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ABSTRACT

This study was conducted to investigate the distribution of the concentrations of selected trace metals and
inorganic anions in five types of drinking water samples (mineral spring water, well water, small community
water, municipal tap water, and commercia mineral water) collected from Chuncheon, Gangwon-do in 2007.
Forty four samples were analyzed for five metals and five anions using an atomic absorption spectrometer and
an ion chromatograph, respectively. Arsenic (As) and nitrate (NOs™) concentrations in some groundwater sam-
ples did not meet the future (10 ug/L) and current (44 mg/L) Korean drinking water standards, respectively. On
the other hand, any municipal tap water samples, the sources of which were lake surface water, satisfied the Kor-
ean standards. Human health risk assessment results showed that arsenic in al types of water, especially ground-
water including commercial mineral water, may pose both noncarcinogenic and carcinogenic effects on the
residents. It is concluded that groundwater is not safe drinking water any longer and that a national survey and

follow-up measures need to be taken.

Key words: arsenic, contamination, drinking water, groundwater, nitrate

M B

S852 AN B Fui ohe cepehe
AFAEE A4 AAANA2RE FRE
3L [}

o

3} YA =)= trihalomethanes(THMs) 2}
72 AEHALE (Disinfection By-Products, DBPs)

x To whom correspondence should be addressed.
Tel: +82-33-250-8577, Fax: +82-33-251-3991
E-mail: kimh@kangwon.ac.kr

& ARTE fEstd e A A
sk 79e vl =81, O Al axE= ne
At E545AEE vhee] AV ASTIE %
& A Fell v Aot w333
°]4=3, 1999a,b; Kim, 2008). A #|e] +5%E2 =&
S22 As AHgsHA oo, o8 fxErh(AAA,
A 84 F) AHgske ARrEEAE Sldh weEbA
85T HEE do] AF sk, 7l B
r= A E(minerd spring water)olgl e I A
9] okt Aok ik HezonvE ¥ 2 BE
224, st oz Aelste] Wl o] Bhsh

— 293 —



294 J.ENVIRON. TOXICOL.

(

Holl Ql7i=rt v AAfez 958 w2
9 A S FR1EL P uie 8 (well)S 7Y
ke A et ARG vk IR A =

A& (AFH)E 52 AMESE a7 Ee
o] A}4=(small community water) S AF-&-3tc}, 713
A9h S RRL] Zhol g Al B w7} AEs)e]
A4 A7 24 AR BEolx g4 58
AHSBHE AaRFAF AR o|FiX A U
AAo|eh upetr & Y ARG FRIELS £A]9
FRIE vls] Addez 9 IA=EHI e B
4R ARESE Qo & S gl w3t el
A s ge] =gk ARg-olu &, A 9 7HE
SERRE wjEEE Bx 5o <d 12 A
28Tk opgl A E57t frotell Al A S (methe-
moglobinemia)& #1te 4= 9l=(Fewtrell, 2004) =
AFI(NOs ) oz o9 AfAle] 2tk 2 | 3t
BuE7| = (AP E 5, 1998 ¢3¢ F
1999; 7173 % 5, 2002; o|HAl¥} ¢, 2002; 7
el <} $-23l, 2003).

FEREe g Bl mpeAkee] AEF A
2 Qlg Bqigte] ZIEE A 3l e HEAE
o] feavt F53he] 20099 % 89 A =
AEL] A = 697l D3l glow, 4R
3 2] (], e, 54, oo}, &dgl, 9, 2
2Eg o}, B3 dE, FF F)lME =
2009 29 A = A 4= 5370 o223
Atk 23 sl A8 HEE Ed IR He
A E-ol| A formadehyde, bromate(BrOs ) 5] 7=
Heol A A7 Al71H7= A, R
t 2009 9ol HeAlEe] 7]EA e Bros &
0.0l mg/lLs AAsl] £3AZch g9 199831
Bl 2002:174#] o 5zt A 57709 HEAE
of gk A& BT A, A3 HEA BN B
A& 9 As9 w7 7EXE 2 lew W
HA7| = e (Z2H % 5, 2002).

Selete) ApE BgE 19974 84.5%¢] A
20073 #A] 92.1%e) o= Ax=z =& FHoldh
(735, 2008). whHol] A= o929 AMdE
o] g3l e QT wEAS =l 15723 |
(3.1%), &7F= F5AAde] 6014 H (1.2%), 4
AeEE 2733 7 (0.5%) 0] 32, o]ytel] $ES o] 4

>
i ¢

Aol

=

Vol. 24, No. 4

3= Q11,5274 W (3.1%)<l Aoz B yE9]

oh. gt 20074 71Eo s A0 ASbx BHFES

94.0%= =] HH4S W A (FHA FAA

X, 2008). A= LA ST Aok SAlo] &

¥ glom, AR s4HEHE JEHee =R
T+

42 A5z ogsln 9lw, A%k 424 8915135
9 23379961 m°e] B& FAA Ao THET 9l

o 32l 3 #2991 Aol 20079 WA 140
Ae) Zrol g4 Aol gl ol % Fa) oF 14,3003
ol B THUL Jer (R, 2008), A
Foll &) obEl7h AEle] glort Belst A
g it opiel 4714 SARAE A o] %ol
A gkt gl A ele.

o) AL FHANES) AR BE &
goll wet A Az FRse] AT F n)
Gl ass} 7] ool Ha EAST wlmsl

3, AR ARl s Sl 7 AAjske,
AARIEe] ARl B2 S H7HIH-

A

JERT

¥4 o=l w4 (Pb, As, Se, Cr 3! Cd)
o] 2FEALS Wakorte] AlEE, 183 el
(F, CI", NO;", NOs™ & SO/)¢] mxEAe
Supelcorte] AES AHgstgich AAr 2
23529 WakoAle] AFS Ag-stglen, KI,
NaHCO; ¥ NaCOs:x= Duksano = HE| F3]15}e]
AHg-319d e

S84 B A9, B PR A), +F
2(B), "h&A4(C), 252 (D) 2 WY+ EZ T

B3le] 34 A QoA 20074 849 23YRE 1049
2996 AX AHstAcH(Fig. 1, Table 1). A~D<)
A= A7 812 Aoz R A F skl o (Fig.
1), M pHE ZA3h AlsE 0.45ume]
Wu el PE] (Whatman)2 o248t $of 200 mL
o] Foelal g7]e] AF o, F& BAE
Al 8ol = ZI8E HARS 7}3le] pH 2 o]3h7} Hes
AL, Sole EAE AsE ofojxubie] Yol

Aeol wsle] APAZ LR vIes



December 2009 Kimet al. : &3 FuHlE2| Hi=E F 77| &

/

= 295

S |

Fig. 1. Location of 32 sampling sites for collecting mineral spring water (A), well water (B), small community water (C), and

municipal tap water (D) samples in Chuncheon.

Table 1. Sample information

Water type Symbol Number of samples Source water
Mineral spring water A 8 Underground
Well water B 8 Underground
Small community water C 8 Underground (7), surface(1)
Municipal tap water D 8 Surface
Commercial mineral water E 12 Underground
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Table 2. Descriptive statistics (average+ standard deviation, median, and range) for the concentrations (ug/L) of trace

metals in five types of water samples

Water type Statistic Pb As Se Cr Cd
Avg+sd? 0.442+0.260 7.90+5.81 1.20+0.504 1.85+1.04
A Median 0.455 6.12 1.26 2.60 0.200*
Max~min (0.135~0.980) (0.030~18.3) (0.590~1.88) (0.600~ 2.60)
Avg+sd 0.528+0.207 10.3+8.01 0.655+0.414 3.12+2.38
B Median 0.455 9.23 0.740 2.60 0.200*
Max~min (0.455~1.01) (0.030~ 21.6) (0.075~1.27) (0.600~ 8.76)
Avg+ 0.601+0.271 9.17+3.01 0.170+0.152 4.11+5.95 0.293+0.149
C Median 0.455 8.23 0.120 2.60 0.200
Max~min (0.455~1.06) (5.73~13.9) (0.075~0.533) (0.60~18.7) (0.200~0.576)
Avg+« 1.99+4.23 3.40+1.33 1.60+1.07 0.600+0.877
D Median 0.455 2.90 0.075* 1.60 0.200
Max~min (0.135~12.9) (2.11~5.86) (0.600~ 2.60) (0.200~2.72)
Avg+sd 0.430+0.344 8.81+4.05 0.888+0.481 1.90+1.23 0.209+0.030
E Median 0.455 8.26 0.745 2.60 0.200
Max~min (0.135~1.41) (0.030~14.3) (0.241~2.03) (0.600~4.18) (0.200~0.305)

*All measured concentrations were below their respective method detection limits.

“Average+ standard deviation.
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Table 3. Descriptive statistics (average=+ standard deviation, median, and range) for the concentrations (mg/L) of anions in
five types of water samples

Water type Statistic F cl NO, NOs S0
Avg+ sd* 0.310+0.097 3.03+1.96 0.265+0.054 6.86+4.17 7.24+531
A Median 0.291 231 0.270 6.07 5.96
Max~min  (0.182~0.440) (1.19~7.33) (0.177~0.353) (0.930~14.7) (3.66~20.0)
Avg+sd 0.289+0.132 10.4+8.41 0.211+0.094 21.3+£274 6.21+4.47
B Median 0.269 7.49 0.208 9.78 6.72
Max~min  (0.120~0.542) (1.96~27.5) (0.111~0.412) (0.453~82.6) (0.672~12.3)
Avg+sd 0.331+0.240 5.35+7.67 0.270+0.090 13.4+10.7 8.81+4.58
C Median 0.233 293 0.293 14.2 8.82
Max~min  (0.157~0.869) (0.617~23.5) (0.111~0.366) (0.557~28.4) (2.86~14.8)
Avg+sd 0.260+0.255 6.50+1.80 0.217+0.127 572+1.77 4.89+1.05
D Median 0.163 6.97 0.155 517 4.87
Max~min (0.160~0.811) (2.19~8.12) (0.111~0.399) (4.20~9.83) (2.73~6.47)
Avg+sd 0.250+0.102 7.52+6.58 0.395+0.169 7.43+491 7.73+4.07
E Median 0.226 5.62 0.372 7.14 7.67
Max~min  (0.144~0.488) (1.61~24.9) (0.248~0.900) (0.005~17.8) (2.01~145)
* Average= standard deviation.
Table 4. Exposure factors used for estimating ADD and LADD values
Fact Abbreviati Unit Value So
actor reviation ni NOs- As urce
Water ingestion rate IR L/day 1.83 1.83 Kim, 2008
Exposure duration ED yr 3 30 USEPA, 1997
Exposure frequency EF daylyr 365 365 USEPA, 1997
Body weight BW kg 115 63 KATS, 2004
Averaging time AT yr 3 30 USEPA, 1997
Lifetime LT yr - 78.6 Jang et al., 2007
g & 5 e o U o] dAFelA F 3. sl "ot o ma| wet
A5 (A), $EE(B) 2 vHe4 (08 FEIS W
A o] 7|EAF 27 1<) ALT%A0  9R3t 8| = 54 ADD/RIDS] 28 AR
24)% o] AF A4 A F Ansk 2D WA HQ(hazard quotient) Fhe] 115} F Aol 914
A Al AdFHE 127] 2lollA & T Aol =7} Sl ez sdsigint wbdel it fl=
et 238 333 (S 5, 2004)9} wlwd W = 44 LADDx SFel ojs] x3} HA 0k 9]
oA Fol, A F A9 Aste] el #7] = (excesslifetime cancer risk, ELCR)E AP 313l o
doz sl ofshsle] ke A ¢ 4 ek o] ©, 1x10°8 847 (acceptable level) 0 2 47
o} 22 NOs 9| &4 w4&8F AT % 7 3k
o) eslsol ofs) Ak Aoz oeld gle],  Table 5el: Assh NOs o mlebiel o
G5 o] Aol AFSAN 299 ASrE 47 ADDSE HQ 3H& meFT ok T Ay A7
s FHES] 7S 2] 93 Ao vl FRkel di® HQ 2 BF 1& 23] o4t
o] doje o 4 itk 2,90 W& el HsiAE NOs 7k = 1 o]3}

Q) Wil Ast

P A=
TE5E

(D) AT A £7
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Table5. Estimated ADD and HQ valuesfor NOs™ and As
Chemical Concentration (ug/L) ADD (mg/kg/day) HQ
Species Water type 50th 90th 50th 90th 50th 90th
percentile percentile percentile percentile percentile percentile
A 6.07 11.9 0.18 0.35 0.11 0.22
B 9.78 53.1 0.28 15 0.18 0.96
NO3z™ C 14.2 23.9 041 0.69 0.26 043
D 5.17 7.39 0.15 0.21 0.094 0.13
E 7.14 13.2 0.21 0.38 0.13 0.24
A 6.12 14.7 1.8x10™* 43%x10™* 0.59 1.4
B 9.23 21.6 2.7x10 6.3x 107 0.89 2.1
As C 8.23 12.7 24x10™ 37x107* 0.80 12
D 2.90 492 84x10° 1.4x%107 0.28 0.48
E 8.26 13.1 24x10™* 38x107* 0.80 13
Table 6. Estimated LADD and excess cancer risk values for As
Chermicl Concentration (ug/L) LADD (mg/kg/day) Risk (x 1079
el Ci
Species Water type 50th 90th 50th 90th 50th 90th
percentile percentile percentile percentile percentile percentile
A 6.12 14.7 7.0x10°° 1.7x10™ 11 25
B 9.23 21.6 1.1x10* 25%x10™ 16 37
As C 8.23 12.7 94x107° 15%x 107 14 22
D 2.90 4.92 33x107° 56x107° 5.0 84
E 8.26 13.1 94x10° 15x 107 14 22

veRd e
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o] x|k, o] 7 AzpEwl opz} RIS H7} 2
F@= £F 1x107°%) AgEE =7} 0.2
ug/lL)oll BFo] % wf, gk3o] AR o= o 73}
& der} gicka A7sid
°l AFelr FH A FRE
445 oAl FRE e ]%k%'f‘?‘:”]' 571 %ol

Asol ejg 23} gk 9]
W5 0 U G 2

& 7 Yz 9
i 75}, of sgalu = setdos
by Beld 4 ok A 2 5 U
FE A3 7T gl 340
7 e AYAA S
St shgnle WEe AAo1E AgsHEA, A5}
G} e WA B 3 oE Hxt FolAT
gk ool mel $JsiAl A= (risk communication)
94 HAL E3)] ul2 AR AT 9dAle] Ao
Boge F # Aok 2D s e A
g3k Asse) #AE A oksE T dn AR
ol H27E oA SUA dka $i7] wEel,
u}——A} _/] ’\Hi"‘ /\]/\F;ﬂo —'zzg_]— -’J_uj]-
g o % gloh AAE A WEsle] 2%
e Aeske Aol ohdeh AR IR, As
NOs™ §)ell =Hsix= XM o4 g 2zt
A BUER A2EE T 6}04 delshs 7ol

el A7 9 5 sl = ofe) A

FU

|

4z 39 o X of
9 g -1op

" H -1‘1 r-{u

%0
3}
)=
ﬂ

o2t
L
T



December 2009 Kimetal. : &3 FUE5¢] Heg & 778 w3 301
Abeted, $Elutel A AREE L Sl S84 <t o AA o 2 we} - 5453} AYA F Mal-
AAS gwslr] ¢ 7 Aksr) Fesida A lard ¥hg- BAE 54, 3=%3}43H5]%] 1999 42(3):
FarR=" 256-261.
A8, o154, 224 Aol ME FEE F Ahbm
FARES] = wstel A AF lz% A=A
3 = 3+3)%] 1999b; 14(1-2): 35-43.
S, Ho)g, A4S, o) 5T AV)E a4 g AR
F1 0] AR E i 5 3 .
Ao A] SEES Thele] Sfcm AL Zg;)}vg jsgza‘?ﬂ AT, A 337 53] #] 1999;
A2 e B SEE A AT F Gy, g dewan A8 A gATRR2) A
ST e HEAES A AF I35 o S 2m W 0 EA), akA) A 285X 2002; 12(4):
Sol2el ds A3 A, SRES AL R 379-394,
Al & W H| A (As) == AANY (NOg)2Q =7t eldlE ke d3AY Aas 9 A5 vla 23 5
A == 2011499] 71FE 29sl= Ao e A, A st whabet )=, 2002,

o]
=
e} 9 H*é g7} A}, rEBS xﬂ o5 ymx A 24 Aad, AL Aea A sds

=2 =2

2 B, 38 A-g, )3l 2007.

Fejel BelM Asel wpdel 9l g sk N 115012 2a1. 2] WAz Bd &
- 3 A= o S| - a2 3 s N2, T8 = H=ME- EX S

‘::]g' \:!]—-o‘]- o] 7‘] = 1/]'5]'1/]', H]_ﬁ’_zﬂ 91'3‘_]75]'];]’ 2 &mo| Wjat w3 o)ahx A 3ats|x] 2002; 12(4):

= AT & Asgrt w212 ol 295 395-404
3hel, olell gk M- e 2A7F HeFE b 232 249w, hitp://chstat.org., 2008.
4 o9k 53] QA Al FEob HelEle] A 87 2007 Y=, 2008
Ao eFo Az} $~UH T 9l HE=ME i3] Bibi MH, Ahmed F and Ishiga H. Geochemical study of arse-
A= wo 943 A7 e Be)r) Desiohe nic concentrations in groundwater of the Meghna River
Ae ok 2 glole). 3F5e] mo) geldael 5—5‘]9} Delta, Ban.gla(.jesh,JGeo.chem Explor 2008; 97: 4?-58.
A A= A e = Fewtrell L. Drinking-water nitrate, methemoglobinemia, and
global burden of disease: a discussion, Environ Health
A7E 2ok, 53] & Perspect 2004; 112: 1371-1374.
o FHlEe] djsl oF = g vt IRIS (Integrated Risk Information System). http://www.epa.
o] sl ojof & Aoz It govliris/.
Kim H. Seasonal variations in the household exposures of
housewives to volatile tap water disinfection by-products,
S Sci Total Environ 2008; 403: 59-76.

NRC (National Research Council). Risk Assessment in the
25U (KATS). 8t=919] QA 2|4 ZA}, 2004. Federal Government: Managing the Process, National
Az, A9, A7) ek Hed, A&, A7kF, 7134, o) Academy Press, Washington, DC, 1983.

e Z7f 49 A= A3 AAad 293 AAA] NRC (National Research Council). Science and Judgment in

o
d

3
to
2
il
R
P

A Risk Assessment, National Academy Press, Washington,
A&, o 3R 2 Z313] 2] 2002; 12(4): 471-484. DC, 1994.
Aade], $3A. A 2AE HEAY AR s A Smedley PL and Kinniburgh DG. A review of the source,
A 2 AEA], A sl EF3 e 2003; 8(1): behavior and distribution of arsenic in natural waters,
57-67. Appl Geochem 2002; 17: 517-568.

ek, ol g, ZARA, A, AHA, HAE AREs. o U.S. EPA (United States Environmental Protection Agency).
o _1‘_3_ 3

Al
B pExde] o3 A3ty HEE 2o Hst Exposure Factors Handbook. Washington, DC, 1997.
Akl T, 334 9 A §13) 7] 2004, 30(2): 98-103. van Geen A, Zheng Y, Versteeg R, Stute M, Horneman A,

AHE, -, oA S5 AAbE 982 dde] Ast Dhar R, Steckler M, Gelman A, Small C, Ahsan H, Gra-
& AT o, A EE 7 35 R] 1998; 5(3): ziano JH, Hussain | and Ahmed KM. Spatial variability
141-148. of arsenic in 6000 tube wellsin a 25 km? area of Bangla-

237}, o). veEa AlFA] £EE F Y25 RANE desh, Water Resour Res 2003; 39(5): 1140-1151.



