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Evaluation of the Concentration Distribution and the Contamination Influences
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ABSTRACT

Beryllium (Be), cobalt (Co), thallium (T1) and vanadium (V) are candidates of 21 priority soil pollutants in Korea. The
distribution of their concentration in soils from three contamination sources including industrial, roadside and mining areas
was investigated. Concentrations of the metals were evaluated quantitatively using pollution indices and the fractionation
of metals was conducted using modified SM&T (Standards Measurements and Testing programme) sequential extraction.
Concentrations of the metals for all samples from industrial and roadside soils were within the range of natural
background levels, while some of Be in soils from abandoned mines exceeded that the range. Enrichment Factor (EF) and
Nemerow Integrated Pollution Index (NIPI) for Be, Co, Tl and V showed that there are effects or possibilities of
anthropogenic activities. Pollution Load Index (PLI) analyses indicated all investigated sites needed further monitoring.
The results of sequential extractions indicated mobile fractions (F1+F2) of Be, Tl and V were below 30% except some of
Co in soil, which implies their low mobility to neighboring environment media. Variable tools like sequential extraction,
comparison with background/actual concentration and pollution indices, as well as aqua regia extraction should be
considered when evaluating Be, Co, Tl, V in soil.
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o Hlgir= Wol B3 Aot e aeldolA
= TAEZY 52 A8l 2007300 vlTAER 192%
o] ti&] Chemical Ranking system of Soil pollution
Substances(CROSS)2H= ATt dA|28S- 7feds)e]
125 565 2 23F 1365 2L AAIAUILNIER,
2007), 2008'3FE] 2012971A] 2159 =S4 sl ESF
= FEEYXI} ZAEJATHNIER, 2008; NIER, 2009;
NIER, 2010; NIER, 2011). 34 ZAPAHZRE {7]8}
E2 A9 diFEo] A vvo =z HEF ] kA
Ao g= Bl EAlBHA e Aoz A7) vk,
HIE420 AYE(Se)s LS 35718 557)= A
Askd] B 5o 3 Tol gt TEE ¥,
219121 EFof| o3l EHER BEY T Tt SIS
TE e IR A9 2 AHS AR A
eV EGLEEE T 357 tig It A8
ofof sithar AJzsion, F7HAQ1 2~=3edS Qs =
9] EdedVE, 5945 2 U olsH € wiEeHs
ZAFsIAT.

vl=, Adeh, 1A o £ F7kelAE el
HoZ Flal = 54 Qo= fAEIEE =
&0 gt EYR VTS 95kl oM (Table 1),
TFAZ7E] 7 B2 ERLE vhE(V)(9) > ZEE
(Co)(8) > WIEF(Be)(7) > B-F(TI)(6) > HFF(Ba) = =] 2.
dl(Mo) = QFE] L (Sb) = A& F(Se) = Z&(Cr)(3) > Y1+
(Mn)(0)8] £=o]ATH(Carlon et al., 2007; CCME; USEPA;
VROM, 2009). JIEH=5 ALl 2AM 74 =7}
Ba, Cr, Mn, Mo, Sb, Se?] EXV|FS 293l ¢
I7he AT 3579 5442 Integrated Risk

Information System(IRIS) % International Agency for

rr ofn

Research on Cancer(IARC)S] H]2F5Ad X|(Reference
Dose, RfD) T UI=IAEE
T AFolA et 7sAo] = L Be, Co, Mo,
Sb, Vo] =02 EFELQIT, Ba, Cr, Mn, Se, TH
PR BREA GAY AETE S5 edol ek
< & F 33tk IARCAIA 2BE B7FE Mo(MoOs),
Sb(Sb,03), V(V,05)8] £ EF FoA Aoz &=
Asle Fele ol =4 W= - olsH FE
(Pollutant Release and Transfer Register, PRTR)®l| 2]
SIH Be R Se2 7P I ZEGEEEel 1v1d o)l wi
S AV, 1T 25EEE] 10t o3 viEs
AR E3HARE ZARPEHRA] FAEE 0.1%,
1.0% olde] =18 w3k HiEF dlolE7) 2012~
2016300 = AR ZkoH, Mo, TI, V& ] vli&-
o5 ZANIEE SR A A o} AT E4
Sl Uigt EGeadEE 18 ot riar A
ATt o]ele] A EZLS 7] 2 28 B9 viE
Hi o, HrlE 9 #ge] FErt T olsHdoR
FARE] ATHNICS).

9lo] EYO 7] )
HiE - o5 AR ERE QA 2 7o) whe 4= Q)
= 4FEFS dislr] sike EY F Be, Co, TI, V

ke Aol on7t drtar

BT, sld EAL 35Ho=E g AL, At
AEF, AFsAe] w77k 9 54 A e Al|ay
oA MAE = e Ao ZAREITHATSDR, 1992,
ATSDR, 2002; ATSDR, 2004; ATSDR, 2012).
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Table 1. Soil quality standards established for priority substances in foreign countries (Unit : mg/kg)
Ba Be Co Cr Mn Mo Sb Se Tl v
Austria - - - - - - - - 2 -
Czech Republic - 7 25 - - - - - - 150
Denmark - - - - - - - - 0.5 -
Finland - - 20 - - - - - - 150
Italy - 2 20 - - - - - 1 90
Lithuania - 10 30 - - - - - - 150
Slovakia - 3" 15 - - - - - - 120"
Sweden - - 30 - - - - - - 120
Netherlands 160 1.1 9 100 - 3 0.7 1 42
Canada (CCME) 750 4 40 64 - 20 1 1 130
USEPA (SSL) 5,500 160 - 230 - 390 31 390 6 550

* indicative value
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Table 2. Toxicological data of IRIS and IARC for priority substances
Ba Be Co Cr Mn Mo Sb Se Tl v
IRIS RfD 2.00E-01 2.00E-03 - 1.50E+00 1.40E-01 5.00E-03 4.00E-04 5.00E-03 - 9.00E-03
c IRIS" D Bl - D D - - - - -
ancer
. . - 2B 2B 2B
classifi-cation TARC - 1 2B 3 3
(MoO3)  (Sb05) (V205)
* Group A : Human carcinogen ** Group 1 : Carcinogenic to humans

Group B1 : Probable human carcinogen (limited evidence in humans)
Gorup B2 : Probable human carcinogen (inadequate evidence in humans)
Group C : Possible human carcinogen (limited evidence in animals, absence

Group 2A : Probably carcinogenic to humans
Group 2B : Possibly carcinogenic to humans
Group 3 : Not classifiable as to its carcino- genicity

of human data)
Group D : Not classifiable as to human carcinogencity
Group E : Evidence of non-carcinogenicity for humans

% Toxicological data from IRIS website.
Carcinogenic information from IARC website

to humans
Group 4 : Probably not carcinogenic to humans

A 3EFY LAdYs AFsted F E- gk 2 A&EFET o] BAEZHY wEt AVFEQmm Ee
e EY T FEEEE eI, Y E2Y v 0.15mm)gt AS EYAEZ 33T

© 2%9% A4 (pollution indices)FH= BAY E4& =

sl EREAS] LAEE HAFHoR sttt = 2.1.2. AloF

EFe EY FolA pH, F71EF % organic matter, e S5, 288 8%, o] 18k 48 55 A
OM), HEZ#(clay content) T} 22 EYEA w=f 7 32 AAGTE ARSI AR @552 )0l ARE
1 Aol defd F lomE A&KFEHo R el A 2 A4kS Trace metal grade(Fisher scientific,

o) B3}  o|5AS kA ST, A ol =
e BEATle] JRuAE st AsHos
B Z Be, Co, TI @ VO] 9A98FS olal3ly] $Jak
Aone AmRg).

2.1. EQA| 2 U A|of
2.1.1. ESHA g
AR FEZS] oY

)

2 T8 8B5S

nefslel F3t

USA, ZH} A509-P500, A508-P500)S- AMg-stsich. el
H 3457 dE5F2ddv= 2 AR oMELH Wako,
012-00245), A3}8] =229 H(Merck, 1.04616.1000),
30% TSI A (Junsei, 23150-0350), oM EAFY R H
(Sigma-aldrich, 431311-250G)S AM&-3K51T.
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AN T4l dislide FuielA

Fa A e

o] Al

=

t}. 1SO(International Organization of

3 2der], E2 0] G|, HFAF 2AGIM ZF Standardization) 11466 B 2203604 E EY] 955F
7t 39, 30, 433 AFBI. TESE AdHAlE 0 3 B F2ds B4ske el tisl Tissta /1o
AW e AL T e9e] dldEE ARS A (180, 1995; 180, 2008), TU EWIERE T SEEF
Ao, EEQIARE AEo] ERoldM S Ht 9] FE 5 242 1S09] W A9 TS =R B

Aol 5,000t o3l 3 T EZoJA 50m o Co, T, VO] FAT = TEFEETGAA7IE, o IIPE}
o AR Al EFS AFASFATHMOLIT). #3t  Fr5Es e‘*lo}ﬁiﬁ}(KMOE 2016). FE& AulEE

QA EFS 78

o)
= P F

S F3}51A]
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JEEARIES

30| Be, Co, TI, V&
FTHAEZHE, W) Ftel|A
UAHFHZARE B8l 290] dld=e AHS AASA
F7HE S ARG E Aol 14719 AEE A
FHoldar, B4E T 7 Q99 Feo) vlwslr] ¢

O

o:]tﬂ:x]Od }‘]-u—oﬂ EHOH 32k
e F=4S Y ¥ Whatman

HEHI7} 100 mL7t H%
gA o st

9l (Reagent Blank) & <
2 TPt wkgol
No. 40 oIA|= o7}s
05M Zilkog g8t 2ts 48

St A EER ARSI AT B 3 F E 222, EYAIFS AEFZ(SM&T)
AEA(pH, OM, clay content) ¥4, EX¥ I5F= 2 Edr g AEFZEFL modified SM&T(Standards
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Measurements and Testing programme, formerly BCR)
WS- o] 83l th(Rauret et al, 1999). SM&T HPH-S
54 35840 okE we a9l JujE Ak
HLo ol =2 (Bacon and Davidson, 2008), =23}
EYF T Be, Co, TI, VO] & - @712 o]5/d& <
=t ARSSIATHPueyo et al., 2008). Al@HlE-E-<hw}
= ARl sl 3ukRoR ofefje} o] FPERUTt. F
o AMSE EARS] AIVe IS ATl
W3 U= 1A, 2Pl recovery E GAE FEES
selsl7] Asle] 0.15 mm(100 mesh) ‘=242 S35 AL
AMEBIGATE BE AN Al - AEHS 045 um
PTFE(hydrophilic) membrane filter(Hyundai micro, Korea)
2 oge AL BAgNoT AISSAT.

ut

[ VO o =

1o

fraction 1(F1)-Ionic form, bound to carbonates,
exchangeable fraction : 100 mL 94T FHA ESF 1g
S ¥ 011 M oHHEAE 89S 40mL FUT F FH
o] WS Bal 22+5°CollA 16A7F XIekgt. Rkl
207t 3000 g= HAlEEste] 35S PESVIOl &It

fraction 2(F2)-Bound to amorphous Fe/Mn oxides,
hydroxides : 184 ZF-E0] pH 22 43 05M 4
B EEAAEF SAS 40mL U H FHe| vy
5 BaL 22+ 5°CAA 16ART IR el 2083t
3000 g= PAEEEI Feds PEEVIN & Tt
52 AATE 1583 ”ste] AR, diiEe] &
s I

fraction 3(F3)-Bound to organic matter, sulfides :
20 ZHF-E9] pH 2-302 A3 8.8 M IABAE
10 mL Y8kl vphE =58k g 5 A2olx 1184
o= |ARFEt et o]F 1A17E FRF 85+ 2°CA]
SRS F97} 3mL vlvte] E=E gt S7EE 10mL
PisleaE FYUsIL 2L 2210 1m7t 2 o)
7HA] Whg-5 Xeggitt. whgo] b WyE o pHE
204012 AT oMHEARIESE SomLE T3t
22 +5°ClA] 16A17F ZIEFSHT) ZIRklS 2047 3000 g

Table 3. Operating conditions for ICP-AES and ICP-MS

=2 fAEEEld 4
s AATE FFE ARS .

fraction 4(F4) - Residual : 399 Z-FES 250 mL
HR3-2710) 271 & AAF 7mL, G4 21 mLE SAUE
71ehct, EE-E AdeolA 2/, e 173 94
oAl REgo] dojurs HAAS 2FolA] 247 E3lgh
5 gt o7k 2 A8 22,13 o] Feisich

012
o
=
oo
N
2
go
)
k)
\e}
:
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o
offt

o] ZoF Hao] AT 4 A= Hs) s
ICP-AES(Inductively Coupled Plasma-Atomic Emission
Spectrometry)@ 251t} &, ICP-AESS] S92}
e e diHo R =& HEIH o= Qs A
Haf o] Z#3F TI ICP-MS(Inductively Coupled
Plasma-Mass Spectrometry)Z #2432 A3} TH(Table
3). Be& ICP-AES ¥ ICP-MSE xRS AA)E1ch.

2.2.4. A5 (QA/QC)

AleHIAIR, EAAE 108 AT 8RS,
AN 200F B4 o]FAIEE Fo] ICP-AES(Co,
V), ICP-MS(Be, Thell thall 2 B=dE]E G353t
ZAgel el A7) HEEE 94.1%~107.3%, 3
s 0.9%-3.5%% EXQATHAIR7IFe] Aeaw)
ERE UESIth AE55FF 7 fraction®] FH(F1+F2+
F3+F4)8 S5 55715 Be 97.4~116.1%, Co 88.5~
113.4%, Tl 71.1~121.6%, V 92.3~121.0%2] recovery=
HATE Be, Co, TI, Vo WHAZMI= 22 0.002,
0.015, 0.002, 0.019 mg/kge] AT},

23. EQF 24z Wi}

ZAVFER S Hre] EYRAVIFC] flo] BEY &
AZFEe gk st Frpt Besi 9% A5
(Pollution indicesy= BAIAA HEOE 95T S AW
slele o=, wstAlEdd Uigt EY T T=5 ¥

ICP-AES ICP-MS
(PerkinElmer Optima 8300, USA) (PerkinElmer ELAN DRC-e, USA)
RF power 1500 W 1300 W
Plasma gas flow 15 L/min 18 L/min
Auxiliary gas flow 0.2 L/min 1.2 L/min
Nebulizer gas flow 0.50 L/min 0.98 L/min
Sample uptake rate 1.5 mL/min 1.0 mL/min
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Table 4. Pollution indices to quantify concentration of metals in soil
Expression Judgement
(n/RE) o
= (n/R—E;‘"”L/e 05<EF<1.5 entirely provided from crustal contribution
crust

Enrichment factor
n : element to evaluate

RE : reference element
C
. . Pl ="
Single pollution " B,
index C, : concentration of sample

B, : background concentration

pr’ +pr’

avg max

2

Pl : the mean PI
Pl.x : the maximum PI

Nemerow integrated NIPI =

pollution index

Pollution load index PLI= [Pl xPL,x...xPI,

EF>15 delivered from non-crustal materials
(PI was used to derive NIPI and PLI)
NIPI <0.7 non-pollution
0.7<NIPI<1 warning line of pollution
1 <NIPI<2 low level of pollution
2<NIPI<3 moderate level of pollution
NIPI >3 high level of pollution
0.5<PLI<1 more detailed study is
needed to monitor the site
PLI=1 baseline levels of pollutants
PLI>1 deterioration of site quality

7¥sl71el A3sical ISl tH(Table 4). -4, Enrich-

ment Factor(EF)e} A AEES o] 83}e] 249 Eo
% Be, Co, TI, V 557} AR 57907 &

2JE e 23t ARIXE RIS} THBuet-menard and
Chesselet, 1979). EF 2Fgol] H 3l Reference Element
REE " 94 7T EY E A7 g 3o Q)
o, F45F 29 F/23 Fodshe Mns ISR
o AlE B AdedEEe] A€ n B RE TRE EF

A=7kS AH83IY). EFll thek 7= Zhang and Liu

(20027} A WS ARSI

7zt e EY T 557 L9AFTE AR T =
o} v EES] HIE EAIEE B R9%E A5 single
factor Pollution Index(P)E ©]-831Har, 7H3Ee] oA

719= H7FE $3] Nemerow Integrated Pollution
Index(NIPDZ, i Ao HAle] LAd=E H718}7] S8t
o] Pollution Load Index(PLD2 7Nd& =3t
(Xiang et al., 2014; Cheng et al., 2007, Tomlinson,
1980). PI Aol Z a3 uj73 A7 |
| g o, T8t AHIRA| EE e E FEAGH H
B QIZAY EYS] EXol8ee 77} 37E8A|(3A9Y),
T2 (3AY), FA0ADH Zo] thZ7] Wzl Be, Co,
TI, V] AejZAF AH(NIER, 2010; NIER, 2011) 5 3
A, 1A ek A BisE"" & A8t
742} F3st AR /=20 JEAYGT} HFit

- it

=T = >rrc= o

o 1=
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2| 9e] WAEEE AMESIITH Be 1.3, Co, 14.2, TI
0.4, V 43.5mgkg, ** Be 13, Co 116, Tl 03, V

42.2 mg/kg).

24. 84 24

AEFEZAIEE 43 LoJz Be, Co, TI, VO &A1
gejo}l 221 EYEA(pH, OM, clay contenty> SPSS
18.0(SPSS Inc, Chicago, IL, USA)S o]-&ale] 7)z}d|
g 9@ AT b ads SAIRCE AT

al
=

3.8 A IFE

3.1. 20| [ME ZAHYEE EY
ot

=
S

H

= =
ES

X

F318t AdGA A G A Be
1.1, Co 7.7, Tl 03, V 25.0mg/kg, T2 FEFA<
oA Be 1.3, Co 9.6, Tl 02, V 39.8 mg/kg, HHZAk
O1ZA| Yo Be 2.1, Co 12.1, Tl 0.3, V 41.6 mgkg
o] EXE5 Hoj 24 FoXE HPBAE JI2AYY Hit
57t 7P =3 TH(Table 5). AR AAQuN3 s =292
&%= Be 1.0, Co 153, Tl 0.9, V 50.4 mg/ke=,
AR F HpgAE QJIZAGY Be 55 Alelale &

Al
AR EE et vRte 2 Vet

\ Me

off

< r‘.,>_‘. o,
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Table 5. Average concentration of Be, Co, T1, V in soil samples
pH oM Clay Be Co Tl v
(%) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Industrial avg. 73+1.1 04+04 14.0+49 1.1+£0.5 77124 03+0.1 25.0+9.1
(n=39) range 5.0-9.5 0.0-1.9 8.3-32.9 04-2.2 3.6-13.0 0.2-0.8 9.9-47.1
Road avg. 69+1.0 24+2.1 17.2+4.0 13+£04 9.6x£4.0 02+0.1 39.8+14.2
(n=30) range 5.5-8.5 0.3-7.7 12.9-27.6 0.5-2.3 3.521.7 0.1-0.5 16.7-79.8
Abandoned mine avg. 6.0£0.6 22+1.1 184+3.1 2.1+1.2 12.1£1.9 03+0.1 41.6+9.2
(n=43) range 5.2-7.3 0.7-5.0 10.8-24.0 1.3-7.9 8.7-16.2 0.2-04 15.9-60.6
Natural background — avg. - - 1.0+04 153+6.2 09+1.5 50.4+22.9
(n=14) range - - 0.6-1.7 5.3-284 0.1-5.9 12.8-87.3
__ 80 - 30
g 2
5 5 187
® 40 - ®
] s 12 -
g g
L k=L e
[} <}
(%] o
a 00 : : 8 o : ‘
Industrial Road  Abandoned Natural Industrial Road  Abandoned Natural
mine  background mine  background
. 807 100
2 2
E 6.0 1 T E 75
c - - c
0 0
® 10 E 50 -
g 05 9 25 4
5 L = g
= 0.0 > ‘

mine

Industnal Road Abandoned Natural
background

Industnal Road Abandoned Natural
mine  background

Fig. 1. Distribution of concentration for Be, Co, Tl, V from each source in soil.

o]gigtq, EHJYJL_OMLO] e Job = odol

}\].01- o] ol

}HOiE‘r(KIGAM 2018). Kim(1977)°l|

= g FAke] Pake =208 e A Aojul o

2, Ese 3deE §

w84 (Calcite, CaCO;), 3%

24 (Scheelite, CaWO,)°] Estetia AF3slar o] HE
RRE) ofgk 2728440 Be WA FH YRlo=

BREic T Wem, M3, Ak

7Ero 2 &t

W-Mo-Be 227} 37do] d® Al 2 W 3 27}

2o AjelH o2 Bk FarEcks AR ] FEa)
Zhge] ot Bed] W3S SIS (Ray and Webster,
1997; McLemore, 2010). BeS A|&J3F T} B2 oA
e EF F s% A e, mReElE 2 A543
ekt € 1 Alow Aision, eqe
EF F Co, T, V 5T BT A EE 9] Hel
seskale), A A AR e

el seTE Beeb) o, B, FEe
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From non-crustal materials
(e.g. biota and/or pollution drainage)

[ ]

\

Entirely from
crustal
contribution

(N/RE)cample/ (N/RE)packground

N
Be

YA

Co Tl \
BIndustrial NRoad @Abandoned mine
Fig. 2. Derived enrichment factors for Be, Co, TI, V.

S BT
o FEEY= A

AR Hol|A BlE Co, VO HL T
Eoge] TR AU ohlet Qs 999 &
S WrdEle] Jepd Aotz A7kE Sl

&

o
=
2l

3.1.2. ZAHNVIERS] 29% 7
3.1.2.1. Enrichment factor(EF)
LA Beo] Wi EFs 1.55 Z33le] A}
B Aol M) Bed FEEFA K Aulel= vl
oY 40| FYUHAAY Ak ko] FH
st Ao H7IESIthHFig. 2). 588 AHeA] 2 £2
LA9EAT Bl Bed] EF7F A H71E olf=
REZ AME3F Mno] Hitssrl 22 424.708, 451.638
mgkeglE AAAAYG Mnd] F% 550.626 mg/kgH T
wol7] whiEel AoE SN e 2l sl
Co2] it EF & 0.7&38} 2HEA)~ 0.9G&EZ2Y <
PR oz AFehH Fx He Yol 1918 L HGF
7Fs/de e AoE AZEAY. TIS] Bt EFe AL
A F 7P Weked], AEsER ARE B E
EARA A (el 1813et, e, 2T Al
b H2l =2 TUMn HI7} GRS & A= SRI=S]
13 2152 A= A8 TIS] Hit EF= 0.9H1%
TAD1.4FSP ARG Z AL diFte] A
o] Aoz HrIEULE V& T2 A FEAGY 3
EF/}F 1012 AE & 4F7) EF> 152 Yep =2
oAl AT = Qe Vo] o] IR EYo=E A
2 F Je Ao =

=
H=

2

O

RS

Ml odo i S ofy
rg’-&

v H

3.1.2.2. Nemerow integrated pollution index(NIPI)
Co, TI, VO] NIPl= LFLEZ 0.7 <NIPI <20l &3]
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Nemerow integrated pollution index(NIPI)
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Co Tl \
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Fig. 3. Derived NIPI for Be, Co, TL, V.

2

9] HA 3 (warning line of pollution)ol] JAAY &
2Jell (low level of pollution)el] ATk H7 =0
Foet AHA] 2 =209 A HofA
2, HAE QIZA|ellA NIPI>302 TR &
LgEe] EUTHFig. 3). NIPI 4Fge] o8
HAsEE Lgdd EXol8x 7t} th-geh= #k
71wzl Q1917 &Eo) o5k Jako] FE3
LHEYE NIPPF 2971
o] A oPdoE HrHE Ze A 2 ddelA
AAR FEo= Ik FFo| A= As AR
NIPI= 72t @ @&Ed] gk Ft Pl ¥k oz} Hoj
PLIE @7 3efdly] MRl FERE D Pk 24} 0

-y
7P =A vehd #hgat
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Fig. 4. Pollution load index evaluated for contaminated sites.
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Fig. 5. Composition of metal fractions in soil samples.
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F29} pHSFY] AT -03~032] HL o &35
p>0.052 Aol Wekal, TI(F2)yS FU3HA pHSF <
o] S HAAT FeAdo]l EUTHr=-0.339, p>
0.05). ZAFE Bkl pH W= 5.0-9.52 B HolA|
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Table 6. Correlation analysis between each fraction of trace metals and soil characteristics

Linear regression analysis

pH OM (%) clay content (%)
Fraction 1 -0.161 0.215 0.349
Be Fraction 2 -0.227 0.519 0.098
Fraction 3 -0.132 0.494 -0.009
Fraction 1 -0.055 -0.581" -0.289
Co Fraction 2 -0.233 -0.221 -0.111
Fraction 3 -0.432 0.148 0.490
Fraction 1 -0.289 -0.418 -0.545%
Tl Fraction 2 -0.339 -0.095 -0.383
Fraction 3 -0.361 0.323 -0.023
Fraction 1 -0.222 0.530" 0.185
\Y% Fraction 2 0.049 0.263 0.757"
Fraction 3 -0.158 0.719* 0.735"
Multiple regression analysis
Equation R p value
Co(F1) = -0.31Clay" — 0.050M + 2.23 0.625 <0.05
TI(F1) = 0.00030M" —0.001Clay + 0.009 0.655 <0.05
V(F2) = 0.29Clay™ + 0.220M — 2.41 0.780 <0.01
V(F3) = 0.37Clay”™ + 0.800M™ — 2.86 0.894 <0.001

* p<0.05, ** p<0.005, *** p<0.001
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