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Chromium Distribution in Korean Soils: A Review
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Chromium as a constituent of rocks occurs naturally in the environment in varying concentrations. However, the
human activity has changed the geochemical cycle of chromium in the environment and has caused the chromium
accumulation in soils. Korean soils revealed a wide range of chromium contents depending on parent material and
land use. The total chromium contents of volcanic ash soils in Jeju, which were determined using HNO; + HC1O4+
HF, ranged from 434 to 1,164 mg kg'l. The ‘ecological’ total chromium contents extracted using conc. HCI + conc.
HNO:; (aqua regia) in the same soils varied in a lower range of 50-189 mg kg'1 (averaged percentage of aqua regia
contents in HNO; + HC1O4+ HF contents: 14.9%). Serpentine soils in Andong showed a ‘ecological’ total chromium
content of 309 mg kg'1 and against it granitic soils in Andong only 20 mg kg'l. In uncontaminated forest soils of
Korea, the ‘ecological’ total chromium contents varied from 4.89 to 106 mg kg'1 and the soluble chromium contents
determined using 0.1 M HCl ranged from 0.01 to 0.64 mg kg'1 (averaged percentage of (0.1 M HCI contents in aqua
regia contents: 0.4%). Arable lands contained more soluble chromium than reported in forest soils (averaged soluble
chromium: 0.36 and 0.09 mg kg'l, respectively). In particular, the soluble chromium contents in greenhouse, orchard
and upland soils were higher than in contaminated soils near mine and industrial site (maximum contents:
greenhouse 15.3 mg kg''; upland 12.1 mg kg™'; orchard 8.29 mg kg™'; mine site 4.76 mg kg™'; industrial site 2.80 mg
kg'l). On the basis of these results a accumulation of chromium in some specific arable lands can be assumed,
probably by long-continued applications of fertilizers or soil amendments containing chromium. In Korean
Enforcement Decree of the Soil Environment Conservation Act soil standards for total chromium do not exist yet.
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Fig. 1. General distribution of chromium in the Envi-
ronment (data from 'Blume et al, 2010; TUS EPA,
1984; SCary, 1982; "WHO, 1988; ‘Fishbein, 1984; ’
Papp, 2009).
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Fig. 2. Eh-pH stability diagram for the system Cr-O-H
in aqueous solution in the absence of complexing agents
(assumed activity of dissolved chromium: 10° mol L'
under standard conditions (25°C, 0.1 MPa); adapted from
Deltombe et al., 1966; Rai et al., 1987; 1989).
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Fig. 3. Stability fields of Cr(VI) species in aqueous
solution as a function of pH and the Cr(VI) concentra-
tion (boundaries between two Cr species at percentages
of both species of 50% Dionex, 1996).

EofollA 67282 &©
71=2=23} H}—T;Hi AP EOFO| A v]nL
o}, pH7} F7FehH 671282 &2k
olFell A= 67FLF0] ofF oFstAl FAFE A,
2heE]z] Qrop o]F/do] Eopxlth (Fendorf et al.,
1997). AMAHES-o A HCrO, = HoPO, A¥ thi i
tEwsks B3 E0]82S 3lal (Mesuere and Fish,
1992), WIHHZ CrO," & S0, A AA/1A el ofg
H|S0]4 52+ 3hth (Zachara et al,, 1987). W]
HCrO, = CrO,”", SO, NOy~, CI” ®t} t 74 &
ol == o] Qlct ¥ H.PO, + S2HE HCrOs & o
2 4= qlom, EQF] QU ol w5 A%, 6712
=9 2R AaE) o|2glh olfollA A 67t e
AESH=Y K. HPO, = o] ARHTH (DHI Water and
Environment, 2000; DIN 19734, 1999).

67195 BES AAXRCRE LA Berezovsk
FA} e AEY JEole] Tasmania 4] oA =54
o 2uk Sl A EYol HutEg 9 dF
F7VEUAI T} AR A O] EFF=5 H A5kl A
4~700 pg L9 37188 Absjol| o3t 2pe1 w9l 6
7t350] Earg vl QlOu} (Cooper, 2002), YUHFAO=Z

jeom =

{Re)
—
S X

.

L

R

67t9E2 EFedd 1 7198 £ ok 671989
Egoll #E AF FEAEL I 2ER71=0l 9
A s7lAagom FAEY) 4490, 1 gLl B9
A0 wet oA puld AY $E ot (Kim et
al,, 2001)

2|Lizl Ee| B} EX|0|20

e 38 2x =4
AEolA dEdzel, & Aoie B4 ==Y
(HNO; + HCIO, + HF)o] oJgt 2= ks g,
&= =2 (conc, HCl + conc, HN03 of 93l 9=
ek AR AU 0.1 M HOl FE] €l 2
5 e 7HA AE FFeE ARSI ol 4

Hol 37kaE 67k 8 FEsA o BE AF (3
7HE + 678 S AT 67FEE] 9 B
Fodo] glodtks AAlok, B4% A8S 37t 8L
Azt &2 ZPOH 1% 3718 6713%
o] A= &=

= =
FAT

W
=

4

4

g2

Dxfol| 2 3= s
e AR (20 mg kg~ )HE]-
kg NI 27149 (1,800 mg kg~ )Oﬂ
go] glow], YA} FH ARF (35 mg kg HETFE ¢
A7} AR HESE (120 mg kg ol & @o] EAgtt
(Cannon et al,, 1978; Table 1), Al3|¢te] 32 I
210 mg kg2 v]@A w2 Aol

Table 1. Chromium concentration in various rocks (Can-
non et al., 1978).

Rocks Mean Min Max

- mg kg’

Ultrabasic rock 1,800 1,000 3,400

Igneous rocks Basic rock (basalt) 200 40 600
Granite 20 2 90
Shale and clay stone 120 30 590

Sedimentary rocks  Sandstone 35 - -
Limestone 10 <1 120
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of W= vt Mt vl gAY ARESS AE
e atA Ak W9l 4.89~106 mg kg, B
25.4 mg kg |, %7t 20.5 mg kg ' (N = 88; Table
E HY AHHEY A7 I FARIT (Kim 2009).
Jd% 0.1 M HCl 7H&4 25 % ¥H9le 0.01~0.64

Table 2. Chromium contents in Korean soils with regard to the parent material and the analytical method (adapted from

Y Ahn et al., 2006; *Min et al., 1999).

Parent material Analysis method Mean Median Min Max N
-------------------- mg kg'l e
HNO; + HCIO4 + HF 677 574 434 1,164 20
Volcanic ash soil
ocanic as soris Aqua regia 101 100 50 189 20
(Jeju Island)
Aqua regia/HF x 100 (%) 14.9 - - - 20
Granitic soils (Andong)* 20 - - - -
Aqua regia
Serpentine soils (Andong)* 309 - - - -

Table 3. Chromium contents in Korean soils with regard to the land use and the analytical method (adapted from "Yoon

et al, 2009; YRDA, 2009a; *Kim et al., 2006)

Land use Analysis method Mean  Median Min Max N
e mg kg'l ---------------
Aqua regia
Forest soils 254 20.5 4.89 106 88
(uncontaminated, nationvvide)Jr 0.1 M HCI 0.09 0.05 0.01 0.64 48
0.1IM HCl/aqua regia (%) 0.40 - - - 48

Greenhouse soils

0.53 036 <0.001 15.3 1,374

Arable land Orchard soils 0.48 033 <0.001 829 1,360
(uncontaminated, )
N Paddy soils 0.39 0.27  <0.001 5.10 2,010
nationwide)
Upland soils 0.38 0.27  <0.001 12.1 1,650
Mine site 0.1 M HCI 0.30 0.25  <0.001 4.76 600
Arable land Industrial site 0.26 022 0.03 2.80 600
(contaminated, o
nationwi de)sf Municipal sewage 0.21 0.18 0.03 1.51 600
Near highway 0.17 0.15 0.005 1.13 600
Total 0.36 - <0.001 153 8,194
Soils with Aqua regia 40.0 - 4.24 444 316
various land uses 0.1 M HCI 0.27 - <0.001 2.88 316

(nationwide)§

0.1IM HCl/aqua regia (%) 0.68 - - - 316
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mg kg', W 0.09 mg kg |, $Y%k 0.05 mg kg
2 Ak Aol oF 0.40%°] EIITE RDA
(2009a) FHTHHETRAKAAL] HT AFAdte] w2
A, vt A= 53X B 7MY AE T d
°17} €0.001~15.3 mg kg ', HdZF 0.36 mg kg ‘&
AR ESFRTE d A3 =ttt (N = 8,194; Table 3).
FAA olgd 7MY AF A= AEAPERAI7L
15, 3 mg kg ‘2 7P E=Qka, IckSo] WRESF 121 mg
. IYESF 8 29 mg kg 1, =E9F 510 mg kg
Js%l‘ﬂ% A2 4,76 mg kg |, TEIT lnﬁx] 2.80
mg kg ', A9 iﬁz] 1.51 mg kg ', IHEZ
QI %74 1.13 mg kg ' & o]} (Table 3). °|&
HY A= ARESF Hh2|9] 0.64 mg kg ' HT} =)
b a2 FEUEE AEAEAZE 0.53 mg kg 'E
7P =% (N = 1,374), JIthgo] I=YESF 0.48
mg kg ' (N = 1,360), lnEOk 0.39 mg kg (N =
2,010), HHECSF 0.38 mg kg ' (N = 1,650), =433AR]
= 577 0.30 mg kg ' (N = 600), T %73%1
0.26 mg kg' (N = 600), W36 74 0.2
mg kg (N = 600), I&EER QT 74| 0.17 mg
" (N = 600) %= o]t
ARl e} A= ESFe] vl w2 78 AE
FFe mAfo] gt JFolepr| Rk Ex|o]go w2
14 WA= vy w2 4718 g5 9
} : Aol Eokz 7o) A
g g 2E SFAE FAste] 7184

718 258 834 A5
ATFE =Y & 7] delth (Kim 2009). =Y
AvrE 3 A Eootii AE (German LABO, 2000)9]

+ 1R, 59
QA R gho] %Hrﬂcﬂ At (AHEHR:
114~288 mg Cr kg i Table 4), S-guz} H|g& 33
FZ24A4 9 A (RDA, 2009b) A= H|Ee] 3=
5 &FS sk Qioh HEuE F A3Edg
= 7R S 1% diste] & W 4.0%, +F
APR| R 7HAYTHA TS 190 diste] &5 A
0.12%, VFaEH e 3 P8 AT o
& 1%011 diste] & W 0.1%, f71&8E, A, A
ALEL 32 Y 300 mg kg 2 FAISFL Tk HAk
sﬂlﬂ % 7HEEEH], B, 57, B RYE
£ A% Fol dis] 28 A} 250~300 mg kg 2
AlskaL gk,

et 3167 ARollA 15749 chefdh Exjolgd
AE TFE 2ARE Kim et al, (2006)% AR u)A] <]
78 28 Fhekol 7P =1 (HiF 0.61 mg kg ),
AFESFo] 714 wrhil Rugict (B 0.14 mg kg ;
N = 316), FYUI EF AF e AIFS

4.24~444 mg kg ‘0|9, B4+ 40.0 mg kg o]T}
ESE 718 AEol e e § AAske Hle
2 Hit 0.68%=2 FATE (Table 3),

AR 34 (Japanese EA, 1984)0| A% A EQkt
ERA B 78 A I 2ARleH, O

s

]

7} €0.001~14.5 mg kg, 4 0.31 mg kg ‘& 3
Eg SARITE (N = 687), FUS Eou a2 Ay
o A HY= 1.10~2,225 mg kg , BogE 41,8
mg kg ‘2, 7H84 28] ek Ak % A8t
= ulgLe I 0.80%0] E3ct (N = 687). o]g} 7
o, 7Hg4d AFol sty HF=F F AA|sh= HlE
oubR o & 19 oldtglon], o]AL Eofi o] FZo
wo galde 4S5l E=oka & 4= ok

ﬁz

&2
g
B 32 o9 Wt sudmelN: BHUF
(cco-label) & $Iat SLEVIES Sp4lol ofgt Alefata
AFFF 100 mg kg '® AL vt (EU Commi-
ssion, 2006). EUANE AF oY7IES Gl
ofgt Alefald ke AMgsiel, 40wt AAE
F 30 mg kg |, FH/UALEYF 60 mg kg ', AHE
°F 100 mg kg '©]t} (German BBodSchV, 1999:
Table 4), ©l= AHESo] AHHEY ] vl &5, o]
o] o, AFo AEols, EYrE =4, A8t
SroiEoR o] AtjHoR W uEolt 7He4
ag PPl AT F el Mes ke A
W, gelfeh A AR, Be, wEgel a3
A B g 28 AL 10 o
e 2T Aow gt e moredsE
°ﬂ% 67t=1F 71wt lom, s73A, sh, =old &
QA HFo] W 129 $2j7]%0] 5 mg kg, HH7]
Z0] 15 mg kg 0|t} (Korean ME, 2009a; Table 4).
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592 AR ek Selvete B9 g 34
44 2 AgelA HRe 2% A 58S 1A
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Table 4. Comparison of chromium standards in soils to chromium contents in fertilizers (chromium analysis: aqua regia;
Cr(V]) analysis: alkali extraction; adapted from Korean ME, 2009a; * German BBodSchV, 1999; SEU commission,

2006; 'German LABO, 2000; ‘RDA, 2009b).

Chromium standards in soils & chromium contents in fertilizers

mg kg’
1 area 5
Precautionary values 2 area 15
3 area 40
Korea Cr(VI)
1 area 15
Action values 2 area 45
Soil standards 3 area 120
Sand 30
Cr Loamysilt 60
Gerrnany*
Clay 100
Cr(VI) Soil leachate 8 pg L'
EU' Cr Eco-label 100
NPK 15/15/15 45.8
NP 20/20/0 91.4
PK 0/15/20 191
Inorganic fertilizer
Raw phosphate 168
Superphosphate 114
Triple superphosphate 288
Gemlany'H Cr
Cattle slurry 7.3
Pigs slurry 94
Farm-produced fertilizer (animal sources) Cattle manure 12.9
Pigs manure 103
Poultry manure 4.4
Organic fertilizer (plant sources) Cmpost 25.6
Maximum amounts allowed for organic fertilizer Korea” Cr Oganic fertilizer 300
A T ek AR weka, AR ARES 9 8t o3t AE AEjehA Aol AEjsATHor A
A8l A oA =Tk 7MY AE Y (0.1 M HCI A FFE VA FANE, Aefaset olsH A
FEWO A B ok 547 Bl vmd & o F%S mXE BAA pols] tEe), mape] A4
oAtk 1% AAAMIKClA 18 2B Sgel A & A=A V%3 $elEA ol VS ¥E U HAS
KL, o)A AEF EY JAS FFsHA ok S 7] oJSIAE 67132 Qo I= A Etd AdEE 1
W B4 FEUC Vs A8 o 50% Aw Wel 3 % Bast gokw Aw Er,
25H 293, ol AFo| EefolA Fard T AR
247 4, whtekEel st 2dE Slee 2o A} A}
Fth 0.1 M HCL F&Hol o7t 74 35 &%l
o g2 SMEF 2 A H[EE dEld oz 19
o ¢ T s i muEes £ AT 20109E HEATH (EUEIRst) o
oL, oA FHA EFIA A7 W2 &4 \
, ‘ ARSI A ARl ofsiA olFoixl A,
B olEHe UFH Fohn T 4 ek 6 Yol
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