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Abstract

This work aims to assess the threat to human health of hazardous materials in groundwater that is used
domestically and for drinking. Two distinct sub-assessments are considered: cancer and non-cancer
risk. The studied groundwater is in an agricultural area of Gyeongnam Province, Korea, and is conta-
minated by arsenic at a mean level of 16.27 pg/L, far greater than the WHO guideline (10 pug/L for
drinking water). We collected groundwater data from the National Groundwater Information Center
(gims.go.kr) and assessed the risk to human health following the methodology of the United States
Environmental Protection Agency. We considered three exposure scenarios: domestic use (scenario 1)
and drinking use with different doses (scenarios 2 and 3). Scenario 1 had a median hazard quotient
(HQ) of 0.77 and a cancer risk (CR) of 0.013. Scenario 2 had a median HQ of 0.08 and a CR of 3.69 x
107, and the values for scenario 3 were 0.11 and 4.82 x 107, respectively. Scenario 1 is likely the most
hazardous to human health. Further study of the origin of arsenic in groundwater in the study area is

a required, as are remedial measures to mitigate its health effects.
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g Attt AluE] 2 19142l HQE] S5 0.77, CRE] FUFE2 0.013S Holu] AlLe] 2. 204 HQ2| FU%E20.08, CREJ
ZOJ7H2-3.69 x 107° 2 UFERITH AU 2 3-2 HQC) 72011, CR-24.82 x 10° ¢tk SlA|of| 22 2j@Alo] 71 =A] vt AL
AU e 12 JePgth 251 Ul9] HlA 7198 ZpA15] BT D7t 9lom 2|5k o8 A] Aot 4 9l tid o] " sl

FQ0]: SJeidE7E, Asls, vl4 9.4, SJal A5, Wt

NE

[

AIA A 5 3 96.5%, = 2.5%2 TAJ=l0] 912 (Shiklomanov, 1991) B> 5 Hael Tha -2 68.7%,
28k 30.1%, A1 E710.3%2] Hl&-& ZH=TKGleick, 1993). ©] F Aok 4] WL 411 7HE 5 v[AA] 9F
A1 = 5a°| 75| wizell o A 0= QIAEAL Qlek fb=o] At o] 85 F AISk o85> 11%°]H ©]
% 53%= 5= A YolA] o] 8_ITHMOE and K-water, 2021).

2ol @ H2- 55 2V A T sholth(Fatta et al., 2002). T8t ol= e} 7do Zoiigt IsE 713 thRedwan
et al., 2020). Smedley and Kinniburgh(2002)°]l W2 H A3} Bl 4-Zo)| A ujgke] v] A7t iAok, F4t S 2] <ol A
H|4:0] 7} &7 Vet AXSISIT) H]A0] H e d e Hlgs Alfl4, 5, 54 a7 Haoeloh
(Nriagu et al., 2007). El&= W] H]A= E 4Rl W= do| Shlum Z|okr= WEFIthBerg et al., 2001).
Podgorski and Berg(2020)9] H]4: lrE5F HElgof =1, 4 AAIA 0 2 ©F9,4007F-2% 2,000%F ©9] 1417} 25}
ERE IEEO HA(>10 pg/L)oll ieEE 7FsAo] Sl A 08 ST Aol W) Blae QIZolA o, o Al
AN 5o 27 FlslkE 2 = ATH(Smith et al., 2000). A[5}-5 FF H|4 eE 2 A4 B0 2 THFH O gL
LA AH 2 QIS H| A & TS o] o]Fo] Rtk B 75|t Mondal et al., 2010).

SHH =] o] A5l Hl A ol A Q1912101 @ Yl 0 = ZAREM F5 A d ol Yeh b= Hl A= 21d 719
© =2 JOIETHAhn et al., 2005). A1E 7]99] A2 ST O] A E|ZolRel Wolr] shitelo & 5T Ahn et
al., 2007). T Q1914 @ HQI B4 BF FH 0] TF X[ & AR 23 EF 578 219] 80%7| HlA = Ta<ol &

S| H] 4 9] g Alg—= 7] YeRdthKwon et al., 2013). AT
A Y Z[51-9] H] 4 @ R 4telEC] 2H A Gol| 2 HE]H A 2|50 739 7|84 0] o] Hof ghelo] & Y
oJuiz] ot 4 @ o] He Ao 2 LERITH(Lee et al., 2010).

H5ld 87 Krisk assessment)= 1]=12H4 % (United States Environmental Protection Agency, USEPA)I|A] A|9tet 7
o= SPFE, i & 22 EdEol ol QAo Y& PIAl= =2 B8l =EE kS wl Aol Al drht A
78 SIsE 714 4= A TWeksh= 2] Fo|th(Voudouris et al., 2010). 12Uk 2HA o] F2Pd I 7H5/do] Qlo] &
=2t QX 7T H Q5K Wagner et al., 1992). ©lof thall A=, AlF, Q1 WA 52 k] Tdo] E ashk(Saidi et al.,
2011). Aol wheha] ARl of o] F ofdo] o] lrEo] Hf =2 A 0 & UEhdTHAli etal., 2019). 15d 7= H'det
(non-carcinogenic) 872} Tk (carcinogenic) B7F2 W™, Het 3 7te] Hobd $fall(cancer risk, CR)+= 10°~10"* AL
0]9] 5|4 L FEA oot Bzt ol thoto] 1002 A8k B9t H7E] $I5iH](hazard quotient, HQ)+=0.2~1
ALo]9] 518 @ HEE F<-2 2801 71zt A ete] tisf 0.2-& 2-8-3HUSEPA, 1997).

Bang et al.(2009)-> HIE'E2] 51 2| 2] H]A4: @ 7} 91A2] Sfald B7HE ZIaYstAnt. o] ]2 4719] uR&of| A
H|4 @ o] Lehgt o Aot A ejel Z[olE AlpE ARGl Aol M= 42% 2] AfeFEo] T3 41Q1 v ffalit
U= Ao 2 FAECE Fart E|A] gh2 Z[5l= 100%2] AP0l v o7t Alrkal =] $ick Ravindra
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and Mor(2019)< Q1% 0] Tj7t2 2| Hol|4] H7 1, 5H L&, 4HY &l 2zt Aol @ o] epgthal sh3dct. H]
] Qo= 136, WM $lalite= B 60 x 10°.02 AXRIE]SITE. Waqas et al.(2017)2 7| AES] €l 5 2 7]
9] H| 4@ ¢ Z[5lrof] tiste] AE Zegstsint. m R S 7 S ol theh Eeld Brteh videld B7HE X198
SHIct v Y= 0.1~1129] Zho 2 LeRtom, HobA Q5= 5.89x107~2.77x10° 2 LJEFHTE Phan et
al.(2010) ZHE tjote] Thdat Fefjo[e] T 2] Hof| theh H] 4 eZof w2 el B7HE Xa¥stalet. Thd 2| oA H]
Hroby SJaE 0.63~35.82, oM Qa3 x 10, Fo hﬂ 2ol BlRMd Slall= 1.3x10°~2.087, HeHA
A= 1x10°~10* 2 ﬁl*PQO‘Eb— St 2]99] ARFES AR Axt xhe Aol A vl f13lo]
98.65%= LR ZA A Held floh=5 x 107° = yetstth. Aaofe] 2] Hof| =304 vlderd o= 13%, &
A L5l 34%.0 2 TekE| Qo

Lee and Chon(2005)2 =l 5L, 25, 574, T2t oFd gl g4t 39 9] 2|47 o] 8-5]= 2|5l H] 49 5= 77}
39 ug/L, 38 pg/L, 9 pg/L, 1 ug/L, 7 pg/L.O 2 Wepdthar 9}, Z|ola= 35 Ao} 2ok A% = 71 2 Ui vt
A Jel8S It A, 2|sk A3 Al 5L BAIA 4.155, 5 Aol 4,049 Q1A|o] 9lsigt A 0 & Lyttt
A5l & A R SJsis A8 2 0 2 LT Gang and Kim(2021)-2 4945k 341 0] 25| tish S J24
of| TRt 2 EAL 9l g B7HE FBEIAT H] A B 19 pg/L ofok=R LrERE o™ ofof] tigh el SfelE Hr Rt
25852 715S 28510 A9 95%9] ol 518 I’ 1 x 108 skl gh3ieh. A AlAlA o =2 7)ot
= U vlzell thgh lsg Bt A= lom, ] E5h )4 @ ¢of) gt lald B7 7 X8)] an Qlrt.

H] & @ A2 AlgtollA| f-alfobH AlA] AHollx] ehar ik, 25k W HlA @ A3t edsto] <] 7,400097, =W
25009 719] A7 APl om mshE #7tslr] flet Hijte] 2|42 0 & =o]=| 11 9l A2 Z|5k: o] e AEH
of gt $Iold B71= oF 20710] APEGIL o} 52 T2 At ol okt flald HW7HE vl Qlrk. e it &
& Aol opd 2L H]A @ o] ﬁrﬂﬂi' O‘E} wiEtA] PAt g R 2] S od 2] ol A H]Axof| gt $lsi g
7Pt Ee% Ao AlmE) ARG Aot lﬂ«l H] FAZE $1old B7el] thet = oF2] a=]2] ¢het
o} 2 A= Aok Wl A7 e AEe] 5 A S dVd o=, Aok Ul HlA7F 1A kS drivt A
= Aol tste] B4 Al @ B4 Fof %7}01-— A& B2 o7 S,

El

d[e: KB
=
7

Itk Chang, 1975). T35t 01—2—%3%@%‘2% S=A147] 1] |
A ML ARTO Z o] Fof ] glom TSP o = jlol =4 0 2 2HllAs] HlofIthKim et al., 2001).

2323 sMieho 2 s1RLO] FAJSM IRl A0 AMMIIRE Wt Chang et
al,, 1984). /2= MRS, AV s A= e dR = 25T o] Aloofli= ElFego] ARttt
(Sang et al., 1998). =AY 2MIR= ARE 52 0] FHI= TSIt 7129t efjolt). x| o] FAF-2 21,
Ll AE, HEZ o]Folz] glu1 YF 2] Hof| {2 Hof FAFo] TE|o] QItKMOE and KIGAM, 2018).
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o] 2 FH SoHA 7155 w11 20201 9] ¢ Bt 7122 13.3°C, F]117]£35.8°C, H|A7]2-12, 1°C°1U1 A
ZF2 1,629 mmO|tHMOE and K-water, 2021). 2[5k #82 &-3,7107h401H 28 1 1,768 714, 50148 T
1,758/ 4, 53-8 37 1847140]ct. A5l & o] 832 12,338,472 m*/ido|H o] F- 501 -80] 39%= 7} 2]

o AABIAL 80 = 38%, 5 U-E-2E 23%7} oS HHNGIC, 2021).

L= 4

Legend
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Fig. 1. Location and geological map of the study area.
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2 AT AR RSk Ak =7 FA| Sk HAE (www. gims.go.kr) ol A F155F3AT. 28 7ot ek U A

TAKIGAM)NA ol A2 <ol 2017~2018'A0f| X133t R} 712 2AL H A oA 319t k= o853t

o590 A[5l ZAR= 110 2814 217 ZIPE| QLo W A A @ - ZAY, 291 S, A1 AP} o] R R 12}
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of| A EATeER 0 ™, 2018'A 7171l RF 151714, S25/ 82 497 4-0lA] EATekA). ol A S E(-&, 74
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A58 B B W] 9Istol 3715 5 YL AT 3T HAAHH 2-8)9) 1) SRRl ot
w0l thstol WIS 1B, Wt 2 ulEeky SINt vlS3RelA ANE Ao2 WISkt USEPA,
1997). 1=EES A5} ) 1 F2 o nfe} A A1) Zol7} glom] 2 ATeA ol ] A2 ol galsict

A o] 5 - EE(mg/kg/day) :
DA, .., X SAx EVX EFX ED

E= BWXAT M

DA = [(p S au X tm;en,t (2)

event

A 2[5k -8 S E(mg/kg/day) :
G, X IR, X EFXED 3
B BWXAT 3)

A7NA, Ex= leEE(mg/kg/day), DA CTHIE & S5F EVi= o[HIE HI%, EF = 1o& F7|(day/year), ED= &

AZH(year), BW<= Bt B5Akg), AT Bt x5 717K365 x year), K= WFFI Al SA= 5 A, feen
= A7Hhr/event), C, = A5k Ul @ @24 B4 (ng/L), [R,-2 1Y -2-85- A F&(L/day)°]th. C,2HEFE A|9]5t Q1A}
S n]=Z3b Ao Alget 7127 0] 8FFATHK, = 0.001, foe = 0.58 hr/event, SA = 18,000, EV =1, ED = 30 year,
BW=170kg, AT=10,950 day (30'd x 365%), IR, = 2 L/day)(USEPA, 2004).

o} Slafie} et g1 ofefe] 402 A,

et Sloi=(CR) :
CR= SFXFE 4)
HHRF 215 (HQ)
E
HQ= RID Q)

2t QIAFE-& 25173 ol A A1 387141 el AATE gk ALEHITHUSEPA, 2004). A ()9} 4] (5)0l] CRE 7
o}t HGH i SF= u] ENeIRE) }ﬂ]—r(mg/kg/day)' HQh H]Hkﬂ- 5H 5__’ Rth H] 5\_9,] u]u}ou% & ;(] ]._9_3]. r,]- SFQ}

RD= 7378t 75 iuﬁ%ﬂl Sh=tll B 242] 9 SFO] 382 1.5(mg/kg/day) !, TH-84-= 61(mg/kg/day)’
2 Aot E‘r RID=737-8422] 739 0.0003 mg/kg/day, TF-E2] 749 0.00029 mg/kg/day = AXISIICE.

ALl 24
QA 74 H A= SIS Bk ST DA ] Alsla o) WAy Slel oisl % 37449 AlLke] 9.2 2
ASHATE, ATA NN AR S 2 ABESE, A0 18 197 9IS B9 1 ez Astct
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Sol(Ca”", Mg”", Na", K', HCO5’, CI', SO,”, NOy) ¥} 71719] B4 Lo thgh "ot} 7|24 0 2 25 uje} 2l
RA5P] Slof B/} TS U] A Gk webA] o ol 2 e Ml ST Log RLOR WEIe] B4
7(Shaprio-Wilks test)S <=3F5tSATt. p-value > 0.058 A r=E 2 T 7[5O0 2 A9yt 71 Ay Hf-Eirsh= 7S
stolaioict.

Table 1. Statistical results of physicochemical characteristics in the study area

Wet season Dry season
Min Max Med SD Min Max Med SD

T (°C) 15.7 273 18.1 2.5 11.1 21.3 16.6 1.5
pH 53 8.8 7.8 0.5 6.5 8.9 7.7 0.5

EC (uS/cm) 75 2,210 425 368.2 82 2,240 377 352.8
DO (mg/L) 0.6 14.2 3.9 2.1 0.5 13.2 2.7 1.9
Ca®" (mg/L) 10.8 762.5 48.8 88.9 54 520.2 48.4 89.2
Mg (mg/L) 0.3 43.1 8.2 75 0.5 55.6 8.6 8.3
Na' (mg/L) 7.0 282.7 15.9 30.5 22 201.7 14.6 27.5
HCO;5 (mg/L) 234 752.9 149.6 107.0 7.3 590.4 139.7 96.6

CI' (mg/L) 0.9 1,158.4 15.2 87.8 22 352.0 124 34.0
SO.* (mg/L) 0.0 1,250.8 32.6 225.9 0.8 1,510.0 30.9 260.0
NO5™ (mg/L) 0.0 73.1 6.3 14.2 0.0 147.0 6.9 20.9
Total Fe (mg/L) 0.0 65.7 0.0 6.2 0.0 37.7 0.0 32
Total Mn (mg/L) 0.0 5.0 0.0 0.6 0.0 4.8 0.0 0.6
Si** (mg/L) 0.0 18.8 6.0 39 1.3 24.7 10.1 44
Sr** (mg/L) 0.0 16.0 0.6 2.4 0.0 17.1 0.7 34
Total As (ug/L) - - - - 0.0 733.7 1.5 76.5

F (mg/L) 0.0 34 0.3 0.4 0.0 29 0.0 0.3

Br (mg/L) 0.0 2.0 0.0 0.1 0.0 1.3 0.0 0.1
NO, (mg/L) 0.0 22 0.0 0.2 - - - -

PO, (mg/L) 0.0 12 0.0 0.1 0.0 0.0 0.0 0.0




52 29 B2 2F 5tr2| AUR|E 2fsld It - 443

(a) Wet season
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Fig. 2. Concentration histograms of major ions and arsenic in groundwater in the (a) wet and (b) dry season.
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olall SO 7t = A Yeht= A 0 2 4 HtHCha and Seo, 2020).
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[1 CaHCOstype 100 100 + Dry season
[ 1 CaSO.type + Wet season
[ NaHCOs type

[0 NaCl type

meq/L % Cl

Fig. 3. Piper diagram classifying groundwater type in the study area.
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Table 1] H]A& FEgES 2 (1), A1 (2)0] Z-85to] AlUe] e 19] 7 255 AL o™ 4] (3)S 83t ALt
219 29}39] 2[5l 3-8 A eEES Attt o] EA At L E2E-S A (4), 2] (5)°ll 285t Av] e 8 CRI}
HQE ==5I3th

RIS ofglol], A, (AFE, 5204, A1 59 HThE WRITHUSEPA, 2022). 2 7] Au] o= wiaal e

o] opd At AJlo] sl 29 =] HQ =1, CR =109 HIEHg $5, et S1al71 Qlckar eke}odct. Table 29} Fig.
4= AU 28 CRIFHQO] 782 TAIgH Zoleh AU 2 1614 HQ7H 1 o2 887, CR-2 107 odo] 16570 Lte}
ok HQOl 943K 0.77, CRY] EUZES 0.013-2 HRIch AUHE] 204 HQ>10] 22702 FF3HS 0.08, CR >
1040] 63701 ZF7E2 3.69 x 10° 2 Uehdth Alu]2 32 HQ>19] 237H, CR>107*= 677]0]H HQY] U7k
0.11, CR24.82 x 10°°]ct.

Table 2. Hazard quotient (HQ) and cancer risk (CR) in the study area for the three scenarios

HQ CR
Type . -
Min Max Med SD Min Max Med SD
Scenario 1 Skin exposure: 365 0.05 377.33 0.77 3937 9.09x10% 667 0.013 0.69
. Groundwater: 182, . ) )
Scenarip2 roundwater 0.004 67.0 0.08 543 213x10° 003 3.69x10° 244 x 107

Freshwater: 182

Scenario 3 Oroundwater: 274, 4 524 0.1 547 321x10° 002 482105 246 x 107

Freshwater: 91
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Fig. 4. Hazard quotient and cancer risk in the study area: (a) scenario 1, (b) scenario 2, and (c) scenario 3.
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