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Abstract

The objective of this study was to investigate chromosomal aberrations of Gunther’s walking catfish (Clarias macrocephalus)
exposed to heavy metals contaminated water and sediment from gold mine for 30 days compared to unaffected area. Heavy metal
concentrations in water, sediment and C. macrocephalus were measured by using inductively coupled plasma optical emission
spectrometry (ICP-OES). Assessment of chromosomal aberration of C. macrocephalus prepared from kidney tissues by direct
method. Heavy metal concentrations in water and sediment were analyzed before the experiment. The results showed that the
mean value concentrations of arsenic (As), cadmium (Cd), chromium (Cr) and lead (Pb) in water were 0.229+0.009,
0.007+0.003, 0.007+0.000 and 0.007+0.003 mg/1, respectively in the experimental group. The reference group exhibited As
and Pb at 0.010+0.000 and 0.010+0.000 mg/1, respectively, whereas, Cd and Cr were not detected. As and Cd in the
experimental group exceeded the water quality standard. The experimental group concentrations of As, Cd, Cr and Pb in sediment
were 130.492+5.570, 120.466+14.576, 21.031+0.288 and 36.926+3.265 mg/kg, respectively. The reference group
exhibited Cd, Cr and Pb at 0.390+0.288, 11.033+3.074 and 4.027+1.835 mg/kg, respectively, while As was not detected.
As and Cd in the experimental group exceeded the soil quality standard. The experimental group concentrations of As, Cd, Cr
and Pb in C. macrocephalus samples were 0.586+0.404, 2.314+2.369, 2.090+0.305 and 0.277+0.011 mg/kg, respectively.
The reference group exhibited only Pb at 0.162+0.073 mg/kg. Cd and Cr in the experimental group exceeded the standard
contamination in food. The diploid chromosomes of C. macrocephalus were 54 (2n=54). Chromosomal aberration in 50 kidney
cells of three C. macrocephalus raised in heavy metals contaminated water and sediment from gold mine were found in 5 types
including single chromatid gap (SCG), deletion (D), fragmentation (F), centric fragmentation (CF) and isochromatid gap
(ISCG), which were detected at 4, 9, 1, 5 and 2 positions, respectively. The percentage of the cell numbers of chromosomal

aberration was 9.33. The most of chromosomal aberration type in C. macrocephalus samples was D.
Keywords: Chromosomal aberration, Heavy metals, Gunther’s walking catfish, Gold mine

unin svdUsznaunanzasansus Jasvylulanewini

= I a = ' A ' o
Nﬂ'J']NLﬂuW‘HQQ HINUNTUI) LY HBNLINDNAD

MstiNTuIUsEIINTlan SINHINMSWAIN
sugnanazasay mududadenmnldenudaims

lHusiiagedu MilianauauaInINEBINITAIY

v
a @

ANAUYDNMINIAYATIVNNTTY LNHAINITN LB

Fnusziiuresdszmsunielulszinadadns
andeslild Tudiandagiuieiasgilne ag

o) =2 =) R ST]

ﬂniﬁﬁl,ﬁauf?wumsﬁmﬁu%tﬂui’mqﬁuLﬁaqﬁulu
ASHA® GlaE]G]’E’JN50316’1’5%1]111?1%14@11&61’33
(Chonpichan, 2015) msywiipausguduuleuns
'mqLﬂwgﬁﬁ)ﬁwmﬂﬂi:mﬂﬁﬁwé’qﬁmuﬂuﬁwﬁu
danlfietiunisasyiiulanisiasegia
(Jeronimo, Rapb, & Vosca, 2015) ﬁﬂﬁ}ﬁuﬂizmﬂ
Tnsfinudiviniiosusildussmutiasnin 1,500
udag mezLLanu,s"nmﬁwﬁlﬁ%’ﬂuaqaym‘lﬁqm%
Tafinanun 33 wias fiyaruandnUszan 5,845
?uUUn (Khunin, 2015)

widlaausnaemnuih SineTeaze JnIawe
Wavhmiiaausludw.a. 2549 numsusensaluln
lsd fifiusnasdnuitneg uasiiarsnyifu

Aaldiiadaminansenudesiwiadan Tasing
Sruvanhaniaiiunnudasgiviuazunasti
1300 SBLazUaNhUIMaUS MU ae
Uuitlaudhalonswiin wu laenlud msuy azm
wazUs5am euatlusneeen1s¥imiias (Pollution
control department, 2009) §80AdNAUMIANTIABY
Intarat (2007) wuhluangiuih gwan uazgs
thuau qmmwﬁ?ﬂuéwﬁ’wma%’maﬂlmméqﬁwﬁaﬁu
Uszian 3-4 wulSuaaaiiay loanlud
waanila wazansnyluvaoiusuags sands
MIANREN Boonmee and Neeratanaphan (2014) WU
Usinasnsmylunznaudunnyativiisdaiianiu
MNATPUANMNAY €azNMIANYIVEY Pholweang
(2014) wuhiimsazanarsvuylunasehidediue
anasy dududuhianssuvaaniiawsrile
vinalndideeldSunansenunnmsduilouzes
TaveminluuBinags ilidaanudnadanafivi
atiazuuigthuduageann msuninszane
soslavgwiinfieangduuiadan sansnazanagly

103



104

Naresuan University Journal: Science and Technology 2017; (25)3

858z yaedeiEie 1y Wala Gu dNee NIz
293 lanszgn uasudnmiilufuduasdlsznau
(Larramendy, Popescu, & Dipaolo, 1981; Tseng et
al., 2008) satuinaiiFialdulaveminlulsana
Enesudiszeznaruufaansafiazazanluy
srameldanniu awdusuaneldluszozen Ay
waslavieniinaansarhargssuudsean anesas
GERN Lﬂﬁ'auuﬂaqmsﬁwmwmLﬁulsﬁﬁﬁﬁwﬁ'ﬂummﬂ
#iio mlinssviumsmelassaugadgnaunnai
IiAamssetalfisenmeiaaiifisdyuacigad
waziinnaldefusizivaniiueassemediizia
(An et al., 2004) uanmn‘ﬁsﬁ'ﬁﬁﬂﬁﬁLé‘magﬂﬁwmﬂ
waztiansuanvinzaslaslulanle (Yadav &
Trivedi, 2009) nsdidaagensAnmlsaiiaan
msﬂuﬁvjauwmmiw@uﬁmgammi LU Bowen’s
disease  Wudgthaazianuiaunfvaslaslulsy
mﬂﬂh@ﬁlﬂlﬁtﬂu‘[iﬂ (Ghosh et al., 2007) &igld
auiinsnaasumsiasusadiiiodanuiiite
as1adaugaNNiaUndzeslasiulanuasznis
wanulasusuaiulasTulzuszuing Sister chromatid
Wiguisuiusznnsilildsumsiuidiouussans
wy wuhanufioUndzesleslulsulunguitldy
HaNszNUNINAIINGNAIUANBEINN T d) Aty
(Mahata et al., 2003) WailaAgeandasiuiiayh
mManeasslaaldans Arsenic trioxide (As,0,) A0t
ﬁaqﬁ'awgwmamﬁmmL%’Niwiwﬁ'u Lﬁ'aﬂmy
naapINATIIEUANNAaUnduadlasTulauwuI
mmLﬁ'uﬁuﬁgq%u%ﬁmmﬁmﬂﬂﬁﬂm‘[m‘[u‘[‘ﬁuLﬁu
NINAUAINEIGU UaziiN15752988U Micronucleus
test wuhinalUluiamadensudenanududud
gq%uasﬁmwuﬁmﬂnawaﬂm‘[u‘[%uﬁmﬂ%u
(Patlolla & Tchounwou, 2005)
msﬁnwﬂuﬂ%ﬂﬁﬁ%}qﬂszmﬁtﬁaﬁnmﬂ%mm
Tanzninludaedanvsnalodvasniiunnug
WA BILINBIM UazNansznudaaNAaUnfizag
TasTulaudeiizin lagdanlgduaranas (Clarias
macrocephalus) tJudsfiziafivavananin
Sewradaw Lﬁmmﬂﬂmqnqﬂﬁﬁnwmzwaqmi
fsaEiamauaniuwinausiilamalasulany

winludsnamnn MaAnNEUINNT UM ITE

adnwnalnasuaaldes nsadoudne ms
duitlouvaslanswinludunadonuazmsazanly
MiiFin dumsAnmuaveslonswindodiziaila
lasulanzniinlagmwizszauigadinis@nm
douinatias duluansdanmniaulafazdnmms
Usziiiuanunidadnfizaslasiulznlaangeluanin
manasandsslmiuazasnaudunnniiasus
nasilFsuiiisuiulmanaslugasede aguu
FUNAFIUNMINUTBIUINDIM YN UATIINST Guuas

v ¥
o

anusnanunesnan liinsvudautinuzy

v
a o

FiFI e luszuuinaaInaNIzianansznuadals
FwansAnwmilaazludayaugruiailugms
MNUHUIAMITWIAFBNGD 11

ad =< v 4
ADNIIANY) Ltﬂ%?ﬂ@!q‘ﬂﬂ'ﬁm

1. '«gmﬁué‘fmamfmamxﬂauau

Audaihahuazaznauduludnivhamanlng
vanniiunnus aeamilssusnasdigiuih suns
TN TTaee 911U 3 30 waziuitgnadadilaile
FuransENUMNMIBLINDIA lagtiunznaudu
nanuawh vsnathuldn uadsy noLiag
WHINYDULAY
2. MIANILNYANADDY

Mneane wiweaniu 2 ganmsnaass laud
manaaasii 1 fe ganaaas Taelfihuasasnaudu
ffvnnusnalndvasnfunmnudimiiasusnas
Wasuiisuiumsnesasi 2 @a 7081989 loald
ihszihuazaznauduiiunnituisnedeilailasu
HANTENUANHEDILINDIAN UAZINMINADBIELA
ﬂmqﬂqﬂﬁqaaqﬁﬂtﬂuixﬂmaw 30 11@,5'80%1
Tuvasmasas Tazdangnuagnasiifieny 1 o
NNNTNUTEIN WHINDULAY %ﬁﬁﬁﬂﬁﬁﬂaﬂiuﬁ’)ﬂ
2-3 g MNIUYANITNAGBGSE 12 a1 AMILANIMA
wazliamnsumuuuidioFuhuinlsivndu i 2 %0
GEN
3. ABMILAIBNEIDEN

3.1 383mseIandoath
ml tANN5a luAsn

v
=]

(HNO,) Windu 1.25 ml Whlugasuy water bath #

MagiUsues 25



Naresuan University Journal: Science and Technology 2017; (25)3

goumndl 9045 °C Wuna 30 Wil nsasasazars
WUNTEMENTBY USUUSHNAS 50 ml (APHA, 2005)
3.2 ABMILAFLUMBENAZNDUAU
frathanznaudumnluisnauuie uas
U lHastden MIALNBUAUIBUNIUALILATY
2110 0.5 mm Feznauduazden 1 ¢ lalasiau
Aaalsa (HCI) 15

windu 5 ml wazlalasunlasesnlad (H,0,) 10

ml tiunsalua3n (HNO,)

ml ﬁﬂﬂtiaﬂﬁmLﬂ%aqﬂaﬂﬁuﬁqmw{]ﬁ 180-220°C
Wurar 2 %lus nseesIunszaIEnsas USu
U51165 50 ml (APHA, 2005)

3.3 Wassumagniaange

13161’3asiwtﬁaﬂmqﬂqﬂlﬂumamﬁﬂm 59

ﬁaaﬂwuﬁaﬂmqnqa 1 g tdunsalua3n (HNO,)
wndy 7 ml wazlalasunlasesnlsd (H,0,) 1 ml
1hlugaeun water bath ﬁqmwgﬁ 90+5 °C Wunm
2 %l nseEhunszaEnsas Usulsanas 25 ml
(APHA, 2005)
4. MmsasIadsnalansniin

asraiausinalanzutnlussazarasiagiani
u,awznauﬁuﬂ'aumswmamﬁmmqmmswmam
wazUSinalansnindazaululargngandens
NABBILAEY TaenSIASENGIE1982835 APHA
(2005) uazitasrziUsanalanzningluiaia
Inductively Coupled Plasma Emission
Spectrometry (ICP-OES)

Optical

5. m3amadauaNuiaUndualasiulanlargnae

msteenlaslulzuesanlasiznense laglsle
I~ w q‘ = 45 I~ [ a}«
Wuadenenlglumsdnmn ilasnnluaiziznims
WUNLEaaMaaaa) Lagwesananmeluaivarly
a0 in vivo A@ALUUBI9INIS 284 Chen and Ebeling
(1968) waz Nanda et al. (1995) a9l

A0lAaddu 0.05% 219 1 ml @UINUNAI 100
¢ uhlUTugasviswaslangnae Wuns 1 #3las
davtlaleslzinude nnuuthUa ity agLive
° (3 I ,1’ < t4 =
ihleaani aaladusudnuazualiiazidaalas
WndIsazanslnunadaNaan lSPINTY 0.075 M
6-8 ml Unlugaungiivias 30 Wil thvasaigadlu
TumIsanenaus 1,200-1,500 sau/wd

nan 10 it gaduladuuuin uazidaheneds
IMWITSIUNENEY IMUDs 3 daudansnezdin
1 du medonluivaziiuse vvasawasludu
Wi 1,200-1,500 saudawnd Wune
10 Wit gadhuladuuuii @uhenadaann 7-8
ml thieialudumisednads vhaiedenznau
ez 3-4 A5 LAUAznaUEadluansAzaNEASe
\wadT -20 °C

mswo3snaladlaslulay dwaladaemhnauite
hiaanuluiuwazaantsnasnainalad 1el3Te
whaudisaladanasaghohenasamnnauhluly
MSNEALDE v‘iﬂﬂﬂ@ﬂﬁwmﬂmmwaaﬂmnwaamu
wiaaUszans 0.5 ml @mﬁaﬁmmmuuﬁlaﬁﬁm%u
B 1 vee nntuvemihmnesgmwiindonlmiuay
Eusealusn 1-2 wee tiledielsiadnszansdi
Banuudmna 3l

msdandlaslulauuuusssuaaledand i
dladirutunaumsiadouuazdondlaslulaouudn
WasadaugaNNiaUndzaslasiulyuaiendes
anssemiuuulfuas Maseens 100 1 leavhms
asdaulaslulanmgngeannganaass 3 61 uas
AADNDY 3 A MUIUGINE 50 1US VUIUIUTAE

3
v

AflemuiiaUndveslaslulaniinululaudazea da
HudasazamufinUndnnagnauainsanm
6. aaalFlulumsive

saddawssann laud duade Sesay uazdiu

L‘ﬁENL‘U‘L!&J']G]Sj']‘L!
=~
NANIIANY)

1. Banalanzninluih wazaznaupu naunis
NABY

NaN13ATIVIAUTIIUETNY (As) wAALiEN
(cd) Tasiiiey (Cr) wazazna (Pb) luih NNYA
NARBILAYAT MBI 1 Fewuh As wos
cd "Luﬁﬂwﬂamﬁﬁhtﬁummgmqmmmmziqﬁyw"?'i
fnual3d 0.01 waz 0.005 mg/1 Mmuaeu druly

ganedeliinalanzuiinden lifuamnasgiu

105



i 1 Ysinalaveninivudaulmbanganeaseuazgadeds naummaasades

Naresuan University Journal: Science and Technology 2017; (25)3

Usinalaneniinluih ( mg/1)

FNNNIINOIN 08N
As Cd Cr Pb
1 0.239 0.011 0.007 0.011
A BRN 2 0.225 0.005 0.007 0.005
3 0.223 0.005 0.007 0.006
F’ntﬂéﬂ 0.229+0.009 0.007+0.003 0.007+0.000 0.007+0.003
1 0.010 Not detected Not detected 0.010
qmé’wﬁq 2 0.010 Not detected Not detected 0.010
3 0.010 Not detected Not detected 0.010
Aade 0.010+0.000 - - 0.010+0.000
ANAIFIN 0.01 0.005 0.05 0.05

T ] P e Ty P T P
Linaspuaamwihidudszanis mslisslanliemsagandauazinuasnssn sunsznatygasuaduuazinmammwiwadsn w.a. 2535

o o ¥a a
LINMINMAUAAUNNUININY

UsSualavieninluncnauduiaeenisnan 2

mnqmmamwuﬁw As oy

aumwauilidszlemivanmiiaannisagande

Cd thuamanIgIu

UWALLNBATNSINAIVUALIN 3.9 waz 37

mg/kg

ey drulugasredalsinalanzwinluiue

103U

mani 2 Ysinalaveninivudaulusznouduainganaasiuszgnsnds noumsmassaes

USainalanevtinluaznaudu (mg/kg)

FMNNITNOIN é‘l"flﬂfh\i
As cd Cr Pb
1 135.744 128.810 21.010 38.796
LONAAD 2 131.082 128.953 21.329 38.826
3 124.651 103.636 20.754 33.156
Miade 130.492+5.570 120.466+14.576 21.031+0.288  36.926+3.265
1 Not detected 0.720 13.810 5.860
%AW 2 Not detected 0.260 11.560 4.030
3 Not detected 0.190 7.730 2.190
Miade - 0.390+0.288 11.033+3.074 4.027+1.835
ANIAsZIUN° <3.9 <37 <300 <400

P J @ S % N o o
2 mmgm@mmwmuﬁ‘l‘fj’ﬂiﬂﬂ“zﬂﬁl,ﬁamiagmﬂﬂuazmwmmiu (FIWNW‘RTI“D’UEIJEHO’IHQLﬂ‘iNLLaZ‘iﬂHWQmﬂ'}WﬂQLL’JﬂﬁBN W.A. 25635 LIBNNIINMYUA

AUMNAY

106

2. U%uwm‘[amwﬁ'niuﬂm@nqﬂﬁl,?vmﬂuﬁmazau
fiuuilauTanzmin
mssudunalaveninaaalaigngs szazian 30
Su Tugananas uasyndads wasmanaaaiaely
ihuazasnauduivutoulangwin wuuSinalans
wiinfiendamn it 3 luganaaasdi Cd uas Cr (v
@hmmgmmm‘sﬂmﬁauﬁmu@l’?ﬁ 0.05 uaz 2
mg/kg MUSIAU dauiuzgmé’w5@1J'%mm‘[ammﬂ'mﬁ

asrawubitiumanasgu

3. miaadavlaslulaalainnas
mMsanwanuielnfizeslaslulaudaiingg
avdaudnsazyalasiulruiugiuzacdeidie
naulaanisaianlaslalsnyainnaanianseann
waale uazdandlaslulanuuusssue wuhlaian
2ENNYANADBIUSYA DN LTANNLANA DY
Hunulaslulaudnased ilaslulosudnasadrnnu

54 una (2n=54) Julaslulauadio tmizunsa



Naresuan University Journal: Science and Technology 2017; (25)3

(m) 15 @ Fuummun3n (sm) 6 @ azlasiunin
(a) 4 g uasnlawunsn (1) 2 ¢ é’agﬂﬁ 1
4. madsziiivanuiiadndvaslaslulasdaign
as
msdsziivanuiiadndvaclaslulonlagnags
Tuganasaudeslh uazaznaudunniviiasus
nasnSeuiisunulagnaslugaseds anwms
NAaBIaT 3 61 GIaz 50 YA WUANNHAUNGAY

i 4 gUuuuenuraUndzadlasiulanluge

NANBINY 5 sUnvuaNuiaUnG e single
chromatid gap (SCG), deletion (D), fragmentation
(F), centric fragmentation (CF) 8% isochromatid
gap (ISCG) @quﬂ*i?i 2 HPUIUTINU 4 91 5 waz 2
Funte mudeu Tasfisrururadiilasiulaw
foundfniduiouar 9.33 1488 anYMLANN
fAaun@fiwuinniige da D dulugadedelainy
anuiiaUnizaslaslulyy

mand 3 Usinalavswtinfiszaalulaianas (Clarias macrocephalus) fitdesluihuasdufivudloulansvin

Ysinalanzuiinlulagnas (mg/ke)

FNMNNITNAAAN et
As Cd Cr Pb

1 1.364 2.167 1.744 0.285

ANADDY 2 1.162 4.753 2.322 0.282

3 0.586 0.021 2.203 0.264
Fi'lméﬂ 0.586+0.404 2.314+2.369 2.090+0.305 0.277+0.011

1 Not detected Not detected Not detected 0.246

Zjﬂay’lxiﬁd 2 Not detected Not detected Not detected 0.113

3 Not detected Not detected Not detected 0.128
Aade - - - 0.162+0.073

Maasg’ <2 <0.05 <2 <1
Bmmﬁmmmiﬂuﬁ]au (?I'lilﬂizﬂ'lﬂﬂiz’ﬂi’l\ia'lﬁ'ﬁmqﬂ ﬂﬁﬂﬁ 98 W.A. 2529
M3 4 anvazanniaUndveslasiuluniaqnge (Clarias macrocephalus) WEINSNABBUFEN
FMNMS o hunulaslulzuiaund ERITR T RIRTATE Mnues iafaz A
{IEEN Umqnas fifaun fifaun mmmﬂﬂ?m

SCG D F CF ISCG YNLTD]

1 0 2 0 2 0 4 2 4

LANOIN 2 3 1 1 0 2 7 5 10

3 1 6 0 3 0 10 7 14

N 4 9 1 5 2 21 14 9.33

1 0 0 0 0 0 0 0 0

AODW 2 0 0 0 0 0 0 0 0

3 0 0 0 0 0 0 0 0

RREY 0 0 0 0 0 0 0 0




Naresuan University Journal: Science and Technology 2017; (25)3

D
} R AN KK X%
#% ’?D “I:‘: 3 4 5
- ’O“. o " ’e{““ 's' lv“ “.o‘
¥ REITRY || e wn el
l:slaf,dg R . a0 B8 WA KB A
PR | ine
AT “| AR ARG AN
R ka1 EEK X
. - % ',‘ KA ‘3! KX A%
S ge e || v [Ka de x o
> 2" ke b ¥x BF XX X% 2%
.‘ "! ‘ 11 12 13 14 15
PLLTE DR RE 54 &0 A3 xA
" B *"‘ 4 ‘lo' 17 18 19 20
< "‘ =< 21
R 5 | en as a8 aa
o ’ "_12__ ?ﬁé ‘i?‘ T —

3Uii 1 Taslulawssasamiauazuaslalnivasagnas (Clarias macrocephalus) 2n=54 NYANAADI Uds deletion (D) ()

wazgn 81989 (2) laemsdanduuusssue (gnaszaainiaund)

“"’4-4' A
‘ " 10um

sui 2 gduuuanuiiadndzeslasiulandaranas (Clarias macrocephalus, 2n=54) single chromatid gap (SCG) isochromatid

gap (ISCG) fragmentation (F) (0) deletion (D) (%) 82 centric fragmentation (CF) (Eﬂﬁl n) NNYANAFDN (Qﬂﬂ’i%

aniaUnd)

anUsrauansdne

NIRaMIANIWUUSIIN  As uaz Cd LU
mmsgwwﬁﬂufwazmnauﬁu G'z’!iqm'swyﬁmmsn
wuldihluuuiuiintan asfimstsduagludiu du
1 wazeIm@ uaanAanssuvasuiieausrhlias

108

wgﬂuﬁzjauaaﬂejﬁmmé?aumﬂuaﬂmﬂﬁu AN
57897UYBN Pollution control department (2009)
Wuiin1saduvesasiaiiantainiiuninus
F00AaBINUNISANBIYDY Kaenchiangsa,
Wongsasom, and Sriruang (2012) wulsanm As
Yuitlouluh uazaznauituviaah uazmsdnwues



Naresuan University Journal: Science and Technology 2017; (25)3

Boonmee and Neeratanaphan (2014) WudNS
Yuwidloumes As  luaznauduuaslunssalsih
Vinasaumiiasusnasd matdleusnamemeiing
gagumnaanyed mnlasu As laaasinias
madaw daw Cd finussnsoianuldlusssund
WULHENNU e Cd ﬁﬁagj‘luﬁisumﬁ%maanmmn
amwssan@luiuiidananilanuauea da Wi
Lignsumulagmzmarharanihau anfanssy
mahmiiasimailanihaulas liddzUnagu
Tiiamatawsiuagnesasy Wumgling
nsznedizes  Cd  andu imsvudleuseng
sanesanlulsinasnn auinluvaiviule
(Department of primary industries and mines, 2004 )
ﬂ'%mm‘[amwﬁﬂﬁluﬂmqﬂqﬂLﬁ'al,ﬂ%ﬂmﬁﬂuﬁ'u
udmuhluganaassivinalanzuiinannniluge
$1989 uaziianuanandasiuUSinamwes cd luih
wasduiiafuinsgiu aeiidiaiierdeagly
fanedauiiiimsduiou ﬁaatiwtﬁuﬂmgnqﬂﬁﬁ
é’nwmzwmmwﬁaqﬁ%agi“luméwfwsssumﬁﬁﬁﬁ'ﬂ
wAumuituvihey Tasmwzusnainudulaay
AuovsTIWINGIsauYatuNasi 151 wuas b
wazgnuan BnhliRemsthenaalavewinlumels
2191510 laveniindnmsavaslunznaudumnnnilu
1 mﬂé’nﬂmuméaﬁag_jmﬁ'ﬂuazwqaﬂswmsﬁu
armsraslargnasieilanmalasulansninluy
USinannuny
namsdnmanudaUndradlaslalanlargngs
WU F0AARAIRUMSAN®I2aY Yadav and Trivedi
(2009) WU Pb As wae Cu ¥ lviiaanuidaUnd
gpalaslulzndardauls lesnwuanuiaUndnuums
wanvnuedlastulay nN1SINAZTe9I1NYBIULY Y
Taslulan msiialastalonlauniv uasanwmuey
TasTuTowiiil 2 wuTnaidies mswyrililasTulay
ﬁ@ﬂﬂﬁmnﬁq@ WaENITANYIVDY Ahmed,
Habibullah, Parvin, Akter, and Khan (2013) WU
As annsodmbliiiaenuduivdadiduelunn
aYosidnwresmila anvazanuinlndfiny
mnﬁqmiunwﬁnmw%qﬁ o D FuluanuiiaUndi
finmszameluuediueslaslalay anuiaund

Snwaziiazvh lrievasduuassnuBuusnaiy
nemelisinadediizdiouandeiy Siuine
wmaluisrunnuiaianudanundniums
fsaiia Aeizdatuaameld ludrunsaenan
NHMENINWUTNITNANHUEANNRAUNAYD
TasTulanusnadiizudiusasdudumname svh
Tdudeauanianumzaanunle (pseudodominance)
Famsuasuudasinfesusulastulawil Funiims
naraluszdulaslulan finadanisiasuulas

Wugnssn manaezedlaslulaniidiedlusauwai

'
a o

MfiFaaansonumundeuSuduiiengseald ud
gilmsudsuulavnnludeidiofaramela ms
Foedrlnaivasiudifiunaniarnnisnarsaas
Taslulza UNﬂ%qwuiﬂazlﬁwaﬁﬁndwﬁuﬁﬁagLﬁu
ldimsasuulastuaunsofivzdianang
anvanula udneadanmsnasvadlasiulzuerad
naLdadamsmseiiaudlideiuans dedadiulse
mqﬁuqﬂsswﬁﬂwﬁq (Tanomtong, 2011)
nauansanwagduiiululgiTansming
Yulauludanadananianssumeuniinusnasd
i %Lﬁmzaﬂuéqﬁ%ﬁmﬁmﬁ'waﬂluﬁqanﬁauﬁulﬁ
uazahansadenaaigldenmsuaziiusuane

] la' A lﬂ' =1 YV 1 %
AadNTInDUTINDINYBEMEEUAY
agﬂwamsﬁnm wasHatauaue

Usinadanzwinluiuasasnaudy 1INY
NAAILAzYADNEY WU luganeass As uaz Cd §
c»‘hLﬁuc»‘hmmgmﬂmmwﬁﬁmumlﬁ' dlugadeds
Ysunalavewinlainuamnessiu msSuduialan:
niinzaslangnae seeLld) 30 U NAIMINABDY
Tuganeassdi Cd uaz Cr HuMINIAITIUDINS
Yudlau drulugadredesiinalavsuinluifiue
NAIFIU TﬂsTNTwuvgiugwuwaqﬂawqﬂqﬂQWﬂqﬂwmaaq
uazgaendeilaslulmudwasadinnu 54 uns (2n=
54) madssiiuanuiiaUndzeslasiulonlagnas
wuhluganeass i 5 gUuuuanuiioUnd fe SCG
D F CF w8z ISCG 91U 4 9 1 5 Uas 2 Gunus
mudau TasfisnnuwasilastulanfioUnfaadu

109



110

Naresuan University Journal: Science and Technology 2017; (25)3

fawar 9.33 1wad anuazaNuAMUnETiwuNINilge
da D dwlugasiedelainuanuiiaundives
Taslulaw

Nnwamsdnmanuaazfiulain Aanssuuag
wilasusnasdiliiAamsuudioulanswiinly
Sewradanuazazanludeizindeusaziinsia

'
v o

wilpaliud udlovewiniiazauogludanadonsds
snsndanansznudadiiiiold wu Uagnasi
vmsinnluadaiilavewinfivudlouludunadan
snsaizdninazanlusirasiididie uazdenarh
TinanuianUndveslaslulanld wuiininsi
wiasiuiufunuilidesiiuyudairsliany
seiaseSennmsnlduselomianiudivulu

ENNNIN
AnenIsndszna

AMEKIVBYBYDUAMNUATUAYUINGUEITaAUY
N1STANISAILINEINULALEITOUATIE
WwInedErauuiy M limsiteasaiilvidse
aanlulddned

L@anNa#1581994

Ahmed, M. K., Habibullah, A. M., Parvin, E.,
Akter, M. S., & Khan, M. S. (2013). Arsenic
induced toxicity and histopathological changes in gill
and liver tissue

of freshwater fish, tilapia

(Oreochromis ~ mossambicus). Experimental — and

Toxicologic Pathology, 65, 903-909.

An, Y., Gao, Z., Yang, S., Liang, J., Feng, Y., Kato,
K., ..Yamanaka, K. (2004). Immunohistochemical
analysis of oxidative DNA damage in arsenic-related
human skin sample from arsenic contaminated area of
China. Cancer Letters, 214(1), 11-18.

APHA. (2005). Standard  methods  for  the

examination of water and wastewater, American

Public Health Association (21st ed.). Washington,
D.C.: USA.

Boonmee, S., & Neeratanaphan, L. (2014). Water
quality and arsenic contamination in sediment and
aquatic plants in gold mining area. Journal of Science
and Technology Mahasarakham University, Special
Issue, 429-435.

Chen, T.R., & Ebeling, A. W. (1968). Karyological
evidence of female heterogamety in themosquito fish,

Gambusia affinis. Copeia, 1, 70-75.

Chonpichan, J. (2015). The role of the mining
industry on the economy. Bangkok: Department of

primary industries and mines.

Department of primary industries and mines. (2004 ).
Cadmium contamination of the environment in Mae Sot,
Tak province. Retrieved from http://www.dpim.go.th/
purchase/purchase-3.html?catid=122

Ghosh, P., Banjaree, M., Chaudhuri, S. D., Das, J.
K., Sarma, N., Basu, A., & Giri, A. K. (2007).
Increased chromosome aberration frequencies in the
Bowen’s patients compared to non-cancerous skin
individuals arsenic. Genetic

lesions exposed to

Toxicology  and  Environmental

632(1), 104-110.

Mutagenesis,

Intarat, R. (2007). Monitoring water quality gold
mining site Wangsaphung district of Loei province.

Journal Environmental News Zone 9, 5, 14-18.

Jeronimo, P. P., Rapb, E., & Vosca, J. (2015). The
politics of land use planning: Gold mining in

Cajamarca, Peru. Land Use Policy, 49, 104-1117.



Naresuan University Journal: Science and Technology 2017; (25)3

Kaenchiangsa, C., Wongsasom, S., & Sriruang, I.
(2012). Potential of natural wetlands in treating
arsenic from gold mine runoff. Research Project,
Environmental Engineering, Faculty of Engineering,

Khon Kaen University.

Khunin, B. (2015). The mining industry of Thailand
in 2557 and outlook for 2558 Department of

primary industries and mines. Bangkok: n.p.

Larramendy, M. L., Popescu, N. C., & Dipaolo, J.
A. (1981). Induction by inorganic metal salts of
chromosome

sisterchromatid ~ exchanges  and

aberration in human and Syrian hamster cells.
Environmental and Molecular Mutagenesis, 3, 597~

606.

Mahata, J., Basu, A., Ghoshal, S., Sarker, J. N.,
Roy, A. K., Poddar, G., Nandy, A. K., Banjaree,
A., Ray, K., Natarajan, A. T., Nilson, R., & Giri,
A. K. (2003). Chromosome aberrations and sister
chromatid exchanges in individuals exposed to
arsenic through drinking water in West Bengal, India.
Genetic Toxicology and Environmental Mutagenesis,

534(1), 133-143.

Nanda, I., Schartl, M., Feichtinger, W., Schlupp, I.,
Parzefall, J., & Schmid, M. (1995). Chromosomal
evidence for laboratory synthesis of triploid hybrid
between the gynogeneticteleost Poecilia formosa and
its host species. Journal of the Marine Biological

Association of India, 8(2), 267-269.

Pholweang, N. (2014). Accumulation of arsenic in
surface water, sediment and macrobenthos at Huai
Lek, Wang saphung district, Loei province. In the
National and International Graduate Research
Conference 2014, 28 March 2014, (pp. 770-
775). Khon Kaen University, Khon Kaen.

Patlolla, A. K., & Tchounwou, P. B. (2005).
Cytogenetic evaluation of arsenic trioxide toxicity in
rats. Genetic

Sprague-Dawley Toxicology  and

Environmental Mutagenesis, 587(1), 126-133.
Pollution control  department. (2009). Reporting
examination of cyanide and heavy metals in the

surface water. Use of public water and sediment of

nearby villages gold mining. PCD Bangkok: n.p.

Tanomtong, A. (2011). Cytogenetic. Khon Kaen:
Publisher Khon Kaen University.

Tseng, H. P., Wang, Y. H., Wu, M. M., The, H.
W., Chiou, H.Y., & Chen, C.]J. (2006).
Association between chronic exposure to arsenic and
slow nerve conduction velocity among adolescents in
Taiwan. Journal of Health, Population and Nutrition,
24(2), 182-189.

Yadav, K.Y, & Trivedi, S. P. (2009).
Chromosomal aberrations in a fish, Channa punctata
after in vivo exposure to three heavy metals.

Mutation Research, 678, 7-12.

111



