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Abstract

The objective of this study was to investigate the concentrations of heavy metals (As, Pb,
Cd, Cr, Cu, Fe, Mn, Ni and Zn) in water, soil and frog (Hoplobatrachu rugulosa) samples including
chromosomal aberrations in H. rugulosa around electronic waste landfill area. Heavy metals were
measured by using inductively coupled plasma optical emission spectrometry (ICP-OES).
Assessment of chromosomal aberrations of H. rugulosa prepared from bone marrow. The
concentrations of heavy metals in 6 water sample sites were found Pb in 3 water sample sites, Cd
in 3 water sample sites, Crin 1 water sample site, Cu in 3 water sample sites, Mn in 3 water sample
sites, Ni in 2 water sample sites and Zn in 2 water sample sites that were all exceed the water
standards. Total 23 soil sample sites around electronic waste landfill area were found As in 3 soil
sample sites and Pb in 3 soil sample sites that were exceed the soil standards. The Pb concentration
in 5 frog samples were exceeds the standard. The diploid chromosome number of H. rugulosa was
2n=26. There were 7 types of chromosomal aberrations of H. rugulosa around the electronic waste
landfill including single chromatid gap (SCG), single chromatid break (SCB), isochromatid gap (ISCG),
isochromatid break (ISCB), deletion (D), fragmentation (F), and centromere break (CB). The most
common chromosomal aberration was SCG. The percentage of cells with chromosomal aberrations

was 38.8 %.

Keywords: electronic waste; heavy metal; chromosomal aberration; frog
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As Pb Cd Cr Cu Fe Mn Ni Zn
i]]ﬂﬁl 1 0.007 | 0.009 0.002 0.001 0.051 | 10.599 | 3.268* | 0.018 | 0.272
ﬁ}ﬂﬁ 2 0.009 | 0.206* 0.040%* ND 0.647* | 0.270 | 2.780* | 0.335* | 4.289*
Qﬂﬁ 3 0.007 | 0.007 ND 0.004 | 0.063 0.276 | 0.567 | 0.015 | 0.264
ﬁ}ﬂﬁ a4 0.006 ND ND 0.001 0.018 1.594 | 0.852 | 0.011 | 0.233
Qﬂﬁ 5 0.008 | 0.183* 0.007* ND 1.083* | 0.420 | 0.211 0.054 | 0.543
R;Wﬁl 6 0.008 | 2.106* 0.179* | 0.061* | 69.759* | 8.738 | 11.585* | 1.394* | 19.008*
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As Pb Cd Cr Cu Fe Mn Ni Zn
ot 1 1.235 6.931| 0371 17.711| 18197 3617.716| 19.645| 3.502|  72.300
0 2 1.018|  21.025| 0.793| 24.760| 85.744| 6650.765| 32.638| 7.657| 79.493
907 3 1.574|  17.735| 0.905| 23.413| 55138 saturated | 65.048| 6.941| 73.189
i]@ﬁ 4 1.289 11.086| 0.578| 8.117 41.383| 4656.635| 30.910( 3.038 85.181
907 5 2.055| 358.791| 4.298| 11.769| 2623.067| 4074.335| 137.057 | 36.364| 844.396
07 6 4.177%| 1306.590%| 6.002| 17.472| 6431.005| 3555.983 | 118.428| 55.024| 928.630
07 7 0.741 10.267| 0.563| 14.228| 12380 3081.714| 15764 3.396| 97.425
i]@ﬁ 8 1.001 6.046| 0.496| 17.128 8.576| 3360.153| 10.849| 2.893 87.616
907l 9 1.419 5722| 0.640| 17.974 7.690| 4648.580| 17.680| 3.088| 78.666
0 10 1.135 5801| 0.645| 15.033 5.801| 3553.801| 51.835| 4.339| 69.632
i 11 0.868 4.992| 0524| 10.667 5698| 2735.025| 11.088| 1.931| 57.397
ol 12 1.273 5309| 0.694| 16.769 6.252| 4092.621| 62.553| 6.731| 63.481
S RE 1.246 3321| 0.372| 10.666 5804| 3471.878| 20.796| 2.098|  69.274
i]@‘ﬁ 14 1.486 4.960| 0.591| 19.212 16.150 | 5287.078| 41.599| 3.700 73.001
7l 15 1.284 4.837| 0513| 16301| 24.382| 3478.293| 12.995| 7.831| 92.728
il 16 1.295 3.825| 0.391| 11.396 7.840| 3624.457| 20.033| 2.345| 68.137
il 17 1.409 3213| 0.415| 14.979 3.459| 3938.755| 40.333| 2.590|  68.770
qnit 18 luitufitlenau| 12.908* | 6361.358*| 16.557| 35.755 saturated | saturated | 223.649| 57.854| 2104.470
it 19 Tuftufiilnau|  6.198%| 7719.163*| 14.206| 34.224 | saturated | 5193.294 | 272.952| 77.989| 1566709
il 20 Tutufiilenau|  1076| 168.990| 0.649| 13.940| 828.638| 3318464 21992 5a42| 151782
it 21 luftufiilenau|  1.433|  20.646| 0.667| 19.185| 90358| 5006.120| 35.258| 4.011| 74.959
ot 22 luufitlenau|  1342|  98.152| 0.886| 12445| 325886| 3833313 83216 6.597| 154581
ot 23 luitufitlenau|  1437| 304.454] 4.140| 12017] 2428436 | 3494.275] 109.335| 20.487| 423248
AR <39 <400 <37| <300 - - <1800 | <1600 -

TunsgruRunmAunldUsyleviiiiensedendouazinunsnssy aunselydiduaiuuasSnviguaindainae w.e.

2535 L%"mﬁmuﬂ@mmwﬁu; * punea U%mmiamwﬁﬂﬁwuﬁmLﬁummigm; ND = Not detected (<LOD) lawn As = 0.006,
Cd=0.001, Cr=0.001, Cu=0.002, Fe =0.002, Mn=0.002, Ni=0.001, Pb =0.005 Wkag Zn=0.001

Wit Cd, Cu, Pb uag Zn gedn aulnauidn
wagivaluny Cd uay Pb Asudege uazlu
deediniiuslnalddaunnny Cd wag Pb LAy
Ageaniianansosonsuldlusmsvessemaiy
Tavgnininandauisognarenesnuazazaulu
8aii¥in [15,16]
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sonidu 2 ngu Ao nquiiddudesnenie laun
Fe, Zn, Mn, Cu, Ni uag Cr sufussfusznay
ddnyvedlusiuuazieuledvansyussinn 29833
$niugesuslnalaneimaniludnauiiiiomese

$19n78 wagnguiliddusesnanie laun Pb, Cd
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A1597 3 Usunalaveniinfazanlunuuiusyaiuiilanauveysidnnsetind

L Unadaveninfiavaulunuunuinaiuidnavsezdidnnsedng @ednsuserlansa)
fagaNun

As Pb Cd Cr Cu Fe Mn Ni Zn

nu 1 ND 0.651 0.002 | 0.630 | 0.451 8.735 0.504 | 0.394 | 12.352

nu 2 ND 1.527 0.020 | 1.322 | 0.383 6.079 1.031 | 1.828 | 24.662

nu 3 0.055 3.006 ND 0.237 | 0.463 7.581 0.416 | 0.122 | 13.299

nu 4 ND 0.859 0.006 | 1.115 | 0.528 | 15.719 | 0.989 | 1.527 | 25.361

nu b ND 0.574 ND 0.643 | 0318 | 25.459 | 1.042 | 0.214 | 11.503

ﬂ"lLQgEJ 0.055 | 1.323* | 0.009 | 0.789 | 0.429 | 12715 | 0.796 | 0.817 | 17.435
Wnsgu” 2 1 0.05 2 20 - - - 100

" mmgwummiﬂw,ﬁau ANUTTNIANTENTNEATITUY atiuf 98 w.a. 2529; * vianeds Usunalavenin
AnuilAALNIATFIU; ND = Not detected (<LOD) LéfuA As =0.006, Cd=0.001, Cr=0.001, Cu=0.002,
Fe =0.002, Mn =0.002, Ni=0.001, Pb=0.005 wag Zn=0.001

3.2 msUszfiuanuiaunfvaslasiulou

AUUN
HANSANYINUgAERSIgaduadlasly-
Tgunuun wuanuuddnuaulastulauinasen
Winiu 26 Wie (2n = 26) Usznoumielasluley 2
¥iin Ao laslulaugdawuniaunsn (metacentric
chromosome, m) wagduLtunNILYUnNsn (sub-
metacentric chromosome, sm) lastuloudl 2
yunn fo Taslulsuvuneilvg) 5 ¢ 1éun 67 1, 2, 3,
11 uag 12 Usznaumelasiulanviamnieunsn
3 ¢ wazduinieunin 2 g uazlastulguvuin

vin 8¢ lown @7 4,56,7,89 10 uaz 13
Usgnaumelaslulauvdawmiigunin 7 ¢ uay

FUUNUIUNIN 1 @ (3UN 2) aenndesiun1sfinm

179

93 539 [19]
nsusziliuauRaun@Aveslaslulen
AUWSILAY 5 faeghe luusaiiudidanavaey
didnnsetind nudnwazaNuRaUnfveslaslalay
avun 7 JUKUU fd single chromatid gap (SCG),
single chromatid break (SCB), isochromatid gap
(ISCG), isochromatid break (ISCB), deletion (D),
fragmentation (F) W@ g centromere break (CB)
(g‘d‘ﬁ 3) PuIuANUEAUNAve AR FULUY Wity
51, 20, 26, 7, 25, 28 g 21 AILRUY ATUEIAU
TngguuvuanuiaunAfinuunniign fe SCG 3
snnuaditmAnundvedasiulsuaon 97
wag andudosay 38.8 vassuILEASTIAN Y

ylanun (M15199 4)
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gﬂﬁ 2 Tasluleunuunsseziuninawazaislatnd (2n = 26)

3% f“b4f , 'i

ISCG

lSCB

‘ 10 pm (e 10 m

10 pm

10 pm

g‘dﬁ 3 anwazAuRaunfveslasluleunuy single chromatid gap (SCG), single chromatid break

(SCB), isochromatid gap (ISCG), isochromatid break (ISCB), deletion (D), fragmentation (F)

ILa centromere break (CB)

ANuRAUNRvealaslulaunuLode
agluvsnaununlinavvezdidnnsetind wansli
@ = [ a o aa
wiudaauluiwresanenininidnisavauly
31918 IaglanigngNInuiuaunsgnluny

U mmLﬁuﬁwaqmﬁaﬁmaiumuﬁaﬂﬁmaﬂ

180

oulesilusnene Feenadmanenissiasidiles
N1suUaTid LagN1TYoNULYNAILDIVDIAT
NugNIIN nebminn1snaleiugnIenITwanmin
Y03lAsllen [20] @9AARBIAUNITANEIVDY

Cestari wagAny [21] wuitmennaliminAIy
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Wdunigveantdutenaziinmnuinlnives
Tastulenludan (H. malabaricus) uenainil
nsAnwiluanitgnisvaaesdanuitalsny
neliinAuRaUnfvedasiulgulanida [22]
AOAARDINUNIANYIVDY Suttichiya tazAmy [23]
WUIINUUN (H. rugulosus) wag Intamat kagAUE
[24] wui1nunues (Fejervarya limnocharis) i
WiuumimgmmwﬂmﬁauﬁnmmﬁaqLLi'waqﬁ']
danuRnunfvedlasiulay wavlasdloudadiaudn
Wuansneuside aunsavlifsueveddldin
domeld [25] luanzasandeniidnisiuiou
vosivzyades AaiTindnagldsuaisiviig
$umeannI vl Jsasiveianionaiing
Ronisiiafivvesarsivdnaianield Wy ns
AOUALBILUUTINTBINITODNNS N1TNBUALDS
LUULESHEYS WarnImauANBILUUA UGS Ma°

9197 bAN TR TIvBITiwTuNNNTUle [26]

@9AAADINUNITAN®IVBY NUANT WavAy [27]
Usziumnuiaunfvesdlasiuleulatveu
(Channa striata) Tuuwasinfilasunansenuain
theryarosuinaiiuiilinauyaros wuinfosa
nsuaninueslasiuleufeigaauinnitUadeuly
wiashildldsunansenu flanuunnsefuede
fifadrdynneadn (P<0.05) wena1ni Phoona-
ploy hagAue [28] wuirnunueslufiuiiilasu
waﬂiwua'mﬁwzgawaaﬁmmﬁmﬂﬂﬁ‘um
TasTuleuurnniinunueduiuiifilailefuna
nIeENU dAnuwandeg1lidediAgy1eana (p <
0.05) MnnsAnemabuandliisiuinlanemiing
Vuisuludwinden awnsadinansynuse
AsdiFinflondoagluuinmduld Snanuundadu
2IM15VBINY Y Faunisuslaanuunazvinle

langniingnaneveadnduyudnuvialgaimsia

A15199 4 AanuRaunAveslasiulaunuuIuSHuNUTRnauves Bldnnsetingd

AUUT SunueRaunfivedaslulon Ghumdd) | SiusuanuAaund | Siuiuewedd | Sevazveuvad
(H. rugulosus) vadpslulowioma | wueuiin | Afleafiaund
(§ai) °C0 | 5CB 1 BCG | BCB B F ) B (GRINI) Unf (1wad) voslaslulay
1 10 q 2 2 q 2 9 33 19 38.0
2 13 4 6 2 3 4 4 36 19 38.0
3 6 2 1 0 9 7 2 27 20 40.0
4 14 5 2 1 q 6 2 34 22 44.0
5 8 5 6 2 5 9 4 39 17 34.0
RipRY 51 20 26 7 25 | 28 | 21 169 97 38.8

4. ayUnanIsAnNe

AsAnwdwanslmiunansenuvesuile

caa Y 1

ﬂa‘UqJﬁlxaLﬁﬂﬂi@ﬁﬂﬁﬂﬂﬂ’]i’i}ﬂﬂ?i@EJ’NbLliQﬂ(;]JEN

ANUNSNIVINIG NalmAnNISlraveslansuing

U

o

danndeu danansenudeddidinnendesgly
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USaudy nuundudadidianieussuluise
Fawindsunvuouasiiv wandlmiunenislasy
TaneninuarnsazauaunaiinAmuRaUnNAvad

Taslulon Fedmudrfgyronisanenenanve

v
1Y o o

wgnsILYeddldin Snvisnundadusimsves
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wywd deunsuslaanuuasyililangningn

1

drenoaiguywdniuiigigemsia n1sdne

U a = [ a L3 U
ﬁ@lﬂﬂ’ﬁllﬂ?iﬂmﬁ’]ﬂ’]’]&lL‘U‘L!'W'Usﬂﬁlﬂiaﬂgﬂuﬂizﬂ‘l.l

a =

fouelunuul swiwansznureslangninme

aAda a A o o I

dulvdinviinduneduegluusnaiunianavvey

)

< a

dannselng

5. inAnssuUszNA

vevouAM NuITudmiuamiaisd
Jaudinfinw UsednUn1sfinen 2559 uagaudide
f1un1sianisdcuindenuazaissunsne

WInedeve Uil NN satiuauuie
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