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A T Ahked 9 S50 23X B, EXo] 4 ee] 2 FEnjn 2
th A3k 5 s S & =

e, 3k4 5 DO, SS, POC, NO;9}t Chl-at wAAH0] A 2 =A4x o] v]gl] 2 =5 Holo

DIN, PO,, TN, TP, DOCS} TOCE AP A o] iAo & £& s5E RBAth sk W 74 U F55 2435
w2} oF7ko] Zjo]7} EANSHA|RE, 3L~5E FAMA o dF o E Fvt =1 7E~8E el Aol gt ¥R F
T} s A Bt AR RS o] 881o] Akt A=Al o] fEE-8RS SS 1,172 ke/d, TN 151 ke/d,
TP 11.1 kg/d, TOC 389 kg/do]$1 17, S5R121Q1 A B 7} A f2-aFol A 47.5%(TP)~75.1%(SS)=

-5 Ul Cu, Zn, Cd2 AT 318 58 fEFako] A2 92%E 236k Qs 2S & 4 3llon,

Zn>Cu>Ni>Pb>Co>Cd2] $=0. % eI},

Abstract — In order to investigate the characteristics of water quality and heavy metals in Shihwa Lake, concentration
comparisons according to land use types and mass discharge through streams were carried out. Based on classification
for streams according to land use types, the concentration of DO, SS, POC, NO, and Chl-a showed higher concen-
trations in agricultural areas than in industrial and urban areas. However, COD, DIN, DIP, TN, TP, DOC, TOC and
heavy metal concentrations showed relatively high values in industrial areas. The concentrations of water qualities
and heavy metals were relatively high in March to May and the concentration decreased in summer seasons (July-
August). The averages of stream discharges of water qualities were 1,172 kg/d for SS, 151 kg/d for TN, 11.1 kg/d
for TP and 389 kg/d for TOC, respectively. The agricultural area, Jangjunbo(S8), accounted for 47.5%(TP)~75.1%(SS)
in the total stream discharges. Cu, Zn and Cd in stream waters were found to be more than 92% of the total discharges in
industrial area, showing descending order of Zn>Cu>Ni>Pb>Co>Cd.

Keywords: Shihwa Lake(A]3}%), Stream water(53<57), Water quality(5=3%), Heavy metal(5 = %5), stream

discharge(3H1-FZ%)
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AlBE 9 sk QA
= 7o) -] U
22l 5ol 2 u Y, A FHE] Aas Hf 80%, 1 Hol
70%= AP 15 8= 2102 K 1% 31 )tk Haag and Kaupenjohann
[2001]; Grizzetti et al.[2005]; Dierk and Michael[2008]). 7]t
3 5 BE B9 Hhud U, el IR A N B
FAYEfA eFslA) 71 (Bowes et al.[2010]; Houser and Richardson
[2010]), 3FFA192] &4, Bhe] Bl Ake] F-dds) 9l Wlakagt
7 59 o] =57| wliTe] AAARLE Bilo] Fuj= L 9k
(Pieterse et al.[2003]; Diaz and Rosenberg[2008]; Edwards and
Withers[2008]; Gao and Zhang[2010]; Howeden et al.[2011]; Trevisan
et al.[2012]). FE S YA A2 A= TS 201 S
A L EH-SFH(TMDLS, total maximum daily loads)®}
2 A el Al 2 Ad=o] 2 o8k (Freeman et al.[2008];
Bowes et al.[2009]; Chen et al.[2012]). W=, U 52 235
AE At Qlom, nj= AV A 5 Qe B 2
e FERI TMDLsS “37dsto] 27l 133 akar Qit.

FA QILIAR] WAl el 23k s 2 Qe Ak =l
Sy os P9 Algtss Alske SR 52 5
AW n 7 Ed e 9 2012 23R4 7hEel ThE slaf
B STl 2t o] thA AAE L Qs AoE HaE
SIth(Ra et al.[2013]). A13FE FHF-A ol A= MTV(multi techno
valley), AFTRIATE], th&wA] 5 thafst 7akglo] 8 &2
oA7g=o] qlom, olef gt et EAjo] 8o Wl
EFTe o/ o R st v edd fdFE S A A
ot ZeA0] A7) Lol =-ekaL, o8] o5H
ARIEA] QI Aol M o] FATES W S mig vl S
G FEHY 2Tt ojds] & Blow YEhkow, AlstE
% 5 A2
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Q1o Z YERHATHMOF[2015]). 0] A7elA s AbdebA] 79
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SithJeong et al.[2016]). AA] Asle At AFHTte]
AlPor Agts AN 2 AEAE HAE 5] flaiA = Al
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2. K2 % HhH

2.1 A= ZHF S A

NEFE R FEE ANPAFR(S]), AR (S2), A3
FE(S3), A4 (S4), AAZH(SS), 3EF(S6), HAFH(ST),
A H.(S8), HFEH(S9), F3F(S10), AFEF(S11) 5 107] 8k}
HH sk akskdo] dHRste] B2 17 A9 g ARl tiste]
2014 39~10¢ F 103]°] AA k55 AF30IckFig. 1). 3t
HAFE FE220(DO), F401F 5 (pH), F-F272(SS), 3Fet2jAt
£ Q7=H(COD), €59 F<A (nitrate, nitrite, ammonia, phosphate,
silicate), F2 2 (TN), FS1(TP), £E7182(DOC), UAHIF7]
ELA(POC) F 223 -a(Chl-a), 855 U =M F545(Co, Ni, Cu,
Zn, Cd, Pb)?] &) tfsto] 2415 AAIeklrt.

SEYUATE GF/F HoldA R o]t Al E JY3 s
417](BRAN+LUEBBE, Quattro, Germany)& =73 3}31 0, &2 &
9l FR1E: oA o= AR HENEAE SR 2SI TS
FEAAEEA 72 A St o R R

1
126°27'E

45' 51

Fig. 1. Location of sampling sites in the stream waters around Shihwa Lake. The circle and square symbols represent industrial and rural/

urban regions, respectively.
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A HR (MOF 2013])ell Wt 2481 o S22 a= 90%
o= O & F53) ] x}9] W 7PA EEA7](UV-VIS Spectrometer,
Milton Roy Spectronic-3000)% =735t} AP F-718kA 2 2

2= 500 °CellA SAW 3|AA FAE S48 GFFZ AlRE ©f
st & o HHA|E IN FAROZ F7|&AE AASFA AL Tin capsuled]]
2 Lipr’ﬂﬂ |(Flash 2000 series, Thermo Scientific)® =73
ST 77184 GEFR o3H A5 5 HTCO(high-
temperature catalytic oxidation)/NDIR(non-dispersive infrared gas
analysis)] "H O = 7]€+474]7](TOC-VCPH, Shimadzu, Japan)=
o] g3l B33tk (Sugimura and Suzuki[1988]).

TuSE TS A AaEe AR M viE Ao R AlH
wo FAZF 54% 0.4 mm EE]7HE 0] E 2o} vk (PC filter,
Whatman 47 mm)Z oj3}sto] <& Su53 AMd S5 &
Zsiit). £ $542 15 (ultrapur grade, Merck, Germany)
AAHHNO,)E 718l pH 2 o382 HESHS] e H, A7l A (class
100)Hll|X] A|£E5 APDC-DDTC-Freon(HCHC 141b) £vii5=&4
0 7 FZ3 F(Statham[1985]), =2 Za}=u} AE27]
(ICP-MS, X7, Thermo Scientific)= 733t} (A T2
He ojuing Axste] RaEAe] O Sskon, e
719 Y1 150 BANHF)Y FAAHHNO,) 2 i3], St
A3 9 gl A ICP-MSZE S7d3I3itt.

r—{m

22 5L RE LE RS

WA, S 3R AksRdo] s AlEkE S e AR eA 9
T2 ZEfo| AEHY] fF-E5AIE o] 88kl AR E R 5751
H-GHE AR e, UmA] 3k e] £ Choi et al.[2011]°]
=A%} 5121 0) B §kS o) &ait}. 3P} okl L SlEolA
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v

BRso] ABEE FEH7) B o) Ao BFEE HE
38k Aol ol g ahlct.

9|

Algts 9] shdel e dukrd o) F3REE 542 Fig. 2
et 2ARA el wE 5
219 ahxo] 8.30% FkoH ARl MR M=
0] 697 W2 7S Bl 844 (D0)Y] HE T 82 mg/L
Ao, FPA A SR s R, v
11 mg/LE Z28H= =2 DO 555 UrE}ML 47#&?:%—5— 3.5
mg/L] FhE Ko AR el we} 3.50¢] 5
Ae g FH5-22(SS)2) Hsx U %E%‘HL 217} 19.7 mg/L2}
9.7-42.3 mg/LE AR} HlEeE, sPgHo] Hases et
Wk, 3}t AkA Q T (COD)> 17W$i7} 22.1 mg/LE 7V
=0 B2 el on 3PdH0] 57 mgle] HashR aFe) wket
116812 & sExtol7t EAlsh= Z1E & %l‘iiﬂ}.

HEGUA F o FAHEANO,)] HEEE 0.14 mg/L3 o,

7%

ol L

HiEes) HlsEs 242 8y % 0.06 mg/L)¥} 27HA4=2(0.27
mg/L)ATE FAFEA(NO,)Y] HsTx 147 mg/LE oFAARz 40
ulaf oF 108 ¥& TS BT, 4R OM °l st
2.58 mg/LE 7P =94, Wéﬂ °ﬂ A 7P S wEE YER L
o]g\iq_ ol—\jqo]_ﬂ/\(NH )/] .Lﬂil T=18 mg/]_i o].x]x}x]
29} AR Ao vlE) ATiF o R 5 FEE Holal “iioﬂ%
obAFEE ) 71 Sk 4 Zd_ﬂoﬂfﬁ 6.25 g/H HsEE

1, Aol wpe} 23.7912] & FEA7) e AoRE UrE}ME}.
b A, ANEEA 1l Sk Rob A0 iRl %JL—HI@&(DINE

AAZIA 6.98 mg/Le] HulsEE Halow, xRl Qb
o] 1.41 mg/Le] 7P vt s s VR QlSITh ATiA o
o] SR (1- 4=, /\]7‘:]_724)01]/\1 SETTNA L F oA 2
N e =T R =R B Y PAR A B B E R /\L;quo] H]&-E ool

27} 45.8~894%% 71 =okom AAb A ]—%J_*P?J_/\J _,—0]0-11:]-.
g B4 1 Eejx]dl (:@lrxa A, Ljd’ AR, v, =3k,
] 27F A B vl go]

Ak A9, 571 A T A A
57.4~78.6%% 71 3=0ka1 fR Yo Asobd il A 0] o7 1t
ERstTh AR shdellA= AR R gk o A
7} EJAGL BlgAME- 0 2 Qg ik o] fEo] Q= Flow
AT T ARTA(SIO)E ST 184S} vRIZIH R 413l A
71 e HEEE(G26 mgL)E BYoH, HAEEE B A
ARA 2] 1.63 mg/Lell vlaf oF 2.4u %2 A o= vEpsiTh Q1
21R1(PO,; DIP)- 457184 9l faltas) o] A1230] 0.21
mg/LE FE7F E3kon], 51930 0.02 mg/LE 7FE W it
S5 VR QIgiTh
NEE £ S5 F F440) FisEE 4.15 mgLylon
AR HoEE(791 mgLyE, BP9l HAs5(1.76 mgLye
HERY %]l whet 4.50]<] iciblﬂ U= Ao YERTH F
Ak T BT A8 Bl 66.1~89.8%%3L, EUA
o] T4 9 AR oel] vlsf 8577 147 A ehs vlEo] e
AR e 919 HsTE 0.30 mg/LOE F8 A} vl
A 2 A s elA] 242 H e (0.73 mg/L)9h #H A
F5(0.13 mg/LyE Holal ASt) 2 F AkI(DIPY] XA 5hH=
HIEE 17.2~30.0%% T2 U2 S5 R = A1
glo) ga-e A = Zo = vERd
i+i’r71EV*(TOC)&— CODS} PR & 17PAFR A s
(19 2 mg/L), 3PN HAAFE(5.4 mgL)e] A= BT
SER7IE(DOC)KE RHAFRAA F57F 7R 8kot, At
7)6k(POCYE PG RS} AR 28 F5F bl
t}. TOC 5 DOCS} POC7} A8k At &l v]-&2
2z} 67.5%%}F 32.5%= DOC7} POCe B3l <F 2uf =2
S & 4 A9tk F 223 a(Chl-a)= 59A 91 A Kol A
S pg/LE 57 E9kon, AdA Rl 1P WS Chl-

o[o§2:10[‘
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Fig. 2. Comparison of mean concentrations for water quality parameters in stream water around the Shihwa Lake basin. Error bar means

the standard error of mean value.
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£/4- Fig. 3% Fig. 40l VERTE 834 Co%t Zn- |
Z(S1), NiT} Cd2 27452, Cugl Pbe 22} 37H4<=2 3}
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Table 1. Pearson’s correlation (r) among water quality parameters in stream water around the Shihwa Lake basin. Bold indicates that

correlation is significant at the 0.01 level (2-tailed)

0w O© N 0 O

S1
S2 4
S3
S1
S2
S3 1
S4

DO pH SS COD DIN SiO, PO, TN TP TOC Chl-a
DO -
pH 0.77 -
SS 0.39 0.34 -
COD -0.04 -0.12 0.16 -
DIN -0.29 -0.34 -0.27 0.37 -
SiO, -0.28 -0.48 -0.29 -0.13 0.35 -
PO, -0.10 -0.29 -0.16 0.33 0.60 0.34 -
TN -0.30 -0.33 -0.23 0.46 0.98 0.30 0.58 -
TP -0.10 -0.15 0.02 0.56 0.68 0.05 0.78 0.70 -
TOC -0.15 -0.25 0.10 0.87 0.32 -0.02 0.24 0.42 0.43 -
Chl-a 0.56 0.51 0.69 0.32 -0.21 -0.36 -0.04 -0.15 0.14 0.17 -
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Fig. 3. Comparison of mean concentrations (ug/L) for dissolved heavy metals in stream water around the Shihwa Lake basin. Error bar

means the standard error of mean value.

AFR, CdY} Phe 7GRl Huls s Hol 9lo], 3
Fof| mt e 9¥ F550] the 54 Bl kel whE AHd
FTaEe FsEs Co7t 22018 Fsieate| 2 ZAbA| o] whE
FERsE Aglom, Curt 435u1 = FEWEREEo] 7Rt A e
Uil 3S & F ASTh AHE a5l BesEe 58 T
T3} AR 7o) 79.1 pgllE 7P 39kl CusPb>Ni>Co>Cd
o] A¥E Wtk sk T T Tase] sk AT, Cost
Zn2 17HASE, Nigl Cd2 27HE, Cues 37HTE, Pb 4
DPAFZAN 71 =& FEE Hola lglom, 34 dad u}
2} 2Jol= glont, HAe] shdol Hases vEhfar ich

s & Fus T 85 Tusol Ak nlES Herdlow

Co 74.7%, Ni 83.8%, Cu 46.4%, Zn 40.0%, Cd 52.1%, Pb 16.5%=

Co, NiZ} Cd2> 8EFE7F YAV e not e v]&= EAjeh,
Cu, Zn7} Pb> YA EIZE $-AISE 21 0= vrebstth. A =] e] st
o] 79, Co, Nix 217} 88.8%%} 92.0%= 4= e/} 2pA|8)aL
= Ao Yehton, zndt Cde 27} 60.6%9 57.9%= LJEk
ek 12y Cu9t Pb AT ENZE 2RAIsk= Blgo] 247t 65.7%3h
85.5%2] A& Bt =4 2 YA kel Co, Nith
Cui= 8= E7, Zn, Cd¥ Pb A EN7} dodl o= o =2

545 vehdllth. A3kE 19 sl § 8549 S5 vhe

& ASTK(Table 2). sHF & PV T552 e T

27F RHEAAVEE §18 B - Wl 4AHd S5
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Fig. 4. Comparison of mean concentrations (pg/L) for particulate heavy metals in stream water around the Shihwa Lake basin. Error bar

means the standard error of mean value.

Table 2. Comparison of mean heavy metal concentrations (pg/L) among land-use types in the stream water around the Shihwa Lake basin

Dissolved phase

Particulate phase

Region Co Ni Cu Zn cd Pb Co Ni Cu Zn cd Pb
Industrial (S1-S5) 3.6 1007 642 2375 036 1.3 0.4 9.7 168.5 1648 031 10.5
Urban (S6-S7) 0.6 2.4 1.2 1.4 0.01 0.2 0.4 0.9 1.9 8.8 0.03 1.9
Rural (S8-S11) 0.7 4.4 1.8 2.2 0.01 0.3 0.4 1.1 1.2 7.1 0.01 1.5
Stormwater runoff ¥ 2.1 618 340 458 0.23 0.7 6.8 793 1L131 1,443 126 147
"Ra et al.[2014]
B S 1S o 5= QIQITHRa er al.[2014]). 431, s3], Ao m FEete] dnkrd FRE BuE AN
$F A= Table 30 YERATE sk 5 DO, SS, POC, NO,<}
3.3 EXO|SHEE0 2 SEH|W H SIHE SSH RE L Chlax 59A 0] A8 2 B4Rl v]8] & 555 BIlth
HEo1= ot COD, DIN, PO,, TN, TP, DOC%} TOCE= A1+ o] Adefja o w2
Aol FE 103]9] AR ]o] i AN 9 S S sEE B, saAe>RAA e o= ekt St
%9 55 v A, 5 fool vkt EXO]EFHE Hole  XF F SO, TR AIA 0] ol =2 s HYleW SioE
shdo] aHAEle] Q7] witell w0 wiglEo] wlg- E EAS B Aleh dukrd B RS SRR GelA 7Y w5 Wkt 6
°ﬂE} TA Y FEE A Qo) et ok Aol 9lovt 38 Mg Ul SEES B Tud dadM £ A 55
d AR AR STt E9kem ARl 79~8E B AMAIYo] w4 E Aol Hlg) ulg- H& s vEr
011% e AN EAe o v Ak Atk Wil Qo) ARIEES B9 TS 290l ABHL S &
Alglz /49 'é}id% vz"eﬂ,l Aol g&-F ol what AFFA A (147 ASITH(Table 2).
A, AdA), EAAYGEPEA, k) B s dAS R, v I AellA A b A a4l W 9 sk

Table 3. Comparison of mean water quality parameters among land-use types in the stream water around the Shihwa Lake basin

. DO SS COD NO, NO; NH, DIN SiO, PO, TN TP POC DOC TOC Chl-a
Region pH

mg/L pg/L

Industrial (S1-S5) 73 48 133 138 0.16 128 3.19 463 250 0.11 537 040 3.0 87 11.7 12.0

Urban (S6-S7) 80 93 168 64 0.08 128 041 176 239 0.03 214 0.15 23 3.8 6.1 21.2

Rural (S8-S11) 83 119 291 11.6 0.15 1.81 1.00 297 217 0.07 3.63 027 3.6 54 9.0 81.1
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Table 4. Summary of mean concentrations of water quality parameters and total heavy metals and mass discharge in the stream water around

the Shihwa Lake basin

Stream Meaf‘ _discharge concentration (mg/L) concentration (pg/L) Mass discharge (kg/d) Mass discharge(g/d)
(millionL/d) SS TN TP TOC Co Ni Cu Zn Cd Pb SS TN TP TOC Co Ni Cu Zn Cd Pb
S1 2.07% 9.9 523 0.30 19.2 7.3 8.5 29.5 850 0.67 9.6 20.5 10.8 0.6 39.7 15.1 17.6 61.1 1,760 1.4 19.9
S2 1.43% 12.2 3.68 0.25 7.5 2.3 301.0 100.7 276 0.93 44 174 53 04 10.7 3.3 430 144 395 13 63
S3 8.73% 14.5 3.89 0.28 7.9 3.0 33.5 620.7 480 0.66 16.1 126.6 34.0 2.4 69.0 26.2 292 5,419 4,190 5.8 141
S4 0.89? 17.8 6.16 0.42 14.1 3.1 57.2 188.7 276 0.74 23.1 158 5.5 0.4 12.5 2.8 509 168 246 0.7 20.6
S5 1.48% 11.8 7.91 0.73 9.8 4.4 151.8 2242 128 0.36 5.6 17.5 11.7 1.1 145 6.5 225 332 189 0.5 83
Ansan 5.63% 16.8 2.14 0.15 6.1 09 34 32 10 0.04 2.1 94.6 12.0 0.8 343 51 19.1 18.0 56.3 0.2 11.8
S8 20.8% 42.3 345 026 10.0 1.3 63 34 13 0.03 2.8 880 71.8 54 208 27.0 131.0 70.7 270 0.6 58.2
Total discharge 1,172 151 11.1 389 86 1,166 6,212 7,106 10.5 266
IChoi et al.[2011], this study
FUS BE3] L Bo ASER FEHE FERAFS A S BN, 3858 2AP)O] Ao etk ww 79
21et AIE Table 40l Ve, R3] Bat-fake- v, B3k 8ol 79l 4’6& %‘E%Li STF sk ﬁ% & AT

l Ah3lHo] erEo] B2 AR I) 20.8 million LR 71 &
SRS wolon 9] o7} 7pE e 47P*d—’FEE°ﬂ/\1 el
7V A2 Ae Bl ko] fE25-8HE SS 1,172 ke/d,
TN 151 kg/d, TP 11.1 kg/d, TOC 389 kg/do] 3 iL(Table 4), 5
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