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Abstract

A series of statistical analyses including hydrochemical analysis, correlation alalysis, factor
analysis, and multivariate cluster analysis were performed using the groundwater quality data in
the 14 cities of Liaoning, China. The groundwater in Liaoning contains a great amount of Cl
and Na. The factor analysis showed that the intrusion of the seawater to the coastal cities was
the first factor to groundwater pollution, followed by the sewage of the house (second factor)
and the sewage from the factories (third factor). The cluster analysis categorized all the cities
in Liaoning into three groups: the cites quitely affected by the intrusion of seawater (Group 1),
the cites generally affected by the seawater (Group 2), and the inland cites which are not much
polluted (Group 3). The findings from this study provide valuable information to prevent the
pollution of groundwater in the region.
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<Figure 1> The Selected Study Area (Liaoning, China)
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1. ol

2 Al ARgE Ask FE ARE T Liaoningd  FElFelA 2000delA 20141744
Shenyang, Dalian, Anshan, Jinzhou, Huludao, Panjin, Yingkou, Dandong, Liaoyang, Chaoyang,
Benxi, Fuxin, Fushun, Tieling 147} =A19] 14070 X ollA] ZAFSE Zolth Zh A9 ZAF X704 2]
A= A8t 10m tellAe] A& 8 57 &5 A% A Aoz AT i S
B Abgw 7 dE2 pH Cl, Na, K Mg, Ca, Mn, TDS, SO4, EC(electrical conductivity),
TH(total hardness), Fe, Ni,—N S22 F 13719 4 @55 #8313tk

T #HAgS FAE] skl ARgeks 4 oA shte] Wt o
Baeote] A o] o] iAol QlEAE dohry] A A7 oItHKim, et al., 2008).
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H A8 4224 LiaoyangAlollA WeEbTh Cle] B x]E= 2423 8ppme] i A7k 20,800ppm. L. =A]
YingkouAlol Al UrEREO ™ o] ke wlgkEe] Cl FEet A9 vlSdt o R wlg- E=A JERY
ok CI 59 28k 2opm 2 FushunA oA WERTh NH, — NO] A= 6.12ppme] ™, gk
2 50ppm2-2A JinzhourlolA YeERZaL, #HA7200lppm® AnshanA]olA WERdth Nag] Hirx|
+ 1,035ppmeo] 3L, FH gk 1,100ppm =4 YingkouAl oAl WERS:

SHEAQ] DalianA] 2] 73-9- Aekr7t alaee] &2 ®ol war 917] wiitell Cl9F Na Aol vi-5-
= dEstth Askre] sl AR ol VISAE ek WAl g 2 BAE = St
Tl debstth 5, DalianAl€] 739 Cl, SO4, TH, Na, Mg, K, Ca, Mn, NH;—N, Fe®] gk°] =

Al YeRta, DandongAl®] 7% NH,—N, Feol ko]l A Welstow, HuludaoAli= Cl, Na, Ca,
NH,—N¢] #kol, Jinzhourli= Cl, Mg, Na, K, Ca, Fe, NH,—N¢] gkol, PanjinAli= Fe, Ca, NH,—N
o] gko], 718]3l YingkourlE NH,—N, Cl, Ca, Mg, Na, Fe®] gto] x5 =3It

<Table 1> Correlation Matrix of Ground Water in Dalian, Liaoning

EC pH TH TDS Cl NHSN SO4 Fe Mn Na K Ca Mg
EC 1
pH  .187 1
TH .995 195 1
TDS .997 178 .994 1
Cl .998 173 .993 .996 1
NHz=N  -.050 .389 -.045 -.061 -.064 1
SOy .995 .165 .992 .992 995 -.095 1
Fe -.026 -.195 -.032 -.025 -.026 -.036 -.033 1
Mn 773 -.058 779 772 776 -.024 787 189 1
Na .960 .198 .948 .953 .959 -.055 .950 -.030 .720 1
K .944 .205 .931 .934 .942  -.056 .936 -.033 .703 .988 1
Ca 915 .357 .910 .905 911 121 .901 -.070 .675 .945 .937 1
Mg .951 195 941 .944 .951 -.062 .946  -.032 726 .993 .987 .947 1

<Table 1>°l|4 BH Dalianr|®] Ask 4 =0 FAdAZE AAH o2 Hpie] o] =
Al vERTh &, Clok EC 7Ho] AaAlrE 0998913, Nad} Cl= 095054 sl =A vebst) v
Aol Feot NH,— N© thE &53ke] Aade] vl yebsit

o)
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<Table 2>°l4] Shenyang*|¢] 7-¢- ECe} 2z} 47}4] 9A(TDS, Cl, Na, Mg) 9] A#A71 =4 1}
wow, THo Ca®l AHAdE 091= A vebdth 72 A= A4hd dabde] AE7E 24
e A7) A9 o dde] Adhel] QlojA st Ees & AoE dAdEh

<Table 2> Correlation Matrix of Ground Water in Shenyang, Liaoning

EC pH TH TDS Cl NHSN SOy Fe Mn Na K Ca Mg
EC 1
pH .092 1
TH .967 .059 1
TDS .984 .081 .953 1
Cl .798 .091 .688 .786 1
NH3z—N .282 .282 .182 .253 .372 1
SO, 671 -.123 .683 701 442 074 1
Fe -.206 -.326 -.225 -.180 -.227 -.106 .132 1
Mn 416 -.198 511 416 .061 -.047 .306 .016 1
Na .824 .097 .765 .817 .746 .386 565 -.115 .206 1
K .593 .208 464 .583 725 511 214 -244 -132 610 1
Ca .901 11 .906 .879 .688 212 599  -.305 .319 .755 .581 1
Mg 749 -.110 .790 755 436 .024 574 -.007 675 622 174 642 1

<Table 3> Shenyang*l2] Asl AEE2 4TS 7 Ve 21%A Axfo]x, Q91F
M2 Askre] 78 29ds 2] 9kl FaAEIATE Kaiser- Meyer— Olkin 544+ 0.87= e}
wom dubgoz o] Fo]l (6o)deld 2l AL AP 4~ 9y E3E bartlett test of
sphericity& SallA dadaido] G ES P Foh7] wiitell & A7) Ask ARES &
1A S Tl glo] HA-sir= Flo & Chung, 2011).

<Table 3> A7} 1.0 o] H& 8215 FolA M9 JAAE Ageidith. a1Fss
‘strong’, 'moderate’, 'weak’ &2 EF3Fon, QolRslwke] A v|Fo® 1 Fhol 075 o)A

A
0.75-05, 05-0.3 Q1 F7te = 27} A3 tHKIim & Chung, 2011).
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<Table 3> Factor for Compositional Variables in Shenyang, Liaoning

Factor

Components i 9 3
Mg 0.92 0.01 -0.05

TH 0.90 0.37 0.11
T0S 0.84 0.50 0.07
EC 0.83 0.52 0.10
Ca 0.76 0.50 0.18
Mn 0.75 -0.37 -0.02
SO4 0.70 0.25 -0.31
Na 0.64 0.60 0.03
K 0.17 0.87 0.17
Cl 0.47 0.74 0.08
NH,— N -0.05 0.63 0.18
Fe -0.11 -0.11 -0.82
pH -0.10 0.16 0.76
Eigen variance 7.7 2.18 1.14
% of Variance 51.18 15.60 8.17
Cummulative% 51.18 66.77 74.95

ol 37| A= A Wkl 7495%E AAEtaL, Al QIS afe] T166EA WA ¥k
51.18%% AEgon, #H®E WMEzE Mg(092), TH090), TDSO0.84), BC0.83), Cal0.76),
Mn(0.75), SO4(0.70), Na(0.64)°] Utk o5 YirEL Awtd $=2 2o #heo] gl7] wjite] ¥ ¢
T A= “dnk A AR Wtk A2 ARE afrake] 21824 A W] 1560%E A
atglom #EYE WHERE KO087), Cl0.74), NH,—N0.63)°] 311, o] Aixs5e Adels B3 7
o] 7] wiitel] “A9A Fdgst 2o AR HHEArh A3l = Fe(0.82)2F pH0.76)7F
grE|lon “FE&AA 2 Wi

<Table 4>+= DalianA|®] AelF 5] F¥dS 7ML vER QR1%4] Ao, Ael
Ao a5l 3t 7t guo] Rtk 7+ 29159 ufEks vehdth afgk 1 o 37 2
= T A 8652%5 AHAEkAL gl 8%] 1] HAREARY] HIES 67.75%0]1L 811 2= 11.09%
olty. 29l 3& 768%=A4] WeR gtk o] Liaoningl DalianA] *19¢] sl =2o] a4
= 19 #AE e R o= o] drk= 31& yERth 89l 12 EC, Cl, TDS, Na, Mg,
K, Mn 18]35 SO47} 0.8 ©)/de] H-alas Kol Cl& 0924 HUZhs, NH,— N2 00602 FH A

K

o
rlo
O

kﬂ

075018 Falds Hole 52 29l 2004 NH,— N9 pH7F il 891 394+ FerlsidE ok
891 104 FslEo] o HFEEL Ng, Cl, Mgo|il o] We] Balake 94924 Ad3d] =4 v
Ehgith ol WSES d9ot #HE 3ehE d4o]al, DalianAl7F vickel 3] 7] wlitolghar

ek, 9 S4e] Fede] Aske Zow PP WA e ek

o
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<Table 4> Factor for Compositional Variables in Dalian, Liaoning

Factor

Components i 9 3
EC 0.99 0.02 -0.10
Cl 0.99 0.01 -0.10
S04 0.98 -0.02 -0.12
T0S 0.98 0.01 -0.10

™ 0.98 0.03 -0.11
Na 0.97 0.03 -0.12
Mg 0.97 0.03 -0.12
K 0.96 0.04 -0.13
Ca 0.92 0.24 -0.18

Mn 0.83 -0.08 0.21
NH,— N -0.06 0.89 0.17
pH 0.14 0.75 -0.45

Fe 0.08 -0.05 8.32
Eigen variance 9.49 1.55 1.08
% of Variance 67.75 11.09 7.68
Cummulative% 67.75 78.84 86.52

RMSSTD(rootmean —square standar
AR = ul—l?dj R29] 7+ Zo] &

deviation), SPR(semi —partial R2)e] =7} Zo] & X]Hol A
R Hol A AAS= W, CCC(cubic—clustering criterion) 3ke]
Ao| sk AFelA AAsks WY Fol vk tiAAe® A WA Wl RMSSTD7H :rLXr:l]
Wo] ARE-EIth. RMSSTDAA 9] 22 Alre 5840 o]l A= Arh= A
Eol AgEH AT s njstrE, A7t 24 B AL e A
o] E}gslthKo, et. al., 2006).
& FASAERE Uy AEseid g3t o 49 23
2

el g omt BRael A gaald

= QA

mo tlo =i

L
lo,
lo,
=
N
)
o
i
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<Table 5> Initial Eigenvalues of Comprehensive Score in Liaoning Cites

Measurement Score Sorting
Dalian 1.94 1
Yingkou 1.85 2
Jinzhou 0.84 3
Huludao 0.07 4
Benxi -0.30 5
Panjin -0.31 6
Anshan -0.34 7
Dandong -0.37 8
Fushun -0.37 9
Tieling -0.41 10
Fuxin -0.41 A
Chaoyang -0.50 12
Liaoyang -0.57 13
Shenyang -0.62 14

<Figure 2>% Liaoning”] 143F =419 3 #43 AxtE UFFZI9H(dendrogram) 2.2 =43}
3k Aot}

a = 10 15 20 25

1 1 1 ! 1
Benxi ]
Dandong 81—
Fushun 9

Liaoyang 13—

Fuxin 11

Shenyang 14—

Tieling 10—
Anshan T
Chaoyang 12
Panjin 6
Jinzhou 3
Huludao 4
Dalian 1
Yingkou 2

<Figure 2> The Dendrogram of The Clustering Process

B7319S S0l DalianAl-Yingkourl @] %] 13 UA] 12%A19]
Ae YeEhllE AS ou)sith 3 Je] #os & =
, Huludao-Jinzhout19] +#4 2, L ¢ 105419 o7 308 &
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FE, Al Je 7ol FAEAo] Aoldhe vERth o]¢} plEo] 479 HdoRw BFHE £ S
U, 53 g EojHe UAE] fEte] & ATl E 309 Mo Rt el HRE
Totagitt.

4 AF 024 DalianA€}F Yingkour|7d E3HE™, ek =do] a4 Fjow Qs) sl
o8] Ags] ed® A9YS yehdth B1FS Jinzhourl 9t HuludaoA 7} 8=, dwbxoz 3
o edd Aekr FAaFelHal & F 9lom, A AFRTE @ 299 Aods vEhith 1
9] 10709] v TAlE U9 I9HQ) Aoz QI A7t e dd A99)s WERATHHuh, 2005).

9 Azlel o] 2AEA Hgrel ik Axk= DalianA(1.94), Yinkour(1.35), Jinzhou(0.84),
Huludao*](0.07), Benxi*1(-0.30), Panjin*1(-0.31), Anshan*](-0.34), Dandong*|(-0.37), FushunA*|
(-0.37), Tieling A1 (-0.41), Fuxinlﬂ(*O.éll) Chaoyang*](-0.50), Liaoyang*l(-0.57), Shenyang*|(-0.62)2]
o2 UERtor, DalianAl7b 1UZ2 7P ©.990] AZbek EA]o]al, ShenyangAli= - 06224 24
ALt 7P v EAIE JERE

B 9= 5= Liaoning”d 1470 Aol thdk 20091 ~20143714) 5d%F SAHE A8k 2 &5

2] s}ehA] A} vhRiA o] A A& AAlEksith Liaoning
go] Askr AR oA 4 948 FHEA 7IEAE 239 Mn, NH,— N, Fe, Ca, Mg,
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TE ] 2dd

)
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alianAl €} YingkouAlo]al sl 9t ks 7Hg AA v ZAlEo|th 1

2% a5 QFS ofrt wh= ©A 24 Jinzhout 9t Huludaorlolth 18 38 Anshant] 55 X3k
107 =A]EolH vlwd o] AR gk WSEAIECth 5 LiaoningdS SAHTFZ A3}

39, Dalian(194), Yinkourl(1.35), Jinzhourl(0.84), Huludao1(0.07), BenxiAl(-0.30), Panjin*]
(-0.31), Anshan*[(-0.34), Dandong*(-0.37), Fushun*|(-0.37), TielingAl(-0.41), FuxinA|(-0.41),
Chaoyang*1(-0.50), Liaoyang*1(-0.57), ShenyangAl(-062)s=4 2 29 SF5=0] ebyt

DalianAl7} &l=3d9)ell ogh ods vehie 284 LUz 7P ZA Jebgan whde)
Shenyang &= A1 v -0622 2ol 7Fd AA vebyt
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