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Characteristics of Natural Arsenic Contamination in Groundwater and Its
Occurrences
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General characteristics of groundwater contamination by As were reviewed with severa] recent researches, and its
occurrence in groundwater of Korea was investigated based on a few previous studies and a groundwater quality
survey in Nonsan and Geumsan areas. In Bangladesh, which has been known as the most serious arsenic calamity
country, about 28% of the shallow groundwaters exceeded the Bangladesh drinking water standard, 50 pg/L, and it
was estimated that about 28 million people were exposed to concentrations greater than the standard. Groundwater
was characterized by circum-neutral pH with a moderate to strong reducing conditions. Low concentrations of SO,*
and NO;y’, and high contents of dissolved organic carbon (DOC) and NH," were typical chemical characteristics.
Total As concentrations were enriched in the Holocene alluvial aquifers with a dominance of As(ITT) species. It was
generally agreed that reductive dissolution of Fe oxyhydroxides was the main mechanism for the release of As into
groundwater coupling with the presence of organic matters and microbial activities as principal factors. A new
model has also been suggested to explain how arsenic can naturally contaminate groundwaters far from the ulti-
mate source with transport of As by active tectonic uplift and glaciation during Pleistocene, chemical weathering
and deposition, and microbial reaction processes. In Korea, it has not been reported to be so serious As contamina-
tion, and from the national groundwater quality monitoring survey, only about 1% of grounwaters have concentra-
tions higher than 10 pg/L. However, it was revealed that 19.3% of mineral waters, and 7% of tube-well waters
from Nonsan and Geumsan areas contained As concentrations above 10 pg/L. Also, percentages exceeding this
value during detailed groundwater quality surveys were 36% and 22% from Jeonnam and Ulsan areas, respectively,
indicating As enrichment possibly by geological factors and local mineralization. Further systematic researches need
to proceed in areas potential to As contamination such as mineralized, metasedimentary rock-based, alluvial, and
acid sulfate soil areas. Prior to that, it is required to understand various geochemical and microbial processes, and
groundwater flow characteristics affecting the behavior of As.

Key word : Arsenic, Groundwater, Geochemistry, QOccurrence
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7|8 BH FARAA o} 7%7t ZAse AAE BATh A
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EA| yotdsel ) f7)e) wiar|dEde) F5k % o

oPWAR ) BAE Ne)E B FelA

L =
o FAZAY 2943 10 psgll o1F) vlagge A
Z3sks GAF7E 193%9 2L =4 4 B4 A9
1}

Yish 4 Ade] AGE FARA Ao

AT 10 ugl o1ge) BFO) 2zt 36%, 22%°) B WHHAY S ALY YA W2 v RoPe] ¥
BF & 98 HAZG FT T ASE NLeY FATE A5l MAAT FFS FE VYR AT
2 ugERE W A 590 B olshyt Hyslolol sl Ysin) Ao, LU WAL A, ¥4
A9 A o132 S4F % ARAY BY RIAY S NF Mo AR 2As A7 aFE,

F201 : Hla, Ak, A7, ey

LI I —

LEHA 2 dstER] Aol HlAE
<05~10 pgL HHE YERIA T 10~5,000 pg/Le]
FFEOE HlAUF AAH e HalE xHo] vehy]
T &0 FAEE ol o 9L e XA
10,000 ng/L7H w27t AEH71= SckSmedley and
Kinniburgh, 2002). sk 21dx vl ge] 4zt
AL gigk YA R oA 10~1,800 pg/le] £2 &
=9} thEAQ] ¥4l 9R-E M (black foot disease
5) 2 ek A oF Ao AAHoR du 4EHA
tHTseng et al, 1968, Kuo, 1963; Chen e al.,
1994). o] A Rj3le] Bl e gt x|+-8)ehs
ATe o BEsle] 1 7)ol 3 e Sl
d xAzAL} FHo] e Aoz FFU 3l 3o
Y(Mandal and Suzuki, 2002), <1&] & @48 ARE
8 vAEE A B Wtke e R
e APAS AE2A HLHHE B3 UUE AL
9 WHO, USEPA 59| -84 4o Husig3t
£ AP g 718 AERAM gol &85 gt
(Smith et al., 1992; Guo, 1997; NRC, 2001; Smith
et al., 2002). ©]%& u]=-(Welch ef al., 2000), WA=
(Del Razo et al., 1990), 2 & (Smith et al., 1998),
olZ dlElLH(Bundschuh ¢t al., 2004), 37} (Varsanyi
et al, 1991), 3F(Wang, 1984), HEZ(Smedley ef
al., 2003), ¥lEd®Berg e al, 2001), W) Z(http//
nepal.ms.dk/articles/arsenic/default.htm), Z-HjoHJICA
& MRD, 2002) S|4 Aelge] =AA H]AQ Hol
BaxD 53] % Az2A s} igete Al (Ahmed
et al., 20049 QEWIo] 7 Az Aeg JeR}
2. Ut} B3k olHoli= B E v QY 292 (Pfeifer
et al., 2004), 3}712=E[Nickson ef al., 2005) SA]ol|A]

o

= AAAR] ¥4 Atelsh 2ol B QA
9l AEEH FAETN 9gt FKeg Juillot ef
al., 1999; Charlet ef al., 2001; Cappuyns ef al.,
2002y71A] 2 StH Ae] AA]l HAHelA B4 <
go] oju] JehbAU Alg BAE s A3l

ol Ao FAA HEFoZ <l N AHe
HlAe el gt B )R] ekek AT opug)
Hlaol] g 7g2 ] Aralehd A4E i o]Fo
A gkt 53] NS S AAR] 914 7)49,
As B 2ol HE GNEN BT AlA] A wid
29 Fd(Smedley and Kinniburgh, 2002)0] A&¥
vl glom, AA]FH9] vjie] Bita =8 QA
5ol ths](Matschullat, 2000; Mandal and Suzuki,
2002) =219 uf S} oj9]ol= R-73lEtgA}L Fofe
AAhA4aZA 9] v]A A]73}8HBoyle and Jonasson,
1973), Yi&e] F8E EA(Cullen and Reimer,
1989), EGH ®1&9 A18l8kE AE(Sadiq, 1997;
Smith E. et al, 1998), A€t ¥]A(Yudovich and
Ketris, 2005) 591 83 -7t vl4e 7193} A+
sotal As 9 Askre] QEITE Tl Wt olEiE

AR .
4 A9 we @ A7k FG sy vx
=

EIE Frlsly] sl 4BEY £8 B3 RAE
AN skt o2 vlFe] A9 19963 MAR orA

o
:

5t 289 H(The Safe Drinking Water Act)e] w&}h
USEPA® H|& 7|EX|d gt AAE 2Ye Algts)
gom o] Ao $AHo 7 FF SBFE ARRHE
AFES] Azl vlie 3k 57 Fask =3
ok o]& &l USGSY =7} ALY AXA 2
(NWIS; National Water Information System)}
USEPAS] ¢HH%F &84 AHA|2H(SDWIS; Safe
Drinking Water Information System)e] #AAEE
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EXPLANATION
S Arsenic in water from
18,850 wells and springs

{> a Greater than 10 ug/L

A 51099 ugl
z——ﬁ" A 3t04.9ugl

A Less than 2.9 g/l

Fig. 1. Locations and concentration ranges of groundwater samples in USA (after USGS, 2000).

olgat] M =7} R A B|ARELE s}
Ao (Fig. 1; USGS, 2000), Hl& A2t} 2|43}
7 EAo] #3 AF% o]Fo]R n} rk(Welch et
al., 2000). Fig. 12 F8£0]25%7} 2,000 mg/L ©|
dos S8R B X3 &= 50°C 9] A
EAHL ALY AABA AR TR GET HE
Aol v4 ko] w32 AA 18850704 % 8%}
10 ug/l olde] TS Jephideh ALS, 58 58§
ol T Ak 52 XFS oF 30,0009971<]
NWIS A8E E43F Welch ¢f al. (2000} A-FolA
of dylolahzs <1 pg/Le] e, oF 10%7} 10 pg/l
sk Ao vebton vASAF, H<, b
7 F o w2 e gIFE V9% e,
&, vk, AR FEl, Ao} F T 7
AZ7I1F2 A% FUFg oz HAEA e HlAsE
7b we Aow el tk(Welch ef al., 2000;
Levy et al, 1999). o]F duzo|Z, rjolr}, 23}
ole, uAZE B 2T F9 34| A=F = 7MY
& AL WYL E APt o]Rl HiE 9o o]

4E f71B0] FRE BUY o) SAMY b

>

Aere] A (epigenetic) F3FFEo 71015t sl
HoR FEHAN Wt HHE AU 39
M & =2 VR duAY 3HE AA Bh
7} AR fEHe FAoF FE2ET Utk (Warner
et al., 200%; USGS, 2003). #|AIZF 3¢ A< Kim
et al. (2002), Szramek ef al. (2004 23] v} A
Lg ZAPL o]FoiFon B A9 7370 $AA
0.5~278 pg/Le] A9iek H 29 pgle] wAgEke
HAT FRe 8BAe(53~98%) 37F FElE eh
th AR Hl4e] YL vjAATd opakze 3
HlZ 34 e fHlEAo)xn WEE A S @A
¥ e vldvt 2o} ste] sl sl
A FEEHe RoE BEty QIvKSzramek ef dl.,
2004). o] AFo AMFA 22 Ak #AL B3t
ArollM Askd] WiAEEE digsy vlagae) o
E3l AR st Aoz JeldtHKim ef
al, 2003). T& 90% ©)4e] ¥iirt 1= 2AEH
= b A, e 33 A9, 20 g
3 A B e] AFl BEALS HAFT)
FUME AR FAcR sl £



oMy

3 gloh AR g4k, Ad, FE SACA 10 ugll
olde] A<l vk Rlopge] A F o 2w} 1}
BRps Qlo] xstsbel J1ds - 7% dig
olsi7t 27drk o] EEAMNE &8 Askre HlA
Lol 7P AztsiAl vehsten @4 risty
A7t Bs] o] Foizl WEHHAE UpdeR Hlw
A Hoo| d7ARE HElsled Aakr vLed &
ol g ol & FRsk2AL Fe) =3 e IR
7HA] WA A7ssk AL 9 A9ARE vEe
2 Askrd vla At ATsisk 548 Ht
atarzt gt

2. YTl X[9] Xoh H|A2Y §Y
BLRAN AN FFHEAANA THE Az 7
A A5 vlzege] WY Ao® YeA v,

FA A A8 ¥lhed HrEA UNICEFS W&
2}d]A] DPHE (Department of Public Health Engi-

26"

West Bengal
24° india ‘

20"

88’ 90"

173/5]

olxS - FE

neering)oll 23] 1997~1999dl AAFE w24
193 (4607 upazilla AT ZE 742l 51,000 oA
A4 (tube wellpll gt AazAlA 29%2] A7}
HZeEHA] 28712 50 g/l ool vlAE Fiain
60% ©)dolA HAFAIER H|hoHe] FRlH u}
o THvan Geen ef al., 2003; Ahmed ef al., 2004;
Fig. 2). =3 93222 (BGS) DPHE 252
2 5%t 353479 FA el tigk B} AAAJ] =7t
TR ZANME 27%9] AR(<150m) &7 o)A
50 pg/L ©1’3, 46%7F WHO 712 10 pg/L ol4k<] ¥
23S YeERHATHBGS and DPHE, 2001). 7)E}
FAA G 2] ZAFAS} Tl AR oF 50%2
AslpollA 10 pg/L o, °F 28%7F 50 ug/l 1’4l
H A i3t glom o|Z Qsh of 4dewte] ¢
77t 10 pg/L 73, 2383 ke] 50 ng/L ol4el M)k
o =&d Zo FAIIu e al, 2003). WZHEX]
AAFRL HlAE 2842 AT 5L 1983
ol )& B 759 0 (Saha, 1995) Q1= MHz= A
o] Aag HAeE A o]F H-FEH AN E

92 94’

26"

P

M 22

Fig. 2. Proportion of tube wells that tested positive for As in upazillas of Bangladesh (after van Geen et al., 2003).
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DPHES] a&ZALE R)5154¢) vlAed E4)7F 1993

Qo Fe] I4de v Hh. Azt ¥AasEY

7R gr, 9 zhal 2 A% o e Qs
A

o Fgo] Lehd ojAdo] o] K Zadshe §
ABlEQl BA =R vgEr|= et olzist A&}
F9) HA0Y Al U4 HYFoE oHE AR
T2 AT 448 2] 8 1970d01%E WHO
o) 9x7 g se] AR Askr BEL A
3 biM BlEE AoE G HFHeE & 4
(Dowling ¢t al., 2002).

W] AF A spe] HlaE dTEer JeA|
AFA B F2E HEHE falshs AAE 74
oly] R 2 v ATEE BEWI] =3 gARt
(<2~20 mg/kg AlAl HFgHg M) A7k &
Aol AoEQ] SEggo] Folxl A0 jops
AR YTH(Yu ef al, 2003). ZEE H|A23HG Aske
o] dwkHQl g8t 5322 Fe(>02mgl), Mn
(>05mgL), HCO5 (320~600 mg/L)e] =& 33t
7+% P(>05mg/Lyt AZEE™ 22 CI (<60 mg/lL),
SO (<3mgL), NOy(<022mg/l) 2 F(<1mgLl),
7 W91 54 pHE & 4 Yot g Audom =
AR AT 82571840000 T§EE 115
~142mglLEA AtideR =4 vehus E24 §
HEUY #7184 1 7|9 9} F71EHY
nAES Ralggos SO2, NOs< s meba
Sy (£2mg/L)2t NH* (up to 132 mg/L)8] =7t 3
7= GAS Belth AEE9A = +0594~
0444 VEA 23} A8laAgs) 57 = A4 Shls
72& Jepdh 28] shebd 242 Ca-HCO; ==
CaMgHCO; HolA 9+ d¥ A o] ma} CaNa
HCO; T Na-Cl 3-& UehliZ|= ) 880l E
7re) 2gEd e 4F AQe T4 UerlE s
Mo £ AFS HolA] gt} Hl29} SO 5
ol AR o) AuaAls Jehhed ol SO
o] k28 A3k et FUE oA v o]
Tt molAE ode AAS) A AR Aske
£ CH, AAWrgo] dojd iz 75k SRS vk
Witk & "]AFHEES 25846 ug/le] £ WHalE Mo
gk 37+ ezt g AR s (67~99%) NH,*
9} T ATBAES HAT® = 057). E3t viwA] @
Alo] FHEHER olFold FF(<150m) FEU
A8t Al AR(150~200m)e]l ZZ A o] H(pre-
Holocene) tipgollr 2} vlae) &afo] &4 Ut

3 9 tHSmedley and Kinniburgh, 2002; Ahmed ef
al., 2004; Zheng et al., 2004).

ol gt x3lre Fejsletd] 544E wlgo R Ast
U vlAe] $E7)3Re siAslaat ke B ATt
o|ZoiA gt X7l I 271K |, F AlElelE
2 gelol2o] AAEHATE Atsle] 2L giesu vla
g4 FEME e vdvt FE3 ZAE Lfee
Zo| EAet X3l Aol ZtEHA Ashik-g
o=z vAy7t &8s AeE A5t Das et al.,
1996; Chowdhury et al., 1999). s}A|qt, &34 28}
R3S YeiME S84 B FAME B AR E
A7b Bosiy 44 pHYE YA F% ol
FA)7F Jepop AR Wnk A o] thAIH Asf
oA oMY AL FFHAFIA R Ak
(McArthur et al., 2001; Dowling et al., 2002). 3
ojEolMls FgitslEe utd Byt S &
Fgureow fEHE Ao N3y AYIHEL =
AJehe olekE(peat)e] EA E nAES ol A
& F3 rhkNickson et al., 2000; McArthur et
al., 2001). B A5 A8oA &F M4, Fe B
HCO57t 42 AaBAE Bolw sl f7iekd
7} FREEE HAElE] fa9) HARE W
olgbz frIEe AR Eao} AHE HoE Bt
(Nickson ef al., 2000; Akai et al., 2004). ]2}l
AAEE g AMROE <lE] el ol A
A2 ¥&)t f2EE 1AL SR AT
(Acharyya et al., 2000) U¥FEQ AgozEs guA
a3z gink B} #29) dPeE olgEe] &3t
7] o AT 74719 Y= QI AR
NEHo] FHH ARSI FUE L olel| ofs]
o] A7 AFABHES] §3) B H|Y] FEe] 24
T h&e] ANE7E stlthHarvey ef al., 2002).
3 TS BFO0R NP FEL o]0 93| A
318 FwolA Fe(ID-HCO; 2#8HEH(complexation)
k3ol ojs) njAv) AARe 8&He B/d7HAppelo
et al., 2002), As-COZ 2313 ukgol wieh Fsld=
2HH ¥k 828 XY 4 d=Eim o d,
2000) 712to} AAIEAL U7 Bjr). olebdo] et
tlA] Aslre] B4 e TSt 71 R B4
Q1 AAA zFakel v AX Jeha e e
2 B

A E 258 F8. 8409 XHA E-9F
A alAAE w3l ofsf Hlke] {§E71%E MEHAT
LFATAR 2RE AAZ HAEhes FFAHY WL

£ b e o

o




Fig. 3. Principal areas (yellow) covered by Pleistocene glacial ice in south Asia. Major occurrences of arsenic (red squares)
are associated large alluvial or floodplain formed from glacial spillways (after Saunders et al., 2005).

71982 o3t o ¥4 Msk= GBH (Geo-
Bio-Hydro)-]4 2de] AAl" vlE 4rhHSaunders
et al., 2005). o} EdoiMs Zelo]2~EA| (Pleistocene)
o] A7 9 W31EEdl ol Tkt vlAEE &
fabe 7ivkdel Zsbt i o]F Z=2A(Holo-
cene)®| 3FEM Fglol 93 MARE, ARERY 1
AFE SIREAERY AH, f71E-] HE, 3
o dhlole] BFel ol BuEEe] B84, HAFHL
2 HAgh dststEe] $ld Ba) Edoz Hlae]
A3l LEPIE AHEL Ut ol2fgt o]24] 23|
wFeiElAl At olyet HEY, 85, 35T §
W] 25 u FAE 24 SHUE A G
A HAQgoe] BBl Qg E1E 4 Uok(Fig 3;
Saunders et al., 2005). Fig. 3olx AAEA= &
AT BFo zo| B3} F22A UlTL, T A4
2 A xG3 Bel udliE]l vjAzE dxo]
o] WatEE oiFEoing vl HEdT sAsial
tH(Saunders et al., 2005).

A3 ¥4y EAE AAsh] Y8 x4
g 7)Y ope) WEAe; e Al
AE7ksst AA Aoy 4 XNerlee s B
£ Frt o)FoA| 3 k. Ed FHIoe Bt AR
o] v R Al AL L3t 7)ELH I WA st
o H|AFE FPL AR Wkvan Geen e al.,

oL

1

%% [N

20025 470 el Rekrel HARE Al 8E Al
FHahe= AHIE st AR o|-ef HlegE i
=& 23X 3= ¥(van Geen et al., 2004) 5%

o)A i,

3. U X5k v MEYY

3.1. 7| X5t Ha2y ¢PED

AAAA S2vtet sl HlAeHd gt AAF
A AFRARE o] Rl wl glom FHARI XHA
o|Foizl Az, T AR HFEEA AGE e
2 ANE ARIET 22T ¢ Yk 7P ARE”
AR RA HEAE ARGAY SARAMEAE
F o Ha 607F Wele] H=NE L3S
3 FH2 5 < FANNE 23] sl e
Eo gt AR} o] R3] vt UchEHS 5, 2002).
FANED HERE ALY BAFNEE 1995 me)H A
B9 ARA s FUYYRE Aol ATt
FHsich Az agle] Aslre| =34 7P 83
Ayl "ok o] ZAIX AFEE A5 H=H
AZJA AHe Fo AHL AHeolr| |
SRA BAAUT, TR 2 o)) YRR 3
g 5 JAHEES 5, 2002). ¥)aTE 24
1999, 20000 = 200299] 331 AA o]FoIA

P A 1

A

Mo &
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Aok E3 vyl Ao AZFE AzxYgH ] 4
T ZURl gon, a4 19999 H|4dHeko] 1 pg/
L o]l AzgA = DA 201%] B35
o0} 2000300 474%, 2002990 64.9%= JERG
t}. USEPAS] &8 7|F% 10 ugls Z34se 9
SAE Az F= 20023 AA 5THE 19.3%%1
1IVHAE Ve ik vl adta) #4470 =9
= A8Ae] e AE Yy AEEE By
A B olr] WASelY gt A HeMdrn) 174
HA X o] HElE vlAadEe) 28 HoE g
SoHEES 5, 2002).

Hwa B AIEZ AAAY Asl4gre] zpdF el b
299 AREEA A S AEA, o]k A
ol 2, AEZ AEHE, HAZ =FH g9BRY

F

(eF 336 km?)l tidk A7} UTHEISE, 2002). ©lE
A9 Hed 9 F23ke T gloy 1357
As A F TV AR G6%)N AFHe= A
Z5o] 6~133uglE el olF WHO HeE
FAZI1E 10 pglE 23 AL 49712:(36.3%),
IINA0.6%)= U Hed 271F 50 ugls 23}
SIth T2 AT7AHY] PA-HF W) o2& H
ge] B¥ol Agshe Zog Bolu(Fig 4) 8
Ad & #4613 mgke), $3]9(186.8 mgkg) %
A1 EH(268.7 mgkg)ollr] AiH o2 vlae] Haggol
A Jeht Ak 2 o]E Z|ukde] 23t vla /&
£ /Mg F ok TFTG0pugL)e] Bav A&d
48 HCOy9 Natel 5%/t EoAE ¢S HolH
AZHEZE 50m °)3tRt 51~100me] Ahyos
Ao} AslpelA] BiAhe] T} =A veldoie)s)
F, 2002).

34° 58'

34° 47" 95"

Jangpyeong

126° 54
O>50 O10~49 O 5~9

O <5 (unit : pg/f)

Fig. 4. Distribution of arsenic in groundwater in parts of the Jeonnam area (after Lee, 2002).
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Asl ¥4 E A7 7P sl FEskE A
He A 2HF Aol o] AHE XFF SR
A 4678 A3k AR tigh v|aFE AT 0]Fo]
2 vh UTHES 5, 2004). 2AMET 2970 BA9] A
sloilx] HlAvE HEH o HAEEHJOH FE WE
T HAY B FHFo| FEE HAY Ao
Ak Qi olF e Aslrdr HUleE5 71%
21650 pg/LYe 2A3FAIL 1070 AlEA 10 pg/LETt
2 §9E B ol A9 £ERFEeE B o
AxeH 9 79 ofd ZoR ehiH 713
=4 A9 (72 pgl) E-lE AHS A 4ol
Bl AAA, 3lF4], FHIEA, AR ol Y
d Fog 2o 854 NG B Alslshd e
I/4EE 0B HEe] §91EN 9 Fhia 23
Mo} sshargs #o] Y SR AT &
gLt 2] W) AUk AEA w2004,
20050 o] o]Foizl vl lor HihER o] Ha
Yool FuE 8 odYo s AHSIT Pl
Fujd Aol AEBEZA 2FZr}ho] E(scorodite
FeAsQ, - 2H,0) 2 Zels-delo]E(claudetite AsyOq)
53 ol Fh AHSES UL HEY ZHUEHRE
slolslon). Et 2|3l HlAe JuRAE FHoE
g7 30m ool JE%(>50 pg/L)E Ve 3
AFoAM e 10 ugL I8tz 353 & sEe A
Hel pH 5ol W& o|x} FE4 IA7 F2p w
B AaA7el o) Ao Fgsit 4T o Y
HiA SlE Ao dAdsidn

FEFA, B3] S FHAYA ERF R v
ool WAL Qe Ao RHIHYEFHEY F,
2005) Fv] 59 284, AE EY ¥ B Ha
I3 2 BB, 994 Iu 5o B9 A7E o
F o|FolAY%rh(e.g. Ahn et al., 2005). AR A8}
TE e g g A9y vlied dte el
sltt. o] #At o] Al sldo] EelA] @e
o A2 AFE 53 Y ZARAR Sl &
7} witelc), gk F4Eat o] F¢ TR Hit
3B 5 olaREEY AR sl o¥de HAF
Fo] =0} zte F3, AH B 7172 AAA
o] Bl& 2w F3] S F vehs Ao
urzlo|tt, H9) diBHYU F2F4o|d T A
Gt 787 Agef A v 1~2km W 212 Q)
7t SEES doz JHEASFY vAed ol
v oA AAH R oo vt UTHRERA &, 1999,
Woo and Choi, 2001). t4 5(1999)2] Z=AME 3

VT o

C AN

g

ol -

0.5~55.1 pg/lLel o2 e} e™ Woo and Choi
(200D AN 167 pglEA © E2 A3E Bt
o] A%s) FHA HlzodRe WA Heiskd Fv)
! 099 AEAE FujEMoly HaslE 2 &
Aol F2H B)lavt pHe W7k wislel) s)
& e Aoz BtiWoo and Choi, 2001).
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Table 1. Characteristics of groundwater samples in different areas containing As greater than 10 pg/L adopted from results of
the national groundwater quality monitoring survey during 2001 - 2004 (mean® and range).

EC

Ccr

As NO, N
Area (mg/L) pH (S/em) (mg/L) (mglL) N
Seoul Gycongei 0.019 7.5 3446 43 39 -
0.01~0.045)  (5.9-8.5) (251~585)  (<0.1~334)  (<0.1~122)
e 0.016 7.45 393.6 I 380 36
0.01-0.047)  (6.5-8.2) (106~695)  (<0.1~6.2) (4.4~185)
Ulsan 0.018 778 3454 067 3.0 5
(0.01-0.188)  (6.9-84)  (145-1,500)  (<0.1~44)  (<0.1~126)
Gycongnam 0.017 737 3684 s 51 0
0.01-0074)  (6.3-82) (120-550)  (<0.1~10.4)  (1.8~1,200)
0.012 7.70 : 231 182
Gyeongbuk 0.01~0024)  (6.7-8.9) (<0.1~12.4)  (4.3~429) 17
P 0.015 742 : 31 16.0 y
0.01~0.037)  (6.8-8.4) (<0.1~7.5) (1~130)
0.013 70 131 66
Chungbuk (0.01~0.02) (6.3~7.8) ; (4~10) (4~10) 8

Geomean values, if not available, arithmetic mean values.

"Number of data for As statistics. For other parameters, the numbers may be different.
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Table 2. Statistics of chemical parameters and components in groundwater of the Nonsan area.

T pH EC Eh DO cr NOy SO~ HCO;y

°C uS/cm mV mg/l mg/l mg/l mg/l mg/1

Avg 14.1 7.00 199 258 5.28 14.8 19.0 10.7 66.7

Med 144 6.96 193 259 499 7.2 10.9 6.1 63.9
Std 1.6 0.47 106 29 1.80 15.2 18.9 14.3 29.5

Min 5.4 6.06 44 163 1.41 1.9 0.5 0.0 14.6

Max 17.1 8.09 583 329 9.26 74.3 79.3 110.3 151.6
Ca K Mg Na Si Mn Fe Sr As

mg/l mg/l mg/l mg/l mg/l ug/L ng/L ug/L ng/l

Avg 21.0 1.2 3.0 12.9 11.2 13.0 8.6 219 3.0
Med 20.1 1.0 2.7 11.3 10.7 9.0 38 164 1.0
Std 11.0 1.0 1.7 11.3 44 18.7 18.7 213 7.3
Min 26 0.06 04 22 3.7 8.0 2.0 5.0 1.0
Max 62.1 8.0 7.7 97.0 22.1 176 173 1,380 70.6
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Fig. 5. Distribution of arsenic in groundwater of the Nonsan area (unit in pg/L).
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Fig. 6. Box-whisker diagrams for some chemical parameters in groundwater of the Nonsan area (Gn: gneiss, MS:

metasedimentary rock, Gr: granite).
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Table 3. Chemical compositions and arsenic speciation in some groundwater samples from Nonsan and Geumsan.

Sample Nonsan-1 Nonsan-2 Geumsan-1 Geumsan-2
Temp. (°C) 17.3 16.9 15.5 213
pH 7.02 761 7.79 7.17
Eh (mV) 412 433 420 423
EC (uS/cm) 140 227 226 497
DO (mg/L) 43 22 5.1 3.5
Ca (mg/L) 19.7 39.3 259 87.5
K (mg/L) 1.0 0.9 4.1 4.8
Mg (mg/L) 2.3 3.7 6.6 7.3
Na (mg/L) 8.1 5.9 7.0 113
Si (mg/L) 7.5 7.3 8.4 6.6
HCO; (mg/L) 52.1 727 100 236
F' (mg/L) 14 0.9 0.6 0.2
Cl' (mg/L) 5.8 3.6 3.7 179
NO; (mg/L) 53 . 7.0 26.0
$0,% (mg/L) 11.9 212 10.8 18.5
As™ (ug/L) 5.1 - 8.4 22
As™ (ug/L) 375 142 723 13.6
Asi (ng/L) 4.6 142 80.7 15.8
skl BlAgEF HWo 9 s 9413 os Fgsith o] B&sE AAoln}. ol EF S w2 Byt
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