOVA result for Worak Mt.

Cd Pb Cu Cr Ni Zn As
Stotal 0.009 0.387 0.277 0.243 0.069 1.359 0.048
Sgeoch 0.007 0.229 0.257 0.072 0.060 0.593 0.000
(% of total variance) 64.1 35.1 85.6 8.8 74.0 19.0 0.0
Scamp 0.005 0.308 0.095 0.074 0.032 1.197 0.047
(% of total variance) 319 634 11.7 9.2 20.7 71.6 925
(% of measurement variance) 92.5 97.8 81.2 10.1 79.6 95.8 92.5
Sanal 0.001 0.046 0.046 0.220 0.016 0.251 0.013
(% of total variance) 2.6 1.4 2.7 82.0 53 34 7.5
(% of measurement variance) 7.5 22 18.8 89.9 20.4 42 75
Smeas = \/(stamp + S nal) 0.005 0.311 0.105 0.232 0.035 1.223 0.048
Smeas(Y0 Of total variance) 344 64.9 144 91.2 26.0 81.0 100.0
mean(mg/kg) 0.042 1.334 1.912 2411 0.481 11.987 0.187
U(at the mean) = 25,6 0.011 0.623 0.210 0.464 0.071 2.446 0.097
U% 26.0 46.7 11.0 192 14.7 204 51.7
RSD 22.1 29.0 14.5 10.1 144 11.3 259

BAHAR FFS FoEA DAL &
A}, w2hA ZF 2] oA A3 H HA A mE EF
o] (composite sample) 7 23}FE Y FA| RS 2
ST SAESE 52 A7 N
Ao} AFEe selok et

Yorike] 79, BA N4 9 s Cd 0,001
ppm, Pb 0.046 ppm, Cu 0.046 ppm o2 o]= &
AR 71olg R vehd f stk A&} nixlzhA|

A~
e
sl
43

i

N
-

2 Cr} As7h $£131(82.0%, 7.5 %) YA 94E
YRR AR 0% e 7)ol %S nolr EE S
E35 (u)= Cd9) 0.005 ppm, Pb= 0.311 ppm

07 95 % AFEo|A ZAgo] 22 0.042
0.011 ppm, 1,334 + 0,623 ppmoi g3 4= 9l
o}, & BAFOiH]) 24 ES == 14.4%°] CuEs Al
skal 26~100%0f O]E% H]Iﬂ.xﬂ, =2 £Fo|9th

(Table 5). wekA] ejsita} vpal7iz| 2 458
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Fos PN E A U R AHAE 3l S EALNA = Feconen® EHE= S A5 A
Nads sde HFes 259 E43E 7HAslok 019 MB}FL Sy + Sana 5, SHFHF L £
b= A7 v E Sl Aol A Bl RE = WatERS T T EAFY] 80% ©]
7ol Hojok sh=t|(Figure 6), °] 7]l Bl %=
3. M=ol thad #S A% A9 U 24 xH7ke] HEZM3Hgeochemical
AR o] S-S df#s7] el EEY 42} pattern)ol] gk FE7F SHES e osf 71 A]
(SOP)= &3t Hxﬂoﬂ/ﬂ n|gj o] 48 71A] 7Hotst 7] Wj&oltt(Ramsey et al., 1998), °|& th2 U
2Bl ofo] A RE SRslEE A5 ok 18 B, QPAE A SAHTA A 9 Eato]
w5 ol ZH-r];quOlW 35k AEY 0 T WA 20%5 ZstH @ A4 A4 (hot—spot)
AL 2H3 2Ea AL FHE=Tto of S 87 29 = (background concentration)of| A} £
A= AdiA 7ol 7] fZel S ESET} 25l W717} ol Yxih= Aoldt, 22y o]zt 7]
SAA WHOoRA BgE 4 Uk 5Y AR T N w23 A tj3EAw SE o R1E vt
oAM= AR HRA 5 AlEE A5 9 Eot7lol= 282 o gk s e delo] 23
3 A oM 5HE A RS EATH] FatitY T 2o} o] Ao W] Watgko] & A9 AA A
AlZ % 7 Hconfidence interval)2] 10% W= H7} 9] QAR FE F-5t7] A= B /\]fna: she
5= sample size® EEZLFHAAE ARG 7F o] HaL, webA o] oiHigt AlRH, <14,
(Wagner, 1993). Z18fut 4040] W= &<t S48 BAA FeEe SR ot webs A 523
Shof| ofgt AlZ 9] FoF & AR A Fol Y Of A thEAR= AF] A9 9] Hslgo] e
B2 o fA1E 2EF AR dEAIRY 24 £ AL Y AN EZAE ST A9 S A
ol gk AR =5 dAA A= dEXoE 4 Ela=iaiie )
a7]ol= F27F §lof OLE}. A RO et S DA BA AL 23 =
2 AN dAE BT FrHENE VR0 SHike) 79 ZHF A3 7ho] HEFE] A2 & yochem
Azl /S ASet éﬁr% ) g, dukA 7} & EAtoll 7]of5k= vleo] Yk 4129 A5 0%

Fit-for-purpose Variance Ratio

Measurement Analytical
Geochemical Variance Variance
Variance 20%
80%

Figure 6. Fitness for purpose criteria for the environmental investigation and the cost-effective ratio for the two components
of the measurement uncertainty. The measurement variance less than 20% of the total variance should be met
for the detection of the hotspot area and the analytical variance should be less than 20% of the measurment
variance(less than 4% of the total variance) could be advisable for the cost effective investigation(Ramsey et al.,
1998).
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oA ZLFo 471%7HA dAH o2 2 g2 Ko I vf Slh(e]43] &, 2013), whebA H7] e d
3L Qlch(Table 4, Figure 7). ThA] Tl 215 749 T 22 191 E e A A REHR
sistekuTh A 2He] Zpo|7k B HAte] o & FF 4RSS Sl

& AA EHe AL )i}, obiko] 79 A AT, Faeochen Bl WA 7ES] HBFH(S amp) Ol

BAF Y] & geocnen”F A G0k B &2 EjSHAIR T vl gga] 2o (B34 0:99.6, Fek4t 35.1 ¢
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Figure 7. Breakdown of overall variance into three uncertainty components for Taehwa Mt. site(s’ o variance across the
sampling site, Ss.mp: variance from small-scale heterogeneity at each sampling point, &°,:variance from analytical

precision).
Percentage Variances Percentage Variances ‘
M 35.12 Geochemical
X 63.435 Sampling
[ 1.446 Analysis

Pb(s acoch - o5 anp § S =35.1% 1 63.4% : 1.4%) Zn(szgegch : szsamp s = 19% 2 77.6% : 3.4%)
Figure 8. Breakdown of overall variance into three uncertainty components for Worak Mt. site(S g variance across the
sampling site, szsamp: variance from small-scale heterogeneity at each sampling point, &%..,:variance from analytical
precision).
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C : Measured Concentration
U': Measurement Uncertainty

T T
c+U
c T: Threshold
c-u
Possibly Probably
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Figure 9. Measurement uncertainty applied against a threshold for decision making for the designation of contaminated site

based on measured concentrations.
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