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ABSTRACT

Background: Arsenic is a metalloid of public health significance due to its unique material properties and
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toxicity and the widespread pollution in the environment. Arsenic exists as inorganic arsenic and organic

arsenic with distinct chemical properties. Its toxicity varies depending on the properties.

Objectives: Although the carcinogenicity of arsenic has been identified, the various diseases that occur after

acute and chronic exposure to arsenic are not yet clearly known.

Methods: Research on the effects of chronic exposure to arsenic on human health was searched and the

results were summarized.

Results: It has been found that cancer occurs due to exposure to high concentrations of arsenic in areas with
elevated exposure to arsenic, but research results have recently been presented on health effects caused by
chronic exposure to low concentrations of arsenic. Cancers have also been identified to be related to inorganic
arsenic, including skin cancer, lung cancer, and bladder cancer. Significant relationships with neurological

diseases, cardiovascular diseases, and diabetes mellitus have been suggested as well.

Highlights:

- Exposure to high concentrations of
arsenic causes cancer.

- Exposure to arsenic at low or moderate
concentrations can cause a variety of
health effects.

- There is a need to manage chronic
exposure to arsenic in arsenic-vulnerable

areas.

Conclusions: Our results suggest that it is necessary to evaluate the health impact on residents around

abandoned metal mines and industrial complexes in South Korea.
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Z(metalloid) 2 24 3+ T EY, &, 37| 5 oA 22
SKT Sick. Bl B4 GHY SHMES YA, B/ 0 7] 9
HE Z3ot= Al 2522 UrofA=t, dut 34 S H|
AL GRE BANLE oY 1S 9 v Fet
H35lE 2 Q)rh!? v A0l FE| & 37} H]A(trivalent arsenite)
2} 57} ] A (pentavalent arsenate)= F-7|H|A R B2y H

o= AH(monomethylarsonic acid, MMA), tH€ot2Ak
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(dimethylarsonic acid, DMA), E_E]ﬂ]go}iﬂ'(trimethylarsonic
acid, TMA)7H5/d0] Qlo] f7[H|4a=2 RRHEeh Hies it
ArAZHAoA A LAY = FEE QAT TheFgt AbellA
QAR AHEEC] Q11 i} HlAE HHEA AHY, B &
HEZA 5o AHEE L o TA = wekol Hol A=
Kot FZole ARgol STEUA. EFF oJgt Ropo Ak @
HAFE Qi 25 (yaws), oFHEHY 0] (amoebic dysentery)
of AHEEH I 23V FZol: HEH RAZE /LH
AHEE|T Qi

HlAk A7E JHAL 55 o) muel AA &

Copyright © Korean Society of Environmental Health.

This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/), which
o  Permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

https://e-jehs.org


https://orcid.org/0000-0001-8522-5820
https://orcid.org/0000-0002-9037-3761
http://crossmark.crossref.org/dialog/?doi=10.5668/JEHS.2023.49.5.237&domain=pdf&date_stamp=2023-10-31

238

r
oA
re
ofol
of
>

AEL) 4o AFH O Z EF R ¢k YHIQIES] H|A
S92 Ao 29E =3 23 EYolA A A4S 5 4
ojof] o3t A kFof o3t Aoltt. °HH EolH Hi7], EY
g &0l LEt= HlAs F71H|A FEjolA|ul, LAAgEollA
SAHE, SR F 59 AFHE B0l LEEE vHlaes fY¢
AR FEE vlAE S Ao ahet QA RlXE &
A%k 2pol7} Sl=dl, F71H|Aa7t f718] 40 H]sf| =/do] ZFst
31, 37} ¥]47} 57} b] 4o vl ZAJo] st

HAE Fugt A-EA(IARC Group 1)E BFE0] QJrt?
Wby Qo Ad, AA|, A% 2 587 & ohgFe 71
o 54L& YethfiE Ao g &EA Qot )=t 35 (EPA)T
ANAEZAZ|F(WHO)+= =8 W9 B4 58 5%5 10 ppb
2 Algkstal Qlou, WA, He, 1%, WAL, it 5
9] 7ol A AFHBh= Aotrolli= 10 ppbETh -2 F2] H|A
7t mgslol ol 28 ARHEol WO R vlo] wid
Foi7h ek

etk M40 EROURI} £ L AU
Aeto] ol ZAEHT o ¥l 32 7150
ek, R, SelLtel FHSL §71HI40 3
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1. ML} SEH(HILY S CHAL 2 HiA)

H|20] AU F4& & Sdolv B+ A3 E &8l =
F5E 55 A RS W, A3toA9] &0l
90% HL= Wi =1, S5 HAY FH2 71 A%, &5
oA 7H FEHRAILE? rH| A% X 535 (cellular respira-
tion), SFEIE]2 thAL & DNA ol Tofst= of2] 7H4] &
49] B AL Bet ofyzt, Hivks SsiA Hiote] 417
grgho]] 932 vd 4= 9l BlAo] tiabs 71640 vE
SIERE AR, T2 A7 T EHEA tiAr 2ol 71
Pt F7HAQ] 57} HlAe 371 HlAR SHdE & AE
of F4Elo] MMASE DMAR thAtso] 4£H 0 2 ujEgct?
R4 A I Qlo] viE ARlo 2 v -t (Fig. 1).

2. Hl22| XE J|H

H] 0] P2 ofn] a7t HJYARE,

Hl& g S0 st et AREY] e A8 V1A
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gy =442 - 214 QRlof Qg J&Ftr] uf&ol
7148 o Q- BASIEMY v 40 BAL =& EHE
o} 717t BESA F, A%, Y, 9 A4, f44 891
of o&gtrta FHA Ut vlAo EA7AL nERCE
o} 49| Ao o5t Al 559 Ao 2} AFeFQlAtEHoxida-
tive phosphorylation) 39| ®a|2 Q5| Yepdtt v]49] <l
A 542 tiFE F7H|4e} Axto] 9loH, 371 HliE 571
H|A& K} 2~108) =/d0] ZFsteh 37} BlAs @A o] thiol
%= sulfhydryl2te] Agte]l oJsiA] 2007 o2l A4E A
AlZl=d, ol# gk Ioll ofsf AA1Q] theFet 7)ol FH LRt
YFE v|AA Hek'? 571 vlAE ?l(phosphorus) &2 A =]
o] P2 3B 710l BofsHA BT Q1A ol B2
9] 9 HAl 7]H (major metabolic pathways) HE3}oltt. 3
7h HlaE HEkE o] 8 ARl MMASL DMA =R Hets
o] A¥Oo 2 HijEFHET 9 Atol|A= 37} BATE ZIbE
Y w3} AFEQ] MMA(+3)2 DMAMH3)S &4 oA, Al
2 =4 9 {4 542 st /0] HE worital B
T TR A vl ESHE S 3 BRE B
33} PO & ZFEANE o= H|A E AH E ol o

ehgerd 4 o

Arsenate Arsenite
OH CH
| GSH | il
0= ad—OH e HO — as" —OH
1 Arsenate reductase
0" “saM
Arsenite |
methyltransferase | SAHC
e
l (10-20%) Y
o-
f\ arsenic (10-20%) 0= As'— CHj4
~.__ excretion TR |
OH
Methylarsonic acid
(60-80%)
- o~
o~ MMA OH
| | Methyitransferase |
= pef—
As" —CH3 © he'—CH AT As" —CHs
Y
| | ﬁ - .
LoeHs CH3 SAHC SAM OH

Dimethylarsinic acid

Fig. 1. Pathway of arsenic biotransformation
Adapted from the article of Tchounwou et al. (Environ Toxicol. 2019;
34(2): 188-202.)” with original copyright holder’s permission.



3. QM ==Yt

H|4 I35 SQ16k= A2 H|A0] =4 A A4 A
9] Xcto] QoA F85tttk HlA &0 SRl flsiAl= &7
A kS AR o= AAESH HYEH A=t 43EQl
E AREA 7EA7F = A0 S5 Hlae 5 ARE T
o 57 o]/Fe] tirtEE HghEo] Ao = HiEH AA H]
A E AEE Y, AW, &5 Bgo] 7heet, 2442 A%
249 oo} Febd g 7hA| 3L QIH(Table 1).27 2 vlAE
MEL H]4 leE A HEE2A Q] 7Hs/do] Al7|=L AT, HE
7t JEohe 3710 E-E WA vlad 9 52 2l
S A= O] @ FAIZF AL EA4F0] ofFof osliA] ob4] o
4 Aol Agoll= AT Atk &5 BF AR e
F9u 2d v R AR89 HAY T 49 o Zo]
ULk &5 B2 GREA 0 2 H]Aof thigh vA 9 vy e
S Fhgstal AT} AL Bl w A T H|A &S vHs)
£ dlojomtAR ALgS 4= Qik”) @3 vjaE oA wf
2A AAE7] ol < sk e FUlot=t {89
A9k, AR 5742 EA mi & (blood matrix)9] 444 A ETH
T A0 ofg7] wjZof| o] FHRl E AR E &85 |= of
Hrt H|A9] eEo] tiet BAAREA 8F HlAE AR
gt oflet 38718 B8 =&k WrYsts SAAR ARE @
2] &89t 4 Y vlAE IE F(most arsenic species)©]
HiEEo] 74 7Heshal A& 57t 4= 9t oY=l &AW
W H]A& o] AlZho] Ayt A ¥SHA] ghof HA kEof
izt 7] "ol eutAR &-go] 7HestEE HoHA lLofA
71 0|9l AA g A Ho| Tt 202 SR H| A E F
24~48A7F o] Fofl AF T A= tiFEEY] B AT v
7] W zofl Hf keSS HAaB7IE 5 o, 2 2~3Y99)
B4 &0t HhgSthe o] Qlrk™ AW 9] HlhE A
Al w57t gebd 4= 917] W2l spot urines BHE
Ao 2 AfFoHAY 24 A1 B AF Sko] ZH71Q19] H]Aof o
SR =& Wrlohe Zlo] P Qs ER 77 |H|40] e
e =ES LS SlSiAE W AF 2~34A R siabE A
+ Algtsfiof gtk

Aol S5 F7H 4t F7HAs B YA AAF 3

Table 1. Advantages and disadvantages of arsenic exposure biomarkers

O 2 jdEm 2 3719} 57F 78| A9 MMASF DMA
sto] HeFsls Aol vlAo & AR EA 7MY HAT
Y73 QIek? Ty A, A7, ARl 71 o], F<,
10] 21 59| thefet EHo] FFol oA 8F BlA &
groll gt 4L Wi oAk FAjo] A =Z g7t
AREAE 8F vA9 T £ Aol 7MY AgshAt,
BA0] H|-&A0] A 52 125 £ o F7]H]49F MMA,
got= A k2 2 &

ox I v qn
o 1o b
LRI

Y

r
=

AL AR Bl e $2S B 5 A AR
= 24 uhyo] W35 SyulA] oA Selvtet T
el 40| FeE Seo] Tt A Aol

SRRk Z 2ol olo] et B4 He] ST Slo], FEe]
2 Aot wE4E U A JFhe] ATHES HASHE A

U= 715ko] uFAE AL Q).

J2

H4 = 23719 387] &2 53 ol T¥st= 2st
3 SEQ FGEHo|h vlAavt FAHQ] HAEAR 9
o] SAYATETARCIN =4 A2 1980dH F-E0]
o2 S&5of| A9 Hl4 &3 WM Tkl HEAo] A|7|E
HA BEE AL vl dieh HEElA] oA 3= o]
o|F AL, ot ATE2 ¥ HlA =& of T
Atolo] TS FHHPCEH B2 Ay} JotAl AT 2
=2 E o, F7H)4 SgES Fust SEE(Group DE
=751, DMA®H MMA+= I47Hs &4 (Group 2B)E 57
S X]9E, Arsenobetaine¥} THE 7|H]4 SF-ES WA EE
2 E2FHA L=HGroup 3). F71H]49] o] gt ok
St 7Hdo] A71E AL, oFA7HA] o] & AR & U= EAY
EAR1 71-o| disiAl= Hes] A Utk A9 B
& 7140 HisiA= 97HA9] tE As 7RISR EF A
(induction of oxidative stress), SA| ©]A} G2 (induction

chromosome abnormalities), 37 Q1A} W7 (altered growth

Biomarker Advantages Disadvantages

Hair/nail Reflects past and chronic exposure Difficulties of analysis

Blood Best suited for recent high dose exposure A more difficult matrix to work with than urine
Urine Easy to collect samples Reflects arsenic exposure for the recent 2 to 3 days

Useful in speciation analysis

Can be used as a stable biomarker for long-term storage

Depending on when measurements are taken, maximum
exposure may be underestimated

There are difficulties in interpreting measured values due to
confounding variables

https://e-jehs.org
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factors), A|2£ 54 7}SHenhanced cell proliferation), 2¢Fe] =
A4 ﬂgg(promotion and/or progression in carcinogenesis),
DNA E7% ¥H7(altered DNA repair), p53 A+ AA|(p53
gene suppression), DNA W3} e H7(altered DNA meth-
ylation patterns), A2} Z-Z(gene amplification)]2] 7}do] A
QF=lof Al AJefjo|t’? @A|7HA] IARCOIA BlAke] TAAGS
SRt o2 R Hok WEgeolar, Thek Al APt
of thofiAl= Heka] A+t ARt ofF] AgHAole}. H] 4 el
o] Akt £AH4 HAYESS & A A FAE H| A0
o5t Wreko] AP Al W A1 A, A QIR &St ¢ 1]
A AR T wEo] 9l Ao 2 ZHEHEY vhe] W
7 2 H 393 H514 Z7(Key epidemiologic evidence)
2 ik rZebd|A) > AP ol2dE o] wisk
&7} &R 2848 AF050 pg/Lstes Fylof sigE
FZole F&5Y As=100 pg/L olsh T ke oF
ABake] Tl tigt A-Aart B EI Qlof Hebelsi:
Ph4lo] " g5}t

4.1.1. T8¢
ulash TiRete] el Be A7 At AN )
, 37} H]4= UV-induced skin cancers2] 2430] 593+ <5t
S w0} hets] TBQRe 2 ZBto] ofs] AHE
AP AT A Z(squamous cell carcinoma)¥} THIELQ] 7]#1 4]
Qt(basal cell carcinoma)°|tt. tHHHX|Y 9 6549 FTE
A+Ay} T oHF YEL 14.79/1,00091E (person
year) O & UEFGE O™ S5 (black foot) F-Z|Fol| 49 A3
717, 5854 AHE7IE S&FU HlA Bk, HIAY FA k&
A|pof] whet wFQt WhAYo] RolsiA SstIctY @7k, F
thol, gzuly|of FHlE o2 £ Aek 4o &
717t &&= AF0l e YA EE BrFske ekt
A 5852 Hl& B 100 pg/L ofstoll A= o 7|44 2
HBCO)T oIt THAo] Y-S R st

o
3

o &

Moo

4.1.2. 9

oA R HF ATNAE A 5099 & ¥4 BE]
8% HAo B2 w2 Y AYEI B2 AULE

o] Fagg Bustgirt” ol #E thiEe] st Aol
A B A2 ARl ghol 2~32] Helell glor, A
A o] whe G-k WA RUHT ok FAR

=
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LE2 H ¥yl AF5EE(synergistic interaction)S SFH,
HlA =29 7HAE SR {34 AgS A t=
AL BBt Jeu, 279 ATEL Tk HA
LEuo] HA A=A Asko BlA =57 Hdue]
ol et At v =Stk o] Elsk] {8l wl=Al
Q1A 3,9328(45~74A))& L& A-F 5L HA 5
(&a®9] F7H|4 S74)et o APgate] Aol tit FSE
AF7E SHEAES o] Ao A o] Fr]6] 49} v 3]
2:9] BAF2 9.7 pg/g creatinine 0. & A-F 5k =& £ 0]
AL, HF A B4 E 2] ATl ths AT
A}, A=} 1.56 (95% CL: 1.02, 2.39)2. 2 = 9irt.

4.1.3. 9339

Aol 9] HlA k&t Wg e T Tl disiAe
gt Br2etdA] 59 AT E5A AS5Eo] Ak B
$29] B4 g H Tl gt g8 AFoAE A
9] v]48} Wt Atolof 73t AT F-g TAE A
ok JAEE F5% ol5ke] 1=&(100~200 pg/L)OAS] A
7 Y AL YSoHA] FokL Utk Aer HlAh kE
I} vFag et A Tke] Aol tis A W =3o] k. 1A
o] ATE0] EFET TAH AT & Y BRY oF
7Hs/3o] Qlo] ol& Hekst Hest 9] W gAdo] A7]|Hrh
o] H|A E AeoA §A2 HgHegt opyzt vt
2ROl & 45285 Sh=t), o] 71792 DNA repair®] A<}
LrPdA9 7hao] o) vlAae] @EASP) Welgoz W
Yt 7HsAdo] ok SHATE Y uhE Meliker 5472 B3t
o] Qlo] Ak ¥4 kEIt S99 AT ikl A4
a1 9Jo], Ao HlA wEd &, 281 BEgetate] A
42 EZASH dollt &% S} AEE HlA kE
ot gk WAl disfiA= chdet HlA kg0 Fote &
o it et A& Bofl Hot gust 7Pt " astek

il

S

414, 29
Hle} 7hoh lTte] QRS w17 Slat At ok 4

Prglont ATATp} A RUEOD vk wEY 71
o WS B i A5 AT B4 o] ME
$Y-ITAS BT 7L SBk el 13879 of
2 FNL YO & 208119 FFH TE AN F
1103%] 719 K 8021, o1 3018)S Thofsta o
WY AT F4E Ak o] AL &g ¥
271 0.64 mg/L OV W= w Wl mEOA 21t
] G213 378 BB, 1 olafe] Aol Bl
o] Qiekan Shet

P



4.1.5. AHAY

skl vl k&3 APAYTe] ATd2 givt 5o o
Shl ol A AAEAEY T8 Ao Bl kEat AP
Aake] Ao e = EFHAlsH ol tigh Hgha At
T BET Bt o}l oy Atuict Aogh A ATE
Hlt, dinta9] IS E 7|9 oA Ao HA kE
(0.05~25.3 pg/L, Bt 1.2 pg/L)Z APAY AH Atolol &
oJgt AwAdo] itk B 113t ubd %) u] 2 ofo] @ 9} FroflAf 4]
F9 HA &S AR YL BR (WS 1.08~2.06 ppb, &
7t 2.07~2.98 ppb, =2 2.99~18.6 ppb)3t T QA 5AHA
8217 A9 a9lo] uHA] 2gH HHALe] ¢ vl &2 &%
OJZ 9] AWML BYE? E3t A-F 5% H]4o] =EF 1|
=7 QYA 3,9328(45~74A)S L= HlA & (4R
71814 S7)3 oF AFgoll tisl AR At AP At ARG
£9] AP =7} 3.30 (95% CL: 1.28, 8.48) 0. & H|¢+o] A&
AFE 1.56 (95% CL: 1.02, 2.39)Rtte =4 T2t
JYu A vlA eEo ost APAQte] WAz} vl o
o] disfAEs Brh @2 A5t 2 adh Zlo & gt

¢

4.1.6. 938y

H|4 leZo] o3t Wiy Tyite] Avgd S ¢
=k U= MIT A7as HARRAIZ 229 Woburn A| %o
A 1966 5H 1986\ 74| AT Aol Ey $H2H(28)2
go] ml= B9 4f oF o ® 2 Ae WEslaL, o] Ao
O] Ast7t =479 518715 235t HIA(70 pg/L)%
7240 pg/L)°l 24, o] ¥H FE&+E A9 FHECl A
Foh= AS Slsto] vlaet A7 ot iEd o) 7hs A<
AA Bk Egt W=t A= Eujole] WEHH(ALL) 4olof o
3t Population based ¥HA}F TRt A(69')oll 4] AHLo] 4l
F HlA =S g o] FOfRt AydE H(0R=1.33, 95%
CL: 1.02, 1.73)SFE 4p0] W] &3t HEY o2 Q1%
APFETS] ATHEE ERIgE AFolA A59] Hla FETt ]
&9 S7FS djuit WE 0 = QIR AFEEC] 0.344] =%,
S A Wi A9 HlA =7t 2245 WEPo R QT
APGEO] EUTHY YR g} Aol HEgate] Ay
A7F AY Wil B sk Qled], 1 ol F shhe o
o AS Aot SAEHCHA AE/d WiEHol digt
FER T ARG EE H|49] 0]FAR] B4 Y 4= 9lck

NI

3 A7

-

rr

4.2 HEYY Y

o o

4.2.1. A7 4, 719 9 A4 s (intellectual
function)

A S2d Hlaes GBS olde FET 5 3L
B2 ofgd Ao Fd v]ao] 234 AgRlo] | Fofl A7

FopAjel Wiske Fure 4 ek olejeh wak kBl

R B S5 =
wEES T A5E 4 ok wlao] oJg AAYL WA =
Boz AH R8PSO ShIRA R 220l 42 15

of e wA B4 do] % A5H B AFYE}
4 AL T8 AYH L ek W19 oflo]
ALONALE B2 =BT verbal 1Q L 7171012t Bt o]
9Le-g Bushelr), T8I olefat BANL B4 nE S
o] Y= 50 ug/L2] =2 ol7lo]7} 5.5 /L] 1 of%)
o] BTk WISC-III 9lo] 319] H|AESIA 18 94, 25 9 o
2 52 Sk o] fofsk Holdrkn Shek Y 42
e Ao A e} obo] A7eHe A7} ol Hasln
Qi 20] qiof w2l wlao] 2 ofelolt Yo
o] W A7} A% 2|50k kAol U9, ofziole] A9
Mo W FEE A 7| gact §F-0g BAT U
B TSGR ATQIo]A 6~94] of2lolS ho.2 uld
Zole 28/3 $5 NADHD)Z Aol Q=4 7t
Ao 28O Ml SF0] BLHE T WG AT
2 EH §F t7] ARkl Z7HALL, H50)et Bl Bto]
Ak g3t §Y-0HS BAS BRI £ 7o}
o Aol MR A5 vlA FEIt 5L Age] AR
SSe] ma ulol FEv} B, B v BT
o S-S B ulk st ke Sl vish AE A
A A7 S sl 157~4.6790 B 7SS BIFATES
ofzlo| it ofujel, Aclo] FH0 E Hlid nBES
QA7) e vtk B sk g, s o] ot
29 vl e g7 e $29] F L WAl oA
AP % 9 S22 7199 B47 e A3t Fo3t 4
BAS BTk olefat AN Wk 20| KL, £,
%F 2910 QJ3jA Her 4 Sk

a2
;

tlo b rlo

7

—

ot

=

)

of i

42.2. 3=
T Hla eEE AR iR Tl digt 7hs/de] @ol A
71%] 3L AT B4
A gite e £4s5te ol BT S B3l de

fr
M
Y
W
(N
>,
i)
o,
o
&
5
N
fE Rl
N :lo
iC)

Y
Y GHE Aolo] ATy Brlol wEm, 2] vl SEE
A2 Gy U ey 30 S8 F JUBALS B
TR 53] A9 AFANA A% 1 vlao] e L mFo]
A28 Fgo] A F71e Aol Qe Shlck w2t
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dAle] ATNHE A5 B ulae] w2t ALY Fgat
o QAzhe B IskEck? nle] YAt ol e hoR o
A Hoo} Bl dte] ATES SRIT ATOIAE BE
of w20k A1 Fieoto] ATHIS SHIsIgom, 440 v
& %S 1g/L7t 374 whekeh A4 G 91go] 10%

© 4ol gAY dddol EREstthe A+ A3 A
=3 QY B 27k Q7o AA] Pt o] @R](diabetogen-
i 2.2 Z-g_teal F7gstal ARt ofof wigt ARt
71730 Higt 1trgo] HEts] o] Fo|A|A] 2 AJHoltt.

4.2.3. DR

H| 49| 24291 & (67h¥~2d ooyt Aok A F
59 27| £4 F otUE fR4 FA4o] Ui, HA
9] & H=of whE thFeh mEAgke] g wet A A
I7F AAE L Qlet. 5] WA W= Th HA 54
9] 71 7] o7 Wstol, 743152 T HlA =29 4
B2 st AYA Aot HrZetElAle] A7V o5t
9, 10 pug/L o]otY] W2 850 &H F71 1679 5 3678
(21.6%)° 4] = =(melanosis), ZFe+=(keraosis)°] TSI
t} Ahsan 5799 T T2 Ao AT BFEEEA] 1 11,746
HS thoFst 28220 H|A B £22(8.1~40.0, 40.1~91.0,
91.1~175.0, 175.1~864.0 pg/L)°] wet =5 AsH A%, 7}
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