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A1Fd A &

L S HES RE AEAY Fa 7 dEoT AJA AT oF 60 %
A8, olF AW FEY °F 20%E 2A HHE Aol JHEE G oE
T A= T APFAd AFHolrh. Bt oyt AFe M= HEEFE M
ot P8, v9EF ToE FHASA ol&HA AT =2 oAH §7

22 §ANA FE oA FAG UL T Bwe] ol AFeE HE TG

=
AFA Eat Atk fEvet 99T AFEFS 1,28mmE A AH T 973mmK T
138 B F olAw, EL AFUEZ Qs 190F FFFL 2,705m° 2 A A H
A7 AAA, AdHog HFHo
AS Wk olyE AYEAG A F=2 AFe] Au A 73 #AR A%
F7F AA A Feta vz F Eolrbed old Wid A&l #rr HA
gkol Qtg ARl &4 FRIF ofel AAolth 2050 = A AAY 15~20% 8=
b E RFor AFdS AL Aoz oA, 199330 = UNA $-2uet
g & #5371 AA AT (DA, 2004).

AA EHoez gt g Askre 4ol €2 AHiHi e b =
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AstErt g AxFd Hla Fd 290l HE Jhsdol A7 wEe] ¥
FAL 25 F Atk ol @ ol E AUt e o] &<lo] Hd AFo] &
olaf HA ]8T & Atk AW HA AI2E vF #TErt HA Gof AskF
o] 49 BE EA %ol hFEH gt

S yEs 19939 12€9] AFHE AFsa FESFHLH 19949 8ol A
5w AdE 2 AsEY AdqHe] FEEOEN Aty HABHY =4S

vk §EE}(2001. 48).

5U17d frols FAoE BEHC glon, At FYF FIo] WIS olF=
o

Rl M AEHOZ Qg 7T AW FEFA Asky AT TheFS 1326 m e

FAHM, ol @A HE o]&ste] FHet= H & 133wl Frtste
Hd e Aol whebA FAGoEw B ) FF ARFE HYste HEFdoes
Mol ThsAdel W w=u & 5 Sk olHd o] fE vty Soivka Sl =l
W 28 FE FF AAFY] As) AFAM= Aty Adel J22a du. 1A

FolA B AR w2 dA PS5 IFFe AstFE WA T F
gozH 20060 = FoFEY 105%°]d &5 7T Agola FF FoF
o] ol 2011del= FRFEG 115%°]F &5 A= ol&sta ¥5F

A¥S 7FAAL Y (Fig. 2).



42000

40000 -+

38000 ~

d0 36000

G 34000 -

32000 A

30000

20064 20114 20164 20204

AT FAAFS7], E, 95 )Y FF2 1350000002 m HEolH o] F
Ae57F AAsE FS 3,600,000 JEE FHFO o 0.02% =0tk o] F ¢
gt A ol &5 e AdFY Fe 18YmAIEE HA Ad4 F 0.0005%
2 wug FolAw 7t o] &A X ste Astr ol FEE| BTk AR
o Eo] A HEHAUA FFe 9 ¥ FFS Y5t A ol&s =
g o

Table 13} 20 < 4d%F Astg o] &S HepU Atk Ast5 o8] &

oJ7FH A 2000 G Aetgo ol8A e 679 JfLd EIW Hol



2003959 EolA 729 ALE EAT. EF o] & 20008 E0]E 159 me] @
A 200395 E 18 mwo =z 39 Alo] 20%} Z7tET AGdEE By AL,
7, 9, AR, A9 AGe o EA2t EJAAW UHA AEL FE3 7}
Aok 53 QA FIh&o] 65% @i Asksel e AL @ o] go] GE A
Ao wla] A3 wol o]FoIATL YL & 5 ATk AIHoE BT As}go
o] g80 EHAT e AL Adksd W BAES BoE RS X 5 AT
20009 F-E 2003d71A] A= A&}
2ol AEeM S71% Ao
Ao Solst 0% 9=} Badd ole vIEA Fad BE Ags o &Fol
ZolE AHoz ATHT 71FE, I S o] &

20029 =0 A 20038 S0 o] &ko] AAE = balch. atAu Stm, 7ho] ALmi
A5t ge] AA = Zrpg AT o)L o] ZojSQrh o= FwE o] &3t= oY
o gagt stuwelN Assg olgdtd L4y BoE FFEES oF P47

o
WL Fa) S83) 0§57 Fo] o] Gapo] FoJE oz BHHT

fu
o
o
o
*
K}
E
off
2
o
o
N
RN
s
rr
8
S



Table 1. A5 4@ A4 o] &dF (A

)=}
B

2004, A&k 712 B A )

T

2000

20014

20023

2003

X
18

o] -& & (m)

op

o]

F(m)

o] -& & (m')

o] -& & (m')

=

671,427

1,539,983,301

683,811

1,599,707,043

707,966

1,633,581,332

721,396

1,846,592,197

2

11,895

33,153,313

11,380

31,446,455

10,172

30,293,568

10,282

31,439,302

7,672

48,664,177

8,158

48,168,525

8,620

31,566,380

8,342

35,817,519

3,421

34,293,079

3,853

21,837,973

3,707

19,820,136

3,939

22,967,409

4,743

17,042,066

6,514

21,726,534

7,464

30,309,609

7,872

31,291,207

6,249

17,654,338

6,383

17,935,913

6,679

15,542,956

6,004

15,344,553

18,233

31,239,143

18,455

31,280,333

19,718

31,918,868

19,897

30,113,635

2,543

23,327,145

2,779

21,825,921

3,020

25,518,428

3,394

25,701,936

79,835

266,083,840

78,180

267,995,074

98,990

279,569,543

111,989

355,003,607

46,367

80,971,850

48,625

87,034,468

64,453

105,524,704

63,415

137,305,711

ofj
4o

83,765

107,679,608

84,109

110,031,643

87,123

159,400,716

89,703

183,804,813

ofj
ul

138,266

161,019,453

143,221

161,623,616

142,345

174,607,352

133,557

234,977,275

=
Ao

79,192

93,901,918

79,002

101,268,966

63,479

90,777,889

68,566

124,749,877

=
ak

102,702

141,973,368

102,903

146,861,958

98,734

145,790,584

108,862

151,963,055

i

45,437

180,631,057

45,689

183,920,858

46,361

197,164,710

46,112

186,455,390

o | o

at

39,653

224,695,928

43,084

265,569,414

45,608

211,946,962

37,958

199,174,340

1,454

77,653,020

1,476

81,179,392

1,493

83,828,927

1,504

80,482,569




Table 2. A=r Asl¢ Axd o] &ds (HAUEHR 2004, A5 712 B2 A F)

T = 20004 200014 20024 20039

BN 524,774 522,459 547,783 542,617
7+ &

o] & | 502,535,012 | 501,198,821m'| 530,919,653m'| 679,611,320

B 76,237 85,002 89,634 102,311
Ehlscy

o] &= | 497,585,007m'| 532,840,734m'| 564,653,857m'| 638,301,666

B 5,036 5,494 5,826 5,856
Sl &

o] & | 53421,760m'| 56,850,316m'| 67,681,135m'| 54,527,301 m

B 1,157 1,428 1,619 1,415
R &

o] &=F| 12,808330m'| 33,371,882m| 12,730,160m'| 13,244,311m

BN 5,255 5,677 6,008 5,407
TETH

ol &&F| 72772214m'| 72,418,312m| 72,247,218m'| 65,921,609

BN 13,156 14,081 14,057 14,365
ol g =

o] &% | 178,405520m'| 179,693,879m’| 156,404,779m'| 156,333,513 m

BN 1,678 1,709 1,800 1,764
FTE

o] &&F| 66,182915m'| 66,438,116m'|  65,220,663m'| 67,053,401

B 14,388 14,897 8,812 8,433
AL

o] &&| 51,365768m'| 55225829m'| 49,502,934m'| 48,495,224

B 29,746 33,064 32,427 39,228
71 EH-E-

o] &= | 104,906,684 | 101,669,155m'| 114,220,933m'| 123,103,853 m




23 4= E 53 54
231 9= E F&5 A9 dutEA

97} olgate HE Bold g HE W B AssE 44 g B3
A g g ME U AFAA AW FEE UE AT, 5 wan o

S e b A% d=F =249 Ay 59 WHoR AxH BS

A8 welsn dE A4S BHT AukHQ £5F B HO o9 g oL
F7b A ETFHe] A e BL wEy wE 2L HO o9 Ca¥, Mg,
a’, CI' 5 FEZA(mineral)Zo] FH5o] Y& B 2ot ok f7A %5 o
& Foe FaA g R gl

4 Sgets BHHL Y HE B TE LS g 1,800 401
1990 A F-E] “oFE YA A" F3 19 H 5020 o] o]&st= AlA
talel 28 $4 @AE A 2AF AL U g4 E s Ao

(7 F, 199%). 9 B FF AL A5 HEE

Z

FAAA A MAES g% FAFE] A vedh A
Aele Akt Bv HF7) @Ee] AE@de]l Ui 18 Fow ddste] o
ol 47 WA oE e o §XE Ao BE oo
o] Bk FAPAE T AT AS we N B FH M gAML
g 52 olgste] WAL $78 $AA4 ARE FLFOEAN o §

AEE delF AAAT BN £ Y= 257 Yo



A $e BEOE Folh A% A, W, A4FABEL AA
AZs o] WA vvRL FART UnAE AFL AR WAEd BE
Ao g AT

2 Fole B2 vdEo] &aso] ey oF It Be =2 F U= #F
23 F=E 23 2o Zn 4~9 mg/L, Cu 2~5 mg/L, Fe 0.04~0.1 mg/L, Mn
4~30 mg/L, HE2 1 mg/Lo] ol A3 wH§3te A EE Chlorophenold
749 0.005 mg/L oAM= Bt& =21tHFH F,2000).

Abgeith Bbs =7)e Aol FHAo| AN BlE E9 £ Table 37 #o] H

k.

T T = = TFxE ITA
=2 B E )
(%{; Zigi%) 30~200 mg/L 500 mg/L ©] 3}
VAR = R
3 =
(Ao o 10 ~ 100 mg/L 300 mg/L
o]
e ea =
A R 3 ~30 mg/L NE9e
B D F AN 3 mg/L ©]s} 10 mg/L o] &t
A= 2k o4 glow g
FHFEA 0.4 mg/L °]3} 0.1 mg/L ©]’¢
T 2 205 ©| 3 71 e

_10_



7270 A T 13o] FHE st UX
UrA 713 9 AES ARsta o FAddmyge 4230 2 AR
H9E A5 #AMEAFL Fig. 3o e AT

1,800 A= AvfEFS RYoh 1998 FA| Hujgo] Hojzl A

tlo

A < st

al

e FEE AEEe] Subska ik 9 A RE 19979 THE wo

e
2
i
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e

| o
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Fig. 3. BEAlE A7 fol g (372, HeAE A3, 2003).
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24 9= B 3% AA9 54 47
241 Wt B FF A4 54 F

HE B 35 AM B £AuYE 1990478 (G5 Agnd AL 9
21 o g ol gate AM da FAAAE Al AYHo =
#el s gtk BRRE MEY] AT HE B FF A4 e o] £3 A4
g 4AsT 93, AA 3/4EVE AGF WA e 4FTE 5 874 2
datel AGARE BA BF 7ol el 1 ARE WPoR He B I

o
%
f
—_
e
o,
=

9] ]

o

o

o
N
AN
b
)
ot
i,
=
g:g
.ﬂ
3
Q
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™
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—_
O
O
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L
[y
o
o
=
2,
=

Table 4. ®= & 52 7% d3 (373, 2002)

T T 2 k' 5 T A N | E 2
Ayt (Total Colony Counts) | $&MHZ(E5T) | 100CFU/nd | 100CFU/m
¥l [ =147 (Total Coliforms) ND/100n! | ND/100m¢
A | 24T (Fecal Coliforms) - ND/100m( | A1 A
= | & (Escherichia Coli) - ND/100m¢ | 414
o A Y o} ND/2/ | ND/2¢
. 1,;} (Pb; Lead) 0.05mg/L | 0.05mg/L
w 2 (F; Fluoride) 15mg/L | 15mg/L
3l Hm (As; Arsenic) 0.05mg/L | 0.05mg/L
g | A8 ¥ (Se; Selenium) 0.0Img/L | 001mg/L
3 T (Hg, Mercury) 0.001mg/L | 0.001mg/L
o | 213 (CN; Cyanide) 0.01mg/L | 00Img/L
T | 67}2E (Cr'’ Hexachromium) 0.05mg/L | 0.05mg/L
7] | gtwuobd A2 (NHs-N; Ammonium Nitrogen) 05mg/L | 05mg/L
2 | 244 F4A (NOs-N; Nitrate Nitrogen) 10mg/L | 10mg/L
24 7}=+% (Cd; Cadmium) 0.01mg/L | 0.005mg/L | 733}
HE (%54, B; Boron) - 03mg/L | A1 A

_13_



T | F 2 & = < A i H| 31
¥ & (Phenol) 0.005mg/L | 0.005mg/L
1.11-EZ| €22 9 (1.1.1-Trichloroethane) | 0.1mg/L 0.1mg/L

2 H EgtZ 2 2o & Al (PCE; Tetrachloroethylene) | 00lmg/L | 0.0lmg/L
o | EBEFEE o g (TCE; Trichloroethylene) | 0.03mg/L | 0.03mg/L
o LOZ2% vWe (Dichloromethane) 0.02ug/L | 0.02ug/L

15 | WA (Benzene) 001ng/L | 0.0lmg/L

8 |7 | £F4 (Toluene) 07ng/L | 07ng/L

3 J o gl Al (Ethylbenzene) 03mg/L | 03mg/L

oF f A4 (Xylene) 05mg/L | 05mg/L

& 4 1.1YEEF g3 (1.1 Dichloroethylene) 0.03mg/L | 0.03mg/L

7] At 3} gh4 (Tetrachlorocarbon) 0.002ug/L | 0.002mg/L

= FEZ dZv & (THMs; Trihalomethanes) 0.1mg/L - 21A)

2 tFo] o} x| 3= (Diazinon) 0021g/L | 002ng/L

«. | WEE 2 (Parathion) 0.06mg/L | 0.06mg/L

° | 2 El L (Malathion) 0.25ng/L - 217

or | HIHEZE 2 (Fenitrothion) 0.04mg/L | 0.04mg/L

| ke (Carbaryl) 0.07mg/L | 0.07mg/L
12-0HE2R3-F2 22 2% (1,2-Dibromo-3-Chloropropan) - 0.003mg/L | A1
Z = (Hardness) 300mg/L | 300mg/L
HJ 7t aF AHlE (Consumption of KMnO4) | 10mg/L 10mg/L
WA (=599 HA) (Odor) ND ND
(99 ) (Taste) ND ND

A & (Cu; Cooper) 1mg/L 1mg/L

5]' A% (Color) 5% 5%

= AlAl (ABS; Alkyl Benzene Sulfate) 05mg/L | 05mg/L

- F20]2% % (pH) 58~85 | 58~85

s o<l (Zn; Zinc)) Img/L Img/L

® 9120 (Cl; Chloride) 250ug/L | 250ug/L

Z Zu & (Total Solds) 500mg/L | 500mg/L
Z (Fe; Iron) 0.3mg/L 0.3mg/L
43 (Mn; Manganese) 0.3mg/L 0.3mg/L
B = (Turbidity) 1NIU | 1NIU
Aibo] £ (504+; Sulfate) 200mg/L | 200mg/L
&F v F (A, Aluminium) 02mg/L | 0.2mg/L

o)

A HE Bl e S £ hF BAEI FhARA HE B 53
Ago] B BAe 27 A4Her FL Bo et 2L W AYFE Fot
gtk Me B A e AY AA6 d9ge 2 4

Il
AE 718 2 T5% 522 AL At Table 55 He & 54 & o
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7E AT 7o eqa EEEEE:
oo ARk, o o = A, BA4d rAES] A
‘/g_ tHXJ_ﬁ_ FCT }\]—%]-/ %E‘q HH@E o 7]"_0‘/‘6] X]_;_\I_
T | e, T 50 Ax 9 48| BAE SRR, AL oH)F A
s | H9AE 9 4EA 5| 9HEEE A
e | 2944 8 BHARTY, | eAFEGEA4IA, 18, 95
T HAANSA, 5 2 55 | FATETE 2 AAD
Ae s | ANFFCEAA), BR71AZE 8780, AFEeH, Aok, d25
i XY= (A0 2 l, A2,
8| we | AAWA, =R, FeRA| AR}, AAAAF, EAuo)
5 SAZEEA, TUE, 28
7] A | Ee, 23, ARER AESEF Asl, 248734, 940
B [ opmg| 84 ASAE, 4538, | ST ECRAT A9)
A T EETA wATEMAEN, AEA)
HEYoMd| 7H 8 ek, A EH T, = Ao EoE J&f glov, Ex
A4 | WAHE, HE § Y WETF 94
AL | M sk, AdE e, T .
A% u&éi}z&ﬁ%]T TT et 3aE f
A= B, BAAE T & M T TN, dEdAL AE,
de] 85, =53F ANFgN, =A3ts) ojmo]ojuolHy
qs | % A5AA, Wy 24,
H = A AT A T = (T T A B A )
TIEAZ] 47140 9 el AEEH| L
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HE2 2 g3 dHEaay, HRAE | 455 HAY AZeld, 7, v
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@ T | AEA #AEY FEE 715 A 3t)
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Ao 3% B He B
F 158 49lew BYY

o e oz AT F 9

d

Il =

Al
. Table 62 2001 %

ol e

B 20043713
NAdel sde RAZEES 2AF Aol 3487 E AF YuA £

55
= 870 FF dat] FAAANE AAGRAL FE7 /47 HE E 7
TGEQ 487 FHol et A HALS AAE Aot
Table 6. A= He & 35 A FA%E (345 A3, 2001~2004)
S 01 02 03 03 04 04
- ~ | 3/4%7] | 3/4%7] | 1/4%7] | 3/4%7] | 1/4%7] | 2/4%7
Al 16.8 12.3 22.6 5.9 29.7 9.6 20.9
A & | 229 19.4 31.8 10.7 35.2 11.4 289
Foab| 202 12.8 29.6 5.9 39.5 10.2 23.4
o | 283 11.8 17.6 0 60.0 11.8 68.8
| 276 21.7 45.7 6.4 62.5 229 6.3
¢ F | 100 0 105 0 33.5 5.6 10.5
o A | 215 8.5 45.5 3.8 48.5 9.6 13.0
& 2| 143 45.8 20.8 8 3.0 8.0 0
A 71| 132 5.7 17.5 46 23.7 9.1 18.7
9] 125 12.2 15.4 3.3 27.1 1.6 15.4
= 2| 82 5.4 1.9 1.0 243 3.1 13.6
F 9| 177 21.3 28.0 71 12.9 9.6 27.3
A B 139 0 25.0 0 433 48 10.0
A | 41 6.9 3.0 44 5.2 2.4 24
7 B 165 19.0 15.0 13.2 13.7 11.8 26.5
39| 212 11.8 17.3 6.5 29.5 25.0 37.2
A | 0 0 0 0 0 0 0
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£ 283%% 1678 AY 7F2d 71 =4 e Lo 2 AHAT 27.6%E W
TAIG 2% AolE BoFa ok diAsk A He = FF A Al
AARQ #E7t desta & F Atk FH AAAAAE HE B FF AH #
Fol#al F93] =¥stal vk 2 & A AdA

2HS 9stal Uth(Fig. 4). T4 dF

ol FAS HEe meE 15F0A 45
2 A5E Fo 57 24 He & I ALS #YEa Utk s =2

£ A4E BISE A Hoe S U 45T dadE Ed Bde 2w

Abs 27487100 A 7 3807 oFrH Ol WE) We = FAVIE 47 A
g5 AUAALE HAASHAT. Fig 59 #o] 200289 20039=E HlnwE] B

2002950 I 5HF0°] 30%, MI5F°] 35%S XAEIAT SFE & & 5 A

A AA Bee #ElE 58 200395 0E 1 5H0 40%, I5H° 3B5%E Hes
TEAALY FF0 FAEAT. A He B FF A FRAANE THEA 2

4% A% FHRS F5EY 9 A
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Table 9. A1& =4 WY (HEE FETZAIEY)
S S AT
S, 277 (Al HACH
AE, JYALF AN Titration
A (Fe), %7H(Mn), & (Pb), 7+2](Cu), 7I=F(Cd),
AAS
A& (Cr), oFd(Zn)
EA2(F), A2 A4 (NOs-N), d4o]2(Cl), Ton
g ato] 2(50,7) Chromatography
Flow Injection

R Yol HA(NH:-N)

Analysis

kL R LL
FA A& -Lactoset] X : 35T, 484+
T T SN H-FHAF A Fh2=E B Al BGLBH| A
HA-GGA G A TpBBA] FA R
TG T T HANA FAADFE)] A AA
UG T T ECH A| : 44.5T, 2447+ v &F
HAH-ECHI A Al @ ol A 7h=db A “FA 7R
A JEA| T Lactose plate count agar® 3 3of Hj&Fste] 75
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41 9 AE

T Qe A 4B F 9N AER GmelA AEHa
e azriEadse JF 34 2 AF L4 o

e Aol mate} gol
sto] 48 Aot BE 4N #E &4 F, CI, NOy, Br, NOs, POS, SO

[e-

77FA Foleoln o] F 4/ Fol2¥hs EAS T F= 0.05 mg/LolA 0.66
mg/Le] E¥XE BHow HF 029 mg/LE F£2 7|52 15 mg/Loe v XA &
st= FFolAh. H 27F 066 mg/LOE 7M =& SAHAAE BY

9
o Fo =7 1 mg/Loldd AS whdA7E douA Hed ZAMAR Fo ¥
=7F ¢F 03 mg/Lo2 QA mAE JFS e Aow 2AEAY CY FE
238 mg/LollA 1238 mg/LOE HIF 751 mg/LOE FAHAT. ol sta X
g A 27 mg/LET & SAXNE BT ol FAFAE B8 Ads
Hth ol EA yehd Reg AdHT, ZAMRAY F ofo]AlA MEo] 1317 ng
JLOoZ 7Hd A SAEAG. Cre F427]Fc] 250 mg/Le et o 2AMA R
FAVEA Bt 4L FEE YEYT. NOs= 029 mg/LelA 1.87 mg/Loz =
dE Ao H 045 mg/Log EAHJT. Ay G 045 ng/LoE F
FAHEE T NOs;9 =7t woldl oz dAddEt. ZANG T Fel=vt
187 mg/LeZ 7HE =4 SAHALH, A7 029 ng/Leg 7MY A2 54
#HE Bt N0y £271F F5& 10 ng/Le2 9E A& H79l 045 ng/L

fr

o A3 B mAe Foz FAF YT SOSE 1.82 mg/LolAl 11.94 mg/LO =
A=Ak B 736 mg/LOE A4 SO FEQ 325 mg/LETE EA FA
HAh =AM F evian AECA 118 mg/LoZ 7HE =A FAHAAL F3A4
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Eo] 254 ng/LOE 7Y HE Z2HPL Btk SO, FAVFS 200 ng/Le
2 S0449A 4 Fd AA WAA £ Pk

AN 24 i He AEEY Foled FHIES WEEa lon F
dast A4 ol FAE v
NOs-N, SO, 0|59 ¥ &7

=
= N
o 2‘:’:‘
G
"
o Jn
o
o o
oo
< 8
o
oo
B P
£Z 0
2
o
2
=
:(n:i'_’,
5

Fdo] #4 VEANE X 9 AL HAA dFEHEEH A5 8T AFAEE

ol Aol #vistr] ol ddE

Table 10. W& 4% 2 SuAsse) Soleanneaiyy ¥4 43

A F F cr NO;-N S0,
g F 0.05 7.64 0.29 1.82

evian 0.17 9.16 0.73 11.80
SUNE 0.40 2.38 0.79 11.00
& F 0.27 3.40 1.07 3.89
EEIENSE 0.12 3.51 1.23 5.74
A F 0.11 10.12 1.40 5.94
ofo] A] 2~ 0.63 13.17 1.77 11.94
FZNE 0.16 5.81 1.83 2.54
g 2~ 0.66 12.38 1.87 11.54
% Ein 0.29 7.51 1.22 7.36
& a1 A &} 0.27 2.70 0.45 3.25
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Table 11. 59 9FAY 9

1
-

=g
=

TE ANE FE 2N A9
Cige 1 2 3 4 5 6 7 8 9
d = 50 | 20 | 100 | 10 | 170 | 50 | 110 | 100 | 30
CODMn) | 1.58 | 2.21 | 0.79 | 1.58 | 0.63 | 0.63 | 1.58 | 2.84 | 2.21
A 12 22 0 3 1 5 2 2 8
pH 5.84 | 5.93 | 6.12 | 6.26 | 6.89 | 7.13 | 6.93 | 6.97 | 7.08
S 1.925] 3.59 | 0.08 | 0.03 |0.065|1.555]0.475| 0.66 | 0.98
SUAFE | 80 | 280 | 480 | 120 | 40 | 440 | 680 | - |1320
Fe 0.08 | 0.12 - - - - - - -
Al - 0.002 - 0.002 - - - - -
F 039 | 04 | 042 | - | 044 | 04 |0.42 | 0.43 ]| 048
NH3-N 0.01810.032]0.011]0.048]0.011{0.018|0.004|0.004|0.011
NOs -N | 3.62 | 0.27 | 5.42 | 1.64 | 6.49 | 1.86 | 3.95 | 2.7 | 0.87
Cl” 3.74 | 1.88 |21.07| 2.78 [25.99| 4.4 | 5.74 |23.88| 3.68
SO4* 5.22 | 3.65 | 11.58| 4.59 | 16.96| 9.56 |17.71| 8.03 | 7.01
T At + - - - - - - - +
A kA 3 1 2
wA T+ - - - - + + - +
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Table 13. 94 AFA Y HE & o5 AL 4 £4 2%

3 = 1 2 3 4 5 6 7 8 9

4 = 22 14 96 20 174 34 82 66 24

COD(Mn) 0 0 0 0.5 1 0 0 0 0
pH 7.088]7.155|6.684 | 7.009 |6.544| 7.08 | 7.02 |6.718 | 6.867
2 2.375]1.305 - - - 10.695| 0.09 |0.745|0.365
TUAF=E | 102 22 154 30 298 80 100 98 60

Fe - - - - - - - - -

Al - - - - - - - - -

F 0.28 - - - - - - - -

NH3-N - - - - - - - - -
NOs3 -N 1.07 | 0.27 | 4.68 | 0.83 | 5.18 | 0.43 | 2.53 | 1.82 | 0.35
Cl 2.11 | 1.77 | 12.34| 1.86 | 14.99| 3.19 | 3.83 | 9.32 | 2.64
SO4* 5.59 | 3.1 |10.98| 4.7 |1547| 5.54 |16.81| 7.04 | 6.65

= A + + - + - + + + +
AREAl | 12/14| 1/4 0/4 1/5 1/0 0/0 0/0 4/0 3/3

oA ET| + - - + - - - + +
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Table 14. 114€ 529 He & 25 A4 4 &4 4%
= 1 2 3 4 5 6 7 8 9
= 78 38 192 42 254 96 140 | 196 70
COD(Mn) |0.316]0.316|0.316|0.316 | 0.316 | 0.316 | 0.316 | 0.316 | 0.316
pH 6.87 16.955(6.728 |7.155|6.646 | 6.89 |6.839|6.877|6.963
= 0.38 | 0.93 | 0.02 | 0.07 | 0.22 | 0.25 | 0.16 | 0.09 | 0.03
SHRE | 78 38 192 42 254 96 140 | 196 70
Fe - - - - - - - - -
Al - - - - - - - - -
F 0.23 | 0.25 | 0.26 | 0.23 | 0.23 | 0.27 | 0.28 | 0.26 | 0.36
NH3;-N  |0.025]0.019]0.027 | 0.015|0.016 | 0.014 | 0.014 | 0.022 | 0.014
NOs -N 1.87 | 0.4 | 443 | 1.2 | 447 | 1.12 | 2.57 | 1.79 | 0.36
Cl 2.78 | 1.79 |11.68| 2.32 | 19.18| 3.66 | 3.51 | 18.15| 2.64
S04 4.32 | 2.4 |10.65| 4.93 |22.22| 291 |13.31| 5.56 | 5.13
= A + - - + - - - + +
A kA 50 0/0 | 0/0 50 0/0 | 0/0 | 0/0 | 0/0 50
AT - - - - - - - + +
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Fig. 79l 4=9 SAHAHE Ytk 971 A8 F 54 7]¥2 300 mg/LE
Aok B4 A 3 mg/L~254 mg/LEYS B, 114 &

ARG o] =AU TFEF, 18T, TEF MEHAYL 150 ng/LE =
B3] & AEo] AFZ EHHAY. B9 Hx7F 150 mg/Lolstd A4 (soft water)st
8al 150 mg/Loldol Hd ZHSr(hard water)® R ok 1190 2 F LA
254 mg/LoE 71 A vtk ol AAdY He E FSAA HTEA = 77.37 ng
JLE $4 71FRY A Uyt 9¥E BEXsEd 990 59.1 mg/LeE 7+F
AA 242 BAYPon 119dE 12289 ng/LE M =4 =3X2 2Ad. 73
T F2 A 2 FHH] dE Ca¥, Mg¥ o] B &9 o} o]t vEhA

Hged, 3495, 5 502 544 f95] P FAANIE Hu wae
E 5 N3Ne) Bol £950] FAHME @k BES UF EoW 9% FAE
oA WAE % AY FE 9om FE} e Ee BL Bow wdol

concentration(mg/I)
8

oB858388




4212 AA7Ha ZEF 4w

oE

F, Agstr T LAdEde] e FYHWE ALY ZBEFEY Fe
Fig. 8¢l #3472t 2§ Avlg SAHZEARE it He & 3% ALY 333
A ZHE AR S 016 mg/L~2.84 mg/LoE EAEHAY. £2 71FX2 10 ng/L
B w2 s Jeddn 9 BAES 59 HH A7 1.56 mg/LOE EAH R
ow & 2o H3 =4 Uttt FEZ AHNAE 284 mg/LOE THE AJAME
o b E=A Ut HEAE 055 mg/LeE A JEA fE LAERE A
& Ao g 2A HATH

fr

0.
0.
0.
= 0.
o
£ 0.
o
g 0.
% 0.
0.
0.
1 2 3 4 5 6 7 8 9
site
Fig. 8. B+ & F5AAY JH 45 2vH SHA

4213. F201€ F% (pH)

Fig. 99 Faole v 54 4345 Hehldn. £4243% Fiole9 s=e
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Al 903 736 167 18.5 12.8
1999 1/4 222 193 29 13.1 7.6
; 2/4 227 183 44 19.4 14.1

1:
= 3/4 229 172 57 245 20.9
4/4 225 188 37 16.4 8.6
A 886 720 166 18.7 12.9
5000 1/4 223 205 18 8.1 5.3
; 2/4 212 178 34 16.0 13.1

L:
= 3/4 224 146 78 34.8 23.4
4/4 227 191 36 15.9 10.0
A 898 806 92 10.2 9.8
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Al 891 750 141 15.7 16.5
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L:
= 3/4 224 137 87 38.8 30.8
4/4 223 204 19 85 15.8
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ABSTRACT

Studies on the Water Qualities of Natural Mineral Waters

and Spring Waters in  Korea.

Kim, Se-Won
Environmental Engineering
The Graduate School of Heath and Environment

Yonsei University

The natural mineral waters in Korea are provided by 71 domestic and 48 foreign
companies. Public spring water facilities managed by the government were 1800. In
order to evaluate the water qualities, these waters are regularly analyzed by law. The
51 items for the natura water and the 48 items for the spring waters are dtrictly
enforced to satisfy the drinking water standards. In the thesis, water qualities for these
waters are investigated and the proper management methods are suggested.

In the case of natural mineral waters, 9 companies were selected and 7 anions are
analyzed for the products. The results show that al products satisfied the water
standards. Therefore, the proper management for the water source and production
process have shown to be undergoing up to date. In order to keep the water safe for
the consumers, strict supervision including the accumulation of water qualities data
should be necessary.

The 9 public spring waters located in Wonju were evaluated. The results show that
nearly 16% of the facilities operated from 2000 to 2004 were not satisfied as a
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drinking water. Especially, the water qualities were deteriorated during the summer
season, resulting 30% were shown to be inadequate as a drinking water. The
unsatisfied items were mainly the bacteria and nitrate. More specifically, the 90% of
unsatisfied facilities were due to the abundance of bacteria. In Korea, the most of
public spring water facilities are located in "green" areas, which are normally isolated
from industrial zones. Accordingly, the pollution would come from the surroundings
other than the factories.

The second item to exceed the water quality standard was NOs;-N. This can be a
primary cause of cyanosis in the children of less than 6-month-old. When nitrates are
introduced to the water source, total dissolved solids can be increased, resulting a foul
taste. The primary source of nitrate would be fertilizers and live-stock wastes near the
facilities.

In order for spring water to keep safe enough for drinking, livestock, garbage and
other factors leading to pollution must be removed from the surroundings of the public
drinking water facilities. Moreover effective maintenance of spring water facilities
through continuous monitoring by government agencies as well as a meticulously
compete understanding of "cleanliness' by the users of the facilities should be

enforced.

Key words. naturad mineral waters, spring waters, water quality standards,

microorganisms, NOs-N,
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