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Standard and ISO Standard for the Determination of Heavy Metals in Soil

Gunhwan Shin' * Goonteak Lee'* - Wonseok Lee’ - Jiin Kim* - Bokyong Kim’ - Hyunjeong Park’
!National Instrumentation Center for Environmental Management, Seoul National University
’National Institute for Environmental Research

ABSTRACT

According to the agreement on WTO/TBT, we are under the situation to adopt international standard (ISO standard) as a
national standard if it exists. However, in case of environmental area, it is a domestic legal obligation to use Korean
environmental standard method(KESM) for analyzing various contaminants. Therefore it is necessary to assess the
comparability between KEM and ISO standard prior to apply ISO standard to soil conservation law in Korea. The main
purpose of this study is to assess the comparability of both methods for analyzing heavy metals in soil. We looked over
various aspects like pre-treatment, calibration curve range, detection wavelength, soil organic matter content and so on.
Apparently, the procedure of both methods is almost same. However in details, both methods are different in stationary
time before aqua-regia extraction using reflux system, calibration curve range for Cu, Pb, Ni and measuring wavelength
for Pb. According to the results of comparison test, the results were significantly different when the different calibration
range was used. In case that all the extracts independent of methods were reanalyzed with the same calibration range of
each method, both methods showed statistically same results. Other conditions like different stationary time, measuring
wavelength of AAS and soil organic matter content did not have any influence on the analytical result. Therefore, we
suggest to extend the calibration curve range to 0~8 mg/L which is used in KS T ISO standard(Korean standard related
with environment which is translation version of ISO standard without any technical change). In case of Cr®", the results
showed no significant differences between two methods even though the pretreatment, instrumentation and other analysis
conditions were different. In addition to UV/Visble spectrometry of KESM for soil contamination ,we suggest to adopt ion
chromatography of ISO 15192(US EPA method 7199) for analyzing Cr®" with the consideration of laboratory work
efficiency.

Key words : ISO standard, Korean environmental standard method, Heavy metals, Chromium-hexavalent
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Table 1. Overview of each analysis method for the determination of heavy metals in soil

Elements Cu Pb Ni As Hg Zn Cd
Number of ES KSIISO| ES KSIISO| ES KSIISO| ES KSIISO| ES KSIISO| ES KSIISO| ES KSIISO
method 07401.1 11466 |07402.1 11466 |07403.1 11466 |07404.1 11466 |07405.1 11466 |07406.1 11466 |07407.1 11466
Weight of 3 3 3 3 3 3 3 3 3 3 3 3 3 3
sample (g)

Number of 8 8 8 8 8 8 8 8 8 8 8 8 8 8

samples

(S}‘I‘;‘)“O“‘”y me |, 6 | 2 6 | 2 16 | 2 6 | 2 6 | 2 6 | 2 16

Extractant Aqua Aqua | Aqua Aqua | Aqua Aqua | Aqua Aqua | Aqua Aqua | Aqua Aqua | Aqua  Aqua
regia  regia | regia  regia | regia  regia | regia  regia | regia  regia | regia  regia | regia  regia

(Frﬂf; volume 100 q00 | 100 100 | 100 100 | 100 100 | 100 100 | 100 100 | 100 100

Instrument AAS (atomic absorption spectrophotometer/Shimadzu 6401 F, Japan)

Detection 347 3247 | 2833 2170 | 2320 2320 | 1937 1937 | 2537 2537 | 2139 2139 | 2288 2288

wavelength (nm

Measurement

concentration 0~2 0~8 0~2 0~8 0~2 0~8 |0~0.016 0~0.016|0~0.016 0~0.016| 0~2 0~2 0~2 0~2

range (mg/L)

%7K Conformity Assessment) HxE 7} S8 Z A
oAl Ao =ZHN ZefE F Ue =AITS G B2
83 FolE WA flate] sld=e] A5 B A%
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Al AokFss - 2914, 2009). ol wet =7
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1} AN SV TS ATl FoleleSE Alshe
o] gFEolA Ejvete] F7t AFEE F 7 B
AL 93t HIEA] a7 EE o] FHIU o]
ATolME EGCATHAE7IER KS 1 ISOTHE (=
AFFS 712 7R glo] Mol Tsh St ®
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Table 2. Overview of each analysis method for the determination of Ct*" in soil

Number of Weight of
method  sample (g)

Temp. of

Extractant L
digestion

pH adjustment

Instruments

0.28 M Na,CO;+ 0.5 M
NaOH (pH 13.4)
0.28 M Na,CO;+ 0.5 M
NaOH (pH 13.4)

ES 07408.1 2.5 90~95°C

ISO 15192 2.5 90~95°C

- After digestion: pH 7.5+ 0.5 UV-visible spectrophotometer-CARY 50,
- Instrumentation: pH 2.0 + 0.5 Varain, Australia

- After digestion: pH 9.0
- Instrumentation: pH 9.0

UV-visible compact 1C-844 (with post-
column-reactor), Metrohm, Switzerland

2.2, AR "X|AIZE Xlojof] [HE B AlE
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Ve ZF Al 2] wet e, o, A, HlA,
T, ok, k=g RS B EM FA ARt w
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I
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2.5. EMIIE %}0[0f 2 H| 1 A& (Pb)
Table 19] LFERA B}l o] ECko AZAYN 37|12 =

SR-AAFFEBE =] g
283.3 nmol|A] S35 WHHolA Rk K
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BT A(UV-visible spectrophotometer-CARY 50, Varain,
Australia)s AF83t] &4 3sIHh 1SO 15192 HS+=
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2 S48I3ItH(Table 2). Z12He] Wplo® =39 dvs

10l 3733t

2.7. H|m 24 ZAnto| SHEA HIt

Eeo ag AT I KA Tske A9
ztol] wt FA4ES AAG & = Al el EARE
Ao] dLmAEES E8at] AP RS Hrisiat
HAF7HE (Ho: A1 21 zbo] gl thE7HE (H,: A
AR 3 zbe] Ay ARk AR HE Wk 28
ol gk B2 (Fu)e 73kl ©18 71 (Feigea)@h
B} Fryio < Feitiear ©19 a0 = 0.05(FEHA )IA 2H
< AANsl] AFTHES AL, Frho> FaineCl™ o=
0.05(F52R elIM 78S Arlstd AF7HES 71461
ok wbA AR AfErle oA gloms AIFH
7 Aol Yle AR Wrlelial AT 7R E
o7} slome AR Ao} R Ao WA
THEEA] 2], 1998).

J. Soil & Groundwater Env. Vol. 17(3), p. 1~9, 2012



- 1914

-7 -

Anz - ey

Table 3. Comparability test according to stationary time before aqua regia extraction

Elements Results(mg/kg) . Statistical
(Concentration of CRM) ES 07400.1 KS I 1SO 11047 rato eritical judgement
Avg. 281.63 262.06
- i?)lin oke) SD 14.58 1.62 1425 4.60 Reject
Variance 212.45 2.64
Avg. 185.47 185.16
(185 il;bm k) SD 221 8.03 001 460 Accept
Variance 4.90 64.54
_ Avg. 101.33 94.01
(%.MTm oke) SD 3.33 1.56 3175 4.60 Reject
Variance 11.06 243
N Avg. 10.89 11.08
SD 034 031 153 460 Accept
(13+ 1.1 mghke) Variance 0.11 0.09
Avg. 48.67 49.14
(493 i;%m oke) SD 1.99 2.14 022 460 Accept
Variance 397 4.56
Avg. 1012.35 1023.03
990+ f(;lm k) SD 18.57 12.52 182 460 Accept
Variance 344.94 156.74
Avg. 641 6.44
0s Oidm ko SD 028 0.13 008 460 Accept
Variance 0.079 0.018

3.3 3 nE

3.1. AR "X|A[ZE xlofof| mHE EAE

FoEal A AR ZRAREY Afold] mE EY AT
BAR7IES KsiE e S5 24 AdE L9
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Table 39 UERd upel o] ', Bl&, 22, o}, 7i=
H A2 T ARl 22 A3 ke Ueiie A
2 WAL, e, YA o= T ARl e
AHE Yeile Aos Wit wets e 72 A
AR AGAAREN mHE Aole e, YA AR 7
W kel Feold Aot e AoE H7HERAL ofEt
TEHANME AR AAREe] 4 Al S HIA]
A skt &, 7 gl A 2 Al AReE AT
TEBFTAS] A EGSATAAT T BAE A
Ao e = RRfellA F8=e] AdAe] g
A 37] Wizl KstrAe] A=A WE ARSse]
F A 2ol g FEES U ST A
ojtt. & THAlE= AR AAZE] AlolRkE: MR 8}
of rlsilem F7FAR] Wl A= e 9 A
ol frEfEe 81l 3.3-e 7|Est
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3.2. 7712 gl e dln EAEnt

LHE Bkl FANRS st frlEREe] 2.4%
2 A9 AEE AAH w2} siks vlal AlEs
Ay} 729 Ae ESLATAANT7 T KSEel w
2 Z¥z7+e] S 9.12 mgkg, 5.56 mgkgo|oH,
71E8830] 4.6%%2 ZAE AFE 9.55mgke, 6.31 mg/
kg, F7183HFo] 7.9%2 ZAE AlEE 12.36 mgkg,
9.14 mg/kee|Att. ool tigh dUnix] FAAR A3
T A8 e B fUIEEEe] O A9 W 1
of ME fFoJat e AoE HWriET 1 9] |,
7, v, ofde] A= f7IETE] mE dPo] Yt
UA] ggkor T AlgHhHe FYst 295 Yehlle A
©= 7}tk Table 4).

ey 9] A EFLAT8AIEH RS
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Table 4. Comparability test according to organic matter content in soil
Number of method ES KS I ISO ES KS T ISO ES KS T ISO
07400.1 11047 07400.1 11047 07400.1 11047
Organic matter content (%) 24 4.6 7.8
Avg. (mg/kg) 9.12 5.56 9.55 6.31 12.36 9.14
SD (mg/kg) 0.33 0.41 0.17 0.66 0.45 0.61
Cu Variance (mg/kg) 0.11 0.17 0.03 0.44 0.21 0.37
F-ratio 367.58 181.10 143.38
F-c 4.60 4.60 4.60
Statistical judgement Reject Reject Reject
Avg. (mg/kg) 38.61 39.78 35.90 37.57 27.86 27.79
SD (mg/kg) 0.97 1.53 1.87 2.14 2.83 2.35
Pb Variance (mg/kg) 0.94 2.35 3.48 4.59 8.00 5.50
F-ratio 2.08 1.74 0.002
F-c 5.32 5.32 5.32
Statistical judgementt Accept Accept Accept
Avg. (mg/kg) 47.07 46.20 46.02 46.28 43.36 44.56
SD (mg/kg) 0.79 0.49 1.56 0.67 0.86 1.17
Ni Variance (mg/kg) 0.62 0.24 2.44 0.45 0.73 1.36
F-ratio 434 0.12 341
F-c 5.32 5.32 5.32
Statistical judgement Accept Accept Accept
Avg. (mg/kg) 2.37 2.47 2.68 2.75 3.12 3.20
SD (mg/kg) 0.09 0.11 0.08 0.07 0.12 0.03
As Variance (mg/kg) 0.007 0.01 0.006 0.004 0.01 0.001
F-ratio 2.63 2.84 2.55
F-c 5.32 5.32 5.32
Statistical judgement Accept Accept Accept
Avg. (mg/kg) 53.69 62.07 40.61 42.65 37.29 35.13
SD (mg/kg) 220 943 1.39 222 6.43 2.84
n Variance (mg/kg) 4.86 88.85 1.94 4.94 41.40 8.07
F-ratio 3.75 3.03 0.47
F-c 5.32 5.32 5.32
Statistical judgement Accept Accept Accept
23, EFLATHAR7IET KSTHA 22 5.34 mg/kg, o] AlgAF HAl= FEFL S Aoz AddEy
5.56 mg/kee] ATRES UERLOR Am)x) EARA 2
I GAl F AR 2ol TR HFruo: 0.06 < Feca : 3.3. A= el xjolof| wE EMAnt

4.60, 0.=0.05, n=8y} §l= A= EPITHTable 5).
weba] o] g 7 A 7H) frelgk Afole

71ESEl gk FaFe] ohet BT F= HevH
t27] wjZell yept Zolgtal AaETh o]d e
3l 3.1 Ao AR QEEFEZ(CRM: BAM-
U110)9] f71883e] o EY Bt f71883F 2.5%
({2, 2000)2] oF 6] ol Eo = FRbghd It
2R EYs o= EYRATAHAEYIE 2 KS 114
= AREl TS QRS ek A 1E I

T, U, el 4% B dg AR IR KsA
2g0] ATA) W7k DX B eRech. EF Table |
o e i} ol £ AP 2t SHE Y
o 24% 49 Teloh UAe T ARl 598 2
H}E UepiA gt Roz vekdth webq ok 3
W o AR 4 Aokl e

[}
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Table 5. Comparability test according to organic matter content with the consideration of calibration range of Copper

Item ES KS I ISO ES KS T ISO ES KS T ISO

07401.1 11047 07401.1 11047 07401.1 11047

Organic matter content 2.4% 4.6% 7.9%

Calibration range 0~2 mg/L 0~8 mg/LL 0~2 mg/L 0~8 mg/L

Avg. (mg/kg) 9.12 5.56 9.12 9.16 5.34 5.56

SD (mg/kg) 0.33 041 0.05 0.06 0.05 0.06

Variance (mg/kg) 0.11 0.17 0.11 0.07 0.07 0.17

F-ratio 367.58 0.07 1.63

F-c 4.60 4.60 4.60

Statistical judgement Reject Reject Reject

Table 6. Comparability test according to calibration range of copper and nickel in atomic absorption spectrophotometry

(a) Copper: CRM (262 + 9 mg/kg)

Item ES 07401.1
Element
Calibration range 0~2 (mg/L)
Avg. (mg/kg)
SD (mg/kg) 14.58

Variance (mg/kg) 21245

F-ratio 0.81
F-c 4.60

Statistical judgement

281.63

Accept

KS T ISO 11047

287.68
12.12
146.90

ES 07401.1 KS I ISO 11047

0~8 (mg/L)

271.29 274.65
4.16 4.57
17.27 20.92

2.36
4.60
Accept

(b) Nickel: CRM (95.6 + 4 mg/kg)
Item ES 07403.1

Element

Calibration range 0-2 (mg/L)
Avg. (mg/kg)
SD (mg/kg) 14.45
Variance (mg/kg) 208.95
F-ratio 0.04
F-c 4.60

Accept

103.77

Statistical judgement

KS I ISO 11047

102.30
14.00
195.90 1.41 1.93

ES 07403.1 KS T ISO 11047

0-8 (mg/L)
92.93 93.41
1.19 1.39

0.55
4.60
Accept

27820 HR(0~2 mg/Lyell Bt 89HE Blal AlEst Aw)
= B GTgAE7IES KSTHEA 247 281.63 m

kg, 287.68 mgkg® YEREOH F A WHES fFox
(Fatio : 0.81 < Ferigicar: 4.60, a.=0.05, n=8)7} {l& #Ho
2 Z7rEAT KSTHAe] A4 M9l (0~8 mg/Lyel| Bt
F sikE Blw AEE e B ATAHAIGYIET KS
TANA ZH2t 27129 mg/ke, 274.65 mgkgZ LEREO

A T A ol XK (Frago : 2.36 < Fgiicar : 460,
a=0.05 n=8y} e Zo=E Hri=EAct. YA A
T E AT ] A9 (0~2 mg/Lyl B
F &K vl AJFS Aole B AT gAY KS
TANA ZF2E 103.77 mgkg, 102.30 mg/kg® (Frao: 0.04

= @
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< Faigical : 4.60, a.=0.05, n=8) 2z} e Ae=E U}
ERor, KStAe] HAFAAHL](0~8 mg/Lyell 23 sdt
5 M AP Avs EYLAT BT S KSA
oA Ztzt 92.93 mg/kg, 93.41 mgkg= AlA 7ol
ZHF qatio : 0.55 < Feriticar : 4.60, a0=0.05, n=8)7} = A
o2 YeRdth deux] SAHEA A9 91 F AR
H el frelapt fle A= B/ ATK(Table 6). o7
A= 9P 32004 ke A Bt en 7171EA
Al A A ML) Aol oz st T, YA
o] 7% EYATHAIRVIET KSTHAS Aolst 2o
£ Yeple Ze=E A sk wo| Aex A4t
A HA7E A el tEAT EFSAART Y]



A8 H9(0~2 mg/L)E E-8
B A A" 77 1 mg/lL VTR B
5Bt vol Yt S4o] BVt wEbA
KSTAZ 5dst 24211 H91(0~8 mg/L)2 Al =
gt A7, Table 37 o] 7 AE W zlol gt
zto|7h §le AoZ YRt

g
¢

34. 24Ot xfolof e 2A4Zat

wol B¢ EGCATHAET TS KSTHEeNA st
AEEBEA =34 2Pgo] Adolsith. Table 30
ERd mle} o] Zpze] Al@HPRellA iAe sgo =
CRM(185.0 + 8 mg/kgye S A}, EYLITHAE
7172 749 2833 nmollA] 185.47 mg/kg, KSTHACIA]
£ 217 nmollA 185.16 mg/ke® UEREOH Adujx] 5
AR A F AT Tl R F oo : 0.06 < Fegear:
4.60, 0.=0.05, n=8y} SIE ACE Hriwo] F APt
=4 o] AolsitEie 22 A9 Ve o
Aot ASTESEEAE AESIY e A
¢ UukAol EAMulgko ¥ 217 nm(Yaman at
al., 2000), 283 nm(Myohanen et al., 2002) 5 3}gollA
shte] wbts Adesie] S8t gk AlzARETTh 9t
ol ZFA e F dor AR 1 E 77154
9 g2 w5l 2053 nmollAE =3 = TH(Torok
and Zemberyova, 2011). Webd F AlFdHA 24
AAE Zguge 4 Ao we} AgFog BF A}

L

=X
=

88 4 9l Sgelen B
35. 67138 (Cr*) Bl EAMH1}
AR ANETIEe] AU Bl e EY T

o] 8H, 38, FH8A
T g3k Wiolm= Aolg} & 4 Qlrk
(Kim et al., 2000). ©] A2 US EPA-3060A(Z1*1] Y
US EPA-7T196AGH)E 583 Wo= A & A€
AP BaBeAS AMgske] ekl ol )

W A Wl IS0 15192(US EPA-71999F Y3 W
Hye olazrlE1u)E o]83l HHgske ol
5 el sl EYRTFEZE CRM(149 + 7.85 mg/kg)
= ARgste] Aol wet gekE Blal AlEgH Avks
ESRATHAR7IER US EPA-7199 el A zbz)
132.20 mg/kg, 132.54 mgkeZ UERGOH F A

7} QIE Ao UeRdtHTable 7). A7) F W 719
k= AR CRM 3580 88% A= HA=H A

A D7 R FAEEY A8 Wt 7

Table 7. Comparability test of the analysis of chromium
hexavalent in soil

ISO 15192

Item ES 07408.1 (US EPA 7199)
Element Cr*" (CRM 149 mg/kg)
Avg. (mg/kg) 132.20 132.54
SD (mg/kg) 2.82 591
Variance (mg/kg) 7.95 34.96
F-ratio 0.02
F-c 4.60
Statistical judgement Accept

o7 Kol FA ¥ FAFHNA o] Wl 88l
o=z Hol ok diAQ] Wel 821 59 shve=
EY frlEolta A lom nlale) ot 71
A EGoZHE thFo s 859 f7lEo] WAk
Q1 Diphenylcarbazide(DPC)2} HFS3l ¢7fa&2]
o 2= fHelr] WlE-o|th(Pettine and Capri, 2005).
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