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ABSTRACT

Principal component analysis (PCA) was conducted using hydrochemical data in four testbeds (A to D) built for the
development of site characterization technologies to assess the hydrochemical processes controlling the hydrochemistry in
each site. The PCA results indicated the nitrogen loading to deep bedrock aquifers through permeable fractures in Testbed
A, the chemical weathering enhanced with the biodegradation of petroleum hydrocarbons in Testbed B, the reductive
dechlorination in Testbed C, and the different hydrochemistry depending on the depth to bedrock in Testbed D, consistent
with the characteristics of each site. In Testbeds B and D, outliers seemed to affect the PCA result probably due to the
small number of samples, whereas the PCA result was still consistent with site characteristics. This study result indicates
that the PCA is widely applicable to hydrochemical data for the assessment of major hydrochemical processes in
contamination sites, which is useful for site characterization when combined with other site characterization technologies,
e.g., geological survey, geophysical investigation, borehole logging. It is suggested that PCA is applied in contaminated
sites to interpret hydrochemical data not only for the distribution of contamination levels but also for the assessment of
major hydrochemical processes and contamination sources.
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Fig. 1. Testbed A for the development of site characterization technologies: (a) Geology map (KIGAM, 1981); (b) Location of four

boreholes (BH-1 ~ BH-4).
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Fig. 2. Groundwater level at 8 monitoring wells in Testbed A. The alluvial (A) indicates the shallow monitoring well, while the bedrock

(B) indicates the deep monitoring well.
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Fig. 3. Testbed B for the development of site characterization technologies: (a) Location of soil samples (A1-A20), groundwater
monitoring wells (K1-K3), and wells for partitioning interwell tracer tests (YH1-YH-7); (b) Chlorite detected with the naked eye at A9;

(c) Depth to water table (m).
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Fig. 4. Testbed C for the development of site characterization technologies. (a) Location of soil samples; (b) Location of monitoring wells
installed in 2020 (Andong National University and Geogreen21 Co. Ltd., 2020).
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2. FME 24 (Principal Component Analysis; PCA)
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Table 1. A dataset used for principal component analysis (PCA) in each testbed

Testbed Parameters grlilnglt;esr (?S
A Temperature, pH, EC, DO, Ca, Mg, Na, K, SiO,, NO;, SO,, Cl, PO4, HCOs, Sr, Ba, Fe, Mn, Cu, Zn, U, Li, 108
Rb, Mo, V (p=25)
B pH, EC, Ca, Mg, Na, K, SiO,, HCO;, NO;, SOy, Cl (p=11) 20
C Temperature, pH, EC, DO, Eh, TCE, PCE, trans-1,2 DCE, cis-1,2 DCE, VC, Fe, Mn, Ca, Mg, Na, K, 33
NOs, SO,, Cl, HCO; (p=20)
D pH, EC, DO, Ca, Mg, Na, K, SiO,, SO,, Cl, HCO; (p=11) 12
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= IHoR, T W] AL 7P Al ‘6‘H”%
T AUAs HES etk giEeR AR 1Y 4=
90°Z RS SHATIE Fus)HS o83k, o ?“i
TolMe AHudld 5 HlEs IHS ARSI WY
W2 S SHEA] ok PCA ZAHE wpEo® 2 A
AR TS 2A, e AAke te DA vee EHE*
S = uklog MRS S|HAIZITH Wl AR
o] BA} AL st °ﬂ golat7] miel L—E
3 AR Lz A= o) gaE wgws e AR
FHH(Abdi, 2003).

PCAE 43J3}7] A, PCA Zol &S
£ azel, B9l e Fo
w3kl = gt} s EW, &
sl =71 Wgks st} o=gh %@%(N detected; ND)
2 wws ghe HA% o thAlslolek skev, 9
34| (Detection limit; DL)E ZFHFsl= 3, 0 == DL
o) 102 QFeE W, SAR0E Fse Y ol
A2 4= Qlti(Farnham et al., 2002). ©] Oﬂ:[Loﬂ =
O187Vs e 253} Ar) S BFo] ARS WP
33t o5 Sol, HIZEME €9 4, TCE, PCE %
59 ke Ut EAHEE RuEls AE, 1 E
o] AR Qv JMs 002 15sIom, 0

ol9loll= gke M= Eh AHRS PCAOl E{slofof

>

,
Lo

) 4 9l
s Azel 32

7]
SRR E RS

AT FHR BAG FHOR 41

T3k, Bk g5t PCA AHE 7] SEiME W]
MrErEtt T83] B2 AF5Y MFEmyt 790
Hatcher(1994)= PCAZ 93l spHt} U] Be Ag89] 4
£ ARBPI= st 2euh oete] AAA A<} vt
PR B5ES T3l Lolof sl Ak AlEE S
3] g5k 22 gA @om, ot ofE A2 49
A ERO 2 PCA7}F 385 7]1% S (Shaukat et al.,
2016). MacCallum et al.(2001)2> WHEFRTF HL2 F9]
AEEE FoUEE PCA AHE B33k HHS B +
Act.

Nz

HI
HI

4. 74

HAEHE B2 AS FSEIE ol8sle] PCAR
UG F 7 AR ¥4 54 D 09 549 must
1, PASHEEZA Ak FBINE ol87 PCA
o] AAL AE B

4.1.HAEHIE A

20219 128714 B84 1090 A1EE 7Rl 10070
o] AlFoA HEE 257 WS 0|83l PCAZ
58031 THTable 1). AZE3HA(DL) ©|5k] ke A4 1
EZo] EAlgicar 7Fgslal, DLY 122 tiAlsldT). pH
Z A93 XE WFE 271 W3S 3 3 PCAE 59
SHATh Fke] 63%E AW 4 e viY RS
FZ3 2= Table 29 2t}

PC1& pH, K, U, Li, Rb, Mo, Mn¥} %2 %9
FBBAE 7= WHE, DO, NOs, SiOSF S(-)9] A&
HAE 7tk PClol]l Y&l eRRlekre) 2 5Ask=7}
TEEE AL B u(Fig. 6a), PC1S DO7} w:& A%
3170l A (Table 3) AFARIO] LHH X|5k=2]
ke 2o HRth HFA|slroA HEEE H
E2 NOs9t SiOe ATHANA L3Et o] Fozl E
A5 FFo] HFAslro v E dFS ¢
AL % | g Fo =2 ®OIth Kim et al.(2021)]] w2,
g B2 elMe Al 24 7Eins) nas
ARgElY] AEES ZHHHO}OW o] Q19 7|¥ew
dus FEEY SEEZ, 7159 FolA waEE v
o] B *H‘H“Li “‘01 EESHL Stk &, HEE
HE AdMe Theket dAe e, vIE, 7St ) o=
FE At ASEo2 fY2 Uk HRAS
Al BFEE =L Si0, ¥EE T HE HlEe] AL

i

m
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Table 2. PCA loadings in Testbed A

PCI PC2 PC3 PC4
Temp. 0.1 0.3 0.0 -0.5
pH 0.7 -0.2 0.1 0.1
EC 0.2 0.8 0.1 0.3
DO -0.7 -0.1 0.3 -0.3
Ca 0.2 0.7 0.0 0.4
Mg 0.1 0.4 0.0 0.7
Na -0.2 0.6 -0.1 -0.1
K 0.6 0.4 0.5 0.2
SiO, -0.8 0.2 0.0 -0.2
NO; -0.5 0.5 0.4 -0.1
SO, 0.3 0.2 0.1 0.7
Cl 0.4 0.2 0.4 0.6
PO, -0.2 -0.1 0.1 -0.5
HCO; -0.2 0.4 -0.5 -0.1
Sr 0.1 0.8 0.3 0.1
Ba -0.3 0.4 0.6 0.1
Fe 0.4 0.4 0.0 0.2
Mn 0.6 0.5 -0.3 0.0
Cu -0.4 0.0 -0.3 0.6
Zn 0.1 -0.1 -0.8 0.1
U 0.6 0.1 0.4 0.4
Li 0.8 0.0 -0.1 04
Rb 0.8 0.2 -0.1 -0.2
Mo 0.7 0.3 0.0 0.0
\Y -0.1 -0.1 0.9 -0.1
Eigenvalue 5.65 391 3.16 3.05
Variance explained 0.23 0.16 0.13 0.12
Cumulative variance 0.23 0.38 0.51 0.63

(a) (b)
3 e
a
2 4
PC1
(0 (d)
2

PC2

olE8} - g - A -

Ca+Mag (mmol/L)

PC3

N

Ll

g} Fo] A& FoZ oA HTH(Lee et al., 2022).

PC4= Mg, Cl, SO 4ol FHHAIE 7HA™(Table
2), PC13} AR dAskret ARASE T3l
T3 UTHFig. 6a). PASRFAA =T =& CI19f
S0.2] 2l thafi= v e 2Ap}T B3R (Table
3), T8l A Hde] v EAlstarEl, A,
FAD, Al SREFOll YXIgE REA SIS 23
FZFAFE= GG-NYI-G1-0006%+ GG-NYJ-G1-0020; Z}
Zt Z&Zlo] 80met 85m)dlA] EF ES EC(> 600
pS/emyt FEAEE AS AT o, AFAY FH| 9
WSk QA4S AXshs o= Bl

PC2= EC, Ca, Na, St} =2 4AAAE 7HAH,
NO;, HCO:¢F= oju|gt <t #AIE 7FA=tl(Table
2), Aadde] Yoz At doju &9k vk
o] ZAEYSS AAZIE. Kim et al.(2019)0] w=,
gt oJgh AAAR1 F3h= Fig. 6bY 12 BRlIS whE
o} vhd, Zilslel] o8| fed ghldEEe] T8k 111
RIS w2ar, Aislel] o8 fed TrAkEREY] F3t
£ HCO;9] ¥3lgle] CatMgit Z7FHA |t Bl2-EH|
= A9 AEre iR 128101 9ol E=AIEA e
(Fig. 6b), o= ZAikslol o) B FsPr}t ZX=HAS2
A A g

PC3& Ba, Vo} &2 ¢ IAIE 7= whd, oy

o

35
CBH-1s
30 1 . ®BH-1d
25 1 OBH-25
20 @ BH-2d
15 COBH-3s
mEH-3d
10 : 8 ; C
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0s 4 )
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Fig. 6. Biplots of groundwater samples in Testbed A: (a) PC1 scores vs. PC4 scores; (b) HCO; vs. Ca+tMg (after Kim et al., 2019); (C)
PC2 scores vs. PC3 scores; (d) NH;-N concentrations vs. PC3 scores. ‘s’ and ‘d’ indicate shallow and deep groundwater, respectively.
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Table 3. Concentration ranges of selected compositions from Testbed A. ‘s’ and ‘d” indicate shallow and deep groundwater, respectively

Well pH pS/em : mg/L
EC DO Si0, NO; SO, cl
BH-1s (n=11) 59-6.8 259-367 3.9-7.6 164-37.0 232325 48-113 14.1-20.6
BH-1d (n=11) 63-7.3 366-467 0.3-2.0 20.9-30.6 11.5-33.2 13.3-19.6 19.1-25.9
BH-2s (n=13) 6.1-6.8 320-621 4276 164-389  50.0-92.7 2.7-57.6 15.6-38.1
BH-2d (n=12) 6.2-6.9 410-549 0.5-2.0 329412 30.5-77.3 27-32.6 18.6-42.1
BH-3s (n=11) 6.2-6.7 339-438 5.7-8.1 24.9-483 51.9-71.7 6.0-322 16.4-41.2
BH-3d (n=11) 6.6-8.5 316-483 03-2.3 14.3-29.8 6.1-83.4 6.6-31.6 31.2-56.5
BH-4s (n=13) 63-7.8 319-440 43-7.9 227447 399711 2.5-33.2 11.9-45.2
BH-4d (n=13) 6.4-7.6 391-500 0.3-4.9 212-33.5 19.3-48.7 8.4-262 16.6-55.5
Pre-existing (n=13) 63-7.1 238-408 6.5-82 259-388  29.4-51.6 16.7-252 19.6-36.3
Fre L9 HAF= 7}?ﬂD}(Fig, 6c). BH_4d(?j‘H‘ﬂ_1—7<]*3]—",:)1.:_ Table 4. PCA loadings in Testbed B
vlersiuel 5o A4S 7RG BH-1d9H BH-3de PCl PC2 PC3
NH:N ZHEsmoi= gt 548 nojs=d, BH-  PH 0.6 02 05
11 O % NH,-Nol AZHtkFig 6d). o2 &3 02 L0 00
shl, pC3e Ry il wEe Bl 9Rska L PO
W olgge) Yo 497l WEE BHIA (Be 09 o1 ol
BH-4dy} Ad¥ =35 S ARshe AL K 03 02 0.8
=2 HIt}. Sio, -0.1 0.2 -0.7
BAEWE A |2le] pcA AFE Qoksbd, pClT HCO; 0.3 0.5 0.5
PC4E skEsh ARAskEE TR FE wgy MO 03 00 08
Whgat ghiAISE 999 2t e, pooe A O o
doz ool BoM el Salse WAE Neled. oo T
PCIF} PC2= 573 Tl fRIshe L.aele) d3& vt Variance explained 0.28 0.23 0.21
Fol= Ao R HolH, PC4S FHK o7 FFgS vx|= Cumulative variance 0.28 0.51 0.72

L9909 FgS AT AoE HRIL) o]9o= PC3
S AR ggog ArQPEHe] FH FYHE IS
XS], E37F 2o ©do] Ho| whdsl ARy
B2 B wEQ Aoz W) B3], B4 wdo
o] AT T o] gF;A ] Fgo g 49| WP} T
BH-1d2} BH-4dollX] PC39] AR H47} g w&
el Tt Fe 54) % NHNO| #2574
=] X

el Ao 1
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42 HAEHIE B

H2ZE H= B 7 3719 PC7F F4te] 12%E
Ast 5= QISIth(Table 4). & 20702] AR = 1370 A
g 2 gl A8oMT AEE Fe’'9} TPHE= PCA®] ©]
B34 L, PCA AHE i3k Hl o]83l3AtkFig. 7).
2020 119, K394 7P 32 TPH %(20.5 mg/L)7}
AZFAE, o] u K391 0.003 mg/Le] WAE 7

T

ZHAtk. 1 o]9] ABolM= BTEXVF AEHA] i)

PC1& pHol= 29 AHAIE 7Y, Na, SO, Cl
I E=2 o IS 7Y, IS (KI1-K3)elA =)
F&F Akt shralellA gt Aslr(bgys el
FtHFig. 7a). 72 LG9E A= FREZ A
WEHA coyt WAkl o= Qs AskrolA] e
pH7} #&=E 4 th(Zhang et al, 2019). FSFolA
At Aske] pH7F B 7RY AL, Fe7F w2 A
olM(Fig. 7c), PC1Z} NOY} 229 BAE 7He AL
£ wj(Table 4), T53o] AXH A9 Aslolr=
Felt NOsE ZHAEAIR o]8shk= AEal7t zlsg==
Zo 7 Helth 3 Na, SO, CR: 29 A|skroll =}
F BEEE 7152 Z (Lee et al, 2019), PC1S HA
EH= B A Xe] 57 29 2 5 B2 AR
e AABhs o=z B,

PC2= EC, Ca, Mg, HCO:9} =2 AHTAE 714

rr
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Fig. 7. Biplots of groundwater samples in Testbed B: (a) PC1 scores vs. PC3 scores; the numbers indicate the concentrations of total
petroleum hydrocarbons (TPH; mg/L) in K1 to K3 when detected; (b) PC2 scores vs. total organic carbon (TOC) (n=19 excluding K2 in
March 2021 due to water not enough for sampling); (c) pH vs. Fe*'; (d) EC vs. TPH (n=8); (e) HCO; vs. Ca+Mg; (f) Na+K-Cl vs. SiO,.

t|(Table 4), HInZ =& EC 2 (Fig. 7dyS &g o,
A= sl etERE] I3t T A4
AN TRz Ao Z HOItHFig. 7e). Bl & AlmofA]
A Askrele S 1EPS W (Fig. 3c), HIZSEH]
= BAYoA BEFE ECE 360 ~ 832 pS/em (BT 528
pS/cm; n=20)2 2 Holt}, {72 2HH X3lrollA
= FE F3Pp A0 EC e FEEVIE(TDS;
total dissolved solids)e] FHET Fold 4 UTh(Lee
et al, 2001; Atekwana et al., 2005). 38, PC2E TOC
9} oko] PAIZ HolEd|(Fig. 7b), ©1& TOC7} TPH2F
o] 9J7] WEY =% Qar(Schreier et al., 1999), -
T ol2le] Frledrt eieEEY F3ll FFs wA|
= IS AAE = i (Krause et al., 2014).
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PC3& K, NO9} k] A#aAE 7Y, Sio= &
o] AAAAE 7}ATtKTable 4). BluF & FEo
TPH7} HEE AlE7F 29 PC3 HTE 7He AL &
o (Fig. 7a), PC39] &< W& TPH L FAFAA
NOyt #Haslal, Sioxe 3718 4 e TitgdEe
Z32 Ausle Ao= HtkFig 7). Foj% AR=Z
PC3¢} Ko IAIE F9E = fion, 2021 3,
KiolA #2E =2 F%9 K(7.3 mgL)E AWsh= A
o= Btk

PCA Z¥o] w=w, BAEHE BIME F79 A
a9} A etAgET AEEES] Fs JedE
o2 HoH, o] WHAMNER] wUXo] AT =

g % 9ok,
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43.HIAEH|IE C

s709] PC7F FEAR] 70%E AAHslal TH(Table 5).
PC1¥} PC30] T8 ol =2 AJHIAE 7HAH,
ECE HIE3t T8 o]2F9 F57t =& MW-03°] &
9] PCI A4 ¥ 2] PC3 H+E 7IIt}(Fig. 8a). MW-
03] H& ECEHT 436 pS/cm; n=4) 2 k7 W3k 9%
8 w(Fig. 4), PC13} PC3S ARJGA] ) A8k

2l
HETH(Burg and Gavrieli, 2013).
PC2E= Ehs} 9] JAFAE 7HA= vhd, TCES] &
ET} Fo o) AHBAZS 7AW (Table 5), TCES]
BAE w571 & MW-059F MW-0671 k] PC2 &
= Hol]al Jti(Table 6 and Fig. 8b). ©|S A|&7}
TCE FH=9A7F EAI8QE AoZ gezl X FHoZ 9
Aslal EYAIFOAN 2948} jhgo] &gk Z]9(JIS-
03, JJS-04, JJS-06) = I o2 FARRE AoZ E uf
(Fig. 4), PC2&= TCEQ] 714 E3lE AASke A=
S al=

PC4= DO, TCE, PCES} %] A#ABAS Holi,
TCES} PCE F=7F =2 MW-08% MW-40] <] PC4

Table 5. PCA loadings in Testbed C

HA4E 7 = AS & wW(Table 6 and Fig. 8b),
PC4= B3840 TCESF PCEZ} Hall=A] @ 25
3= ASE AAIBRE ZoE HOY MW-087 MW-4
FHOZ GHAA] Fe 29de] EANYE 7FEE A
Alghtt,

s, PC5= pH 2 Mgl =2 AHdAE 7RIt
(Table 5). %2 PC5 FHAFE 7HA= AIZEMW-028F MW-
102} €9 PC5 HFE 7HAE AIE(MW-09, MW-067F
MW-07 93y}t Zztdos mageE AS 1 u

o=

© 8R10= HRIth &, ¥53 AX] A wad S
=9 5 Ao7t FAE JEFS VAL Ye s &
I AJoh 1T MW29F MW-10p14 BEEE e M
<= W8 Al 78S AXSke A 0E HLRAtKFig. 8d).

YU PCE AYEE AlREC] ARRE 33 B¥EE
7RI (Fig. 4), PCEo] Amah= A178lehikg (@, PCa=
71 g@As) vkgyo] 1 EH|S A (Dense non-
aqueous phase liquid; DNAPL) L @A|HollN =& 2
He @oldle As 13 W, PCA A= Ak
2|58} iAo F8atttal & 4 U

\S]

PC1 PC2 PC3 PC4 PC5
T 0.1 -0.2 0.2 -0.1 0.6
pH 0.0 0.0 0.0 0.1 0.8
EC 0.1 -0.2 0.8 0.0 0.1
DO 0.3 -0.2 0.3 0.7 02
Eh 0.3 -0.7 -0.1 0.3 -0.1
Cl 0.8 -0.4 0.1 -0.1 -0.2
Trichloroethylene (TCE) -0.2 0.1 -0.1 0.9 0.0
Tetrachloroethylene (PCE) -0.2 -0.1 0.0 0.8 0.1
trans-1,2-Dichloroethylene (DCE) 0.0 0.8 0.0 -0.1 -0.1
cis-1,2-DCE -0.1 0.7 -0.2 0.3 -0.3
Vinyl chloride (VC) 0.1 0.8 -0.1 0.0 -0.2
Fe 0.4 0.2 -0.1 0.0 0.0
Mn -0.4 0.5 0.3 -0.5 -0.1
HCO; -04 0.3 0.7 -0.1 -0.2
K 0.7 -0.1 0.4 0.0 0.5
Mg 0.1 0.1 0.5 0.3 0.7
SO, 0.5 -0.3 -0.1 0.0 0.4
NO; 0.6 -0.2 04 0.1 0.2
Na 0.9 0.0 0.1 -0.2 0.0
Ca 0.2 -0.1 0.9 0.0 0.1
Eigenvalue 3.29 3.13 2.92 2.53 2.19
Variance explained 0.16 0.16 0.15 0.13 0.11
Cumulative variance 0.16 0.32 0.47 0.59 0.70
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Fig. 8. Comparison of PC scores of groundwater samples in Testbed C in (a)-(c) and pH vs. Mg in (d).

Table 6. Ranges of EC and the concentrations of PCE, TCE and their byproducts in Testbed C. The number of samples was 4 from each

well except MW-02 sampled twice in 2020

Well uS/em ng/L

EC PCE TCE trans-1,2-DCE cis-1,2-DCE VvC
MW-01 424-610 ND ND ND 3-17 ND-3
MW-02 366-376 ND ND ND ND ND
MW-03 527-880 ND ND ND ND ND
MW-04 398-650 2-4 ND-2 ND 1-8 ND
MW-05 365-610 ND 1-3 1-2 27-42 ND-5
MW-06 286-670 ND 2-5 ND 11-78 1-2
MW-07 251-558 ND ND ND ND ND
MW-08 361-590 2-7 5-25 ND 3-34 ND
MW-09 420-620 ND ND ND ND ND
MW-10 484-730 ND ND-1 ND 2-11 ND

ND=not detected.

44.HAEH|E D

HZEHW = DolA TPHE 12¥€9] A5E SCGW-019]
AEE HE(1.3 mg/L)=Iem, 1 9] Algeie HEEA
2ith. EokollA #EE TPH ¥& Bx o= Aolst 2
o thFig. 5). ¥FH BTEXS] 7%, E7<lo] 1290 4=
= SCGW-03(3 pg/L), SCGW-04(1 pug/L), SCGW-05(1 pg/
LA v AZEQTh BTEX} ASE EY A2 9
Ao} fFARFHFig. 5d). €5 AlsaATt HER 712
AEZS ALl F8 §F ol 1IN o835ty
PCAE F3H3}THTable 1). pHE A|LJ3F RE wiFE=
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ZHBES FHale] o] (ell, SCGW-03014 #2E =
< EC)9| FE= FHaslslaral stAckFig. 9d). 170 Al
(1029 AE SCGW-03l EHEE vl = NO;
= PCAOIA #9J8kar, PCA 2= siajsl= b 283}
AhFig. 9c). 1 ZAF} o] o] FHAte] 80%s
Ae 4= AATK(Table 7).

PCI pH, EC ©]9]= T8 && o]23 =& J#
TAS Holn, =S ET} whe J&o|| 23+ 37))
W EAATr) v e B $1X$ 3719
gL TEI FohFig. 9a). 85 ol T} =&
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Fig. 9. Biplots of groundwater samples in Testbed D: (a) PC1 scores vs. PC3 scores; (b) PC2 scores vs. NH, concentrations; (c) PC1

scores vs. NO; concentrations; (d) pH vs. EC.

Table 7. PCA loadings in Testbed D

PC1 PC2 PC3
pH 0.8 -0.3 -0.3
EC 0.8 04 0.3
DO 0.2 -0.3 -0.7
Na 0.3 0.8 -0.1
K 0.8 0.2 -0.5
Ca 0.9 0.3 0.2
Mg 0.6 0.7 0.1
Cl- 0.3 -0.1 0.9
SO, -0.1 0.7 02
HCO; 0.9 0.5 0.0
SiO, 0.7 -0.1 0.1
Eigenvalue 4.64 244 1.77
Variance explained 0.42 0.22 0.16
Cumulative variance 0.42 0.64 0.8

(PC1 47} =2) @& vl TAolM AT} e
HME(Fig. 9¢), 712G EZ2e] Hallo} Ankd AAA
-5 A3l B 4 Arh(Atekwana et al., 2005).

PC2E= Na, Mg, SO0t =& ABIAE 7HA=H,
PC2 AF7} HS AJEE NH, 5571 % Ho|tkFig.
9b). PC32 DOSH= =9 JAIAIE 7HH, Cite =
< AHHAE 7S, FEl 1A SCGW-033%
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