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The Incidence of Abnormalities in Bullfrogs, Rana
catesbeiana, and Their Heavy Metal Accumulations
in the Yeongsan River System!

Doo-Pyo Lee?, Seon-Kun Ko?
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7 FA Y XA BUE P d8o2 4/ AGE AR FoshTFE 20504 & A dA olE
9] 2R 2P & L YL AT 289 AU 2o 2AY FFE F2E BN BT
Y 2PRL 68%2 T8 JFFEAAY Ad FYE 3%ET Een, NP2 2F ¢ £ RN
eyt 4382 5d A& (Ectrodactyly)el 64.3% 2 7F% Btz o222 &4 (Dilation)o] 28.6%,
A (Truncation) 7.1%9 «°IRAth 43 718 AAL FE49] F=8 AP vad £ Az 1Y)
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ABSTRACT

One of the environmental monitoring programs on the Yeongsan river system, 205 bullfrogs
were collected at four sites to investigated the incidence of abnormalities and heavy metal lev-
els in their tissues. The overall incidence of abnormality was up to 6.8% exceeding 3%, the nat-
ural incidence rate of abnormalities in any population. All specimens of abnormalities exhibit-
ed skeletal abnormalities of the limbs. Among them, ectrodactyly (64.3%) was predominant,
followed by dilation (28.6%) and then truncation (7.1%). In comparison of normal frogs with
abnormal ones for the heavy metal levels of four tissues, kidney levels showed significantly dif-
ference: Mn, Zn, Cu, Pb and Cd levls in abnormal frogs were 4, 1.5, 7, 8 and 7 times higher
than those in normal frogs, respectively. Furthermore, tissue distribution patterns of these ele-
ments were changed in abnormals. From these results, we found out that bullfrogs could be
used as biological indicators in wetland ecosystem monitoring.
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HEEE FoA SNFE FHLEE vuA
FgE 7] 4 58 §8H(Read and Tyler,
1994). #3oRoe g FAFe FEA T 9
& B3 ER gol gA LHEAN x2€ F 3loH
49 xole I 2FdELo fY=HE A4
A HA 7] WEo ti L 2ejsrt. 2 FAF
' s ¥29 ABF o2 (Nishimura, 1967:
Emergy and McShane, 1980; Tyler, 1989;
Read and Tyler. 1994), = $34299 AR
%02 (Browne and Dumont, 1979: Nebeker
et al., 1995; Henle, 1981), =& ¥%299 A
EF 02 (Harri et al., 1979; Anguiano, 1994)
83 Aoz dElA Jdon B3, MAEET H
3 Aol Boldty HeH 71He BE £ 4o
3] FAFELY FUHY AIREE Bo] o] &5
o e

BaATFe)e 9347 nFeg 8 dgde
19599 BN 4 8E BH o2 =3l ALH
71 AR ey & AHE BHA £33 AHSE 37
3 HHA ofpdalE Aoz 43A AP,
1972). a3 e $8 v Malsta de A
FEF FAA M Y Fo2 F2 E8H], A
FA, 3¢ F 19 e B3 33 Afe B9 &5
Bol vud 43 FIRIE FAHLE AHsn
Atk AT U2 FAHFe M B, 2 F
EAo 27l 5o g8 AAAR = MAFIt F
28 HaFAd AtHMcCarthy and Shugart,
1990). st $-2] v =¥ FaiTeEe A
Hol A g3, AME &%, AF, AF, #AFF,
2%, Z&7F 5 g4 M43 e Fd ok
FEE X8l AN AASI A8 Sl
A glen 2 MAXE AFoz FAE T glo] 4
AeAd 2 9¥e] H3 Ak (HA sy nHS,
1998). gadlTele o8 24 L MAEAHeR
A3 Aol Z4F e HEF S A3 & AR
AFEm EF 2Ed 97 P FPo] LHE AR
dAET 2y Il old tig AFe A

= A% ojrh,

metd 2 dFe A Aoy FAAHA =
e g dgtez ¢4, Fasyeld tsiod A
AedA e 718 23 &3 7Y S AR 7
FgAgol el F Uz dgde e E 334
o dale] gotrr] &, 9% A THALZEH
o] Agg 713 2¥&3e #AE FAEtn FA

e B 8F A %32 15(2) 2001

AAS 718 AR AW FE5S FHYLE ¥ =23}
A

Mz W Y

gaTele 19973 549%E 79 oo &%
Ee FAERTE o83t Aebdx dule] &4 <A
% 2057049 A (200g °12)E AAsAt. AR
Aare 9% LARLAL2ZRE Y AR E 18 3o
¥ 10km o W9 937 49}, ¥ 30km ol4
goj FFFAA Ao, YA dof L #HE o
e 47) Adog TR

ARE BaAFele BUF 2y A8 B
sted 713 %A-E Read and Tyler(1994)9) Hhy
o A BAIALH ANGHE 7Y 2HEE
A2l

SE4& 4L 3 A3 FhlTe] FelA
SFaglz A4 A7el 134, 713 AT 548
ARG F oL dRe 2 AR, 28 % W(d
HE) § 40 FE 27& AE3A. 74 23L&
A Ae dAFAN b 3~5g& AE Egpx3
ol ¥ AAL A B LAt o 1Y EAE F
FH9E 100ml2 A} 48 2L flzt
F4353) 28 Fe, Mn, Zn, CuE FZ3Ne
o, Pb# Cd2 E3Y4-& DDTC-MIBKS 93t
2% ¥ AA-6401(Shimadzu A&) & o] &3 €
AEFFEY ot ¥ & 233 H Lee.
1989). 3% T HTA YT E t-testE ol &
8t ch

A =

gaATae 718 28 8E A% 29 18 A
Ae Z 205704 & 1442 6.8%F eI
(Table 1). 718 23 &% X9z v 9% 94
HPHAE FHo2 ¥ 10km ©lWe] F3F 4
RAME 6.9%9 3 W73 30km 5] FFFHA|,
A 2 g3 duldM e 247 6.1%, 5.7% &
9.7%2 Jehg 9% dAdALre] %L gle
Aoz vehstt},

7189 43¥& 2A8 £ A3(Table 1), 718%
A Eoe % drigoz yehgon 7Y {3
€ Az ¢ e Sl 2 ke AR A&
(ectrodactyly)°] 97141(64.3%)2 7F g%kx ot
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+& &3(dilation)ol 474M (28.6%), A& (trun-
cation)°] 1703 (7.1%)9] &olch.

Barele 2345 #A 29E AR QA8 7
Y A2 TR Table 291 JeERUTE. B4 7
e AW 27 2 YAy R¥AUE BE Fe
¢} Cue elA, Mn. Zn % Pbe ®dlX, Cde A
Bl 71 gkon, ol diE BF 84
Mg ¥ %L Bg, a3y 718 A% A4
MA e g2 Mne RN E WM BF %3
i, Cu$} Zne AAolA ET} E3kon phe A
oA WET & AL HYT)

Zt 2F¥H & Fe, Mn, Zn, Cu, Pb 2 Cd ¥ 671
a0 izt B4 AN 718 RAe =8 Hln
8 & A (Table 2), LM E 67) 94 2F U=}
el f2l @ ol YA Hp)0.05) AR A&
Fe& A9 570 9471, 2894+ Mnel 718 7
AN feldeoz Fston MoxE Ferl 718 A
HoA FelH ez ¥yrh(p(0.05). &3], AFoA
€ Mnol 4+ HFF=7t 3% 6.28¢g/gol vl )
¥ 24 Tug/go 2 <k 49, ZnS] A B4 16.7wg/g
o ¥ 7Y 25 dug/go 2 o 1 58, Cudl % H
4 2.23pg/go) ¥l3 718 15.9pg/go.2 2 TH, Pb
o] 739 B4 3.13ug/gell B8 71¥ 24.8ug/go 2
oF 8ull, Cde] A+ H4 0.09xg/gol Hld) 719

Table 1. Details of abnormalities detected

0.61¢g/g22 % THl 3= §& A2 Uiyt =
g Z&ME= M) 3F B4 1.30ug/gol Hl&) 7)
W 2.66ug/g2 2 oF 2v] A% &9k WA Fedl
A% A% 20.5ug/go) ¥idl 718 10 5ug/ge 2 %
1/2 A% sk},

o @

QREe HFFEAME A4 & s o e
7180l Ueld & glon T Fo| AN
AQ=e ] o8 FHAXcz2x Wy 4 ). 23
Y oleig 71Ye] 24 ke o7 7ix] 48914
98 %718 4 Uth(Read and Tyler, 1994). u}
A 7183de] Az e N A& Hoste
Wi e g A Z o] 4E F %ley olE AAME
A4 A3k 7Hdo] A& Folu 2FEA @& XY
of g 7| 2287 838 Hrt

£ 229 Aehde 4FT, FFBGA Ak
T, UFA 2 FEE ddle BT $2Y &AM E
FAOE e FEAUE FH dFe FIEAYG
B3 F FEFEOIY JlE f3 A EAE Yo
H&3te 2 A9 gle Ao, gk, 4329
AL, ALY EAL 47171 A 7HF Foll Yol WAL

Sit, Number of Number of Incide- Abnormalit
e Sample Abnormality  nce(%) ormatity
A. Gross truncation in bones of right and left
hand
Yonggwang 72 5 6.9 B. Partial ectrodactyly T left foot
C. Partial ectrodactyly T1 right foot
D. Dilation F_I left hand _
A. Partial ectrodactyly T left foot
Gwangju 49 3 6.1 B. Dilation FI, K left hand
C. Gross ectrodactyly of left hand
A. Partial ectrodactyly TI left foot
Naju 53 3 5.7 B. Gross ectrodactyly of left foot
C. Partial eqt;odacfcyly Fl left hand
A. Partial dilation left foot
B. Partial ectrodactyly TN right foot
Hampyong 81 3 9.7 C. Ectrodactyly FI right hand, cyndactyly
; right hand ‘
Total 205 14 6.8

*7T: tarsal bone, F: finger
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Table 2. Heavy metal concentrations(Mean+S.D, range, ug/wet. g) in tissues of normal(n=13) and

abnormal bullfrogs(n=5)
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Element Liver Kidney Muscle - Bone
Normal 277+139 94.2+23.7 12.0£8.08 20.5+7.26 a
Fe (82.9-553) (76.9-121) (4.62-29.8) (10.9-33.8)
Abnormal 191+153 79.5+18.7 7.98+2 68 10.5+5.48 b
(87.3-444) (57.9-107) (3.72-12.03) (5.83-18.4)
Normal 4.25+1.72 6.28+2.08 a 1.30+0.80 a 18.5+5.78
(2.11-7.85) (4.43-8.53) (0.10-2.50) (9.39-29.3)
Mn Abnormal 4.59+1.20 24.7+11.5b 2.66+0.58 b 21.6+4.07
(3.53-6.34) (12.2-24.1) (2.07-3.60) (17.0-26.7)
Normal 27.1+7.17 16.7+3.69 a 7.80+1.28 51.4+8.14
Zn (16.1-37.1) (13.0-20.4) (5.68-10.0) (36.9-71.3)
Abnormal 20.7+4.17 25.4+8.48 b 9.11+4.95 44.3+11.2
(16.6-24.9) (17.5-38.0) (3.78-15.0) (30.1-56.5)
Normal 8.4816.08 2.23+0.30 a 1.38+0.76 1.91+1.58
(2.79-23.4) (1.91-2.50) (0.36-2.64) (0.49-5.19)
Cu Abnormal 10.3+5.34 15.9+9.86 b 1.45+1.15 1.76+1.03
(5.28-17.6) (5.26-26.8) (0.26-3.30) (0.58-2.90)
2.20+1.20 3.13+2.37 a 2.33+0.66 3.37+2.11
Normal (0.50-4.50) (1.02-5.70) (1.60-3.40) (1.24-7.93)
Pb 3.45+1.52 24.8+15.4 b 2.10+1.61 4.0741.63
Abnormal (ND-4.76) (9.3-42.0) (0.60-4.60) (ND-5.50)
0.08+0.07 0.15+0.08 a 0.05+0.03 0.11+0.06
Normal (ND-0.31) (0.01-0.17) (ND-0.10) (ND-0.21)
Cd Abnormal 0.10+0.07 0.61+0.43 b 0.07+0.06 0.15+0.09
(0.04-0.20) (0.20-1.17) (0.02-0.17) (0.05-0.25)

*a, b = Means not followed by the same latter are signifcantly different(p<0.05)
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