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Ecosystem Risk Assessment Using the Indicator Species

Jin-Soo Chang * Kyoung-Woong Kim*
Arsenic Geoenvironment Laboratory (NRL), Department of Environment Science and Engineering,
Gwangju Institute of Science and Technology (GIST)

ABSTRACT

Risk assessment by living indicator species provides the information about the ecosystem disturbance, disapperance of
symbiosis and change of living group. In the initial stage of this kind research, the degree of contamination was reported
using the level of simple number, but simple number may not represent the risk itself which can be casued in the living
organisms. Risk assessment using various indicator species overcomes these limitations and can be expanded to the DNA
level. In many developed counties, the government has supervised the researches about the indicator species for the
monitoring and its application to ecosystem restoration. Several living indicator species found in the vicinity of the
abandoned Au mines such as fern, earthworm, bacteria, rhizosphere-rhizoplane, salamamdor and DNA change of these
species are described in this paper.

Key words : Arsenic inicator species, Arsenic-induced teratogenesis, Ecosystem risk assessment, Animal test, Rhizo-
sphere-rhizoplan, Ars-Bacteria, Fern, Earthworm, Salamander
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pud =
229 (greasewood)’} = H2 A

Tg: 27T
itk 110 Q= Bl AAHolrk Yk ol it ¥
232 Uil Aolng Al $AURS Jrid
ok ARl A FPPE, ME, AFE 5

d

I} 28 FHFFAS doplled] =20 He 2ES 4
=t} o]FA 349] e WskE sk AEES A
®F - AspAEo|lZ} k@R, wwwame.gokr). o2
AxF Ev AFAAES 1 FFH7E oS tdshe, 53
LA e tEeg JAE ndsh]e ol £
=M FEES deE, 53] HlA QA
o] AFAE o3l FsaAl gt
- HIFERARE I o] AETE AtE H9F]A]
ol FAHEGTE Rt d10]a o T
S X AT fEE HEt A
AFIet. Frhles e SAAE LA
H A Al FEks v, Hi) GFelE AlEES
H ET A3l pHE Wil S gshA 3hH,
o] sixnlgel E=2ol= o] oA gt o3 2
7BE BHEA Y AEE TS AT Xia et
al., 2002; 4171, 2005; X", 2000, = @Ak,
2004). pH 0.2~2.0 ZAA B3 AEZ] ale =+
H AEA] FA8S ZimE]H, pH 4.0~5.000141= AJElA] A
EZ9 4 A A, giie] Eavle S
2 AR 9] HEiZET 2= AEiAl A1 AR
=2 pH 6.00% OF-E Ao} A k&,
2005; F-E7, 2000, @SR, 2004). e &
do] L A5 2ZH] LFFA] A3EF Tlete] M8 F o
ofsarl, FAHYENAS] HEst 2L B FyPL o]Fo] A
of Et}. o]F ulge =z A AE Foll TAS Eo] F
P4 JS Aotk

=R Aol BEolAN EYTHAAES Edtslar
S71e G s, HEAE $EA] FHEA vl A
Bjghd] AR iFoZ F Q3 AAolt), 2 9E EYS
HIS3HA| vhEal T AYEAle] Ho x93 F
2 9gks @gsta ok 53], AEizle] 55
T8, Al FUA, gx%, W, un]e} e AEE<
T LEEES &le 9ES HIsl UTHE
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gekel Fo] Aol7t A=Al QO Elisenia fetida,
Lumbricus terrestris, L. rubelluse =2 H|ASAAZ
EAste] H53atk ZAfEo| = EA)s)ar JtH(Langdon et
al., 1999 & 2001; Piearce et al., 2002). ©]&|3F X|Fo]
A 2SS e wieGEAe) ol ARE T
531 90} AEoks Mg Aol FHsht A 55
2 3l @ Aoz deld 9, I AxE AFe] F
(species) B HIASIRHES] FFel we} oh2A] veRdTh
Langdon et al.(1999, 2001, 2002 & 2003)2] SAollM =
HIZSIRHE-S arsenate BT FA400] B JE|= AAA
Al A7 S8k A3ke F vello] Fa1 o

E85 A A Sl 8 ARFOoEHA 1
7EA7F w9 =k BlaE edE Headike] AE 2l8)
AZEAPIA HIZFAR1 718 ] EEFo] WHEHUAL,
ol 718 =¥ A vlAsErt w9kem, 713 9l
= A F9lel digh EAESS A4 gkt 29
o]Z & 4 QIAUTHChang et al, 2005 & 2006). 2
FAAM 2 TR HlAd] TR =FAR] E8F
M= FuF ol teje] 71¥e] WAste] SARRF
S 2X9] 7IXE HoFUAL, ol2fgh f314; Hol= 17k
< T & B2 sEATCOANE Rl ATt
(Links et al., 1995).

HFrE T AES BESP oA 259 Tl AL
2HA|AL Tl Rto] B}t 1 FRell A AES & ¢
At} A2} AEF IARE B ES Thsshe AEE
O 2 Ykt H|AFS 534 (hyperaccumulation) & =
o] HE3l QItiMa et al.,, 2001). Brooks(1998)0l]
9J&hH Brake ferns(Preris vittata, YA = BEXOIA &
3 HIAS 2JEAWol 1,442~7,526 mg kg-17HA] =7
3L, BIASE 29.4~15861 ppmS H=3p7ollE 2F
o] 7IRto] g Evtar st w2 - 2 P AER
TASPHEA ] - Z7] - 98 T3l HiE (pumping)
M (vacuole strage)oll A= AHE R, HIAE
FE EGelM BAFZOZA] 7] Bk ope} o9
ANA 7VsA7A HelFA K (Sparks, 2003; Chang and
Kim, 2006). H HlAZ 0dw Failol|A] vkl T
3t oles & AWETS v e HIAUWASE
(ars; arsenic reisitance system)o|™, o]} Fes}o] AYE)
SRl B8 AP AR AEZA) He o
7} & 4= )& Zo]tK(Chang et al., 2005 & 2006).

=2 HAE 299 B AeA W7 &8 7t
55 AJEl 213l4d A3 (indicator species)®] 274 2 &

A} A3 (molecule index) 7ol HQ3F 7| ZxATAvE

g

o ya
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oMM MaslE AEFo] HlAd] =EHoZHN W
sle A AEiSAdErte] Aol AAxES g9kt
ojck. £ = Ulge (1) HlAE 29" S Wt
7] 218t AJA Bl $I18%7E, (2) AFEES] Bk =
zol ofgt A7, (3) Al 2 A S WA
S o83t ¥lA HAA WIAYUS, (@) AHelE ol&
HIAEA 371 (5) HIAR 299 3H40lA AJejdhs]
Bk 3 =55 AR 7Fs Ak (6) XA
2 vz BEE Wesolth o3 AnE
2 HAE 999 rHEEo)] e BAR|FE FEllA 9
71837}, Tl AEE x5S o83 9Jsigd
7 2 HAEAA7E WAUS Frkl EEEo] HEEHe
2 A 2d AARE FOEX AN 7S W1
= A & Aot

LW, o o
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-

O

ol mu @
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2.1. 21X 2IHA LI (Human body risk assessment)

HAHA Al 7P % ARTeRE dHA ko
™, 53] HlAslghEe] QA 54 IEREH dEA S
<l BlA& B =22 A §3A; AAE HIAIA T
HEAEE ZEFo] YA ArheEF-, 1999; Gary,
2003; Huang et al., 2004; Rossman, 2003). ©]&1 %+
=29 994 wlEol EPA(US EPA, 2001) HIlro]A]
= 587% P& 24 VIEAE 50 pglald ¢ w
10 pg/LE & AS F8IaL A4 Aldselot. A
olgfalA] Egle AlEIEs WA X iae
Al AGFRIE0] A8l EASHE vl Ho) T
=of w3l 3,000 oJgo] APgalar Urkal gch(Harvey et
al., 2002). 15t = Qo) tigh HlA 2 AlElE diRt
(Bates et al., 1992), W]|E(Berg et al., 2001), &=
(Wang, 1984) 5 ol& yglollA Hil ¥i1 Jtk(Tehou-
nwou et al., 2004; ©J%<, 2002). HlAe 371 2 5719
F71EE FEHE As)E BE SEE, AAUEE
Eol Hlae T2 o, v, A, 7h 2SolA dia
& sh=tl 2sle) e T2 7h FAollA o,
TUYE WS T A2 vlsdn) &3 vlae 5
2 H27R=EET 0.02 pe/gyt FREAd] BEE] U=
Aoz 4HA JtHYu et al, 2006; Aposhian, 1997;
Nguyen, 2006). H]Aol| M0 F w=Zu]H A dAEe]
o7} F23leo] AlE7E AP (cell death)E]al, DNA £
Al B A1 =S WHSE housekeeping genes

AAAA DNA E77} ¢kElo] Sh(cancen)o & HHHFICH

Cheng et al(2004)2 H|47} JAK-STAT pathwayol] 21-&
sl el BT 5 s TS Barsiglon, o
E AFAERE H|A7} telomerase transcrioptions A5}
of FHA WolE doxitkal ®AEAtH(Chou et al,
2001; A3l 5, 1996). B ZHekA(Telomerasey= G2
Al Dol 9xIgE 17t S "Hdehe AR, H
2ol ofsk "2 mElA] £ (telomerase damage)> G|
Te A2 “TTAGGG Y] T8-S Wefiste] F4A =4
o] (chromosome mutation)S THETF, o]#{ g G214 ¥
ol HIAE Qg A fJ33E7Ee] BAFEEAY &E-
7VeAdEe AR WA BlA = Q3 vt B
Sk W2 gt Haso] ok HlAVL ME] S48 FE
3} AlFloZ QIS ATPY] THAw ME9] B 7|es &
AR Fig. 12 Efrsa HlA HAUSS BTt
ML 5, 2006), HIA 571+= arsenate reductase E2~O]]
&) Aol 3712 F(species)AE=H, S-adenosylmethion
compound®] EAI3 monomethylarsonous acid(MMAY)
2 A3HFY. MMAYE Ea4ol] 93] glutathione
(GSH) &4F ©]83}l monomethylarsonous acid
MMA™MZ  AEEH, FHF A= dimethylarsinic
(DMAY)®} dimethylarsinous acid(DMA™)Z == Zlo]t}
(BI85, 2006; Filippova et al., 2003).

rp

22. S2 QIS TI} (Animal risk assessment)

TE flEdErE I Ak S TR B ES
ol-g3te] QITtelAl 2 Al = gl 71T e
- IZHNAl gt RS Z83)r] ofFdl 1 H/go
BHES &7 S8l JAEE A7E AT A=
< ARBBl FREE ATelMe AIAAE Q& 5=
| Yellle 9h8-& #Eela, 1 vk AnE Fake] At
golu} 7Je} b2 TEF4 ofust s = Ve H
7hgitt, vlA SAAAE A S48 (acute testy?F T3

A% (chronic test)OZ UFo] =t FA4 AT HlAv}

o

AsV (arsenate) As' (arsenite) MMAY
OH Inosine OH SAM SAHC OH
I Lipoic acid I |
O = As'—0OH HO - As'"—OH O = AsV-CH,
1 Arsenate Methyl- |
O reductase transferase O
MMAY
GSH reductase
DMAM DMAVY MMAM
OH DMAY : Methyl- OH
AI . cH reductase o AI v—CH transferase AI "_CH
5— = AsV— sl—
1 : 1 : 7N 1 :
CH, CH, SAHC SAM N

Fig. 1. Biotransformation of inorganic arsenic in mammalian
systems (Bae, 2006).
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S I, 5O 154 Bashs S
Fel H57} DA o] olrwiA Al ge @
o] Qofupe] Awr} miin SEAL 3 A ¢
om kAP ke sk AAE s Gk ®]
Zof] tigk AEEE2] HA| XAHLDL,, lowest published
lethal dose)®] ZF}+= rats(muscle) LDLe25 mgkg,
hare(hypodermic injection) LDL,: 300 mg/kg, molmot
(abdominal cavity) LDLy: 10 mg/kg, molmot(hypoder-
mic injection) LDL,: 300 mg/kgZ &4 Jch

H|Zx0] v A3 AEee] HlAol| A7IRE =FA)Y
= 7A9E Wi 5] vkl =EEH AEEE URE
oA 2l5o] "ol EFo] EaAHA AAF B
o] vreptth. TS, A 9 AEAl 28ja dERAIEA
o= =gl e, etEdE s ARgste] kst H
25 hamsters®] 712 £ B¢ HPEAo] St
3}t (Ishnishi et al, 1983; Pershagen et al, 1984).
HIAE XA} o] FEXME GA| S¢S v
==, IS SR v (ratsOl A= v-Ha-ras
-2} oncogene)e] o] F71EIIL(Germolec et al,
1998), 53] pS3(AAfAhe] WelE XA 31,
gieh HY 2 FEF S e AtHPopo-
vicova et al.,, 2000; Katselson et al., 1986; Wanibuchi
et al, 2004). Fo] FH= =AW H1A7} tumor promo-

terz. 28 = glom, APsEe] TS dSARITE
ARIE BRIEIACK Table 1). 531, Foll thsle] f7H1a%d
Dimethylarsinic acid(DMA)$} monomethylarsonic acid
(MMA)E ARS8 A A= p53 gene B0 Fx10
2 0et, e, R4, #igke] A7 Fs o] Basar gl
o, o] wfj H|A =2e] 7RES 18YFH 2A7HAE TF
3} TH(Yamamoto et al., 1995; Wanibuchi et al, 2004;
Cheu et al., 2000; Kitchin, 2001; Salim et al., 1999).

23. A2 X EZ ¥ 340|848 LI H(Fern indicator
species and rhizosphere-rhizoplane assessment)

AutrloE AR GertE F2 Tte] Fho]

S, el ofeside] A8z 53, Hlaw ogH
o] Brlo] GAFOR AL Uor] AT Zo]
T 20~90 cm, SHEF Hol= 20~110 emZHA] AT K
g0l Ak WggAte] Arolle aAkelRto] ARk
7879 27 B e gAFoR A, U
aAE SRR AR Fee Pe AseR
zkzte] TAlel} AEle] glon] ZTeke] BulcimlolA
AE IAdE B2 HAEEE HoFTH(Chang,
2003). FAES] FEghE S8 BT Aol ©

AelMe IAke] Fe7h dEEn) grinig Ak o) ¢

Table 1. Arsenic-damage in various animal carcinogenicity models

Arsenical Animal Dose Exposure Risk assessment Role Reference

As (1), As (V) Hamaster 525 mg or 3.75mg week Lung adenomas Lung tumor Ishinishi et al.(1983)
v-Ha-ras oncogene trans- .

As (1II) Rats 48 mg/kg/day 4 weeks genic/Skin cancer Carcinogen Germolec et al, (1998)

As (IIT) Male mice 50 ppm 26 weeks p53"/ "gene/blander tumor Cocarcinogen Popovicova et al.(2000)

As (V) fneir;ale 500 pg/LL 26 months Multiple tumor Carcinogen Ng et al.(1998)

As,05 Hamasters 3 mg/kg 15 weeks Respiratory tract tumor  Carcinogen Pershagen et al.(1984)

As (M) Rats 8 mg/kg Surgical implantation in  Stomach Katselson et al.(1986)
stomach adenocarcinomas

As (1) Mice 0, 42.5, 85 ppm 8 to 18 day  Liver tumor Carcinogenesis ~ Waalkes et al.(2004)

As (1II) Male mice 10 ppm 5 months Skin tumor Carcinogen Chen et al.(2000)

As (1II) mice 40 mg/kg 9 day Fetal weight, Teratogenesis Hood et al.(1972)

DMA White rats 50, 100, 200, 400 ppm 18 day ~ 30 day Bladder, kidney, liver =~ Promoter Yamamoto, et al.(1995)

DMA Rats 50, 100, 200, 400 ppm 25 weeks ps3 "'~ Promoter Wanibuchi et al.(2004)

b .

DMA, MMA Rats 50, 100, 200, 400 ppm 2 year 5131311,/ luﬁ;“e’ bladder, fiver, . cor Wanibuchu et al.(2004)

DMA Male mice 10 or 100 ppm 5 months Skin tumor Carcinogen Chen et al.(2000)

DMA Female rats 100 ppm 24 months Bladder tumor Carcinogen Kitchin(2001)

DMA Male mice 50 or 200 ppm 80 weeks Tumor increase Promoter Salim et al.(1999)

DMA: Dimethylarsinic acid, MMA: Monomethylarsonic acid

Journal of KoSSGE Vol. 12, No. 1, pp. 103~115, 2007
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Table 2. Arsenic concentrations in brake fern (Ma, 2001)

Plant arsenic (ppm)

Treatments Soil arsenic (ppm.) > weoks & wooks
Control 6 755 438
As-contaminated soil * 400 3,525 6,805
Low As + 50 5,131 3.215
Medium As + 500 5,849 21,290
High As + 1,500 15,861 22,630

Brake fern plants, collected from several uncontaminated sites (they are not commercially available) were planted in 2.5-liter pots con-
taining 1.5 kg of soil
(one plant per pot with four replicates) and grown for six weeks.

* : Arsenic-contaminated soil was collected from the site where brake fern was discovered.
+ @ Artificially contaminated soil was spiked with three levels of water-soluble potassium arsenate.

P2 2y e AEo] BT AT Fehs AdeelA
JARFTe] AESE Aoz ddE]7|o) o]#dt IAE]
I 24 #Hdike] AsEESle] 25 e vERith

Ma et al(2001) £& FE2] TR HIAFS =7
st 4= = AW Brake fern(Preris vittatays ZAFSHA
UBEsgE], ©] TARIE 1,500 ppme] HlAZ 2HH
EYolA 718 Foll sl 55 3783 A3 2%
15 15,861 ppm, 6730l 22,630 ppmS 231300
o, 8750 BS54 FEr} WA ks uf SPAIR]
92 6,000 ppme] XS HGTHTable 2). HlA 3
JIAE] FOZE Pteris vittata(brake fern)} Pityrogra-
mma calomelanos®] WL TH(Francesconi et al., 2002;
Ma et al, 2001). ©] TARE]= As(IIl), As(V)yS He]ol
AHE o F o FAIA th7|Fel AR HHUET o]
ZgollA BIAUAAI =Bl (ars : arsenic rsistance system)©]
Z-2-31CH(Brook, 1998; Sparks, 2003; Srivastava et al.,
2005). A BEjo| A BIAE Wols Tl ¥ EV|Z oA
713 arsColehs FRALE 71045 o= o] FA)T]
™ pumping 3}3L T 3702 RSH &49} Agsio] A
X (cytosol)oll AR Doucleff et al., 2002; Dhankher
et al,, 2002). °]&3F Yo go] Lul L o AYE3}HH
EQe] 7FeAs HolEth AES o8t o AAe 1
To] 7kes dewshA] 4o 24 AlA F FAE A
TG AL, BRE 292 B9t Thssith. 22lal Al
74 o7 nlalajFololx AGFHIe] FE A7} o)
3, AR o] Holu 29 B A=3H
=} E13 725 O A AT 5 Jde Aol
Atk o] HolA E wf vHAE FFAE F e JAF
glo] e vl FPEE J=2 Sl 2E Bl A
slal = IARAIA BlA BEE S8 B 2 1

Fapol Md wAE o} HIAE FHY F e 5

N

2

Hol g5 I = AUSATHTable 2 & Fig. 2). A
T E e BlaAZt SEe HolFe EAF
st & ofdl AuEe] e, 271, Solile] Hla A
MBS olslel) Sl evrh Aashict Sl 4
A HAE o8 AXNE AXH 42 BRI
4g 24| RaEAY clgdz e EaAAVE L
Hop HlAe] AxFoBME FAT SR JAle] Al
AT B4t A GRS BB Aw HheA
= zjoF & Ho|th,

LA AR AEe] EYT 2sle] 1
o] Fgo] mXl= PES U (thizoshpere)olz} F211,
] 3t FolA FAYSh= v|AE-S W (rhizoplane) ©]
g} 723 54 feflsasol tal 54 A7 e Al
208 ATEHe 2s AE3A fEdEriet e
SAIEZA FHH vAEL Pseudomonas, Arthro-
bacter, Clostridium, Azotobacter, Beijerinckia, Klebsiella
sp., ZF &oll 24 deiA Qlar, BlAE 299 U Y&
2 gEgrol A A E vlAvriUSe] #E SHAs
H vAWE-LS Serratia sp., Citrobacter sp., Pseusomonas
sp., Buttiauxella sp., Pantoea sp., Acintobacter sp., 2t
o7 77t 42 f3A 23 (NCBI-National Center
for Biotechnology Information: DQ539020~DQ539401)0]|
S=50] AtH(Chang et al., 2006). F+AEH o T S=5
AR= 2 PAES o83 SEld BrkEA AlE
Ao ® {835t AR & S Zlolth webA,
rhizobacteria 2] B4 =4 A7 vAUFS IAREC &
Asiar 288 AiFomMe] &8% 7hssitt skl
ThFig. 2). 2155 o83 BAA743 &3 Hele]o}
o] Aesta] A S g, T A2 =
EYY ethylenes =5 A3¢ 502 o] 25|
gE APIe 9Es s tE o Es Aol E

Journal of KoSSGE Vol. 12, No. 1, pp. 103~115, 2007
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Arsenic con.

~ 2.23 ppb / tissue 1g

Arsenic ;:im\

~
| 4.97 ppb / tissue 1
Ppb / fasne e

~

Arsenic con.
~

149 ppb / tissue Y
N
4
~ ArsC -GSH

Fern-Mine tailing-ars bacteria interactions in the rhizosphere.

Leaf

——————— —— —— —

7 ~
[ y-ECS A
Arsenic (gas) | Glutamate >9933RSH :
|
6 ' ¢ :
| 5 Arsenite+3RSH |
|
> < vacuole storage |
Ars A/B RC. %
\ Nl (\‘:}é ArsC )
"“\’\&Q rsenate» > > Arsenite /}
- > o —————
== -

A
Arsenite + 3RSH =2 |
vacuole storage or |
|
J

7|
Ve
Stalk (transport) // l

DQ539040 : - Pantoea sp. fern-95

—_ N
—_— - = ~
/ / N =
Myoung - bong Mine tailing, Arsenic con. 425 ppm / tailing 1g \\ -,

\(sequestration) stalk transport
~ ~ y ~ _.\ ;'_ —————
. Arsenic con. ~ Root ( t/k ) 2 \
4 uptake
299 ppb / tissue 1g ~ " j , o0 p .+
o — ]

Arsenate (Soil)

Fig. 2. Fern-mine tailing —ars bacteria interactions in the rhizosphere. Arsenic detoxifications and application to phytoremediation

mechanism (Chang et al., 2006).

&l 2A el U] & 48k=S SHHGlick, 2003).
21E9] tAEollA mES] 84 2L A7t 318
45 o B2 §8% A94E 7 ek a2
wlegjole] Ao e-e 28 S ZRNZITh= 7FsA
o] Wt Morikawa et al., 2003; Artursson et al.,
2006; Silver et al., 1988). Chang et al.(2006)°] Wt
g HIARE 29" FlAe] Akl iR vAEES]
SATAE 5 AR gARS KHole Akt sHl
o O die by 2Red sAske 2HrdE
Pantoea sp. fern-95(DQ539040y= S Big]e] Zrim|Ay
& Acidetobacter sp. ferns-81(DQ539032)% FA3stH
HAE B Z pumping 3I=E =9EUHFig. 2). 2712
o]Ed HIAE ArsC-GSHO| &) oA Slo& oF
s o7joA FEAR] HEE sl= Al Serratia sp.
MOR-63(DQ539022)0]t}. HIAE ArsAB AlZElo] o]
Al AAZ o sehH As’e] ZEAFEE pumping S,
SHHO 2 Glutamat ¥ FE3F y-ECS &4 (enzyme)= 3
7H2] RSHe} ZAjtsle] Mol (vacuole storage) #1FHTH
of7lol]l BT EAF ArsCE HlA: 1S 712 FH3

Journal of KoSSGE Vol. 12, No. 1, pp. 103~115, 2007

Al7IEd], o)24 HlAR QHH FilA ISt
3k - (Rhizosphere-rhizoplane)P| A &2 AJ el 812
FAAEA ] AT W ope} HIASgA7te) o]8F A}
Al EAMSH A3 (biomarker) O ZA12] TE
st Ao 7 AZ}HETH(Galloway et al., 2004).

2.4. X|H0| 2547 (Earthworms risk assessment)

Aol BN EGTAES T8 7 A
< 3, HEA A FHAA 29E EYS HISE)
Al WREAL A HoA kgl Tk T o
s HFeka ot ol SAEAIS] A wiiol| A
HAlS] HFEER B85, Al, FOA|, ST, 0, S
nEollAl LHEEES SV AdEs s dhHITZ,
2001; Langdon et al., 2003). Fig. 3& H]A3}3ME0] #]
golo] o]sARE Fall olEA FF B HlA FHIE
dogle AF HoFe= =A3le adolnt. A|Hole &
S FHRE] Sl= 3F8=8-A|(chemoreceptor)’}
SPetEAol dids] vz LH9E EYl =52 7
T AdsA F2%0t HlAR QHE EYA AHo] ¢

2 Lo
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Dermal uptake Body wall Mucus
As (111) & As (V) As (111) -0 (d)
Ingestion
As (111) & As (V) /

'

As (I1T)-thiol complexing
to S-rich proteins (b,c,d)

As (V) reduced
to As (I11) —(a)

e

7~

Methylation to
Arsenobetaine (d)

Organoarsenical

A —— Casts
egestion

\

Urine

Fig. 3. Proposed metabolic pathway for arsenic through an earthworm. Solid lines used for known pathways: (a) Irgolic (1986), (b)

Morgan et al.(1994), (c) Yeates et al.(1994), (d) Langdon et al.(2002).

—_

I 50 AEe A9 SRt REE o] 7hss)
The Aol AFo|= A3Egolgt sHltt. Stephension et
(19975 29A%S) B4 Wl Aols olge &
Ao BRI, & U AAES vl 78] F
Tt e HpAE IREAME AESRE A"l ®Hal
siaith HIAUEFH WS 71kl o] APo] F&
Elisenia fetida, Lumbricus terrestris, L. rubellusS 2.7
(Langdon et al., 1999 & 2001; Piearce et al., 2002),

Z|#Jo]e] methalothionein®|A] immunoperoxidaseS -7
3HAtt. Aol ] metallothionein {Hf} -2 20| &
X% Mo e, 7k=s, ofd, Hlde] didy
A7 o3 wld A|Z1ch(Stirzenbaum et al.,, 1998;
Langdon et al., 2005; Spurgeon et al., 2004; Procha-
zkova et al, 2006). HlZ (As(ll) 2 As(V)y= S4E
Ak BRE B3] AFo] AR Eole=t, A
SRAF A Qallr] As(VysE As(I)E W3tk 3, As
()= -RSH &&= AFsiy FZHsta, e
(methylation), ©FHI:=HIE}R] (arsenobetaine)} o} =7}
(arsenosugar) 22 7] HIAO] FEE A °oF
(Urinept} 2 wiAES FallA A= wjEticth Bla
SIRHE-2 A|Fo] Aol 713t 24 arsenate FE|RTH
/o] vk FElE AnrA FHHE. R o
A &0 F(Elsenia fetida)®] A AHE st A
L& BAF-28E AR HE (molecular genetic biomarker)Z ©]
|8 7+ ds Zolth

RGOl (Lumbricus rubellusy} 71U 7t=Fol =&4
749 vEZ=2]oKmitochondria)2} }o]4xE(lysosomal)]
- AAKI-rRNA, mt-2, Igp)7} & ch(Spurgeon et
al,, 2004). M|EZER]oh= A|ESE 4K A (cytochrome-
¢ oxidase)eOZ M XL Fol| Fs=d|(Arillo et al.,
1992) 2ol AF ] 849] 282 pH 5.0914%t 7Fsafal

Tk pH 7.29] #F0] HW o] AAE A A4S 3}
A 9=t} Langdon et al.(2005)2 H|AZ L¥9H EF
oA WA IA8}E A (immunoperoxidase) BAAE 2 H
AEFFES] 48 (Ligand) AN A|H ol (Lumbricus
rubellus)2] As"™ -thiol(MT: metallothionein)®] T3 ES
ATt ofelgh A AHort BlAR 29d S
oA HoAkEe] FAEA TS Fol] 173g 873
< AANE AEFo] 2 F IS HAFT

2.5. E2= flsiAI™7(Salamander risk assessment)

AAYEAS ek B85S FAA Rt A28t
< HoprlEY FAeAA ue] s Ald 9
A gl sHlth B85 2R HHRE el
A NEIT)OA S0 7|20 2 RE F2
E(pheromone)S EE{IAL, Aol Aold 4= Q=
3] H| 2 (volatile pheromone)S WHEo] AEfAIY 4
9l 22 kDao] ©F isoform& THEO] 1 WS oo
o}, Shrol] MAlel= A7 (Class Amphibiay 25 6
I 75 1789, =555 =55 (Hynobius leechii),
N E=E-5(Hynobius sp.), AT Z=Z5(Hynobius quel-
partensis), ZEXE| =F-5(Onychodactylus fischeri), _L
3 o7 =EF(Karsenia koreana)©] UTHEA A,
2001; Min et al, 2006; ©]3]d, 1997, &, 1995).
(Table 3). =2-5(Hynobius sp.)5- =15 E33F THF,
0, Oigh, gHol7lel] F2 3lon, o AY B
o] BarEQlt}. ofrJols Hlojd A|Hellx= 1 =77}
159 1,000047] HA1)-10,0002101) whol] o]=a1 24z
T Oiei AAE 2t B552 A A4
sle Hoakze] TR 873 wslel| vIzksith. =F
L 79} )5 (BuccopharyngealcavityyS ARE-5}]
SEFS ket At flolx "fioly o7lRellA AEat
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7} Fo] rlEA W E408 Soj7ks AES ).
ol olfZ EYLAT 5o QES Bl A &
T AUe AFFTOFE AZfE|o] Xk, Chang et al.(2005
& 2006y HF2R1 FegldelA] Stz Qs 7]
P TEEs wHEded 718 FEo f:8E A
HRIAl F2AR1 p53ee] eyt B ol
Efz 4 =E50 A7 HIAE =327 A7 5o
oA theiAo] tElE 718o] AVle e RIS
At ol#fgt A= vl go s AEA TS
ZAaehe 3 T8Fo] HlARE QW Bake] AFFo
g des ARt stk AR By oy
g EAgAHo s HA0Hd HAZFo] FVsstden
(Karim et al., 2001), 53], B&FilA A2lele =%
T2 AxFToEA o] 713 (Chang et al.,
2005 & 2006) °15 =F8E ARSI (NCBI Gen-
Bank; DQ388472, DQ388473)l| S2xo] a5 Exlx
< o83 EAAIE Q] el =go] | Zlo= A7}
HrH(Table 3). o|2}dt AHSL HA 2 FFE02 09
| HFs Bdsted =55 A BUERe] 2
Ao, Holrlze] At G&s FIskE o= &

de] Aoiis a4 Qo SHTHDavic et al,
2004; Chang et al., 2005 & 2006; Cairns et al., 1996).

2.6. HIALHA A|AH 2|5HMEHIH(Arsenic resistance
system assessment)

B Al2E] W7k BlAE 299 AeAl 34
sle ERAE A% F18H 715 ol &g Ui
AlZ=EoZ grsR, -D, -A, -B, -AB, -C, H} arrAB, -A,
-B°|™, aoxA, -B, -C, D ¥ aroA, -BO|t}. HIAU/A]
2Bl (ars)°] HIAZ 299 AejAlel vESE 715ES
S4A7l 2-sHA Bofsiar A e fIxE 24
S A|FFo0=2 &8 = US Aolot. 8181
WA Al=ERE BARS] AT 5 7 Jlom AEst
2 EQlo) 7Pg AHgk EXmE g0 F HAE Q¢
B AeErlel AxFeR FEE = Jot ansRS
g 82Kgene)Z arsD, -A, -B, -AB, -C&] A=A}
h(leader gene)yS SHCH(Silver et al., 1996). H|ZAol Tk
Z(species) ¥}l FoJsh= Ak} A= aoxA, -B, -C,
-D¢} aroA, -B B4V} HofaiH, Sl fdxbel des=
FRAE arsC, arrA, -B7} Yth. EFWAEL] AFEZ

Table 3. Arsenic-contaminated environmental ecosystem of biomarker with the salamander indicator species

Accession Experiment exposure®-

Amphibians . . ... Environmental or Mine Results Reference
no. sampling site condition

Hynobius sp. AF218705* ND Sorak Mountain ND okxied (2001)
Hynobius leechii AF218703* ND Sorak Mountain ND okAed (2001)
Hynobius leechii NK12-1 DQ366352  As (IlT); 4070ppt®  Nackdong Mine Teratogenesis  Chang et al.(2005)
Hynobius leechii GhnNP16S-Co  DQ888042 ND Gangchensan county Park Teratogenesis Chang et al.(2006)
Hynobius leechii GhnNP16S-A2  DQ888052  As (1ll); 2mM* Gangchensan county Park pS53 mutation Chang et al.(2006)
Hynobius leechii NK16--5 DQ388473  As (IlI); 1.223 ppb® Myoung-Bong Mine ND Chang et al.(2005)
I:Zgg;lus leechii GhnNP16S- DQ888046  As (IlI); 2mM? Gangchensan county Park Malformed Chang et al.(2006)
Hynobius leechii GhnNP16S-A4  DQ888056  As (Il); 0.25mM?*  Gangchensan county Park p53 mutation Chang et al.(2006)
Hynobius leechii GhnNP16S-C4 DQ888076  As (III); 1.5mM?* Gangchensan county Park p53 mutation Chang et al.(2006)
Hynobius leechii GhnNP16S-D4  DQ888086  As (III); 2.0mM?* Gangchensan county Park p53 mutation Chang et al.(2006)
Hynobius leechii GhnNP16S-C2  DQ888072  As (IlI); 1.5mM* Gangchensan county Park p53 mutation Chang et al.(2006)
Hynobius leechii GhnNP16S-B2  DQ888062  As (IlI); 1.0mM* Gangchensan county Park pS53 mutation Chang et al.(2006)
Hynobius quelpartensis AF218704* ND Cheju Natural EnvironmentalND okr1ed (2001)
Onychodactylus fisher AF218706% ND Yongmun Environmental ND okr1ed (2001)
Onychodactylus fisher NK16-9 DQ417190  Head (0.0093)° Nackdong Mine p53 mutation Chang et al.(2005)
Onychodactylus fisher NK16-10  DQ417192  Head (0.208)° Nackdong Mine p53 mutation Chang et al.(2005)
Salamandrella keyserlingii DQ333814 ND North Korea ND Berman et al.(2005)
Karsenia koreana AY887135* ND Jangtaesan Environmental ND Min et al.(2005)

* : Salamanders live in the uncontaminated environmental, and may be used as a biomarker of arsenic contamination. (No treatment)

ND: not detected

# : Concentration of test exposure.
® . Concentration of sampling site.
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Table 4. Bacteria strain, their identification, Arsenic resistance system genotype and oxidation-reduction bacteria

Strain or isolate

Sampling

Redox. Reference

Species Accession no.
Pseudomonas putida OS-5 AY952321
Alcaligenes fecalis (HLE) AY027506  Gold Mining
Arsenite-oxidizing bacterium NT-14 AY027497  Gold Mining
Pseudomonas putida OS-1 DQ141540
Pseudomonas putida OS-3 AY952322
Alcaligenes faecalis RS-19 AY866407  Duck-um Mine soil
Pseudomonas putida OW-16 DQ112328
Themus HR13 AF384168  Growler Hot Spring
Arsenite-oxidizing bacterium MLHE-1 ~ AF406554  Mono Lake Water
Chrysiogens arsenatis gen. nov., sp. nov., X81319
Serratia marcescens RS-1 DQ182332
Pseudomonas rhizosphaerae OW-3 AY 866408
Shewanella str. ANA-3 AY271310  As-treated wooden
Delta proteobacterium MLMS-1 AY459365  Mono Lake Water
Bacillus macyae sp. nov., JMM-4 AY032601  Gold Mine

Myoung-bong Mine soil

Myoung-bong Mine soil

Myoung-bong Mine soil

Duck-um Mine sediment

Gold Mine Wastewater
Myoung-bong Mine soil

Myoung-bong Mine sediment Arsenate-reduction

Arsenite-oxidizing Chang et al.(2005)
Santini et al.(2002)
Santini et al (2002)
Chang et al.(2005)
Chang et al.(2006)
Chang et al.(2005)

Chang et al.(2005)

Arsenite-oxidizing
Arsenite-oxidizing
Arsenite-oxidizing
Arsenite-oxidizing
Arsenite-oxidizing
Arsenite-oxidizing
aArf;r;‘tt:"r);‘S‘si‘rZ;gfnand Gihring et al.(2001)

Arsenite-oxidizing Oremland et al.(2002)
Macy et al.(1996)
Chang et al.(2005)
Chang et al.(2005)
Saltikov et al.(2003)
Hoeft et al.(2004)

Santniri et al.(2004)

Arsenate-reduction

Arsenate-reduction

Arsenate-reduction
Arsenate-reduction
Arsenate-reduction

Eolobx] F WskE AX T HEWE FARE arsA,
-B, -CO|t}(Oremland et al., 2002 & 2003; Saltiov et
al., 2003; Santini et al, 2002 & 2004). °]ejd%=
asHE A0 R 7)50] dHAA= FRAIRE
Yersiniae sp., Pseudomonas sp.2] 2¥s} 2 3hgle] o
3lthal Soh(Neyt et al, 1997; Chang et al, 2005).
Fuislol Zlo] oIS PAEES S anit o]
AL ©o] TFHEL AAY] o] TAFElA Hal Har g
THAlexander, 1964; Summers, 1978; Jerelov et al.,
1975; Danielle et al., 2005; Stolz et al., 2006; Chang
et al, 2006; Gihring, 2003; Macy et al., 1996;
2003; Stolz et al., 2006; Cohen et
al., 2006). Santini et al.(2002 & 2003)2] NT-26 w4}
=2 a-protein Ale] FEZ/FOEZRE FE2 2714
TOF F71ES o]83le] 5% J)3lar As(I)
Aol SJstel AR Table 49 Aol | E
T O T
o, HAATTY A8 BUEGe Y5 AT 9
A HFake] BlafgAIZFe] homologueses ST
(Chang et al., 2005 & 2006).

ApAAINA Hla= oftjellut A B oM B
O BA9 FEE 10~100 ppmo|H, HIGHEAE

Oremland et al.,

0.003 ppme] F3ENom JAGFME 1~5 ppb A%
AR} 53], A BlA AlAEEERS 0.75 ppbel
AL, AR =o] X1 3Rt A e B HlaEEs 47

ppmo|y HTh AEjA] oftieu e vlaAe dd AY
o] B2 njAEa} FAYSPHA H|A9] A% 2 F(species)
Hsle] AEAos Holgtt HIAWA FES o83t
FARA R A7E e ZA, Rl HIAUgAI2E &
20] 7)38lET 9loH, u‘rﬁﬂz&] FABRE vl A
TELAAS AEEA dHe = F UAS Ao

A

EES ol8% AAAES] PR LPY=E 5T
2 ohjet QGEo] AepAlel vl 3
iz & ol 58 53] sl Bol <
s g AFste #
A HAGOE 299 HE4 QF
s glow, Az 20&%%1011 ot g

_4
0

S 0 P ek, ol Hol) 582 9
He ) eddee AEdE 5E, 4%, nagel
database7} AR O FEHolol T Ao At

A A
o] wre FEsATe] FXBATA Al

3: No.M10300000298-0610000-29810) Ao g I=3)=]
AFYTh
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