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Contents of Lead, Cadmium and Zinc in Bone, Muscle and Fin of Carassius carassius from
Middle Stream of Nakdong River, Korea

Doohie Kim, Yong Gu Kim, Bong Ki Jang

Department of Preventive Medicine and Public Health,
College of Medicine, Kyungpook National University

In order to determine the contents of lead, cadmium and zinc, the tissues of the crussian carp, Carassius
carassius, collected from the middle streams of the Nakdong river were examined.

During the dry season from 8 to 15, March, 1987, six loci were selected to sample the fish and river
water; five of them were the midstreams of the Nakdong river i. e, the vicinities of the Andong dam,
the Nakdong bridge, the Waegwan bridge, Gangjung and Gaepori, the other one was the Kumho river
around the Paldal bridge(see Fig. 1).

The microanalyses of lead and cadmium contents were undertaken by the atomic absorption spectro-
photometer(Model IL-551) connected with CTF-IL 655, while that of zinc by the flame method with
IL-551 only.

The contents of lead and cadmium in water sampled from Gaepori distant from about 30km downward
from the junction with the Kumho river were about 1.5 times higher than those from Gangjung distant
about 0.5km upward from the junction, and the content of zinc from Gaepori was slightly higher than
that from Gangjung. However, the contents of lead and cadmium in water sampled from Gaepori were
three fifth of those from the vicinity of Paldal bridge far about 2km upperward from the junction. In
the other words, the contents of lead and cadmium in the samples from the vicinity of the Paldal bridge
were about 2.5 to 3 times higher than those from the Gangjung and 5 times higher than those from
the Andong dam.

The contents of the heavy metals in the tissues of Carassius carassius were relatively consistent to
those of the aquatic environments where the fish were collected, with higher contents in the tissues
of the crussian carp collected from the vicinity of Gaepori and the Paldal bridge which were so much
polluted than in those from other loci in upper stream from the junction. And the contents of lead and
cadmium in tissues were positively correlated with the age of the fish, however, that of zinc was not.

The contents of lead in bone of crussian carp from the vicinity of the Paldal bridge in the group
of 0—1 year old fish were similar to those of 4—5 years old fish from Gaepori, and higher than those
of 3—4 years old fish collected from the upper stream of the junction.

It is likely that fishing from Gaepori and the paldal bridge is not recommended, and all the industrial
producers have to pay intensive attention to the water pollution due to the sewage disposal.
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Table 1. Analytical conditions of atomic absorption spectrophotometer

Parameters Pb Cd Zn
Hollow cathode lamp Pb HCL Cd HCL Zn HCL
Lamp current(mA) 5 3 3
Wave lengeh(nm) 283.3 228.8 2139
Analysis mode DB A-Bkg DB A-Bkg DB A-Bkg
Readout mode P/H P/H P/H
Intergration time(sec) 10 10 10
Purge gas Argon Argon
Temperature program
Dry 110°C/50sec 110°C/50sec -
Ash 600°C/35sec 400°C/25sec -
Atomize 2,100°C/10sec 2,000°C/10sec -
Table 2. Concentrations of Pb, Cd and Zn in water at each sampling locus .
(unit : ppb)
Sampling locus Pb Cd Zn
Andong dam 102+ 0.13 0.20x£0.08 20.07+ 1.46
Nakdong bridge 1.20+0.17 025+ 0.07 2318+ 251
Waegwan bridge 154+ 0.24 0.32+ 0.05 2584+ 277
Gangjung 1.69+ 0.19 0.39+ 0.05 28.36+ 5.30
Gaepori 3.01+0.37 0.65+ 0.09 30.01+ 7.22
Significance p<0.001 p<0.001 p<0.05
Paldal bridge 5.04+ 0.51 0.95+ 0.13 4395+ 517
Table 3. Contents of Pb, Cd and Zn in body parts of crussian carp by the stream of river .
(unit : ppm)
Site Bone Muscle Fin
Place Case Pb Cd Zn Case Pb Cd Zn Case Phb Cd Zn
Andong 11 29136 01128 266229 10 05262 00337 7.8090 11 18059 0.0720 19.7394
dam +02962 +0.0135 58321 +0.0708 +0.0037 * 1.7770 +0.0704 +0.0080 * 34261
Nakdong 10 30687 0.1246 275469 11 06114 00391 74151 11 18392 00688 205715
bridge +0.4334 +£0.0076 +4.0296 +0.0536 +0.0031 +1.6962 +0.0704 +0.0235 +29878
Waegwan 1 31219 01414 254965 13 06138 0.0398 7.8025 13 18674 00781 194759
bridge +0.3958 +0.0094 + 32039 +0.0599 +0.0035 +1.1064 +0.0893 +0.0057 * 1.6636
Gangjung 10 31951 01453 29.0902 9 06392 00393 84287 9 19354 0.0794 20.5048
+0.3922 +0.0088 +2.2510 +0.0564 +0.0033 +1.0038 +0.2509 +0.0120 + 1.7447
Gaepori 9 36876 01600 307091 10 07722 00465 102036 10 21208 0.1032 23.0375
+0.7236 +0.0252 + 26899 +0.1199 +0.0076 +2.1382 +0.3069 +0.0293 * 2.8403
Total 51 31807 0.1360 27.7660 53 06310 0.0397 82827 54 19074 0.0798 20.5856
+ 05093 £0.0212 +4.1459 +0.1065 £0.0059 + 18171 +0.2035 +0.0208 + 2.8181
Sig. p<0.01 p<0.001 p<0.05 p<0.001 p<0.001 p<0.01 p<0.01 p<0.001 p<0.05
Paldal 10  3.8857 0.1789 29.1608 10 0.8592 00591 10.8494 10 24369 0.1163 22.3590
+0.5041 +0.0345 +4.0112 +0.0736 +0.0069 + 19438 + 04309 +0.0167 + 1.8578
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Table 4. Contents of Pb, Cd and Zn in body parts of crussian carp

(unit : ppm)
Site Heavy Andong, Nakd(?ng Paldal, Gaepori Sig.
metal Waegwan, Gangjung

No. of case 42 19
Bone Pb 3.0721+ 0.3817 3.7918+ 0.6083 p<0.001
Cd 0.1308+ 0.0165 0.1699+ 0.0312 p<0.001
Zn 27.1353+ 4.1522 29.8942+ 3.4484 p<0.05

No. of case 43 20
Muscle Pb 0.5981+ 0.0714 0.8157+ 0.1066 p<0.001
Cd 0.0381+ 0.0041 0.0528+ 0.0096 p<0.001
Zn 7.8360+ 1.4233 10.5265+ 2.0162 p<0.001

No. of case 42 19
Fin Pb 1.8589%+ 0.1353 2.2789+ 0.3986 p<0.001
Cd 0.0745+ 0.0141 0.1097+ 0.0242 p<0.001
Zn 20.0259+ 2.5261 22.6983+ 2.3616 p<0.001

Table 5. Comparison of Pb, Cd and Zn concentrations in water and body parts of curssian carp at sampling locus

(ratio of the values of table 3 to table 2)

Sampling Bone Muscle Fin

locus Pb. Cd Zn Pb Cd Zn Pb Cd Zn
Andong 2856 564 1327 516 169 389 1770 360 983
Nakdong 2557 498 1188 510 156 320 1533 275 887
Waegwan 2027 442 987 399 124 302 1213 244 754
Gangjung 1891 373 1026 378 101 297 1145 204 723
Gaepori 1225 246 1023 257 72 340 705 159 768
Paldal 771 188 663 170 62 247 484 122 509
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Table 6. Contents of Pb, Cd and Zn in bone of crussian carp by age and area

(unit : ppm)
Heavy Age No. of Andong, Nakdong No. of Paldal and Signi-
metal (yrs) case Waegwan and Gangjung case Gaepori ficance
0 0 5 3.5052+ 0.2980
1 4 26712+ 0.1800 3 34223+ 0.8805 N.S.
Pb 2 13 3.0228+ 0.3358 3 4.4903+ 0.2266 p<0.001
3 22 3.0850+ 0.3459 4 34285+ 04837 N.S.
4 3 3.7263+ 0.1571 2. 4.0285+ 0.0898 N.S.
5 0 2 4.5050+ 0.0382
Sig. p<0.01 p<0.05
0 0 5 0.1504+ 0.0164
1 4 0.1190+ 0.0226 3 0.1843+ 0.0535 N.S.
Cd 2 13 0.1325+ 0.0176 3 0.2037+ 0.0172 p<0.001
3 22 0.1303+ 0.0147 4 0.1513+ 0.0214 p<0.05
4 3 0.1433+ 0.0135 2 0.1630+ 0.0156 N.S.
5 0 2 0.1910+ 0.0113
Sig. N. S. N. S.
0 0 5 26.7140+ 2.6869
1 4 245738+ 6.1140 3 27.3237+ 1.0482 N.S.
Pb 2 13 28.3438+ 3.2545 3 34.1520+ 1.8189 p<0.05
3 22 26.4888+ 4.1893 4 30.4248+ 2.0378 N.S.
4 3 30.0550+ 3.0869 2 32.4160+ 4.2639 NS.
5 0 2 31.7310+ 0.5883
Sig. N. S. p<0.01
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Table 7. Contents of Pb, Cd and Zn in muscle of crussian carp by age and area

(unit : ppm)
Heavy Age No. of Andong, Nakdong No. of Paldal -and Signi-
metal (yrs) case Waegwan and Gangjung case Gaepori ficance
0 0 5 0.8004+ 0.0599
1 4 0.5165+ 0.0661 3 0.8083+ 0.1779 p<0.05
Pb 2 12 0.5763+ 0.0736 3 0.9227+ 0.0271 p<0.001
3 21 0.6083+ 0.0603 5 0.7164% 0.0727 p<0.01
4 6 0.6608+ 0.0466 2 0.8595+ 0.0955 p<0.01
5 0 2 0.9090+ 0.0467
Sig. p<001 N. S.
0 5 0.0540+ 0.0032
1 4 0.0328+ 0.0040 3 0.0530+ 0.0132 p<0.05
Cd 2 12 0.0367+ 0.0039 3 0.0667+ 0.0057 p<0.001
3 21 0.0386+ 0.0032 5 0.0418+ 0.0024 p<0.05
4 6 0.0428+ 0.0013 2 0.0510+ 0.0028 p<0.01
5 0 2 0.0580+ 0.0014
Sig. p<0.001 p<0.01
0 0 5 9.9746+ 1.8026
1 4 7.7075% 1.5430 3 9.2370+ 1.0198 N.S.
Pb 2 12 82991+ 1.3782 3 13.0157+ 0.5381 p<0.001
3 21 7.5095* 1.5102 5 9.2334+ 1.6180 p<0.05
4 6 8.1380+ 1.0956 2 12.5805+ 0.3528 p<0.01
5 0 2 11.2855+ 2.8164
Sig. N. S. p<0.01
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e 9= E 2R AL g3 of2E U(Petry,
1982) o] X7t ¢4 Rtx] $2 A9 5 E1A Ik

Z
°
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Table 8. Contents of Pb, Cd and Zn in fin of crussian carp by age and area

(unit : ppm)
Heavy Age No. of Andong, Nakdong No. of Paldal and Signi-
metal (yrs) case Waegwan and Gangjung case Gaepori ficance
0 0 5 2.2078+ 0.4862
1 4 1.6923+ 0.0688 3 22173+ 0.5199 N.S.
Pb 2 12 1.8944+ 0.1919 3 2.7707+ 0.2104 p<0.001
3 22 1.8402+ 0.0861 5 20084+ 0.1212 p<0.01
4 6 19673+ 0.0398 2 2.3835+ 0.4504 N.S.
5 0 2 2.3825+ 0.1054
Sig. p<0.01 N. S.
0 0 5 0.1080+ 0.0141
1 4 0.0690+ 0.0027 3 0.1037+ 0.0286 N.S.
Cd 2 12 0.0750+ 0.0101 3 0.1277+0.0215 p<0.001
3 22 0.0723+ 0.0172 5 0.0860x 0.0121 N. S.
4 6 0.0855+ 0.0067 2 0.1340+ 0.0226 N.S.
5 0 2 0.1315+ 0.0247
Sig. N. S. p<0.05
0 0 5 219984+ 1.5346
1 4 214328+ 3.0722 3 21,1550+ 1.8907 N.S.
Pb 2 12 20.2090+ 2.4825 3 23.6290+ 1.9016 N.S.
3 22 19.6248+ 2.4825 5 22.0264+ 2.7138 NS.
4 6 20.1923+ 1.8618 2 26.4425+ 0.1987 p<0.01
5 0 2 23.3020+ 3.0745
Sig. N. S. N. S.

nl=o] AR5 EPA(1969) 9] Rald] o)&hd nj= A
A9 3 galh 2% B 25%94 FF=go), 19
%A dol, 765% A ofdo] = Yo 1
HAE 242} 9.5ppb 2 64ppbolElil Bt om FlEge
0.2ppholdeld Ex7ld 38 4FE vy o
agxn $E4e 1 4% uel =y i des
FI=F T AT @i ok

Eaton(1974)2 W E317)(bluegill, Lepomis macrochi-
rus Rafinesque) & F}=§o] 239ug/l2 A8 o]3dlA
717 =B A Lol 23R 6YHE Fol7t 71F ol
Hukn R sk Versteegst Giesy(1986) & FH=F
o] ¥X acid phosphatase®} n-acetyl-beta-d-glucosa-
mineZHEE AAN FHAITIE AL U, lyso
someZ]5d FHE F& FAZND AFHP.

Von Westernhagens(1975)< 52 ] (garpike) <]
wey &L vyl 9o Jl=go| o §iE vidh
EoA 2Ny mz X=eivje) E(edge)ol FY
2go g FHUkn By

Holcombe 5:(1976)2 go] ojfef mAle 43 <
Fo BEWIHL 1B £0lF do] 126ugl2 {A"
ojgtoll A A7 #F, A2Ad) 23t F 6557 HAE
o H3o] WYl gofi EaFch

olgpte HFEL 2T Q7Y AL A
oA A 7FsAel e oNF tig dfelth o
g FFLHEL Al FFE FYIAY S48 A
Ao zA Al 54 shsAdo] de Belch

St ME 1970 o]F AF AR M ESle
Lol A3 AEnrie} Ao G i e
ZqoMe AT Burt &4 sz ok

G574 Selvel 47 39 shuig 4 dgtele B4
LT 5 5 aRAV A AL, E A4F
TR} P Aol WHA Qich wekr] ol
oA FAULE 71ASE, AR S, FHLF7 2R
YE3oz fHn gleng G553 $£3Ae on 1
AR 4L 293lY QPerF FAF EolAA e A
ojth,

=
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fE3o] 100ppmoldte| 1 FT4 FHF 5 ¥ 99
o] AHoz Fuae FEAL A
oA ARF4(Cy, Zn, Cr)ol LU Ak =
AdZHoz 2u QA H2e FFE FHLE FEE
712A 8 44 wokn Bag b ok

gt BREA A7ie T AT (1982) M &

G577 FAY 24 Bostd Fa4ol ofdg A9
stas AEHA) gt st

£¥d93 518D F3F #9499 3, ES
2 O AR NN B oA FEES 4
Hasld B4 1 2EEI} ul$ Fovz hHo|

i
AlFsithar Fo(E 9).

B AFoMe 28 F9dM FAEY (19749 4
ARoE S R £E02 YEgon] Sgm 2o
& 504+ 051ppbEA FAE F(1974) 9 AR ub=
ok By 3] 7153)(1984) o) A BoE B4tk
FEEE-2 095+ 0.13ppbEA FEY F(1974) Bl <%
24, 3899} 715-3)(1984) Roks Ak A5y R
o} ZARAL wet v E-alEct o] 23 AN BB
AlZ1eh Fh, EAWY, 225 $3xe] Adx) ua}
g23Rou ¢4 39 7l=ES ez B o I oA
B da 24 Jeldvn @ § lod e B3
87} AGgd Wt 29 F71e 98 £ gtk

ojdnt e FER FA M oMFE G4
O 5870 98 U1 gl Aol = 1 ol FE

olE X8 HHste FEH YU 23R 02 JIS
% A& FAs) GreichusF (1977)& & opzz7tel
Hartbeespoortd3} Voelvlei@e] MeiAloA F24&
#&8} 1 22 CarecassesM ] Hol A E17|H} 2~5
ul, g& 2~10vv} Btk B ag)ch Moore$} Suther-
land(1981) &} A} o] FitHF7F FYHE Great
Bear &Rt EoME FE&0] &4 rHe#el nRA
ZHout 1 Fte] AABNAM &} HAEs 2, Heol
M B o] 20| HEHATA Frt o)e}zte] 2
LAEALE edYozRY 17, 23, 372 1 Hola}
&9 ¢4 wet otz Bt B go] &3
Ha eEd 8 AR AdugHe= A¥E 1 gl
e Atde] WA Qleh weki St E 2
FAX ZF F oJF o|fFgE dFSo] dUAE T
ste] H4A A BEEH I oke AL FAL onse
AR A ol durgt ol stk Lt ol
AE o] #Ee #FE Y 5 S Aot

olu] ofe] gxlEo] o] X ARoA 2H 5o ANFE
FHOR B FEES A&l olEE E4 HE A}
25 A4S B8 dodln Uk 53 454§
Ag FH2 o] &4(1982) & 1981'd 39 H-H 10€74A)
LFAA HF573 srel ol2e YA XgE Fol
B2 ol 253 M 23 Y FFE FHE 2ASHT
AFolitt wokn Bustgrh u48](1983) & 19823
4958 19839 194704 9A] 22 F9A B8 F
Hez fFde, 1 T HedAe d, =g,

Table 9. Reported concentrations of Pb, Cd and Zn in sample-water of Nakdong-river by authors*

(unit : ppb)
Authors Area Pb Cd Zn
Mean(Min-Max) Mean(Min-Max) Mean(Min-Max)
Gumi 7.0(3.8-13.0) 0.20(0.08—0.38) 22.0(22.0—31.0)
Waegan 6.1(35—10.0) 0.19(0.06—0.23) 25.5(16.0—37.0)
Yang et Gangjeong 55(2.1— 89) 0.16(0.07—0.36) 19.8(10.0— 30.0)
(al.(1974) Gaepori 44(30~ 7.1 0.27(0.16—0.38) 23.0(16.0—32.0)
Paldal 78 0.10 20.0
?fgggmm Paldal 30+ 10 09+0.1 101% 10
IEP of Same as
YNU** Yang et Not detected Not detected Trace
(1982) al.

Min : Minimun Max : Maximum

* . Data of the same heavy metal as this study was selected
** . Institute of Environmental Problem of Youngnam University
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