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Soil quality assessment for cadmium uptake of Artemisia princeps at abandoned
metalliferous mines using statistical analysis
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ABSTRACT :

Physical, chemical and biological properties of soils and cadmium(Cd) content of Artemisia princeps var. orientalis

collected from 10 metalliferous mines were analysed. Cd contents of unplanted soils and rhizosphere soils were not significantly

different(p < 0.05), and mean values were 5.92 and 5.91 mg/kg, respectively. In addition, Cd content of rhizosphere soils were
correlated with Cd content of Artemisia princeps (p < 0.05, sthom =0.3120, Rzmm = 0.4177). Minimum data set(MDS) of soil
quality parameters for statistical assessment of Cd uptake was established by principal component analysis, and it was identified as

organic matter(OM), dehydrogenase activity(DHA), pH, exchangeable Mg. According to multiple regression analysis using the

MDS, coefficients of determination (Rz) for Cd uptake of shoot and root of Artemisia princeps were found to be 0.3418 and 0.5121,

respectively. This suggests that statistical soil quality assessment using the MDS seems a useful tool to interpret heavy metal uptake

of plant.

Key words : Heavy metal, Minimum data set, Principal component analysis, Soil quality index

29 : = 10709 5 Paks R B0 =014, sy 9 YEshE] ST st Sl #(Artemisia
princeps var. orientalis)®] 7F=#(Cd) g 24T AA0] Qe Hx2st B & 28 EYY Cd F32 AH&d+t
o2 747} 59291 5.91 mg/kgC. & UEgton, BAkgA Ai T Egrhe] Cd ol foId Zolzt gllkp < 0.05).
E]aL 0] AFR-et A o}TA Cd ¥ 28 B od 3§23t AHAAS 2AHp < 0.05, Rshoot = 0.3120,
Rlroot = 0.4177). %9] Cd &5 s14< $isto] 4% BAPCAS ANF 27, 4 Edd AZMDS)E 4718 &%
OM), Erafia %HJE(DHA), pH, A2 Mg7F A= At MDSE o83 th5 3] 24 2, %] 23t AJsHe]
Cd 3] 3 Aol tiat ZRASRR)E 242 0.3418%) 0.51212 Uehgth, o] A2 MDSE o435t $A12 9l A Bt
AEY FEE S E Atk F87 7IHolghs g vkt
FHlof 1 £24, FA QX FAE BA EUA X|E
1.M 8 EFA H7bel] QlotA] BE EoF AAE TEshe A 87
SolRE ok o]g=Ao At AE Ak Aol &
EFA(soil quality) NE2 AFAY, #71=9) A28, foje}, ofd oM B S4S dET ¢ e o
EFHA Y g ¥A & Bl Algshe ot 7 Q1AkQl MDS(minimum data set)E ©1-8-5to] EFE-E B7t
o= A% sk AFE A, B¢ digt Aol o sk WRo] AT EThY MDSE 155k EYES B7lshe
2 o2l osf F4 = =H, Dorandt Parkind #A & A= 2 S SHolA A=A e, 2= A
= vlehol AeiA oA EFe] AT 2 e fAlshe A AWsh7] f1ste MDSE #5531l EgEE Bkt o
o= @ e B sHolstal Aojsiaint) Eot T7F = vl Qleh 49 o] e B k= s AR of
Larsont Pierce= E¢HolT EF9| o]-& 3 #e]&2]o Yzt g4 gkt go] FE5oR 2 9E Eol= 482
oisf Aokt kil disiih.? 53], 1990d ) o5 A T k. dibH o R Hgs it BEYL wlE I, Aot
E7Fs? B o8l g walol Skl wE Bk Qo) A=, Ry e Easde] W2 SAe 4 9l
H7toll et d=-7F Bds] A=k oh0 olo} Z2 Eoke] EEjaleb 542 Aed T4 &
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o=, TR EAS Foto] a4 BEYE Al MDSE A
stoict Lejal Fadel tiek WA F4Elo] Sttt
AR 4(Artemisia princeps var, orientalis)® Cd S
2 Aepmoz dAs] skl MDSE o] §at tEslAE
A& A8k
2. Al
2.1. A= zHF

P

T 10719 5 Frtol A Aleat BE9F AlRE 20054 8Y
°ﬂ XHHOP‘“D} S wa4 Ak A

AH= £(Artemisia princeps var, orientalis) S 7372 €]

oF 50 m o|HjellAl 7} 53H dol= AfFIeIsiet B AlEe
25 YF3H A1 H o] 2 Bz AR 5A)S AFIE A,
78 el Aol ¢l B5E 20 cm(A horizon)ollAl AF
g EORE A 2T B AR 1) 0 & ARgsoiTt

2.2. &1t E%Fgl 7PE§ =4

& 42 A4 (shoot)2} A|8H-(root) 2=
80ClA 48/\]7 z1zsto] Eolf M71A] glA|A o]
Huskglet, AlsHEe] A9, Helof] 2oldle ESIAE
© 22 A7t 5 mM CaCle ﬁoﬂoﬂ 5 59 oil

AEA AR 1 gol B4t 5 mL£ 7}0}01 1A7HES} 7
Haj ofo] WMoz EwslA F ujrix] aaksls

mlL# 39] 37}ste] %“—]/\]'5}01‘:} £3)| -2 Whatman No. 6
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FAICP-AES, Jobin Yvon, 138 Utrace, Edison, NJ,
USAE o]&sto] 549 F=5 APty

Had FhbollA A3t EFARE o = £45k, 2
mm Ae S AIRE YR E48C 8 AR5
o} 123 o] EQFE THA] 0.15 mme] EEAE o]-8-ste] A
E 35 35 248er Aotk EY Sus 24 §
3 AMR 3] (acid digestion):= "= EPA ¥ (Method
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of MA3kgirto

2.3. EYo| 2a|atets S B4

E9o] B23lta EAL 52T EYRehEA Yo &
3t} Badatolet® 4|4 Oi, YEEAL sy o] §-3to]
Bl(sand), PIAKGslt) H HAE(clay) THES Aoste] AA|sH
Stk B pH= 115 Hzo‘ﬂ ARgsE=T, dEr O] pH

48 82(Orion, 720AN0.2 243191 2ZE3t Aetoyo)

o] A7|HEE(EC)E 453t} 212 Na, Mg, K, Ca
e 1 N NHiOAclpH 7)& 7Iste] &3 @M‘% A
F=A(AAS, Sunil, Analab 9100 0A)Z2
2Z-EHCECQ)S 1 N NH4OAc(pH 7)& % =
- 52E NHy 2 557 - AAstel 2489, #3159
(P20s)=> Bray No. 1§e]l &38fo] S48, F714d4=2 M
KClz #&% H&dqs ol&ste Ay AANOs -N)=
Brucine- 0.2 ¢tmijobyd AANH, -N)&= QlEdlisygos
AR #71EdFOM-E 0.5 mm Aes A E
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A E ol FHoN SHRFE 3ARE 5 AW BpA
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oA e B Al RS SR TS Sk et
THOECD, 2000).10 12|11
JE=(DA= EY 10 goll CaCOs 0.1 g+ 3% T (
triphenyl tetrazolium chloride)
 1ColA 24417 wiFet & weES 7teke] E3bstar
o }gt thg FFF = (Spectrophotometer, Varian,
Cary 50 probe)E ©|-§3to| A5t

ot

BT ARl i AL

2.4. Xtz M
E 2729 BAEAL SAS(SAS Institute, Cary, NO)
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RAT Aol7k YA B3N] 9J5te] RARAE HAS
GAek. LRl o) A 9l AshR et Bl S HL
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140 mg/kgd 2=l AA FaoA FEQ1 300~500

A
3.1. HZ& 24 EQYO| EM mg/kgdt BlWEIGS wf wf o FHEAS I 5 A9
10719] lF<5 FAtoll A 33 AT 2 EF(unplanted o} 18.19) S5 FATA(DHA)S AR B A
soi) @} & 8 E ¥ (rhizosphere soil)2] &84, &} A& 0.04~3.91 mg TPG/kg, TP EYIA 0.11~16.96 mg
14 A} 9 Cd gEFoll it 44 7H= Table 13+ 2t #l& TPG/kgo.2 ZAME =T, dutzloz 2 Bl 9] ]
& k] A 2t Bt 2 B Cd TR Ak AESYL v ESt vuste] o £2 o2 UEA
o2 77} 5.929F 5,91 mg/kg o2 UERgth $-2luet vl At}.20
A BoF 2 Cd S 0.2~1.7 mg/kg?] HejolH 12 Eoksl A1 Z0] 2P o] EQke] EAOf t|x]= Y3 HrIstr] st
R Aol B FHAE 29 T Ao 9-r|E of AR EQkL & ZE B AAE 7Y BAREA S
Table 1. Properties of unplanted and rhizosphere soils at abandoned metalliferous mines
Soil properties Unplanted soil Rhizosphere soil
min. mean max. SD* min. mean max. SD
sand  76.35 86.98 97.75 7.74 62.92 88.04 98.28 8.18
o sica Texture(%) Silt 0.29 2.55 7.48 2.66 0.35 4.79 30.58 5.23
ysica Clay  0.42 10.48 22.95 7.53 0.05 717 36.24 6.69
MWHC (%) 19.69 30.60 38.13 6.77 20.40 37.49 75.60 12.34
pH (1:5) 5.30 7.59 8.96 1.46 5.29 7.46 9.08 111
EC (dS/m) 2210  115.82  485.80  145.79 2.40 76.39  440.00  69.02
 ehanceabl Na  0.183 0.232 0.316 0.053 0.05 0.16 0.33 0.06
X a:gea © Mg  0.098 0.214 0.350 0.091 0.07 0.46 2.75 0.44
on
(Ca (I)/ks) K 0.085 0.258 0.386 0.121 0.08 0.321 0.95 0.18
Chemica cmavkg Ca  0.180 0.434 0.854 0.248 0.06 0.60 1.88 0.29
emica CEC (cmol/kg) 0.65 3.24 6.05 1.83 0.53 3.64 9.18 1.90
OM (%) 119 5.01 6.41 119 2.48 5.26 11.92 1.95
P20s (mg/kg) 0.94 10.43 26.94 8.18 0.79 1565  178.16  25.68
NOs-N (mg/kg) 9.92 30.56 50.79 13.24 3.33 17.83 53.46 13.85
NHa—N (mg/kg) 7.23 59.57  181.20  50.72 0.00 79.81 44587  76.49
Cd (mg/kg) 1.59 5.92 23.49 713 0.39 5.91 50.22 10.00
Biological DHA (mg TPF/kg) 0.04 0.85 3.91 1.32 0.11 3.84 16.96 4.82

MWHC, maximum water holding capacity; EC, electrical conductivity; CEC, cation exchange capacity; OM, organic matter; DHA,

dehydrogenase activity
* standard deviation

t

IXI 1 M322 "1 120104 1€ |

49



50 Korean Socity of Environmental Engineers
ZEH - Ui - OJSE - 8F - ZH2 - /A - FTE

Table 2. Cadmium content of Artemisia princeps var.
orientalis at abandoned metalliferous mines

Part min. mean max. SD*
shoot (mg/kg)  1.31 9.76 52.10 9.05
root (mg/kg) 3.37 9.95 33.87 7.12

* standard deviation

Table 3. Coefficients of determination (R?) for correlation of
soil Cd content (Soil Cd) or minimum data set
selected by principal component analysis (PCA-
MDS) against Cd content of Artemisia princeps var.

orientalis
Part Soil Cd* PCA-MDS*
shoot 0.3120 0.3418
root 0.4177 0.5121

* significant at p < 0.05

AAJeE A3} CEC, EC, Na, Mg, K, Ca &2 5235t 20|
£ HATHp < 0.05). o|A AlAgo] Bk 3akH glAte|
= v = Qlrk= AZ gnigieh 2 Tey Al RSt
Gk & ZLH B9 Cd ﬂamﬂh gt zfo|7h glol=d
(p < 0.05), °o]AL 2] Cd T 2lgte] EXS| Cd &
o] AA HAEA] dethe AS AR HolFal g,
£:9] 24 (shoot) E 7\]8}1“(1”00‘5 9] Cd =2 Table 29
bt 9lth, Kabata 5= 2184 & Cd 54 W= 3~8
mg/kgl 2 AASIIL Qlet, &2 o] T} o w2 Cd TS
Kol Qlir} 22 T18al £59] 2|61Re} AHRe] Cd e
oJgt Aol & HolA] eRjl=tl(p < 0.05), oA Cd7t 4%
o 21 K3 7 A ol A ol
& 2 Aslro] cd e ulamso] A4k Fao] 23]
=70 Ak g Eom olrkin Bastole ) 15 &
R|e1e} AARL] Cd gk E B Cd g ot
JAEAS 2t Table 3, sthoot = 0.8120, R'root = 0.4177).
o F - HEAY AR oA AEAHUS T Fgol
F W o< sl RS ittt B skl Qlet 19

f

oY, o

i)
Hir o]n
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o
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Table 4. Pearson correlation coefficients for soil quality indicators

E
IRE] A Fas Sl 038‘;9 ] x| =] E‘—Htﬂ )
Cgukgog £9] 0d T4k Bl EA5HE ¢4
Fefjoll QIS |2 Eoko] Eal3lets EX t]- A2 2T}

) s
A= (DHA) ol9it}, o E 7He] HaAS WPEM HS}@] DJ
= A& AA5HSITHTable 4). A7|1H=EE H o4
FH(r = 0.2930) E pH(r = 0.3183)2} #-2l3t %2 “ﬂ’rﬂ*ﬁl
2 woon 978 geke HLBR e = 0,412) Y
A71AEE(r = 0.3589)9} B 2 4o BAIS Ueich

A7) 11719) EGF Q1A S| et FAE B4 43k Table
59 uEht Qlet if-gh(eigenvalue)o] 1 o]4¢ F4&
(PO % 5702 Ugkom PCIRE PCollA 2|19 g
B &g 7K B9 RS 2417 OM, pH, Mg, DHA,
Mgo|3lth, PC1¥} PC5llA Mg7h FEE 2 & PC5oA Mg
oo NHuE gho| &2 CECE MDS A8 AR 27}
39ict, o8 A A% OM, pH, Mg, DHA, CEC 7+e] A3
BA7} 0.7 k| HE(Table 4), )& 52 MDSE %
ARt %9 Cd F5oll 9 nIAE Fas%t AAES

CEC, OM, P:0s, pH oleha oA F4H 242 5}
oq 73 MDSH vh$ UXFS & 4 k2 B, A
HP209) 2 Ak 4101 34 BakolA] - whot] uhs

K CEC OM P20s NO3-N DHA

MWHC pH EC Na Mg
MWHC 1.0000 -0.2023 0.2930* -0.0328 0.1570
pH 1.0000 0.3183* 0.1180 -0.1109
EC 1.0000 0.0225 0.0545
Na 1.0000 0.1762
Mg 1.0000
K
CEC
oM
P20s
NO3—-N
DHA

-0.2193 0.2706  0.4121*™ -0.0138 0.0571 0.0094
0.0621  -0.1430 -0.0041 -0.4062** 0.2014 0.2681
-0.1293 -0.0332 0.3589* -0.0273  0.2359 0.1877
0.2043 -0.2153 -0.1545 -0.2613 -0.0521 -0.1545
0.0901 0.0407 0.1303 -0.0899 -0.2687 0.2326
1.0000 -0.0945 -0.0367 -0.0238 -0.1578 -0.3973**
1.0000 0.2619  -0.1581 -0.2923* 0.0773
1.0000 0.0108 0.0597 0.0337
1.0000 0.0140 -0.0759
1.0000 0.0302
1.0000

* significant at p < 0.05
** significant at p < 0.01
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Table 5. Principal component analysis (PCA) for rhizosphere soils at abandoned metalliferous mine

Principal Component

PC1 PC2 PC3 PC4 PC5
Eigenvalue 2.0683 1.8043 1.5626 1.3176 1.1034
Proportion 0.1880 0.1640 0.1421 0.1198 0.1003
Parameter Eigenvector
MWHC 0.4631 -0.2050 0.0849 0.2999 0.0510
pH 0.0639 0.6113 0.1306 -0.0870 -0.2385
EC 0.4217 0.3066 0.0045 0.2989 0.1333
Na -0.2078 0.2248 0.4352 0.2480 0.2408
Mg 0.1336 -0.1213 0.4977 -0.0987 0.5620
K -0.3489 -0.0285 0.3079 0.3861 -0.1219
CEC 0.2878 -0.3434 0.2150 -0.2014 -0.5227
oM 0.4650 -0.1119 0.0870 0.3505 -0.1111
P20s -0.0532 -0.3220 -0.4616 0.1306 0.4152
NOs-N 0.1137 0.3790 —-0.4206 0.2736 0.0222
DHA 0.3256 0.2156 0.0084 -0.5809 0.2750

o MDSell 7] e Aoz AZHH, __
FAR B8 Eslo] ALe MDS7F 29 Cd &5 dut e i

U AL Qi A olrv] Sistel AR AL 4
Ao, 1 ATk T 2t i Reat
& A 0d $HF = 23.48176 — 0.01627[Mg] + g T
2.23626[0M] — 3.09542[pH] - : ;,.gk"’ﬁ" boot = in + 74
0.29589[DHA] + 0.60841[CEC] o
R =0.3418 . w & W e
My wd 1 vomient {meg Big)
. - Fig. 1. Correlation between calculated and observed
Ak Cd 9 = 22.08921 — 0.01631[Mg] + cadmium contents of Artemisia princeps var.

orientalis at abandoned metalliferous mines

2.39938[0M] - 2.97400[pH]
0.43440[DHA] + 0,75140[CEC]
R =0.5121 © T3] olx}ol EokO] (q ko =
A3l A K Ch=(Table 39 ZAAl 3H10)
SEAREA G0k 49 01 UYL YA WG UL PAGoR U4 T N2 4] 01 H48 YR A
g WDHASH RO WA o] B £ 20E Hojrkt 28 ek 9k
A7 9 Aoz L}E}Bdfoﬂi 1B i} 4
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N

N
i}

2{_:
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s
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wasp) wE] pHE  sEd WA B B R RS Fstel A1Y

20| 34 o0 Ho| 4TS AT Qeta Bk E MDS(R71% SRHOM), $4adid SAEDHA), pH,
oh2 wreb olef3t EoF QS-S AMETH, CAZ 09T AR Mg>g olgsto] 29| AR U AT Od YL B
EoollA] 2o OJF Cd B4 U F7HIA 4+ 9 Rolth. AROE fofabl AFHOR A 5 ik olne o
Fig. 191 vtebed vhe} o), chaalaidlel olato] Akl 9] o Eow E40] %0] Cd F4o FFL FAH: 2L
Cd BFS S FO4T HUTAS Hol Zoitk. 2FA ek, o]F B Q4] ANS Fao] 29 0d F4E

g

=
FR)E Bato] o 4 Qo] TR AL £9] R Cd 20T = ks AE oJujgitt, a2y 2 AFollA %
B520] BAMS 349 A&, A8l o] B} o] =2 519 A® MDS®| 884& B7ksh7] fiste] o2 H=
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