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Understanding of a Korean Standard for the Analysis of
Hexavalent Chromium in Soils and Interpretation of their Results

Rog-Young Kim, Goo-Bok Jungl, Jwa-Kyung Sung, Ju-Young Lee, Byoung-Choon Jang, Hong-Bae Yun,
Yee-Jin Lee, You-Seong Song, Won-Il Kim’, Jong-Sik Lee*, and Sang-Keun Ha

Soil & Fertilizer Management Division, 'Climate Change & Agroecology Division,

*Chemical Safety Division, National Academy of Agricultural Science, RDA, Suwon 441-707, Republic of Korea

A new Korean standard for the determination of Cr(V]) in soils has been officially published as ES 07408.1 in
2009. This analytical method is based on the hot alkaline digestion and colorimetric detection prescribed by U.S.
EPA method 3060A and 7196A. The hot alkaline digestion accomplished using 0.28 M Na,CO; and 0.5 M
NaOH solution (pH 13.4) at 90~95°C determines total Cr(V]) in soils extracting all forms of Cr(VI]), including
water-soluble, adsorbed, precipitated, and mineral-bound chromates. This aggressive alkaline digestion, however,
proved to be problematic for certain soils which contain large amounts of soluble humic substances or active
manganese oxides. Cr(IIl) could be oxidized to Cn(VI) by manganese oxides during the strong alkaline
extraction, resulting in overestimation (positive error) of Cr(VI). In contrast, Cr(VI]) reduction by dissolved
humic matter or Fe(Il) could occur during the neutralization and acidic colorimetric detection procedure, resulting
in underestimation (negative error) of Cr(VI). Futhermore, dissolved humic matter hampered the colorimetric
detection of Crn(VI) using UV/Vis spectrophotometer due to the strong coloration of the filtrate, resulting in
overestimation (positive error) of Cr(VI). Without understanding the mechanisms of Cr(VI) and Cr(III)
transformation during the analysis it could be difficult to operate the experiment in laboratory and to evaluate
the Cr(VI) results. For this reason, in this paper we described the theoretical principles and limitations of
Cr(V]) analysis and provided useful guidelines for laboratory work and Cr(VI) data analysis.

Key words: Alkaline digestion, Colorimetry, Humic matter, Korean standard, Total Cr(VI)
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POl 2E7E T2 67F2F (Cr(VD)H} 372 (Cr(ID)
o] Jebdeiz EAshH, thiEe] Cr(VD2 Cr(imofl Hls &
S, O[B4, AR ol8 kA % SOl 10100
] B =t} (Ruedel et al,, 2000; Welp, 1999; Welp et
2000, 1 Cre] SABES AR R @
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(Tirez et al., 2007; Unceta et al,, 2010), EY 2I7|&
= 9= A% EAolgy Earidel wt 0.29~56 mg
Cr(VD) kg 'olit, S-ejuet 7712 9 $-ej7|Fa) o
7122 77t 59} 15 mg Cr(VD) kg o[t} (Table 1), HU¥
URAME Aols HEE Sj5 B WES HES 27
0,008} 0,050 mg Cr(VI) L& A8k Qo).

2971 AR flelirle AR ghol AldgE|efof 5t
o, EORS BIRRE ofg] e fopollA] Cr(vD) &A%l &
Moz HrEEolgrh (o) EN 12506, 2003; EN 196-10,
2006; EN 15192, 2006), EFol|A12] Cr(VI) F-AAT-E Bart—
lett and Kimble (1976)5 AF= W2 sx}Eof 93 o
P wrso] Shovt, BATY % HAISRE Cr(v) T Cr(
Aole] % wWake shafsiA) AlolelA] Lei Beto]
oA FolQltt (Gomez and Callao, 2006; Huo et al,,
1998, James et al,, 1995; Kim et al,, 2002; Kotas and
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Table 1. Soil quality guidelines for Cr(VI) in different countries

ool - 54 -

for the protection of environmental and human health.

Land use/protection objective

mg kg (dry soil)

USA' residential use 0.29
Canada® agricultural use 0.4
Australia® ecological investigation value 1
Italy‘H parkland 2
Sweden’ agricultural use 5
Korea’ agricultural use (precautionary value) 5
Korea’ agricultural use (action value) 15
Germany“y soil leachate (groundwater protection) 0.008 mg L’
Japanm soil leachate (groundwater protection) 0.050 mg L

'U.S. EPA (2011), *Canadian CME (1999), YAustralian CSIRO (2009), "ltalian Decreto Ministeriale (1999),

Swedish EPA (2002),

Korean MOE (2009), !German BMU (1999), "'Japanese MOE (1994).

Analytical methods used for the determination of Cr(VI) in soils

EPA 3060A || DIN 19734 DHI EN 15192 ES ES 07408.1
(1996) (1999) (2003) (2006) (2007) (2009)
US.A. German standard Denmark [European standard| | Korean standard || Korean standard
Extractane |028VNa:COs 0.1 M 01M 028MNa,CO; 01M  028MNa,COs
05MNaOH  K.HPO. KH, PO,  0.5M NaOH Hcl 0.5M NaOH
E"“:;ta“t pH 134 pH 2.0 pH114  pH134 pH 1.0 pH 12.4
Extractant 50 ml 50 ml 200 ml 50 ml 50 ml 50 ml
volume
Soil 25 10 10 25 10 25
weight 59 g g 59 g 59
Extraction | 95 95:c  room temp.  90-95°C  92.5:255°C 30°C 90-95°C
Temperature
Extraction 50 min 30 min 17 h 50 min 80 min 60 rmin
time
7196A: colorime. .
Detection |7199:1C colorimetry colorimetry fon chromato- colorimetry  colorimetry
6800 : ESIDMS graphy (IC)
Fraction total mobile total total acid-soluble total
Cr(VI) Cr(VI) Cr(VI) Cr(VI) Cr(VI) Cr(VD)

Fig. 1. Comparison of different analytical methods for extraction and quantification of Cr(VI) in soils.

Stasick, 2000; Pettine and Capri, 2005; Vitale et al., 1994).

SajutatoA] EOF Cr(Vl) 4L 34 Eorooday
A&712] A3 2009W7HA]= 0.1 M HCl £ (pH 1)
AMEEI] BOF 2= Cr(V)E 2&9 3 2ol A-7IAEAl
LHEEAE ARESEo] WMo R 7‘;‘56}3'11:} (ES, 2007;
Fig. 1), 22y Ab E6iE & A, F=3dolA A &
S xR A%l

S A
=

©71% F Eo] Cr(VDE Crdi)e
2 A o] 7] witol, AR Bl EAlsh=
Awct 2 ofe] Cr(ve] A& = Ut Jung et al,,

2011; ofgf EiE W8 3kan), 201095E AlE JHY Bk
QAFAHAIE7|E ES 07408.1 (2009)9| A= Cr(VI)L 0,28
M Na;COs@} 0.5 M NaOH &zha] 8ol (pH 13.4) ARE-

3to] 90~95TCo|A] GE&E T, 2o Ad—7IA|FA Hidsy
TAR Cr(VDE AES} AddE] dESE sl o] 2

M-S B 59 8Eiot Ak B
Ao} TEFHE Q] Cr(V)7HAE 2&3ka g Cr(VI) Ak
FAo8 7IEr (Kim et al,, 2000), ©] BAHE US, EPA
3060A (1996)2} 7196A (1992)2 =83+ Aot} (Fig, 1), 1
oA AJH-7HAFA EFFEAE ol&she A ¢
o % U.S. EPA 7199 (1996)2} 6800 (2007)0l|A] ©o]& ==
nfEE Y (107 d4 9 SRS S99 3 A
354y (BSIDMS) Q] AR Hstkar 9ok

L™-EZ (EN 15192, 2006) 9A] 0.28 M NaxCOse}t 0.5
M NaOH (pH 13,48 AMEsl= 7kekde] 222 XHE“QQ—I—

2235 Cr(VD)L o] ARubE T AMgslo] 7]
gt} (Fig. 1. FHEE oo AMHE =d#E (DIN
19734, 1999)°4= 0.1 M K.HPO, 894 (pH 8.0)2 A]__Q_
o] ARLofA] o]=A Cr(VD)S E=35fo] v|Hoz A

Folujel e A



Cr(v) S ARiTHs A, ofeldeln
7] ol elzte] ARt v el 712
o] AA gallEth= Aol 2tk (Kim et al., 2000). W=
+874% (DHI, 2003)9l4= 0.1 M KHoPO, 84 (pH 11.4)
02 90~95CoA Cr(VD) A vl og HEect
(Fig. 1).

AF7H] Cr(VI) 24 A= Ztigte] Cr(VD)<& F&51
A S = Sl Cr(VD Q] SRt Cr(T) 9] AF
3= Faslolet I 23S B0l gl v 254
Cr(VDo] 34 §&% 7=l o8l Cr(iD o2 ==
AR (&9 oA}, 88l Crino] &% WA=
OJsff Cr(VDo&2 Akltel= AR (Y exhit f7lEo]
HPAHS Whafisl= AR (] @aho] Harwje] gt (of
g & 237 Huo et al., 1998; Jung et al., 2011; Kim,
2009). wAIHY Fofl T = Q= 2F/E iRt £0)7]
elixl= pHEF ARSReRAAS] (Eh)oll w2 Cr(VD) I} Cr(IlD)
Ato]o] HogkA{o]al FAsHAQl TAof gt ofsf7} B4
Aolt}, A & =olde Y BT EAR

2 (VD) EAY (BS 074081, 2000)9] o} 23] ejet A
W ATHS DA, EPARY 71aE 2B

% BAATE sj4ele] mgo HaA d,

EY 67138 24 Hal
Cr(VI) £& 12| Figwe 204 B20] G(VDL &

ofgha oz Ehv} BliA & 204 HgAor At
™, G e pH7E mobdas 7RIk Ehvt 31,
A

/4 22191 pH 1.0~6.50014] Cr(VD) HCrO; 2] FEj=,

[J o |

Cr(OH),*

~~~~~~~~ Cr(OH),’

pH

Fig. 2. Change of Eh-pH condition (three dark circles)
during the extraction (1), neutralization (2), and colorimetric
detection procedure (3) using Korean Standard ES 07408.1.

B4 ojsje} Azt 34 729

A3 g7 pH 65014914 Cr(VD)E Cro,” ¢
He|2 F2 A3t} (Brookins, 1988). Eh7} Wolxw

=
Cr(VD2 Ao EASHA] H3lal Crll) o2 2hls]
W Cr(De] A4Sl Wele pH7h WopdssE 7.
of#igt dAstAQl BARIA & ul, v F7lEdEel
i 4MY 29 RESA= Cr(VD7F Cr(lDo= 8
= B2 712 o=fol Wal MnO, o=l &
AR Rl 29| AESIME CcriDo] Cr(VDE Akt

£

A3l WA= EYeIAS BFEHE Az sk,
= FollAl= A BT FoIAA ¢7] whe
sh2lQl aejrh wet Wasich olget olfE B
ORRE (VDS =T 1 0.28 M NayCO2t 0.5 M
NaOH & ARg3te] ARl Z4dzte] 218 vhsol <ot
(pH 13.4, Eh 0,08 V, Fig. 2). oJu] COs™ ol 23| 2|g=]A
U OH o] oJaf) HaEl Cro, = o]zl pH, Eh Z71o]|A
Cr(I o2 HAER] ¢har ekgzor Za)st 4= ok,

Cr(Ill) Atst AR Cr(V) o] AkHaQl abge] =
oA aE|lER | Bk ZAstd Cr(ine] g &&=
= 7S MnOe] OJsjA AeistH o o QPHE Gr(vDe.
2 AkslE 7RsAlo] Qi) (Vitale et al,, 1994), o|&gt
Cr(II) 9] A¥eHE: A|ojsl7] $15t0] MgCly 0.4 gt 1Ak
2900 05 mL (0.5 M Ko:HPO, + 0.5 M KH,PO,; pH 7)
S F2%0l HrRich olaf Mg Cri AHES 3
AL, Cr(iDE AFSHA7]E= Mn02] EHHo| Fakslo],
MnOy7} Cr(IID3 §H-g-ot= AL Wallgttt (Huo et al.,
1998; Tirez et al,, 2007). E3H Mg’ = 825 97|82
SHAAA Ao F71ES AAAZIER, v A
GG o)A EA} He G182 M ol Hx o
AZIck (Kim, 2009; Kim et al., 2002). EFLEEGAIE7]
Z (ES 07408.1, 2009)°]= Mg”' & MgCl2] 71 2R e= &
FeHAIRE, GAFER 1l Hlah, ARl eteti
&4 Zdg = 93, Al oA avkE =Y 4 ot
(EN 15192, 2006; Kim, 2009).

5 ofoo] ZMEH  00-05Cold 1AKE B 2%
3 Cr(VDE o7t (0.45 um) Fof Bke] SER 5 M
HNOsZ AHgste] pHE 7.5 + 052 24T (Bask: of
15 mL HNOs; pH 7.6, Eh 0,42 V, Fig. 2). 12} E9F
E 2o webA FE olole] FABE pH 13 404
WA QKR AR Cr(vDS] IS AR S et
(Huo et al., 1998). /49| pH =4 Cr(VD)2] ¢
S} ulE LeR] ShAR 7Rsa od Bk ok ot
2 sk Aol vhgAsic oz AR A7t o
YasiAAe, 48 9 glol 2ok (v At



£ A= Jwejs) ol skt Apssch

G(V) g 32| 5= N2 Cr(VD) 1.5-Diphenyl -
carbazide (DPC)2} HFg-5to] 2HAAZ]7] €3] HaSOs (10%)
5 AgElo] ofole ZHALE pH 2 £ 0,52 R (i
1.9, Eh 0,72 V, Fig. 2). Cr(VI)-& Diphenylcarbazide2}
Aeld oz w2A 2z or* —DiphenylcarbazoneS &
s, o] EFAY FFEE ALA-THA EFA R
540 nmof|Al HESto] Cr(VD)Z Fgtet.

EY 67138 &4

rot

A

Cr(Ill) &2k = A9 cr(mo] 23 Fol o
A §EEGetE, Wde] 24 EI10), ¥ 2%, Mg
o} COs" 7} TRFe R EAH: 2AE, Cr(io] B
) whe] 23 e w=slEy, gqiu gy 2Ao A
Cr(Im) 9] A< r= vind =2t} (Tirez et al,, 2007),
I F2Y St () 9] Ak Has ARkE 4
ek 2y AR Eoo':«] Cr(Il)/Cr(VI) 3Fgu]&o] =L,
EQF pHE} U7E o] =& A, AEH Cr(VDo] &4
oflA =¥, Cr(in) Atsle] ofsf Faks WS 7is
o] =t} (Huo et al,, 1998; Tirez et al,, 2007; Vitale et
ol 1997), olefat ko] oXE A SlHIAE EopA
F2o| crID)Ee F7ystar, F71E crdie] Cr(V) o2 Alsh
HEAE HESH =k FoshHQl Alitell ofshH 0.9
MnOy= 4Hd, |2 HfoflA Cr(D)S& AReket 4= ¢
= AR AlsHAoAL, WHH HyOp, MngOsi= pHOll whehbA]
A7 E7|% shal A7 =7]% gkt (Pettine and
Millero, 1990; Pettine et al,, 2002). Figure 3°j= E |
Kol F2 AEiael SRLES) BhopHo) T Asie

0.7

0.6 Cr) \Cr(VD)

0.5

Fe(I)". Fe(III)
0.4 - " (Fe(OH)3)

Eh,V

Fe(I) \F e(III) .,
02 - (¢-FeOOH)

SONSOVD
el S(ID) Mn(I)\Mn(IIL TV
0.0 L L L L L 1

2 4 6 8 10 12
pH(H,0)

Fig. 3. Eh-pH stability lines for Cr(IIl)/Cr(VI), Mn(Il)/Mn
(I, 1IV), Fe(Il)/Fe(Ill), and S(-II)/S(0)/S(VI). Activities of
dissolved Cr and Mn are 10° mol I' and that of dissolved
Fe and S are 10” and 10™ mol I'', respectively, under
standard conditions (data adapted from Deltombe et al.,
1966 and Brookins, 1998).

FO

LAY - 054 - k42

A AARE Aoz ehhglth B9l Crm e
CrVDOR RS 5 Gl HUT AL Ao ¢
o WHkSHE Wolth (Kim, 2000; Fig, 9).

2 EYIA Cr(VDS 4718, Fe(lD), S(-1I)
o 2 HRgoIAI7E EAsHH, HAE ot ARAle Cr(I)
o= SR 7], Fell), S-IDE 4EHAIE 4= Qltk
(Fig. 3). f71=% Fe(l)= EYY 7MY &3 A& 59
ShbeAl, oizke] golo] ofs) w3k 44 §2E 4 9
(EN 15192, 2006; Tirez et al,, 2207), 12\ =& 2,
Zede] vk, B2 00 FEolAE Fe()o] Cr(VDE
SHAA 7= WSS HT 0,9 BES3e] Fe(llD 2 AMS}E
VS5 E7E o wE7] wiiol, Fe(Dell €Jgt Cr(vD)e
SFAES-S AAE 4~ At} (Tirez et al,, 2007). wpzk7}
A& el 2oA= f71=el 2Rt Cr(vi) 4 Lndbly
S w3 WSl et Tud 9 23 5 ojolg
BOR GVI) FES S19l o
= A V—:‘:‘:' W= dAllA, Cr(Vi)o] o]l Qlof] EAf st
= 718, Fe(D), S(-ID&} ¥k-g-5to] DPCe} §Eg317] Aol
cr(moz e 3o 9t (Huo et al., 1998; James
et al,, 1995; Kim et al,, 2000), ©|&[3t 29 2= AA
517 fleiAle Bl Cr(VD& 7IRt 3 245 38t
o Cr(VD)9] &4o] = A& HESNoF it

%

rlr

7129 walf vl ofgt Cr(vl) AR wgd
%A 540 nmo|A] DiphenylcarbazideE X715k ojlxu} X7}
P oke ojelo] S zjol= Ak I¥h oo

#71% BE7} £245 DPOS A7ISH S ofol A
Bt w5k, 7710} vielslel DPOS A7HRE ofle] &
BEE BT Fig. 4. oA & FEo g3 o
T 1000 £ y=542x-0.09
= P r2=0.43
E 100 ¢ +
*En +
E 10 ¢ " ow
2
= 17
2,
S5 01
= E
.g 0.01 L |\|H|T“—E\' |Q|\\\|}‘\ Ly
p= 0.001 0.010 0.100 1.000
Extinction of the background
colors of extracts
OForest i Organic layer © Upland

A Grassland

Fig. 4. Relation of mobile Cr(VI) contents of 116 agricultural
and industrial soils to their background colours of extracts.
Mobile Cr(VI) was determined using German DIN 19734
(1999) with colorimetric measurement (see Fig. 1).

X Garden + Industrial site
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Fig. 5. Relation of total Cr(VI) contents of 40 agricultural
soils to their organic matter contents. Total Cr(VI) was
determined using Korean Standard ES 07408.1 (2009)
with colorimetric measurement.

Fow &Y f71E0] DRCSL MSle] 540 nmolA
e Frste] o) 9AF RSP mhReltt (Hardor,

1987; Huo et al,, 1998; James et al,, 1995; Kim et al,,
2000, Pettine and Capri 2005; Vitale et al,, 1994; 1997).
vlad] pH7E WAL, f7lE el 2 Bl Cr(VDol
gojataon AHOR EA 4 GeelE B, &
FAES 7l el wordell wet Cr(v) d=Fol &7
AEE= A2 oleh 22 270 7IIeit) (Fig. 5! Jung
et al., 2011). o]¥l 9= BAR thilo] GF-AASL ICP
2 FF 099 Ora Ao =A, o At HolEE ¢
o 2 Qi) BE o] 2Zo] (VT SEsklnis [
Alstell, oA or S Cr(VD) w2 I & 4= Qlok

EY =7} 67128 240 O|xl= F

Eoke Azska 47|17 Bshs TN 7180] At
oF=|al o]= Qlsf f7]=9] 88i=7t okA Cr(VD) #4=
vk 4= Qlc} (Kim, 2009; Makino et al,, 2000; Tomoyuki
et al., 2002). ol2et WS Hslslr| fleiMe EXA
25 A F 5 A2 2SSt @+ 20), &
« A" 22 2A4sks s ¥3e® sh (US. EPA
30604, 1996), RS FABI7] SIaI Al 2]
FA5to] AR = Qltk (EN 15192, 2006). Cr(VI) &4
& EGAHF & 309 Mol aEofof sha, YubHo=m
2 mm AlE ARGSHAEE, e/ Cr(V)o] S A-5oll=

0.25 mm AAS-S 3t} (EN 15192, 2006),

o0
filo
)

2

=

o

EY 6712F 24Zu sy

71aE 249 ojsher At a4 731

ol 7ol e EqollA= Cr(VDo] FgH o s EXE
ghEo] o, o] Bk HAo ofjZAlgo] §ltt (Kim,
2009; Kim et al,, 2000). 14 {7]& o] =2 4t
JESFoIU FHR2] EQkollA= Cr(VD)o] PgAoR &
e o] WEgole S sk, A4 §EH f71E]
DPCe} ¥Hg-3F7| wiiZell o] exprt Azich ¥hd $4 5
4o Egolae AR WS A9 Cr(D)e] Akskgr
o], §71EC] WS A% Cr(VD2] BHRkgo] BE dojd
Ut (Kim, 2009). o3t oF-= EQF Cr(VI) w4141}
e = pH, F718 T, Mn F=F, CaCOs T
22 E9F vE Xof Tet 271291 ARt dasict
ol4lo] 7h= EoFe] BAAm HA2 B R Crinzt
Cr(VD)& #7¥ete] Cr(VDE B4 a2H E43H F9
[e]

Wi 4 o

1)

=i, Bl A
ofjt Aot f7lE o g
A B4 EESME FUHE Cr(vDol, EY WEHA
oF Cr(VD) g0l weh Hhgdes 2R Crin o=
g Zlofrt. A9fERl Tl jlaL, e del w2
SBA BES M, BHIEREol 2%t er(in o] AFebrt
719l dojutA] 7] mizel, Cr(VDo] EASHA] Fethal
& 7 Stk T84 BEY A0 A5 Esks frl=
o ogt 225 E°l7] flsiMe olld AF=ol B
ARE 7t & AdE B 9 BAse Zlo] 8
SPERAL Al

=

ubdElo] ghout gersha, RN Ao S
2= 9l BAle] A ofls] Fofof o SR Hoklk
Tet (VDI ) Afelo) defsbEolan FofakAel 1)
2 olsfsti, EoF il it ARE Sxlehy, Fala)
g ol WA 4 ol oRE Bo

Z Qltk ERR TR IE 67158 BAMS (ES 07408, 1)
o M de) BEu ae) 220 A8, ol
RoR 821 f7180] MRS
U 1CPE T4l A3t} olole] crg AuRtomA, o %
okt HlolEE 2 4 Gltk HIEE (EN 151920841
7120 Wl Sastin ol AznbEaduyel A
82 Wk 9, nFME o} AznkETuly (EPA
1997 Uk W B} FIUL 34 sk BY=AY
(EPA 6800)9] AHG-& #stal glout, 17kel Wil Al
Aol QabALo 2 Saaly] ofgiths W] ek
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