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Sang Woong Yun, Hyun-Mi Choi and Jin-Yong Lee, 2014, Comparison of groundwater levels and groundwater
qualities in six megacities of Korea. Journal of the Geological Society of Korea. v. 50, no. 4, p. 517-528

ABSTRACT: This study was conducted to compare groundwater levels and groundwater qualities among six
megacities such as Seoul, Busan, Daegu, Incheon, Daejeon, Ulsan in Korea. To this end, groundwater levels
(2001-2011) and groundwater qualities monitoring data (2001-2010) were obtained from the Korea National
Groundwater Monitoring Stations. Groundwater levels in the six megacities were affected by impermeable
pavement, subway and well pumping. Due to the urbanization effects, groundwater levels in the megacities were
lower than those found in the outskirts. Coliform and NO3-N were the major groundwater contaminants in the
megacities. In particular, groundwater in Incheon showed elevated CI concentrations (21,120 mg/L) and electrical
conductivities (49,400 uS/cm), indicating the infiltration of seawater and salinized river water. Detection frequency
of TCE, PCE, heavy metal (Hg, Cr6+, As, Cd) and CN contamination were low in the six megacities.

Key words: megacities, urbanization, groundwater level, contamination, quality

(Sang Woong Yun, Hyun-Mi Choi and Jin-Yong Lee, Department of Geology, Kangwon National University,
Chuncheon 200-701, Republic of Korea; Hyun-Mi Choi, Groundwater Management Team, Korea Environment

Corporation, Incheon 404-508, Republic of Korea)
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1. M

S-2ukehE 1960~1990d ] “gh7t2] 7] ol2t &
2w =9 FAGHE ol F ATk olek T AA
AT F7He} A9 o] FASHA WP =H .
T} o)¢} 22 FAT AAEHL Bl Eo] o
71 R = WStk 1 5 A8 8 2
HE=A Q) At Gk Aol o 2 G T
7] A&t | A AT B oA EAIS= &

A Ul A9 Fhaet B2, R, FAK), 2R
5 544 A ®H(impermeable pavement) 2] 3
7= 9Ju]glth(Lee and Koo, 2007; Lee et al., 2012).
o|= Qs A% Al AFFo| Hasto] FEXH
H|3) =A|RX Q] R]gle goFF(groundwater re-
charge)2 743}l A F-F-Z(surface runoff)o] 3
7Rt (Yun et al., 2013). Bj&Eo] x5ld € 13A
E9] AR A3t S (artificial groundwater

discharge) ¥} F-EEI 2|3} F(groundwater
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pumping)is A|3l49] 78}, A5 ALk
Fra, Mg 5 A S22k Sk, whee] A
THwaterworks pipelines)ol| A =7} BHAlslo] A
3 Ao M Asgirt 28le] Ael|E et
(Lawrence et al., 1998; Lee and Koo, 2007).
YAl 9] Aok @ Hofl thet FE oy A2
I, Y E=A= TRt L Gl Tl ol FHergt A
Bl Ao = Yebgth(Lee et al., 1997; Cho, 2001;
Lee et al., 2002). =A| Y EA5k= mjHA], W= 3}
Tk, TR, AlEta, SN WiEEE TRt
7|8KEHE(TCE, PCE) 2} 28 @R(NOs-N, Cl)7} E4]
A58 2 FA|ZItH(Lee and Koo, 2007). 1 52t
T A= BAIE FFeE Aok AJAF ¥l
3t A7F =39 B} QIR TH(Lee et al., 1997; Kim

and Lee, 1999; Lee and Koo, 2007; Lee et al., 2007;
Cho and Kim, 2009; Chung, 2010; Lee and Han,
2013) 20 67) t=A] Shate = Aaiee] B Al
Aol tf3f B A% Ats 7 Holoh 2 A
E2Z 67119 h=A|(AE, FAL diE, A, BiA,
AN E dde s =S| T A5k AR, A
st D A S sl vl EA ST

ol Hied

oH

2. 41X

2.1 HTXA

AFAGL AL, FAb i+, 1A, o, 4
2 67l Al ot 2™ 1). 67 H=AIE 5 el
= FEQl A& e FAjR] YA]sta gl

130
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Fig. 1. Location of the six studied metropolitan cities (Seoul, Busan, Daegu, Incheon, Daejeon, Ulsan) and locations

of groundwater monitoring stations (wells).
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2 12.5C 0|3 1960 F-¥ 2010

A& ABA7]2
F 735288 1,413.0 mmo| il &

]Tjﬂl'zl 51]5_2_ 1__% T

H(6~8Y) 42 8921 mm=E A7 61%,
ALH(12~29) AL 674 mm=E A7FRFO
5%©0|tHKMA, 2013). gafle}l dslar gl FAke o
SRl XS Uk FArY] ABt 7122 147C
ola AR+ ZFF 1,519.1 mmeo|n o} 5H B
7T 778.6 mm, ALHE B AL 1069
mmo|th(KMA, 2013).

A = o] FH A gt
o} Q1A AP 121Ceol A
< 1,2344 mmoltt. oFHo= A% AT
58%0] dFsh= 7174 mm7E, ASHole AB+
7372 5%l Gk 60.7 mm7E HHATHKMA,
2013). AAEE FEHE WE ARk Y= 9
APt 7122 14.1C ol ABH S 10644
mmo|t}. o] F FH 4L 602.5 mm= A%
228F0] 57%0] 1, ALH 24T 63.7 mmE AH
o Y 6% otk A WE SEA ol $1A

iis
o
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7 3%
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mme ¢ 7% tHKMA, 2013). %]

Bt Ao
oho 2 S o] o] A8kl gl AR
ot Fafloll Mt lom ABH 7122 141C,
AR A5 12271 mmo|tt. o] F AFH 7
L 6494 mmE A7 ] 53% 011, ALH 7
FH299.9 mm= AT FF] 8% 0] tHKMA,
2013).

a9 2& 7 2AE A 9 QIpRsE HoE
th A2 19609KE 1961 A7FA] TA|HA 268
km®o] QAT 19639l 1961 ®]5] wZ o]
613 km’2 oF 238 FZ3}gc}. o]F 2010 (605
km’)7k) EAEAL ofzhe] F7h A wskg
Holth E3F AL9] ol 1960 1992
7HA] F7HIE BAFARE 1993 (1,0937H3) 713
O F Q= O] F7H ¢ 7 WIE Bl
ORI 2 JIFU =T TAHA o] Ao YA A
oA Q17-g3l0] F7ksto] 19921(18,120% /km’)
7HA] WE F7HE RolFn ol% dAsHA ot
71 9 74 HEHE ® ltk(Seoul City, 2013).

33 Qo ARy 712 13.0Co|n AP 724 HARS 19609 EAHAL 219 km®o] Q3L 0]%
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Fig. 2. Population, density and area of the six studied cities for 1960-2010.
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7HA] 28] F7Fstt7E 1991 (3897 o] A <]
WSk gloich ¥ QI = 1960137 E 1988
W7k =AIEA 7R QIR dgol A 7wt
2 452 Ho|thrl 19899 (7,330 /kmY) 71 H oz
ATFAFRT ZAHA F7lego] A= o] F4
3] 7t28h= W3S B ¢k (Busan City, 2013). T+
L 19602 E 19809 71%] EA|H A (178 km?) o] #
o] Z7}517] Qrrt 19811 (454 km?) T} 199514 (885
km®)o]] ZA] BFE L. EA] Qg A &H o2
Z7FPA T QP = 19817} 1995 9] A 8
Fo 2 A3 23] RolH th(Daegu City, 2013).
Q- 1960 HE] 1971 A7HA] EATHZ (166 k')
2 YA GAIIH7E 19894 (313 km?) 2} 1995
(955 km?*)of] 5 24| A BAEITE 1 o] F EA]
A2 20109(1,029 k) 7H2] Al; Z7k8Hnt EA)
Q14 1960 (407H) F-5 20103 (2819H8) 7HA]
53] T/ E ROl N APl EAIte] J3F
© 3 93] 19894 (5,600/km*) 2} 19954 (2,470/ km?)
ol ZA| Tashe S B HrkIncheon City, 2013).

(a) Seoul 4.1% (b) Busan

(d) Incheon (e) Daejeon

- Residential
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63.0%

- Transportation
- Industrial

Fig. 3. Areal proportion of land uses in the studied cities.

L 19604 (36 km?)R-E] 1982(87 km?)7HA] &
AHA o] Z7bstrizt 19831(204 km*) Tt 19894
(537 km’) T X7 A It 1 0% QM9
E=XEE (540 km?)-2 A 2] WB}81A] gkt =A<
Q4 1960 (237 E)EE] 2008 (27739H) 7+
A RZ3| Z715 2QIth vhd QU =E 1983
(3,920/km®) 7} 19891 (1,960, km’) 5= =] <] =A]H
2 Ao R A AATYA 1990 HE = =
A E o] B} gigl7] wiiel] Q14 S Al
Z7H1E B gth(Daejeon City, 2013). mpx]atog
SAS 19604(1,004 km?)F-E] 2009 (1,058 km?)
7HA =AR A O] A o] Wkt gk TA9) <l
2= 1960 (217HE)HE 20099 (1135H8) 7k Ft
F3 Z7HE BYT o] T EE o] 57}
5h= 9FARS B g rH(Ulsan City, 2013).

AALAT A T A7 FASE qEAE
TS A A= Uk Y 37} E 12 H2
7t TAEE A EX| o] 85T ERSA AR
A eHe &S YERTh A& 39 20124 7]
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Table 1. Proportions of pavement in six cities.

Pavement area (kmz) Proportion (%)
Seoul 330.1 54.5
Busan 196.3 25.6
Daegu 170.4 19.3
Incheon 197.4 19.2
Daejeon 122.0 22.6
Ulsan 132.9 12.6
Average 191.5 25.6

Zo03 2 AW (605 km’) & AF(39.7%), =4
(36.6%), TE(14.1%), BU(4.6%), 4+(0.8%) &
71EH4.1%) 2] EX0]&E <22 YEgtt o] F
A ZAE A gt BE4A A EHO| AT
H]§-2 545%(330.1 km?)Z 67 H=A] & 713 =
2 H|&S B thHSeoul City, 2013). FAH2 2010
Y 71202 F 2 AHA(767 km?) & %X(55.6%),
AZ(14.9%), 5A(14.9%), LE(7.2%), A4(3.5%),
71EH4.0%) &0 2 Yepgth Ax) TAHA ] gt
BEE4A A BHO| 2A|FH= &S 25.6%(196.3
kmz)i 67 TA] F 2HAZ FSkth(Busan City,
2013).

oldte] o, 1, A, &4 Z 7= 20104 7]
Z02 % AW (884 km?) & £2](63.1%), 5
(15.5%), AF(10.2%), LE(6.3%), 2+4(2.8%), 7| €}
(21%) o2 Yebga A R4 x| xdo] 2}
A|Ehe H]E-2 19.3%(170.4 km?)o]th(Daegu City,
2013). 1AL 2010 7|Z02 Z =A|HZ(1,029
km’) & =2](45.8%), 5U(27.4%), A(9.6%), L%
(6.8%), 71EH7.6%), A+ (2.8%) <=0 2 Vyebt A
A EFA A FEH o] AA|Sh= vl 19.2%(197 4
km?)o|ch.

AL 2008H % 71202 F TAHA (540 km?)
2 =2)(63.0%), FA13.3%), 5A(13.2%), TLE(7.4%),
AFA(1.9%), 71H1.2%) <=olch. A B4 A&
o 2R EH= H] L2 22.6%(122.0 km*)o]tHDaejeon
City, 2013). nfx|Eko. 2 AR 2008W % 7|20 2 &
TAH (1,058 km’) & %X|(70.6%), 5U(15.4%),
A1 (4.6%), AF(4.4%), TLE(3.6%), 7|EH1.5%) %=
ot AA EFS/ N EH AASH= HIE-2 67) =
A & 7HF @2 12.6%(132.9 km®) o] tH(Ulsan City,
2013).

9 9 $ESY BT 521

22 o1ty

£ Aol A= 19960 FE 2009 7HA] ZF A
o] ek F AMFREE, 798 598, Vg
B} A5k BN ARE IR S BAE
(GIMS)ell X 4:35gich. T80 200195 2010
WU7ZHA] ZF =AW Qlgof $JRIst IRk
SH(ARHEEA 9 FHASA) T HxAe TS
To] F=ARE FHSATHGIMS, 2013). 12u
Z} 2| quttt 1 2 A)7)7F chE T A4 0)2] 3]
o 2ol 2001 dKE 2010W7H4] A&E A5k
EA 77} &5 kA o]F 67 A2 X
9] T AT Y AMPEEE A et Agke
A ARG o] gatTt

g Ak AR 2 2A 0 YRgE Z]Eke
SRS A 200135 2010 7H4] A 23] (4
Hh7] 4~54, 3H5k7] 9~109) SHE AR E ©]89]
Ak F 2070 EHGE F Aol ol 8H AR
= git L HEAQ] Faol2FE(pH), T
(coliform), AAIZA(NOs-N), 40l 2(Cl)T} &
g FafEdl 7H=8(Cd), Bl&(As), AIRKCN), &
2(Hg), 67F2E(Cr"), &(Pb), EeZ= 20U
(TCE), HE=IZ2 2|2 (PCE), 1.1.1-Eg|Z=2
ZoEH(1.1.1 TCA), ¥ A7|AEE(EC)Z = 147)
gEolt}. o] 2At7E FHRAA FFATHME,
2012). 2 A3 ZF TA|9 Aok AMEEF, BN
5, Aty 2 sk A7E AMESE] ZF EA
H Z|3=2] EAS v - B3k

3.1 Xlot OIZSH|

3 4= ZF A 1996 78 2009 7HA] A7E
Aok AN W W7o #stolnh. Az A|sh
S A8 0 W 2 EA S40] uje ohe
s FAE HATh A2 - 19963 5H 2009
W7 Aot ARG TS Qg L EA
wHo] YT BTEHL A4 7h2590H T
4a). ol EAI] A AL 9 Bk So] At o}
SOl Tt AL Ast AT AR At
Ao 2 Holth(Lee and Koo, 2007). 3-J-& AME:
Fol gt A AR AT st AT A
Az dFAEGo] A A2 Al o] A7 Wi
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o|thKim et al, 2011). QIHL A7} FA%
TA| o & Ak AN BN A S
7pete ABAe RelZrhaY 4d). E3F 20019
7102 Aeggot g o] Y8 Askr A
S0 tfFEES A X|ghtt o] = A AF 4 =
A EXJo] B A AW FHEA 274% = 7}
A E=okor o] AAm8-& A7t o A=kt
A3tE © ol AR A SR AlRH

FAES] Aok ARERFS 67l TA] S 7P kAL
B o B ke T3 19999o]] oF 85 m’/do
2 7R Witk 28y X ek AR 1997 ©]
2 H2} 7rastey on E35] 2002\ o= Azt A5t
o ARgEFo| A dn] oF 33% ZrASFATH1H 4b).
ol= A 7] uff RSl oJo] wkA|TE1995
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Fig. 4. Groundwater use and number of wells in the studied cities for 1996-2010.
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Fig. 5. Groundwater levels (depth to water) for 2001-2011 at the groundwater monitoring wells.
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Table 2. Levels of pH, coliform, NO;-N, Cl and EC of groundwater for 2001-2010.

Parameter Seoul Busan Daegu Incheon Daejeon Ulsan
2390° 2363 3461 1165 960 1085
8.7° 8.5 9.2 8.6 8.6 8.5
pH ¢
(SU) 5.2d 4.6 5.8 3.7 5.9 5.7
7.2 7.1 7.4 7.0 7.1 7.3
7.2° 7.1 7.4 7.0 7.0 7.4
2389 1791 2582 1178 818 906
22000 3500 3000 12000 1300 2300
Coliform
(CFU/100 mL) 0 0 0 0 0 0
443 29.6 22.5 96.0 11.1 26.6
0 0 0 0 0 0
2375 2324 3506 1147 940 1037
507.0 95.0 22.1 109.0 37.3 22.9
NO;-N
(mg/L) 0 0 0 0 0 0
5.6 54.3 2.1 5.6 32 2.6
44 2.9 1.1 3.8 2.0 1.3
2387 2343 3444 1168 952 1079
497.0 953.0 506.0 21120.0 180.0 1003.0
Cr
(mg/L) 1.0 0.6 0.2 1.0 0.2 0.3
48.1 51.7 534 188.0 23.6 36.0
44.0 374 47.5 47.0 19.0 249
397 843 1087 260 475 574
1500.0 2645.0 2906.0 49400.0 1095.0 4940.0
EC 6.4 6.8 11.0 39.0 13.3 45.0
(uS/cm)
523.0 438.0 669.0 1456.0 305.0 449.0
517.0 377.0 600.0 463.0 273.0 392.0
"Number of data
b .
Maximum
‘Minimum
dAverage
‘Median
sk W A el SiXska G ASFY A & Helth 20079 8Ye] AR 7516 mE Aske

FHSAT WAL Akt S
AFHCHH 5d). A 97f =4 BS540 Bt
2|3}4:9](33.87 m)= 27 Ao BE20) Bt
At (7.93 m)Eek o @A FAgE ] 9lom o
AR FAT =9 W5o] AATHTH Se). 24t
35 2l AR 57 AELE Fa NSk
3.21 mo]aL QA3 MejFdol vrehtar gl ik
=4 FAR ol AR EAHS L= B A
4=9] 4354 m=Z & BEFZ3 2|59 HEFRA)

-

3

N7+ 7P A dEb e (2 51).

67 EAIX| 9] Asleg] AHel B4L He)
ShH A Q2o H]sf| |5k 9)7F RA FAdE ] 3l
ou] BFAHo 2 WEATHE Holch B4
slore] BFAQ WE AL AeH o Aol
I Ar(BEE, 3HE) R 4F A=A
o] Q1914 % 5 B3 2] of3) veRd 5 9
tHLee and Koo, 2007). 6712] =A] 2 2|3} A3}

2 BT MG 87 mA12] AL 3,498 m’/
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Table 3. Concentrations of TCE, PCE and 1.1.1 TCA of groundwater for 2001-2010 (1.1.1 TCA: 2004-2010).

Parameter Seoul Busan Daegu Incheon Daejeon Ulsan
2416" 2367 3506 1176 962 1083
3.444° 4.501 1.861 1.001 0.172 0.100
(Tn?gE/L) 0.000° 0.000 0.000 0.000 0.000 0.000
0.0049° 0.0097 0.0019 0.0065 0.002 0.0009
0.000° 0.000 0.000 0.000 0.000 0.000
2416 2367 3506 1174 962 1083
0.475 0.026 0.045 0.060 0.017 0.018
PCE 0.000 0.000 0.000 0.000 0.000 0.000
(mg/L)
0.001 0.0001 0.0001 0.0005 0.0002 0.0001
0.000 0.000 0.000 0.000 0.000 0.000
1803 1652 2496 885 669 760
0.110 0.039 0.006 0.078 0.015 0.010
1.1.1 TCA
0.000 0.000 0.000 0.000 0.000 0.000
(mg/L)
0.0006 0.0001 0.000 0.0011 0.0001 0.0001
0.000 0.000 0.000 0.000 0.000 0.000
"Number of data
b R
Maximum
‘Minimum
dAverage
‘Median

BAF 470 weAlo] A9 5487 m’/ W o R R|5HY F
we) AJakeg] ool Be GRS F Ao o
24 JtH(Chung, 2010; Chung et al., 2012). E3+
YRAEe] A A&HA SV 93
A A3 428 B} o] Yoz ABSE
B AJakgls AN MY S97et 2 W 2|59
7} 49 7540l Utk (Hurst and Wilkinson,
1986). £5] EAAE 2 24 9 77 wgo
2 B55Zo] Y7 G4 otk B8 2497}
SRR YRR AL g 797} Aslez
TFE7] oL 215 7L vt wEhA =4
2)29) A3l4=0] Ahgepo] w]a Ataee] gl
o9 BE517] w2l Askr917h RA FAH4E A
2 Belth. Tt IS WA E A AseE)
TR QIR AT 57 AR o]
Aol we R340} ALgape] hhe] dFoz 23
2 Atpf7t A o= di=A A= o
(UKDoE, 1992; Lawrence et al., 1998; Galloway,
2001).

3.3 X|5lE

2001 A€ 2010 7kA] ZF A A|8l4=2] =240
olF=(pH), FtH&o(coliform), AAFFARA
(NOs-N), @4(Cl) 9 7| A=E(EC)S & 20 3
23t ZAE B $aolEEl 7.0~742
4 WA ke ol ek St 7+
T A HFo] 11.1~44.3/100 mLE H|-2-8 yE-g
2= 7]22](5,000/100 mL)S Z3}311] 9¥orct. 18
U A3t 13 0] Sttt gk 2 7)1E4] 9
5.5uf¢} 2. 58] Zapsteiet. FARE A LlgE 57 A
o] Pt WA A A= 21~5.6 mg/LE v3-§ AL
&7 71EA(20 mg/L)E =SR] AR A4t
A9 ARt 67 EAE B 23S shlch
53] FAk2 Bt AAHd A A 543 mg/LE 7|E4]
o] 2,78 23Tt A7 ES 23 A, FAL
AHS A o= QIS A AFLE 0 2
Aotz 9 ol FEZ Ak 9 u 59
A5t FTste] Tt A A 40 2 Ho)
A vebd Ao 2 A th(Eiswirth and Hotzl,
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Table 4. Concentrations of metal ions and CN of groundwater for 2001-2010.

Parameter Seoul Busan Daegu Incheon Daejeon Ulsan
2417° 2367 3506 1176 962 1083
0.000" 0.000 0.000 0.000 0.000 0.000
?n%g/L) 0.000° 0.000 0.000 0.000 0.000 0.000
0.000* 0.000 0.000 0.000 0.000 0.000
0.000° 0.000 0.000 0.000 0.000 0.000
2417 2367 3506 1176 962 1083
0.040 0.000 0.070 0.000 0.000 0.000
frlr)lg/L) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.0001 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000
2417 2367 3506 1176 962 1083
o 0.000 0.000 1.180 4.000 0.010 0.000
Cr 0.000 0.000 0.000 0.000 0.000 0.000
(mg/L)
0.000 0.000 0.0003 0.0034 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000
2417 2367 3506 1176 962 1083
0.050 0.048 0.047 0.030 0.034 0.188
érslg/L) 0.000 0.000 0.000 0.000 0.000 0.000
0.0003 0.0011 0.0001 0.0003 0.0004 0.0022
0.000 0.000 0.000 0.000 0.000 0.000
2417 2365 3506 1176 962 1082
0.005 0.030 0.007 0.006 0.008 0.000
Cd 0.000 0.000 0.000 0.000 0.000 0.000
(mg/L)
0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000
2416 2367 3506 1176 962 1083
0.000 0.000 0.002 0.000 2.000 0.009
CN 0.000 0.000 0.000 0.000 0.000 0.000
(mg/L)
0.000 0.000 0.000 0.000 0.0022 0.000
0.000 0.000 0.000 0.000 0.000 0.000
"Number of data
b .
Maximum
‘Minimum
dAverage
‘Median
1997; Won et al,, 2004). Z =AE B Aaoles o vl Eteh weh Qubael =Ax ol Ae] o
= BE2B6-1880 mg/LACH AL GHEA 5 Aol BB, B2 AM o] L ADo| Xt 2l
B Hehzko] 7Pg BAUth ER AV A2 W) A9 SAXS B P2 Yol 3t

o]l 2 Bt ofyel Ht A7) HEE7} 1,456 uS/cm,
) A7) HEE7} 49,400 uS/cm T} T Ao H]

AT Gl = A= AFmHTHChung et
al., 2012).
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B 32 2001 5E 201097H4] ZF A E EAG
=22 ESER2E(TCE), HEHZRE
=a(PCE), 1.1.1-Eg|Z2 20jek(1.1.1 TCA)9] %
Eolt}. o}E HEL gAY HRH T
B B4 BASIE G=olt. 64 =419 TCE,
PCE, 1.1.1 TCA B+ =9+ 2+ 0.0009~0.0097
mg/L, 0.0001~0.001 mg/L, 0.000~0.0011 mg/L=E
H 3-8 e 7|&E 2] &kt 18y
7 =AY Fd TCE, PCE F=4k0] 7|&X] ol
o2 2% A7} ek ol LEHAYd &
o, AR FH 9 AEt Fol|A] siEE TCE &
PCE7} Agfro] f-4d=o] AEE Ao g A4 H

B 4= 20013 5E 2010974 2 2AE 245 3
=% 2 CN9| Fro|th A& AQF A F
HALS FhER 003 mg/L, T 22 118 mg/L,
ML FE 4.0 mg/L, A2 A9t 2.0 mg/L, &
A2 H]4 0188 mg/L=E H|5-& A8 7129
ZIHE Ao 2 Uehyith & ZF =AY Xk o
AlA o g Fa4 =EE vt slen S 29
S Fo 2 Qe RS Ao = wekE

2 A7E Y 67 A STy 9
ZA SRS TY SRR} Aok ASH
Fo] SAARE o] 835t A Aok d =HE
< B4-8astgtt. =49 Askege EFe
A 757t Aot AskefrE 1AL Agke &F
5 EAIE 8102 et JFS o] B o)
F=AE A5 A2 E EA QR W2 25}
A B4 @ E5rAg Aeke9 HES Bk
S A AR B AT 67 Al 5
Aot QYL Foiw, FAHIE A 53
Q- HEA] & Cl & EC7} 7MY =4 Ueht 4
A&k FgFo] e Ao 2 wekEch 1 9 Fut
< A2 3 {YISE(TCE, PCE), 534
£(Hg, &, As, Cd) @ CN9] 2 GEZo] AZE
FAT HEWEE o $ Wotrh o) HeAe 2
el FE|RAR 0 FEL FEo] IS o=
AtREH 7]l #al7} e s

B A= v A AghEd AR 67 A2 A
g B4 BAET wEbs FF dtelAe

b
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