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Influence of Digestion Temperature on the Extraction of Soil Heavy Metal
by Korean Ministry of Environment Standard Method
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ABSTRACT

The purpose of this study was to evaluate the influences of digestion temperature on the extraction of heavy metals from
soil using the standard method established by Korean Ministry of Environment (KMES). A total of 7 heavy metals (As,
Cd, Cr, Cu, Ni, Pb and Zn) in soil samples were extracted at varying digestion temperatures [(66 £+ 2.0)°C, (73 £+ 1.9)°C,
80+ 1.3)°C, (85 £ 1.7)°C, (92 £2.0)°C, (98 £ 1.7)°C]. As, Cd, Cu, Pb and Zn concentrations remained relatively constant
over the temperature range, but Ni and Cr concentrations greatly varied with the digestion temperature. The extent of
variation in extraction efficiencies as compared to the concentration obtained at 66°C was in following order; Ni
(7.09% ~ 35.42%) > Cr (4.79% ~ 25.40%) > Zn (3.99% ~ 17.52%) > Cu (2.22% ~ 19.34%) > As (3.54% ~ 8.26%) > Cd
(-5.08% ~ 1.08%) > Pb (—4.71% ~ —1.70%). The accuracy for certified reference materials at the digestion temperature of
80 and 85°C was 98.7% ~ 105.8%. Therefore, digestion temperature of 80°C ~ 85°C is suggested to obtain reliable and
reproducible data when the standard method by Korean Ministry of Environment is employed to analyze multiple heavy

metal components in soil samples.
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THJung and Jung, 2006). ©|2i3F H3ExHe] e A&
29 & A HsidEIT Al

sl A3 59 =EFR0 o8l WEE FoE Ky
ATH(Lee et al., 2015). T3k I7PIAGAY Ak
A el g8l ke 71, BA, A71AAL 5 Gl
gt TE5 U v2A Yep b 7 299 misde=®
FE FH ESP B s8] ofdds viE g
THJeong et al., 2015). °]&3F EYLES HXslaL &
FE EYS A3 3 B nAdide
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FAR7ISAEEIHAA7IE=WNIER, 2021014 thFe
tolLAlE Alfletar 7, &, UA, ¥k 5 S5
75 238l F 227 E4e tiste] EGATHAE

7]5=(Korean Ministry of Environment Standard Method,
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KMES)S IAJslaL glom ofof] W& Alf ZAaE Ef)
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TAF o2 F8E AFH EY TEE A U
2 15 3 BHESH(US EPA)] SW-8460] 3K
E3) HPH(EPA 3050B)2 MicrowaveZ ©]-83F WP (EPA
3051, EPA 3051A, EPA 3052)°] oW ZA|FF37 )+
(ISO) EFo 2w o FFYZRLNE 55 v 3
2 el [SO 114667 MicrowaveE ©]&3F 1SO
12914 ¥1H Fo] tisEZo|lom o] WhHES 202019
oA ARSE= WgESY 53 T8k 1SO 54321
2 A9t Wei]o] @A) AREEAL JITHEPA, 1994; EPA
2007; EPA, 1996, ISO 1995; ISO 2012, ISO 2020).
U] ESLATHAEEY TuE5 AU I
ISO 11466 71&2] 717 glo] HYsle] At KSEF
(KS 1 1SO 11466)}2] Blal A5 T3l G| ARHE
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ANA7IZET SO 114662 US EPA 3051A HE 1SO
129149}= t2A #3l] =7} HAEe] A Lo} 25t
Wi E SO 54321(Method AB|EHIE Method B: Plo]=L
Zo]B AlzE e 7122] 1SO 1146609014 HAEA]
2 SRS 25105+ 5)°CE AAsle] AREE I o)

U EGCAZHARIE U] T84 (As, Cd, Cu,
Ni, Pb, Zn)#} FHAIA7IE 9 F520 F Croll st
EQFS (@A, 21 mL+ &4 TmL)E AA2skE 3
AEE) T 28 27 BWAEe] JA ¢ witel F
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Table 1. Physical and chemical properties of soils

% - olie] - FAF - oV - Al

& olglelErgdo] e dF AlF EY sHY S ES
Q1Z=HFEZA(CRM, NICEM-CS003)#} =A|Fo& AR
Hal e EYRJISHETEZ(CRM, BAM-Ul122yS tid
o7 B3 5= (66+2.0)1°C, (73+19)1°C, (80+1.3)°C,
(85+1.7)°C, (92+2.01°C, (98+ 1.7°C 67} FXto= A
Aate] vlal AIFEI). g B G AR e
3 2% o] WAIEo] = US EPA 3051A9} 1SO
54321(Method B)E o g 59U E9 A 82 #83)]
545 T2 vl Hr4eidh

21LAEH E Y S

B9k 0|38} EAdo] e UMIEY sHY A3 Hr)
= 93t EURIFEFEZ(CRM) 298 FAESCZ A}
1t YuteEek sHE dM AFelar HPNE &
Felo] AZ7](Dry oven, 40°C)llA Z2]3l 10 mesh 3£
AGEETHE 2mm)E AAE §F $, 100 mesh A G
ZH4 0.15 mm)E TR AAE 3t ARgsIom ESF
NS HTEDL Aedgh FAEHENE 5771 A(NICEM)
oM = ESS 7Rkez Aaksle] dnl 591 CRM
(NICEM-CS003)} SdAus=vsd(BAMPIA A2kt
o] ¥ 321 CRM(BAM-Ul12a)S ZH2}t AR&sIsit. Al
3 B gt pHe ESLATHAIFZIF(ES 07302.1b)
o7 ZH3¥ F7IESHS 1N TIAENLE g90
2 f71ES A7 & 05N SRHE gokS o]g3le]
24 (back titration) 3= X (Walkley and Black, 1934),
CECE 1N Z2RIF(pH)S AHesle] A& 5 539
NHE A= § 57 2A-st 343192 (Chapman,
1965), EAIE Stoke?] Wl 7wket M7 Z F)=ly
S AMEsle] B71sltH(Gee and Bauder, 1986). E%F
o|glel EAL Table 13 T}
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Sand Silt Cla;
Sample pH O((;:/)l %) el (crg(])alig) Soil texture
Soil-a 6.53 6.30 65.12 26.12 8.76 62.73 Sandy loam
Soil-b 6.07 5.54 81.88 9.60 8.52 72.07 Loamy sand
Soil-c 6.78 3.98 42.56 28.88 28.56 17.44 Clay loam
Soil-d 5.46 1.03 61.00 27.24 11.76 14.30 Sandy loam
Soil-e 5.44 5.83 71.76 18.44 9.80 18.37 Sandy loam
NICEM-CS003 7.29 0.96 25.16 58.20 16.64 7.81 Silt loam
BAM-Ul12a - 1.34 - - - - -
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2.2. A2 & T

Aol A8 EFAIRS 70% HNOs(Dongwoo Fine-
Chem), 35% HCl(Dongwoo Fine-Chem)S A}83}90 ™
AAG= 25 AZ7)(Elga, 18 MQ-em)S ©]&3lo] =
AE BAGTE ARSI EFL AT HAE e o
Sisle 39 W ¥-EVIE ¥ SR
FT8VNE A3t AM8ske S 87EESN (Reflux con-
denser digestion) F*|& &83199™ US EPA 3051A
2 SO 54321(Method B)E Microwave(CEM, Mark®,
USAYE AHE-315iH

2.3. 717 |2M =

ESAFTAHAE7IEF US EPA 3051A 2 ISO
54321(Method B)E F&3F A8v F=d3Z vy
B=A)(Agilent, 5800, USAYS AR&3l] S43Ilom 7
Ao 2SS 1% A EF8N (working standard solu-
tiony> T-2](SRM® 3164, NIST), ‘Z(SRM® 3128 NIST),
L7A(SRM® 3136 NIST), H]A(SRM® 3103a NIST), ©}1
(SRM™ 3168a NIST), 7F=HE(SRM®™ 3108 NIST), =&
(Inorganic venturesye ARSI HARTENS O
o7 3FAsle] 0mgL, 0.10mgL, 0.20 mg/L, 0.40
mg/L, 0.80 mg/L, 4.0mg/LE Ztz} XA 3o o]
7 HARFAY] AFASEYE 0998 o] HEE 31
ot EATANA S 5 e BAAE HAsks]
I S0 54 A3 (driftell ek Fake 1

2o
ofr

sl W 7 SAHSAME wsle] S8IEHIS0, 2005).

24.1. EYATAHAITT S W HF 2R o=
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3 2571 v = Pk 13
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& 52 A

5 587 CRM 23S ARS8t ESLATAHAIEY
=5 FE AFAA] wet Al 3gs W87
9221 mL# 22K 7 mL)E 718 & Seyzas
$-g7)0l AZAZ] F Lol 2413F AXAIZ] T Bk
TEFEY 255 A3 &Y & 214 EEelES
3lal 2A1ZE Bt 1 FEHIE SR e B8l
Ao A8 257t TEE ol riXle JFS Frks]
3l HEg-87]0ll LEAI(MT-3035)2 AAste] B 2%
= 217} (66+2.0)°C, (73+1.9°C, (80+13)°C, (85+1.7)
°C, (92+2.01°C, (98+ 1.7°CE A== A3}t
2A7Ee] HEaadS 483t & WZstal Whatman No.
40 AAAE FHAA 100 mL FHEERT) B3 §
A= AGZEr - YUAPEFE3 7] (ICP-OES, 5800, Agilent)
2 A gEle] 54 7F(As, Cd, Cr, Cu, Ni, Pb, Zn)
S . dF AF EY 2 CRME 5Y 2Ho
2 RT3 R BAEgon e 25 Fas TR0

Hels rlelaitt. EYQATAHAIA 7T wet 3
CRM(NICEM-CS003, BAM-U112a) 232 EUE QA=3k
tir] FE=E Hriete] HZ Y Eefl = ARSI

=
)
u|=k 87 HESH(US EPA) SW-8462] Ak
A=)
RN

=]
sl WH US EPA 3051, US EPA 3051A, US EPA 3052
7} 9Jor =AEFS} 71F(ISO)IA = ISO 543210] =
AEFoZ A= o] k. o5 AP FolA ARl
Aol F3ll =7} HAIEe] = US EPA 3051A ¥
ISO 54321(Method B)?} EYQGFHAIH7IE 2.4.190
A =EE HH] AR ex S 83 WS ol

gow A W A4S 7be] FFE B4 ANE vl
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P
Js

Table 2. Summary of analysis method for the determination of heavy metals in soil

ISO 54321
D]
Method KMES US EPA 3051A Method B
Matrix soil oil, sediment, sludge, soil soil and soil material
Sample weight 3g 05¢g 05¢g

Al, Sb, As, Ba, Be, Cd, Ca, Cr, Co, Al, Sb, As, Ba, Be, Cd, Ca, Cr, Co,

Application element

Digestion devices Reflux condenser
Digestion temperature -

Digestion time 2h

Digestion reagent (HNO;: 7mL, HCI: 21 mL)

Instrument AAS, ICP-AES

(HNO;: 9mL, HCI: 3 mL)
FLAA, GFAA, ICP-AES, ICP-MS

Cu, Pb, NI, As, Hg, Zn, Cd  Cu, Fe, Pb, Mg, Mn, Mo, Ni, K, Se, Cu, Fe, Pb, Mg, Mn, Mo, Ni, K, Se,
Ag, Na, T, V, Zn

Ag, Na, Tl, V, Zn

Microwave Microwave
(175 + 5)°C (175 + 5)°C
10 min 10 min

(HNO;: 2 mL, HCl: 6 mL)
AAS, ICP-AES, ICP-MS

YKMES: Korean Ministry of Environment Standard Method
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Table 2o YEeERAIT)

[(66+2.0)°C, (73+1.9)°C, (80+13)°C, (85+1.7)°C, (92
+£2.0)°C, (98 1.7)°Cle2 7P} AAsta &% A5 E
& 587 CRM 238 EFL AT RV we) B4
3T} 38 wE-S AEsla 158 ol BT AR

T7b Hyel| mLaglon o o]$2 2ARE 51t A7
=

==

oz oo

=
55 Z7H80) B3 Aak= Fig 10 UeRd vl 2}
7P e B (66 +2.0)°CAN SAHE FTE9]
TEER SfaL ool tplsl £l 2% STl
et 24E NEEE 74, EYAE 58 2 CRM 2%)
o] T VS T H ol Huks F8s A
Ni 7.09% ~ 35.42%(FT 22.41%) > Cr 4.79% ~25.40%
(BT 14.96%)>7Zn 3.99% ~ 17.52%(BT 11.17%) > Cu
2.22%~19.34%(F T 10.17%) > As 3.54% ~ 8.26%(B T
6.51%)>Cd —5.08% ~ 1.08%(F 1 —0.28%)>Pb —4.71%
~—1.70%CET -3.07%) TAZ B3l &= e ST
o] W37} VePdTtH(Table 33 Table 4). 7F¢ & 5718
o] YERd Niel A9 &3l 255 (66+2.0)°ColA (73
+1.9)°C, 80+ 1.3)°C, (85+1.7)°C, (92+2.0)°C, (98+1.7)
°CE EFolFH (66+2.0)°C Z710l| thuleted zHzt 7.09%,
17.25%, 20.67%, 31.62%, 35.42%% Z7}3tjom
HAZ FEFs Bo] vk 352 Crolen Nig &Y
SHAl MR F3) 255 28 W it (66+2.0)°C &
o) thulste] 242t 4.79%, 10.08%, 12.88%, 21.63%,
25.40%%2 B AlRolA il 257t ASETE Cr F
T &3 Z7Ek
EY F Ni, Crd] AT 54l #Agt A7 Aol Js}
W B TRt EY olsley EA(pH, FUI1EEE,
Fol2ughgF Tl wet o5 s 540 o2
Vel |= 8}A9H(Kelepertzis and Stathopoulou, 2013;
Quantin et al, 2008), &4 E9F 719 EY 5 N,
Cre 7% EAo] fA8E Ao BHuEa IthKierczak
et al., 2007; Kierczak et al., 2016). = F74%] 2 I
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AY EF F SM&T(Standard Measurement and Testing
Programme) G&3ES AMSI 245/ EE, 74, U
A, o)1) SAFEE AR A7 UA, a5 3
FEIZE 7P =skon w3A B A YA, AFl
A Akt S BEYRTIES] Aol sl ERs
Tl R uEth(Lee at al., 2016). A3lElE EY 77
=3 A AgEe] s A 4A 8EHA Ferhal
Hu=a QARE ARRI B = f71ERsE 3
8=0| 7Fs3ltta Barskal Atk (Mocko and Waclawek,
2004; Banta et al., 2005). ¥ A7l Ni Cro] TR
FTasol HEl 8 2% sl e vE kel 2
olfrZe ¢4 AFS ukel ol Ni, Cro] A5 5A49]
Akt Hoz siMd o ol Tg EX) FE 94
A 8=57] sl X2E 2 SH Bt 855]7] o
o2 2kale] 2 ZHFEl(residual phase)?] HIE©] A3
o2 7] WiEd o= Az

e 2% Al U FEE TE kel 7MY 2
A& Soil-d= Ni(19.81 ~88.39)%, Cu(13.80 ~71.31)%,
Cr(9.84 ~50.35)%, Cd(23.08 ~38.46)%, Zn(7.93 ~36.45)%,
As(6.65 ~ 17.90)%, Pb(-4.28% ~-8.01)%= AT} ©]
= 3R E(Andisols)Z TAE AlFE EYR] Soil-a 2
Soil-b 18|31 Hepd® AR FoA FU3HA AFgH
Soil-c ¥ Soil-e Rt F71& d=Fo] ¢F 3~6d] ¥
pH ¥ CECE Jjdo=z viAl Yeldth pH}F CEC,
FTIETFE 55 o158 FAE5EY F83 Ao
H(De Matos et al., 2001) IHHHOZ pHI} FS4-=
59 &3== 2T/1a(Tills and Alloway, 1983)
CEC7} 855 59 o]$4e soRitkal Busy
JHAydinalp et al., 2003). ©]#3F o]FZ Soil-d’} &
3 & s e FE5 ' Mol 7P =
Uehd Ao 2 AZEm 7|83 7P WS ol &
3 Balas-s SRl Aoz ). 12U} Daldoul
et al.(2015)°] &Jgt AHoMe F=EH Ta55 CECS
9] o] YA &2 AoE Haxo] EF 549
e 559 olsdY B3l 2xofe] dFF 52 TR
A7t Fes) weld,

Adams and Alloway(1988)°] W= o] FZA|
© 255 Fold tRE 555 5t SRR Zn
7 Zo] IR G52 25 IV wE FE2E80] A
H= @4o] Yeld 4= Atk Basigith. B Aol
= As, Cd ¥ Pbe] 79 w3l 250l tigh F3S g
7] ok olfZ% Ni, Cef g2l ¢4 8&%7] A%
2] 2 e vlFo] B8 Aolr] WiEeE Fgdt.
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Fig. 1. Influence of digestion temperature of soil heavy metal by KMES (Auqa regia, reflux condition).
YRate of increase (%) : This value means the degree of increased concentration for each decomposition temperature based on the

concentration obtained at (66 + 2.0)°C.
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Table 3. Contents of heavy metals analyzed by KMES, US EPA 3051A and ISO 54321

91

Contents (mg/kg)

Analysis method and digestion temperature

El I
ement Sample ;g ppA 3051 1SO 54321 KMES KMES KMES KMES KMES KMES

T20T ‘TT-1T "d {(§)LT "TOA "UOITAUY JIIEMPUNOID) 10§

(175+£5°C+SD (175+5°C+SD (66+2.0YC+SD (73+1.9°C+SD (80+13)°C+SD (85+1.7°C+SD (92+2.0YC+SD (98+1.7°C +SD
Soil-a 3.02  0.07 480 = 0.66 3.06 £ 024 324 = 0.15 337 + 0.52 3.44 + 0.08 3.68 £ 030 340 + 025
Soil-b 3.63 + 028 641 = 0.66 371 £ 0.16 391 + 0.22 441 £ 0.19 447 £ 023 442 + 032 431 = 0.10
As  Soilc 28.96 + 1.11 3543 + 0.95 29.14 + 046 28.67 + 0.09 28.69 + 0.17 30.06 + 1.03 30.54 + 0.12 30.71 + 0.24
Soil-d 3.78 + 027 7.13 £ 1.13 434 + 028 4.63 + 0.09 499 + 0.17 481 + 031 4.98 + 0.02 5.12 + 0.08
Soil-e 21.49 + 058 27.04 + 2.55 22.13 + 032 2047 £ 0.19 2224 + 025 2221 + 030 2237 + 0.18 21.86 + 0.24
Soil-a 028 + 0.03 0.20 = 0.03 027 £ 0.03 022 + 0.04 021 £ 0.02 022 + 0.02 029 + 0.02 022 + 0.02
Soil-b 024 + 0.02 022 + 0.04 0.19 + 0.02 0.16 = 0.02 0.18 + 0.02 0.17 = 0.00 0.17 + 0.03 0.18 £ 0.02
cd  Soilc 028 + 0.02 0.20 + 0.02 028 + 0.02 0.19 + 0.02 024 + 0.04 024 + 0.02 0.26 + 0.05 024 + 0.02
Soil-d 020 + 0.02 022 + 0.02 0.14 + 0.02 0.18 + 0.02 020 + 0.00 0.19 = 0.04 020 = 0.03 020 + 0.00
Soil-e 023 + 0.02 022 + 0.04 024 + 0.02 027 + 0.00 024 + 0.02 023 + 0.03 026 + 0.04 026 + 0.02
Soil-a 75.83 + 2.63 97.95 + 0.98 65.57 + 0.12 68.01 + 1.00 7126 + 0.85 75.06 + 2.04 79.67 + 2.09 82.63 + 1.46
Soil-b 9732 £ 9.00 11874 + 1.72 71.01 + 0.88 7729 £ 1.00 8428 + 0.53 87.46 + 327 96.28 + 0.31 100.47 + 0.28
Cr  Soil-c 28.66 = 1.06 3342 + 057 2641 + 025 27.17 + 061 27.87 + 0.12 29.19 + 1.10 31.16 + 0.69 31.56 + 0.02
Soil-d 33.08 + 1.57 53.82 + 0.64 28.44 + 0.63 3124 + 0.48 33.86 + 0.10 33.96 + 0.17 40.97 + 0.67 42.77 £ 1.07
Soil-e 53.46 + 0.42 65.38 + 137 4560 + 0.24 47.00 + 0.15 49.08 + 039 4934 + 032 5048 + 0.11 51.52 + 0.53
Soil-a 29.77 + 2.42 30.52 + 2.45 27.50 + 0.89 27.83 + 0.32 28.64 + 0.05 28.98 + 0.22 2920 + 0.23 29.70 + 038
Soil-b 2523 + 1.61 28.14 + 221 23.64 + 1.63 2439 + 121 2643 = 1.73 2599 + 1.36 26.84 + 0.17 28.08 + 0.64
Cu  Soilc 8.48 + 0.64 9.57 + 0.67 7.76 + 0.08 728 + 0.74 7.68 + 039 823 + 0.10 8.50 + 0.06 9.01 + 135
Soil-d 9.91 + 0.49 15.95 + 1.06 821 + 0.59 934 + 1.13 10.07 £ 0.09 10.03 + 0.07 12.06 + 0.43 14.07 £ 0.59
Soil-e 2148 + 1.89 24.40 + 1.99 16.67 + 0.46 17.33 + 031 19.02 + 0.59 18.83 + 0.73 19.80 + 0.64 19.90 + 0.78
Soil-a 13510 + 5.02 14935 + 0.66 13470 + 0.03 14236 + 340 14674 + 1.60  155.19 + 452 157.84 + 3.98  159.09 + 2.45
Soil-b 14731 + 729 15493 + 136  121.76 £ 200 13043 + 090  138.88 + 1.59  139.67 + 225  143.03 + 2.10  144.86 + 2.35
Ni Soil-c 17.70 + 1.33 21.77 + 0.85 14.38 + 0.05 15.04 + 0.07 16.38 = 0.04 17.38 + 0.91 19.08 + 0.21 19.40 + 0.12
Soil-d 2245 + 175 38.96 + 1.78 15.99 + 0.78 19.16 + 0.88 22.18 + 036 2229 + 030 28.64 + 0.67 30.12 + 0.96
Soil-e 3372 + 1.15 49.98 + 145 25.56 + 0.11 2731 + 0.07 3026 + 0.24 30.79 + 0.57 33.18 + 0.19 3517 + 0.10
Soil-a 534 + 094 482 + 0.09 4.86 + 0.08 468 + 0.11 463 + 0.10 448 + 032 434 + 0.64 4.56 = 033
Soil-b 498 + 0.77 422 + 0.06 3.70 + 0.10 3.66 = 0.05 3.52 £ 0.17 337 + 0.12 3.07 + 0.07 328 + 0.02
Pb  Soilc 1627 + 041 16.52 + 0.78 14.90 + 0.12 14.77 + 0.13 14.96 = 0.19 1547 + 026 1543 + 0.12 1523 + 032
Soil-d 9.04 + 034 8.82 + 1.10 8.04 + 0.08 770 £ 0.15 749 £ 0.13 751 £ 0.11 742 £ 0.08 7.40 + 0.06
Soil-e 28.89 + 0.16 29.72 + 0.68 2723 + 0.12 2729 + 021 27.54 £ 020 27.54 + 0.04 27.56 + 027 27.40 £ 0.52
Soil-a 92.44 + 1.43 97.88 + 3.63 94.01 + 037 9347 + 0.73 9536 + 1.07 96.50 + 1.31 9840 + 142 101.50 + 0.86
Soil-b 9143 £ 572 103.57 + 442 74.66 + 1.52 81.57 + 0.56 91.06 + 2.90 93.08 + 137 95.56 + 2.94 97.73 + 222
Zn  Soilc 42,93 + 2.90 5438 + 337 39.80 + 1.95 4140 + 540 4230 + 2.86 4431 + 1.12 46.29 + 0.67 4792 + 045
Soil-d 7148 £ 294  107.32 + 4.92 65.54 + 1.60 7074 + 3.57 7747 + 2.05 7743 + 2.11 86.50 = 1.36 89.43 + 2.58
Soil-e 52,05 + 1.15 65.94 + 4.13 4373 + 041 46.03 + 033 4942 + 0.61 50.42 + 0.88 52.80 + 0.43 53.52 + 0.45
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Table 4. Accuracy of heavy metals analyzed by KMES, US EPA 3051A and ISO 54321

Contents (mg/kg)

Analysis method and digestion temperature

Certified value
Element CRM Mean = US EPA ) ceur 180 543217 Acar KMES®  Acar KMES  Accr KMES  Accur  KMES  Accur KMES Acar  KMES  Accur
uncertainty  3051A"
(175 £ 5°C acy (175+5°C acy (66+£2.0°C acy (73£19°C acy (80+13)°C acy (85+1.7°C acy (92+2.0)°C acy (98+1.7°C acy
s %)  +SD (%)  +SD (%)  +SD %)  +SD %) +SD (%) +SD (%) +SD %)
NICEM-CS003 141+1.8 13.62+041 966 1598+0.97 1133 13.61+023 965 1354+0.13 96.1 1337+022 948 13.67+027 969 13.72+039 973 13.66+023 96.8
As BAM-Ul12aA)Y 103+0.5 - - - - 929+0.80 902 996+032 96.7 955+1.02 928 932+090 904 9.02+057 876 9.61+039 933
BAM-U112aB)® 104+0.7 9.15+039 880 10.16+0.17 97.7 - - - - - - - - - - - -
NICEM-CS003  6.00+0.29  571+£0.08 952 6.08+0.12 101.3 579+0.02 965 5.76+0.05 959 580+£0.09 96.7 573+0.03 956 5.81+£0.12 969 579+0.02 96.5
Cd BAM-Ull2aA) 4.12+0.15 - - - - 411+£003 998 4.08+0.11 990 4.12+0.12 999 421+0.15 1022 4.08+0.01 989 4.08+0.09 99.0
BAM-Ul12a(B) 4.09+0.17 388+0.15 949 395+0.07 96.6 - - - - - - - - - - - -
NICEM-CS003 - 1543+036 - 19.86+092 - 13.71+0.18 - 1418+0.18 - 15.03+020 - 1540+058 - 1647+032 - 17.17+£0.29 -
Cr BAM-Ull2a(A) 80.1+25 - - - - 7526095 940 76.60+248 956 7632+2.04 953 7686+228 959 7642+0.64 954 7696+1.17 96.1
BAM-Ul12a(B) 819+2.6 70.60+148 862 74.66+0.51 912 - - - - - - - - - - -
NICEM-CS003 474+31 4734+146 999 4981+0.72 105.1 46.00+£0.62 970 46.73+0.52 98.6 46.79+0.04 98.7 47.13+£0.59 994 48.09+1.65 101.5 47.87+128 101.0
Cu BAM-Ull2a(A) 755+3.1 - - - - 77177+£4.16 103.0 76.18+2.37 1009 76.51+2.18 1013 7547+3.18 100.0 75.88+1.75 100.5 7596+3.08 100.6
BAM-U112a(B) 75+4 68.51+228 913 7521+£391 1003 - - - - - - - - - - - -
NICEM-CS003 12513  1325+£036 1060 16.69+0.55 1335 11.62+0.04 93.0 12.01+0.18 96.1 12.70+0.03 101.6 13.22+032 105.8 14.11+£0.18 1129 14.60+0.20 116.8
Ni BAM-Ull2a(A) 10.1+£0.5 - - - - 848+037 840 867+0.66 8.8 996+0.72 98.7 1020+1.20 101.0 1049+1.16 103.8 10.55+0.19 1044
BAM-Ul12aB) 112+0.9 8.02+039 71,6 1033+£0.62 922 - - - - - - - - - - - -
NICEM-CS003 426+56  407.82+1.87 957 427.57+4.10 1004 421.44+555 989 41622+643 97.7 41422+568 972 41822+6.52 982 41533+1.53 97.5 417.00+1.73 979
Pb  BAM-Ull12a(A) 198+ 8 - - - - 19589+5.13 989 19434+386 982 193.74+645 979 19540+4.14 98.7 194.11+2.59 98.0 19232+1.70 97.1
BAM-Ul112a(B) 199+8 17756199 892 194.17+597 97.6 - - - - - - - - - - - -
NICEM-CS003 S13+77  497.00£6.72 969 522.84+0.83 101.9 505.15+£543 98.5 50535+2.10 985 501.79+6.32 97.8 503.62+229 982 513.85+2.12 100.2 520.53+10.53 101.5
Zn  BAM-Ul12a(A) 198+ 6 - - - - 197.06+136 99.5 200.97+6.27 101.5 199.84+6.39 1009 201.83+6.33 101.9 199.15+2.60 100.6 199.98+4.11 101.0
BAM-Ul112a(B) 200+7  173.77+£526 869 192.04+0.89 96.0 - - - - - - - - - - - -

YUS EPA-3051A: Microwave with 175°C (HNOs;, HCI, 3:1 ratio)
IISO 54321: Method B, Microwave with 175°C (HNOs;, HCI, 1:3 ratio)
YKMES: Reflux condition (HNOs, HCI, 1:3 ratio)
YBAM-U112a(A): Open vessel with reflux condition (EN 16174, Method A)
9BAM-U112a(B): Microwave with 175°C (EN 16174, Method B)
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Fig. 2. Correlation of the content of heavy metal in soil among the results according to EPA 3051A, ISO 54321 (Method B) and KMES.
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