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A study on the characteristics of temporal and spatial water quality changes
of spring water in Jeju island
- from 1999 to 2020 -
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ABSTRACT: Spring water, what used to be the most important water resource in Jeju Island has been polluted
by industrial developments and the increase in anthropogenic activities. Therefore, this study aimed to understand
characteristic changes in the spring water quality from 1999 to 2020. During those time the concentration of NO;-N
was shown the highest in the western basin. The NOs-N levels in the southern basin were decreased over time due
to reduction of the fertilizer uses resulted in a decrease in the agricultural area. The CI” concentration was high
in the eastern and the western basins where the basal groundwater is present. As a result of the factor analysis,
two factors were classified into the effect of seawater (factor 1) and anthropogenic pollution (factor 2). Factor 1
scores in the eastern basin and factor 2 scores in the western basins were higher than those in other basins, which
was similar to the results of NOs-N and CI" analysis. However factor analysis has an advantage as quantifying 67.3
~ 73.7% of the samples were affected by seawater and it is showing a clearer trend than the interpretation using
the NO;-N concentration only. By comparing the water quality of spring water and groundwater within a radius
1 km of the spring, the average NOs-N concentration in spring water was higher than that its concentration in
groundwater (1.4 times in 1999, 2.3 times in 2010, 0.9 times in 2014 and 4.6 times in 2020). It implies that the
spring water responds relatively more sensitive to changes in the surface environment than groundwater.
Accordingly, it is necessary to preserve the spring water through managing the land use and the pollution source
as well as by monitoring the spring water quality continuously before the contamination spreads to the groundwater.
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52 et 32 A5k7} Aoy 2|59
wa 5o A1 EH Jro 2 AALYA fohks A
SHoleta 3h fopd B 8542} gtileju-do,
1999a). A&} 7fdko] lrs] dojutr| A, A&
7t AY Gl AFEdA S EUEY A5
AL S, FHETRA 528 GRS SFGITHPark
and Ha, 2012). 312 1970W ) 0]Z 2|5}~ At
o] AR HA FA 90% o)/ Ao )&t
BHFE & 35 SHOR] Fgo] WobH(7.5%
°o]-§) T4lo] EEUTHISSGP, 2018). E3F 245
NEAA T} I7HEE9] SR QlsiA &5 =
2 o do| AFs] A1 9IrkJeju-do, 1999a; Lee
et al., 2002; Jung et al., 2011). 2013 ~20143 7|7+
T AFE A9 44 AL A, A4HE
2(NOs-N) F=7F Hi= & 7|&(10 mg/L)E 23
BH= 3Lo] 531704 3 387704 (72.8%) 2 LrERTh
(JSSGP, 2016). T3+ F20]2(Cl) L=/} H= &
712250 mg/L)E ZIBR= ALLE 543704 F
173704~(31.9%) 2 Vbl met 8449 4 @
Fol AzHet Ao & et

A Aol EH AFE A5 F AR
ol A= SHEHE eHA oA 9] E-9H4] HRZ-o] A
Sk BH, 3A)7 2 BEE3H= AR 2 Fo A
£ NOs-Noj| 9§t @ go] F2 Yepytth(Lee ef al.,
2002; Jung ef al., 2010). E3F SEA| o] |8k

FE0] G A = ale o] Uit A
o2 gt 53] AFE B4R AH &340
NO;-N 24 7|2 seh|gel 7158 x2 Yy
A, Aol TYE LAY P WAL e
¢t 4= 9Jtk(Song et al., 2010).

Aot 9 844 24 2 AL 1980 o] % A
FE AGol|A 4 WA o] Hastal A= F4E
72 7 A L} EAA 7 = 5 EXolE ¥
3t 22l Ao = e TH(Song er al., 2018). 53]
FRAGL 5747 HEHo] F7ISPHA] X812 NOs-N
F B3 SR oo UERITHKoh et al., 2017a).
HHH R AR Qo A= sHRA Y #ak of 2t
Aok = A1 Ik 200 m o] FARE
A Gof| A& A|3k=9] NOs-N FE 371 FAI7F &
T E|QTHKim ef al., 2018a).
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Ao 7 gotEtiLee ef al., 2002; Won et al., 2006;
Jung et al., 2011). °]of w2} EA|o]-g HI}of| w2
AJ3i 48] 4714 s} ol SHFONE §
A} ek R0 2 ol pEict metA, B Ao
A 1999~2020(227hH 9] 84 =4 ARE
Fgoio] §34 40) A A WE BHS
sjolelsich. 012 Bl Al 224 Eok §H5 &
o Qe i 09 W LA} I A5}
77ENOSN 5 ishe ulmsled, izt o]
a9} AJ515:9] 5ol |A)E FFL BRak
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A §-A Zol7h oF 73 km, W ol
°F 33 km 7] EH19) BALE o] T How, WA
© oF 1,847 knro]ck. A2] Zol 3k 1,950 m
=019 gtepite] Y5kl qlom, AARE 7%
O 2 19| Ak H-5F AP0l 5-A] AP B3|
T EES HATHIH ). 0|9 22 A9 Ato]
= 74 A UE Z2HEA, -5 AFHE T2
/o] wol f840] B2 2HYE EURE 9|
FolA Sl WHH, 5-A APHES HAo] W2 AR
A AR RESI=t| A Bl UK Park et al.,
1998).

A=) AL TA A T} sl 7]
Heh US, AAES, 8497359 o= AAZ
Z A& o] QIth(Koh, 1997; Won et al., 2006;
Koh et al., 2013). B2 482 0 2 432 tiF)
2 &7 U E2(oint), S 7(clinker)5, 2
F2Joscoria)FAH, A50] ZANAAY 7WEZ4E
o2 A sed ddyo] gt ks ot
WFE T Koh et al., 2017b). th4Z 3HEo) A B
49 A9 &R, BEYS, EESol HXE wel
= F-fri3(perched aquifer)o] F/d=m, Ttk
71 A RZ o]ofd B9 Ashprt A& HIoR2 &
ohte}t §H 471 A Et(Soulios, 2010). ©] Hrof
T tie3ol 5Hd, 8- F Y o5, AV 5 F
23 A g3 Q= 22 Helisle dolle 4
= Ao 2 dHA QthJeju-do, 1999a).
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Jeju-do (19992)2] €4 A4ZA} Al up2

H, 19999 E o= AIFE Aol 911749 34

7} B33t o] Fof|A 182749 ST 1 T
= BAEAT Bty E} o]% 201040 &=
AAALAT-LAA 307485 571 2ARSEe] 941
Maol -9 EAE .ﬁ_}q_lo}gj\grq, o] %9
A 2817047 17 T BAEQIT T B ustgc
(KIGAM, 2011). 2013&53} 2014 A0 23
AFEEAA =] §a A2t 23, FEAR
o A 8 5 st % 1,0257]1;4 g32:0]
ZAE FASHTHISSGP, 2016). ©] F WY E=
HAE 2707149 YRS 3_:_}-0]61— QI 947) 4
A Q)Et 661740 £A2=2 BA. _L]—E]’q]/\]-__i
gL J*ElﬂlﬂOl T‘“dﬂi’it}

L5 B2 E 28 AP} 7E B2k O
b 283 AFE AR i s w22
FHHISSGP, 2016). AFE BE3} Y& Ao A=
F2 5pd HH o] dejut BollA dieEe wet &
29 281471 82 E 0 o= AA| 2H59] 62%0]
tHWon et al., 2006; Park and Ha, 2012). E3} 3]

RN Year
w ¢ [ ] Contour Spring (1999)
< 1. iBasin e Spring (2010)
Altitude (m) O Spring (2014)

Max: 1945 @  Spring (2020)

Fig. 1. Location of spring water samples.
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Q7o) 89 WHRok= 85 5= Tt 3=1
5l 825 H(Jeju-do, 1999a; Won et al., 2006)
ZAA| 844 F 92.3%7F &= 200 m o]3}e] A X|Th
o] B3z3}a1 it Jeju-do (1999a)= 701714 9] &
Ao A LEEE= F 9TFo] 1,083,363 m’/daya}
I Hustgon, §Hg 1714 F B H o= et
7ke} grepit R oA o] SEE AL FARE A F
oA FiF oz A gEEHe B EATHAE
50 m ©oJ&} 1,911 m’/day, 2% 50~200m: 345 m’/day,
%= 200~600 m: 615 m’/day, L= 600 m ©]Af:
2,037 m/day). 8442 2 Ast4 02 Ba3l Ay}
LU AT | 74% o, ARt A FF o] 7}
2} 6.1%, 1.8% 2.2 YEFTtHIeju-do, 1999a).

. Aot TERE

Al 7H R 2 0 HShE wlefstr] sl it
A A o] 844 AR A= =3I Teju-do
(19992)€] 199813 29=¢] 19994 12€7}X] 38974
A 8344 24 AR, KIGAM (2011)9] 20104 2
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Table 1. A number of spring water samples in each research year. The numbers in brackets indicate percentage.

Category Altitude (m) Basin
Year  Total <50 50 ~ 100 200 < Eastern Northern  Southern Western
1999 321 | 261 (81%) 14 (4%) 46 (14%) | 45 (14%) 79 (25%) 131 (41%) 66 (21%)
2010 478 | 345 (72%) 48 (10%) 85 (18%)| 52 (11%) 186 (39%) 150 (31%) 90 (19%)
2014 159 | 130 (82%) 8 (5%) 21 (13%) 6 (4%) 82 (52%) 55 (35%) 16 (10%)
2020 46 35 (76%) 8 (17%) 3 (7%) 4 (9%) 17 37%) 14 (30%) 11 (24%)

HE 69714 54674 &34 ZAF A2 I JSSGP
(2016)2] 2013~2014d ]| 18774 §H > 2AL AL
Fgolt}. Z4Z49] Age RAMARS wt 19994,
20109, 2014d 02 FLEIGE FAE S
2 pH, EC, NOs-N, Ca*", Mg*", Na", K", HCOy,
SO.%, Clol™ 1999 = 9] AL pHe} EC =0,
20149 9] -9 HCO5 /dHo] FAl oA A2j=| 3]
o} 7 Axd §HS A5 A= 29 1o e
Ak A A=d EHPL} R A sk
NO;-N 5= Z}po|& H|u 84517 9sf, AlFEE
A = 0] A Ao W A4S SRt
B4 2 2 19994, 20104, 2013, 20149 U
20199 A2 S AFESFATHE 2).

32 A2 AMF ¥ 2 24

20204 $34 2AARE Twsh] YA, 82
o] 10 m’/day oAl S35 FollA f9dE, 1%
H E2E st 3 24 i §H 427048
ASIATHE 1; 18 1). AFH 427149 35
Aoz o 23)(12k: 748 29~15Y; 22} 9 21
-24%0) 4 B4 NS, B 24} 4] 2R
SRR 22 pH, A7) ==(EC, Electrochemical
Conductivity)©|™ Orion Star A320 A|2]= Fd&
Z247](Thermo scientific)E ARE-3}FTE S %Fo]
2 T AT APl |ss4lAE oA 2
A519=t] NOs-N, SO,7, CI' I =nkE 72 1)(882
compact IC plus, Metrohm)Z, HCO;' 2 A A

o2 Ca*, Mg”, Na', K'= ICP-OES (Optima
8300, Perkin Elmer) & E-A] %] it}

A £A2 224 242(19994, 20104, 20149)
9} 2020 of| =8-S FAIR AFR A S Y=
AURA = 2hz2 = viAlsE] fs 8359 Cr
FEE o83t slig EFHE Attt ol 2|
slpe} sl 5 CIo F =5 217} 8.8 mg/L (Jeju-do,

Table 2. Groundwater number within 1 km radius of
spring water in research years.

Year |Eastern Northern Southern Western Total
1999 5 65 30 38 138
2010 12 26 7 45
2014 10 32 212 58 312
2020 7 27 9 4 47

2001), 19,400 mg/L (Kim et al., 2001)0]2} 3}1
ol o] EAA] A& Al STt

19400 —x
19400 —8.8 (1

y=1-

A (DellA y= 3l 4], x= e 5 Cl s
E(mg/L)yE olnfgitt. Alibay), shg= 23H17F 10%
OlAR) 4 A BAOA ASjelelch. Ee F
oolzo]_g(caH’ Mgzt Na', K"} 3= 20| (NOy, SO.%,
HCO5, CINo.2 A3}t 2xKcharge balance er-
ror) & AREBke] ©3P9) 10% ol e A=t ARg
Shsick. olol mtet BAjo] AHgE §H4L 19994
320704, 2010 478714 20144 15972 2 2020
3 367l Ao|c}.

o

2| 3}et4 glolHE &-§sto] Ak ol FF
& YEAQ 2L skt A% AHEHT
Ath(Lee et al., 2002; Ko et al., 2005; Koh et al.,
2012). 1 7he] AT} Solof B4 el
L 9]9)7} ¢17] wjEo] KMO FEAF & (Kaiser-
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Table 3. Descriptive statistics of the hydrogeochemical parameters in each research year.

Year 1999 2010

Component unit [Mean Median STDV* Minimum Maximum n** |Mean Median STDV* Minimum Maximum n**
Temperature C | 18.6  16.9 42 11.9 30.2 320f 16.1 16.2 1.9 6.4 22.1 478
pH Not measured 73 7.2 0.5 5.7 10.0 478

EC uSem|951.3 520.0 1102.2 41.8 7730.0 320|862.5 278.5 1247.1 124 7180.0 476
NO3;-N mg/L| 134 9.8 11.1 0.0 71.8 321] 7.5 5.5 7.3 0.0 57.6 478
Ca* mg/L| 212 164 14.5 1.9 84.8 321 16.0 122 11.7 0.6 67.1 478
Mg2+ mg/L| 246 14.0 277 0.9 148.9 321| 19.8 9.7 243 0.3 155.6 478
Na" mg/L|153.1  28.6 240.1 2.8 1276.0 321|130.2 219 2194 1.8 1241.6 478
K" mg/L| 9.4 5.6 9.7 0.4 64.4 321| 6.0 3.4 6.9 0.2 38.4 478
HCOs mg/L| 46.5 447 17.3 5.2 176.5 321| 463 435 229 2.7 199.0 472
S04~ mg/L| 385 11.0 56.8 1.0 324.0 321| 424 152 629 0.4 493.3 478
Cr mg/L|{268.9 420 429.6 3.0 1887.0 321|236.4 33.8 4115 1.9 1930.4 478
CBE*** (%) | -12  -13 35 -9.8 9.8 321| 24 -24 3.7 -9.8 9.5 472

Year 2014 2020

Component unit [Mean Median STDV* Minimum Maximum n** |Mean Median STDV* Minimum Maximum n**
Temperature C | 15.8  15.6 1.4 12.6 24.5 151) 16.1  16.2 1.3 12.6 18.9 46
pH 7.2 7.2 0.5 6.3 8.8 151 7.1 7.0 0.4 6.3 8.0 46
EC uSem| 12785 289.0 2730.7 12.6  18600.0 150(480.3 233.6 976.7 55.7 5889.0 45
NOs-N mg/L| 7.4 5.6 6.6 0.0 33.6 159| 5.7 5.1 4.1 0.0 173 46
Ca®™* mg/L| 17.6 125 13.6 1.9 63.6 159| 7.7 51 105 1.7 545 46
Mg2+ mg/L| 21.5 8.9 31.0 1.8 143.3 159| 12.6 8.6 18.6 1.2 119.2 46
Na® mg/L|129.2 221 253.0 5.5 1106.6 159 57.3 14.0 169.5 5.2 1015.0 46
K" mg/L| 7.5 3.9 9.0 0.6 39.8 159 135 12.0 12.0 0.6 56.2 46
HCO; mg/L Not measured 532 500 22.0 19.5 1489 46
S04 mg/L| 40.8 149 65.0 1.9 314.1 159 193 105 389 0.0 240.0 46
Cr mg/L|{209.7 273 4179 4.7 1806.2 159| 86.9 18.7 262.6 5.0 1577.0 46
CBE*** (%) Not measured -0.6 -1.3 44 -8.5 79 46

*STDV: Standard deviation.
**n: Number of sample.
***CBE: Charge balance error.

Meyer-Olkin measure of sampling adequacy)S #| B 2] A9 0.833, 20144 djo]g] <] % 0.864, 2020
Avsie o] gho] 10] 2SI RolBo] HWE W HlolEl9] A 0,675 B AT Hlo|el a ol
T st Kwahk, 2019). 19999, 20104, 2014 Ao A As}ctar Bkt

HAal 20203 0] BAE L4450 8714 F8 &-9F

o] 2(NO;-N, Ca’’, Mg®*, Na", K', HCO5, SO,>, 4. Zan} 4 JE
CI)o] tj3f] SPSS =2 731-3 (IBM SPSS Statistics)
gg3te] QQEAS PP o, aQdsiyol & 4.1 SHFQ FEX|FEH EY

o]sl=E VARIMAX £°013AL a4t} 20149 ZAF dEd 222 pH, A7|AEE(EC) D =9

9] A9, HCOy $8AR7} gloma o2 Aol L-ofol o] th BARS & 3] Hsignt. =
7N = ol e R Q1A AATEITE. KMO Pﬁi‘ﬁ pH+= ti729] 837} vl (B
A F= 19999 dlofE]Q] 79 0.848, 2010 H|o] 1~73)& ZH=t} ECY| A ¢ B A=olA Bt



88 HOIZ - 125

(480.3 ~ 1,278.5 ps/cm)Ztol v]8) EEHx7}1976.7
~2,730.7 ps/cm O 2 F F9 EC SHHYE Hol,
SH49] o) AAHRI =4 313} T o] Qo=
T 8RIEE 3 I vt glso] d&HH
(Koh et al., 2009; Jung et al., 2010).

AL AEEE POl Hat == Na7h57.3 ~
153.1 mg/LZ 7F% =11, Mg*(12.6 ~ 24.6 mg/L),
Ca®'(7.7 ~ 21.2 mg/L), K'(6.0 ~ 13.5 mg/L) &0
2 =4tk Na'9] 3¢, Hatgho] SUztol vlsiA
4.1 ~ 6.08] A Yebgt=], ol= g5 &3ollA
Fpo] FFo R 5= Na7F A& Q7| f&E
© 2 Azt 2020990 ok et g K'(13.5
mg/L)7F Mg (11.5 mg/L) ) A VYRt K&

lok
kl
5
gs

H|Ro| 2Zol= 39 J& F sfto|n 3] ¢l A4
At FAY g 5 SHSTH(Pettigrew, 2008).
JSSGP (2019)0]|A] 1A e](H A 3,366 A, 814 ha)
o) AufatE W AlB|g= AR A1}, 7167 ha)2t
B 232780 ha)o) K'H|22 Z+z} 21,256 kg3t 17,568
kg AlBISEATE o] =A7HE(17 ha, 1,250 kg)
v|3l Z¥zb 1749, 148 B2 oFolt}. T AR
FAFEHT Aol A LE Aui = HSstar 9l
o] K9] AJH|Ego] 5748 4= 91232 AJARITH(Song
etal.,2018). AFE o] A= v 7 Hojj AH
of| A K™ g=2] nl&EsuigFo] 20129 7,298 tonol 4]
20184 9,312 ton .2 27.6%7} 275+ tHISSGP,
2019). Kim ef al. (2018b) E3F = B2 AJE o] A

Basin
+ North
O South

West
<» East

Fig. 2. Piper diagrams of major ion chemistry in regard to basins in (a) 1999, (b) 2010 and (c) 2020.
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Ko garo] Z7h3heha 1 mste] Ssta| 2 AMg0.
2 QI8 AR K 99o] Z/1519e Ao
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gole B S8 vasud, 2E dsol
Cl B =7} 86.9 ~ 268.9 mg/LE ThE So|&
s8] Hla| A BEEYTHHCOS : 463 ~ 53.2
mg/L, NO;-N : 5.7 ~ 13.4 mg/L, SO,> : 19.4 ~ 42.4

mg/L). ¥ HCOs = B3t 37kgtol SA13HA Lt
Eg=tl HCOy = 7] £9 CO.8| F243 &
=9 g4 W E-9F4 HE3(Kim and Ahn,
1992; Koh et al., 2009 Jung et al., 2010; Lee et
al., 2020)0] of8) F2 ARl FEo| WEZo|
3R] FL2 Ao 2 HAFETEH NOs-N Bt 5=+ ZF
ZF 19999 9] 12.6 mg/Le|itk7} 20109 7.5 mg/L,
2014 9] 7.4 mg/L, 20209] 5.7 mg/LE A2} 7+
a5hs FAIE Btk NO»-N2 A ollA= =
% 3 mg/L (Cey et al., 1999; Koh et al., 2009)E
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9% 9 49Ao] 93} =7} 273 4 eKOh and
Hyun, 1997; Choung et al., 2004; Koh et al., 2007).
Aot & AAYE B E2AE BE43% Kim ef al.
(20182)¢] Ao A= Q19H 52 FdFo= A
sk ool 7leka Qi Busech sl
£72:0] NO;-N B SEL 7hashe Aoz 1}
Bt Sl A 29184, 2 Aol B

HlmE 27hH 02 RSk

87 ol JEEY PF BEVIE 1o U 2
2 20] 1999, 2010, 2020 o]& B4 AT
Sl Teloiagen Salstine 194)
A §35 51 §3E BE v e
o 90122 39 Tl NatK7} 27Fhe %
AS BoliH) o 22 34 B0l B3] W ol
o= s FFS ‘i‘—IS A|shpof| A ol 2|3t Aok
Hol= Aoz AdHFTHRuiz ef al., 1990). 20|
9] A% HCOs7} S-AlSHH e CI+NOs 7} F71s)
© FE Hol=H, Ko et al. (2005)94 A=
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Fig. 3. Correlation of nitrate nitrogen with altitude (a) in 1999, (b) in 2010, (¢) in 2014 and (d) in 2020. X (altitude)

axis has log scale.
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A|ete=] 2] 8teta E4Jo] HCOs 7h A1 #-3
oA CHNOy7F $AIE o= Walghes Baugt
AT}t ARt Aatolet. T3 Koh er al. (2012)2 A
FI= ARA Y et A sl 52 B2
I}, 50 m o3} Ao QI9F F sfof o7t g
Foz 844 U NO-N} Clo] Z71gtctn Bu
SHATE & Aol A CIak NOs-No| S71she 715
EAErh 92 $ASYSE s 9 A9 2
o] Y W Yoz BHETHIH 3, 4).
9 S4E B SRRYM CHNO7t
ARt 7ol FR3HA EolARE A1712] Q1 Abe] 7} §
o] A4l 291Y Ao Wetdth FRGLS
HARE A7t D=tz A3) s ol Wl
7|AA8 PR FEH0I97] hi2ef s
TS E3] wWo] vE=tK(Koh, 1997; Kim ef al., 2006).
ot TF 1ot o] Aol A §H A=t
AL R STl Q1o ol Aol B F
S Ao Holnh ol JRHIE o o

1999
2000

Basin
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(@ <2
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Hlugt A FRH9L dig 719 ddEe
Na+K7} g2 whd oh2 92 S NatK
7h BoHle FHE Asehs P Hole A=
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Table 4. Land use proportion within 400 m radius of spring water in (a) Eastern, (b) Northern, (¢) Southern and
(d) Western basins in three research years.

Basin Year Urban Agriculturul Grass Forest Water Etc.
1999 27.2% 48.2% 10.2% 12.0% 0.9% 1.6%
Eastern 2010 24.5% 51.4% 7.9% 11.5% 1.3% 3.4%
2014 21.8% 34.3% 14.3% 25.9% 2.7% 1.0%
1999 31.5% 37.9% 9.1% 20.2% 0.8% 0.5%
Northern 2010 31.1% 41.7% 7.8% 17.1% 0.5% 1.9%
2014 48.5% 37.7% 5.1% 5.2% 0.4% 3.2%
1999 15.6% 62.0% 4.2% 16.8% 0.9% 0.6%
Southern 2010 15.0% 60.1% 9.4% 13.5% 0.4% 1.6%
2014 23.5% 54.5% 7.7% 7.4% 1.0% 5.9%
1999 27.2% 57.5% 7.5% 6.6% 0.5% 0.8%
Western 2010 24.6% 59.7% 6.0% 7.4% 0.3% 2.0%
2014 25.4% 64.8% 4.3% 4.9% 0.2% 0.5%
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Fig. 5. Box and whisker plots of nitrate nitrogen in respective research year (a) in Eastern, (b) in Western, (¢) in
Southern and (d) in Northern basin. The bold and red lines indicate mean value.
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Table 5. Varimax rotated factor loadings and communalities for chemical components of spring water in each research year.

Year 1999 2010 2014 2020
Component |Factor 1 Factor2 Communalities | Factor 1 Factor2 Communalities |Factor 1 Factor2 Communalities |Factor1 Factor2 Commumalities
NO;-N  |-0.257 0.905 0.885 -0.055 0.885 0.786 -0.011 0.933 0.882 -0.259 0.917 0.909
Ca* 0.488 0.841 0.946 0.571 0.792 0.953 0.743 0.626 0.948 0.841 0.295 0.794
Mg** 0.933 0.303 0.963 0.946 0.284 0.976 0.983 0.170 0.996 0.969 0.185 0.973
Na* 0.989 0.091 0.986 0.989 0.098 0.987 0.999 0.035 0.999 0.992 0.005 0.985
K 0.958 0.154 0.941 0.908 0.168 0.852 0.971 0.093 0.961 0.350 0.703 0.616

HCO; | 0.283 0.507 0.337 0.198 0.779 0.647 0.583 0.649 0.761

SO~ 0.984 0.130 0.986 0.968 0.187 0.973 0.838 0.110 0.721 0.982 0.131 0.981

Cr 0.989 0.096 0.988 0.988 0.092 0.985 0.998 0.051 0.998 0.992 0.028 0.985
Eigenvalue| 5.423 1.609 5.523 1.636 5.156 1.316 5.381 1.623

Y%ofvariance| 67.8  20.1 69.0 204

73.7 188 673 203
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/5] tigt 2074 Aol Y|, 209
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