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A study on the Heavy Metal Contents in Freshwater
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(Directed by Professor In-Dam Hwang)
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Chonbuk National University

This study was performed to investigate the heavy metal contents of freshwater fishes. The samples
of 24 species were collected at 7 areas located on the Mankyung River during September in 1987. And
then the contents of lead, cadmium, copper and zine were analyzed by atomic absorption spectrophotome-
ter.

The results were summarized as follows ;

1. The mean value of lead, cadmium, and copper contents of fishes collected in the downstream were
significantly higher than those of upstream.

2. The mean lead content of C. auratus was the highest 1.50+0.98 ug/g in viscera and statistically
significant difference from muscle content.

3. The mean cadmium content of C. auratus was the highest 0.087+0.054 ug/g in viscera and signi-
ficantly higher than that of muscle.

4. In the copper contents, the viscera of C. auratus was the highest 525+0.94 ug/g and significan-
tly higher than that of muscle, skeleton and gill.

5. The mean value of zinc content of C. auratus was shown the order of gill, skeleton, viscera and
muscle.
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Table 1. Sampling Sites and Locations in the Mankyung
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A9 -

- A A 4 A

S Ay gEd 2dd sy A F
S vhaw 9FE a9 gdy A &
S3 2% 3 g7 439 1gE A 5
S0 A4 Fe 9FF 49 A &
S A u g s dEy BOF
S ¥ 2 ST dopd Fud X i
S; HEdE SFF deord HEwgy 2 OF

Fig. 1. Sampling Sites along the Mankyung River
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Table 2. Analytical Conditions of Atomic Absorption Spectrophotometer

Concentrations of

Metal Wave length Lamp current- Bandpass standard solution
(nm) (mA) (nm) (ppm)

Pb 217.0 5 1.0 1.0, 2.0, 3.0, 4.0
Cd 2288 3 1.0 0.1, 0.2, 0.3,

Cu 324.7 5 1.0 0.5, 1.0, 1.5, 2.0

Zn 2139 3 1.0 3 6 9 12

AL — - g 40 Bl whel shd FAI Aok
F718 BEE o AR S75 50mée} B.T.B. &4
398-& Wojrel ¥ ammonia waterE o]-&3}o] pH 95
Az AAZETh d7]9 ammonium sulfate-f(40
w/v%) 100m¢E Y1 diethyl dithio carbamate-methyl
isobutyl ketone(DDTC-MIBK)& A}&-3}< chelate3}3t
g #3239t #28 MIBKE 90C g3994 3
2hAF)a 0.1 N @4t 8.2 71ste] A8 & 5mE ThE
N E3& AR A

3) At R 717172A

Alke FalE4EAET AXSFEM LS AMREE
o 230 AAF 4R B4 %A (atomic absorption spe-
ctrophotometer IL 551) & s}th Al§-7}2+ air acety-
leneollal Z2AAl EA47]7]19) 2HL H29} )
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#3% gow F Aolfe UFTOR PRAAR
S2, S3, S4ollA 18%F sFAA S5, S6, STelM 9%
APtk AZF7H 7 ol AP XE S3elA 14
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2.

sz o] TR ¥ 409} o] AFAH(S1-54)
of wlal] &FAH(S5-SN M L FEE HYoH
S26| A 54+4.7 ug/12 HAABE, S60M 414+14.4 ug
/12 HngsEd HAch

golo] AofA] el AHE HEgge H50A 9}
2ol A7l v FAHY oFolM TS FHL B
Hes S79A 1.31+1.24 pg/9 =2 S22 0.48+0.31 ug/g
off ¥ SAHOR KolstA #hoh(p<0.05).

S5, 56, S7AlA AP Bl S6ollA AYE w719
2oy HadEre # 69 117 20048 2ol Bojo AR
o] 1504098 ug9/92 71F wkx op/iv], 34, &
9] 92 o] gahsdlon vyl A FHNA
043+0.37 u9/92 7}¢ B4 o3 WA, 28, oprtalg]
=98 Bk 53] Bl ANy HEdFe 2
-9 % 0121013 pg/9°0 Wl FAHLE 79
3 =cH(p < 0.05).

3.7l =8

FZ Jlege FE= AR dd sRAFAA
& 52 Bgon S1, S2, S3o uja SeolA
04140022 ug/12 EAIRCc 2 GoAstAl Eth(p 0.
05).

golo) lolM FteFe] A et dra G A ARl
w3 stFolAM w2 g HAth

Bolol virlel Rojy HastFe 69t 13 309
Zo] Bojol A9 UZA 0.087+0.054 ug/g= 713
BRI opte], B, 259 £o.2 Ao, v
AL A WA A 0.015+0.003 ug/ge] Tekow 713}
FRAL, thE S, obrtv], 259 £HE FAsqrh
£3] Bojot vrle] FANRLNA Zzt 25299 g
ol vlg FAIHo= fo3tAl E=%h(p0.05).
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oA 88+39ug/12 7HE ¥ FEE HHETh
Heole] AE HEdFES B SolAMet ol i
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A9 AAf77t BFARY AFEY gRoY FAHeR
FolstAe ¥tk

Foleh wizle] 2ol HaFEe H 67 19 4oflx e
o] WAAA Z+zt 525+0.94 ug/g, 1.43+0.19 ug/g =
of7}u], 27 B 259 ol vl AAFA o0 (p
<001), op7tol, B3, 289 o2 FhgAUh

5.0f o

F% old 5% YA A7 v FFAHAN =%
on] S204 142440 ug/12 73 Wkl S7olA 189.2
+514 ug/12 7} &8 e BYch

Hgole] AHE HEFEFe ST HuFE 9.63+0.
71pg/9s}t S39 HA¥E 7.65+1.39 ug/g 7+e] 2ol o]
ooz AR #EE Bk

Bole}l vl7le] 2oy Hagake ¥ 69 19 50049}
Zo] Fojo] Ay 2%2] 6.88+0.39 ug/gel HlE =7,
ol7tul B9olx z+z}t 18.60+8.21 ug/g, 19.39+7.94 ug
/92 Fro3tA =%ew (p<0.05), WA 1555+
3.34 ug/92 AAEA EAtHp < 0.01). %719 -9 GA|
259 a3tk 5394039 ug/gol vld] ofrtul, A,
Wie 92 & S BAG(p0.01).

Table 3. Distribution List of Fishes Collected in the Mankyung River

Korean Name Scientific Name

Distribution Sites

S S Ss S S Se S
¥ g ¢ Zacco platypus o o ® { ®
Z Z Cobitis koreensis ® o ® o
g Z Cobitus Koreensis o o ®
g 7 Squalidus coreanus o o o
= 5 2 Pseudogobio esocinus o [ ®
A = Coreoleuciscus splendidus ® e o
¥y £ X Moroco oxycephalus ® ® o
R ] Rhodeus suigensts ® o ®
F 1 7 Sacocheilichthys czerski o [ )
ZF o9 A Hemibarbus labeo o o [
5 v Microphysogobio yaluensis o @ o
Zt Al B o Rhodeus wuyeksi ® ® ®
o 2 g Misgurnus anguillicaudatus o ®
K| of Gobius similis ® o
Zz A Y Zacco temmincki o o
5 A Mogurunda richardson o ®
g 2 7 Puntungia herzi o
- Pseudorasbora parva ® o o
% A g Acheilognathus intermedia o ®
7P A Acanthorhodeus gracilis o o
S Acheilognathus yamatsutae o o
) 7] Parasilurus asotus ®
= o] Carassius auratus o ® o )
9 5 9 Thidentiger obscurus o
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Table 4. Heavy Metal Contents in Water Samples of the Mankyung River

Site Lead Cadmium Copper Zinc
129+7.7% 0.24+0.31 16+15 159+14.2
> (52— 176) (N.D. - 071) (N.D. - 31) (110 - 187)
54+4.7 N. D. 3.7+25 14.2+4.0
> (N.D. — 103) (N.D. — 64) (116 — 17.8)
8.7+39 0.15+0.09 1.7+1.1 16.8+114
> (25 -103) (N.D. — 0.36) (N.D. — 36) (5.7 — 312)
9.2+31 0.12+0.08 12405 42.3+215
S (37-112) (N.D. — 0.29) (09— 18) (145 — 53.0)
189+11.3 0.31+0.14 2.0+06 37.3+17.7
> (42 — 356) (N.D. — 054) (0.3 — 45) (128 — 74.2)
41.1+144 0.48+0.20 43+2.1 82.7+109
S (181 — 56.7) (023 - 07D (18 —55) (274 — 206)
39.6+174 0.59+0.20 8.8+39 189.2+514
> (229 — 56.2) (0.36 — 0.87) (31— 193) (141 — 243)
a Mean+S.D. (ug/1)
N.D. Not Detected
Table 5. Heavy Metal Contents in Freshwater Fishes of the Mankyung River
. No. of No. of . .
Site . Lead Cadmium Copper Zinc
Species ~ Samples
S 9 29 0.56+0.37 0.025+0.014 0.78+0.29 8.01+1.98
Se 10 34 048+0.31 0.020+0.012 0.84+0.28 9.01+2.51
Ss 11 39 0.70+0.42 0.018+0.011 0.79+0.25 7.65+1.39
Sy 5 17 0.68+0.46 0.034+0.023 0.83+0.22 8.15+1.25
S 6 21 1.36+1.42 0.047+0.051* 0.91+0.28 7.91+2.28
Se 4 15 111+1.16 0.041+0.022° 0.92+0.40 8.17+2.77
S; 5 18 1.31+1.24* 0.029+0.026 0.96+0.34 9.63+0.71%
a  Mean+ S. D.(u9/9)
*  significant difference from S, at p<0.05
#  significant difference from S; at p<{0.05
b  significant difference from S;, S; and S; at p<0.05
Table 6. Comparison of Heavy Metal Contents by Part of Freshwater Fishes
Metal Fish Muscle Skeleton Gill Viscera
Pb C. auratus 0.12 +0.13° 0.63 +0.49 0.96 +1.19 1.50 +0.98*
P. asotus 0.24 +0.01 043 +0.37 N. D. 0.38 +0.20
cd C. auratus 0.004 +0.003 0.018 +0.016 0.024 +0.023 0.087 +0.054*
P, asotus 0.003 +0.003 0.011 +0.008 0.009 +0.006 0.015 +0.003*
Cu C. auratus 0.39 +0.13 0.44 +0.18 0.78 +0.36 5.25 +0.94%*
P. asotus 0.20 +0.03 0.27 +£0.10 0.29 +0.14 1.43 +0.19**
7n C. auratus 6.88 +0.39 18.60 +8.21* 19.39 +7.94* 15.55 +3.34**
P. asotus 5.39 +0.39 16.30 +3.27** 19.89 +5.13** 13.35 +2.88**
a  Mean+S. D.(u3/9)

* 'Significant difference from muscle contents at p € 0.05

#* p<001
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Fig. 2. Regional mean distribution of Pb contents in fresh water fishes

Cd CONTENTS (ug/g)

0.10
0. 09
0. 08
0.07
0.06
0. 05
0.04
0. 03
0. 02

0.01
0

—
= —
m
B

whole part
muscle
skeleton
gill

viscera

S S: S S, S¢S
SITE

Fig. 3. Regional mean distribution of Cd contents in fresh water fishes
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Fig. 4. Regional mean distribution of Cu contents in fresh water fishes
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Fig. 5. Regional mean distribution of Zn contents in fresh water fishes
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E3] ge AEA Yol A delta-aminolevulinic acid deh-
ydratase(ALAD) 2] &41-2 <]A3™ hemoglobinX A&
FaAA o2 AT 2] ARz Q) 24HE AHE
ol7|1X 71 f8l EF&0 2 gl Uch(Fassett, 1980).
ol H ¥ & & th7], £ L AFLHE Fhd A
F5ET A0 19 F4i# el 3t Ratcliffe(19
81 & 180ug FEE o)F 10—15% =7t AW FF
iz 39 e Kenzaburo(1976) = AW & g2 90
—400mgo 2 WRRET) Bl EASY TS FA
Hobe w4 Aot vtk sty

Ak o g QPR B MY ¢ F=E 3ug/l
oo} FabF el Hg 7t f:9) e A G4 500 ug/l
olde] FxE Hol7|= i Morreet Ramamoorthy,
1984). B ZAA =3 Fe] BxE S20]4 54447
ug/12 AAEEE BYa 3FA-Q S70M 39.6+1
74p9/12 ANFEE BYou FhAr|E 5¢3H
(1971) ¢} WHO, gell thgt 272 100 ug/10l v]5}te
AR e A4HE Bk

5 B ZAA o]fol tigh Wl MY BaEFS
AiolA SRR R AR FUske 4TS B -
nois Riverdl| 4 ZA}3F Mathis®} Cummings(1973), Vini-
kour3(1980), @7ollA =AMG 717 3]} wh/dul(1981)
9] Bae}l o] o) FFAHe] FFAMEG #4F =
Aatret B AN Eeue LAEAY] Rt
a 9o Atz ¥k

Fe ofFolls vlaE &xo] YE|1 Hol 49
tol] Aol glon Iz egd ALE ALE
olFe AEd ZA IFE vHA F= Ae=
A At Morre$} Ramamoorthy, 1984). wte}s &
B-2le) o] 2 Fa&de gl ¥4, oim %
ol w)s) 8 xpol7}h o] B zA M E w7ie B
28199 ko] 0.24+0.01 ug/gE =29 043+0.37
u9/9, WAel 0.38+0.20 ug/gTte & Ato]7}t YA ©]

ol

e

)
2
o2

L
r\l

£ o m2 R o
%o

9} o] o] o7 Z A o] ¥ Hi FAHUAE
A7k gk alolrt e AL Wol 2F A sulfate
71ebe] Aol Yra go] St wol HEES Gl
Eaalx] £ahr] qjEo g MAYEI Jrk E3 He £
2o A e} F2A = (concentration factor ; CF) 7} @ou}
Ut =AM alkyllead”7} A=W o) FAfol Zstn
o]F2] A& XEHoloIN A FFEHE FE7F
H1 Qe A oFY &5 g ASHQ
Zxo] Ha ¥ Aoz Alg 9k (Morre$t Ramamoothy,
1984).

2.7t &

e &7, AY, A7) 37 o Hert fEE
S 2gA7Ia oRFel BEHeR FHHA o|E
A&Roz A 4% AAd B HAs o] Pk,
Al 2 dAF 24 st 39 714 &
234 &3NS A2 5 Atk (Lewis, 1972 ; Nea-
thery, 1975). =& 72§ 244 AAdle A EA4
3 @A FHede T2 Yz u} PAHoR
A= gAY 19 F=F dH 2 oiste] Fassett
(1980) & 5&718 E3t4 0072 ug, A5+E £31f 2.1u9,
HEE Bato] 51pgRAETL AFEH, F4He 257
A FEUR Fl=FY oF 40%, £37]dA HHA Jl=
B oF 5-6%7F AMUZ FrEH 19 F532 8ug
Azetx stgch

FlEge £% S5t YuHo Z 001-05ug/10H
L2Fo] 4§ Aol 17ug/e F718te A5 K Mo-
rre$} Ramamoorthy, 1984). £ ZAle] 74$- 5 71=H9)
FEE AFAM RE Z24E FUlEe AES By
E93(1976) o] AN ZARE B A8k Aok
aei B zAL AR e 2AE i E]e} gt
Auf(1981) o A&l wlg) vla) ko e
9-319(1971) ] WHO, 271% 005mg/1 Brk= &
A3 Rkt

olFol wF Fl=gel AHE HIHEF A AF
v FR "N F2lshAl 57138l llinois Riverll A
ZAFg+ Mathis®} Cummings(1973), Vinikour(1980),
B3NN 2AYE 7 s]e} whAdul(1981) o) B 1o}l o]
Aol e 9Ede] Fage] ¥ 248 ¢ + Urh

Ftegd A7 L2 E oF= vFdA R Jt=F
ZAY FE9 FFEE Alolo] HHE o|Fo YA
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5o olzy olfrt AAstAY A FtslexE
Agoz wd=A] et FAsHo] 2AY AT &
EE §AFAY HAEA Bk B A 9 7}
Ego 2H 5 & Fojo A U] 7MY g1 ok 24,
op7fu], T8e] ¢og At H|E Fo] qEAT d
HH oz 9 9H ¥ol(perch) oM Vol 434%, ) 6.9%,
ol7tu]el 11.3%, %ol 1.2%2) £ & B3 Ade 3F
HAAo g dAFTe BHAdF JdH Morre2} Ramamoor-
thy, 1984).

B 71289 ks vjuste) B §elA HH
Eo} whAduf(1981) & 254 0.087-0.038 ug/g, TF
Aol A &5(1982) = 8, 2, WA 42015
0.27 ug/g, 0.19—0.40 ug/g, 0.07—0.46 ug/g, 53l
7382 5(1986) & =&, 24, ol7luld A 22} 0.016—0.
03 ug/g, 0.030—0.232 ug/g, 0.079—0208 ug/g= H13}
o B 2Ae] HAFES] Fole] Z&5-9] & 0.004+0.
003ug/9, HFER golo] N & 0087+0.054
p9/g BT B BB BAT. o] Fole AR A3
A17], A9, food chain, ©]F, JF ] =AM R 72
A% A= Fo 719 g2} A4 Vinikour5(1980) 2
oFY AV} FIEFE FEE ol AT
3tk ol 5540 5 Txet 2L HIYHE
o)27] g8 o7 gurEE SRR o]/ 4]
g wadis 3@, 4719 4Relgel FAadve 2 A
FgAe W3le) e FF49 FARAE o2 Vini-
kour$-(1980)& A3l slch ey £ ZAlAlE
olF9 AE F=F FFol 2AHA ¢hot vima7]
oA o]Fel Al wEME FI& FHF
A L vH Ao ARHE ¥ 23 ¢& JdF
sojo & EAjg Aztgel

3.7+ g

Fele 5 A8 230 sl AuiAsk B4 AX
FAol Boldhs B NFFE0E BeA ot 4
WA e) A 2hgol AT 23 FIHA 2@
AAolth, 2ot FH7t 2Ho) I HHY Fwe)
A3, HRA0E PN, §RANY, FT ¥ W
3ol Hak7h ehdeh(E g, 1984).

Fe9) 5% FEE VHOE 5ug/1 ol (£,
1976) ¥ ZAloll A S7X| 2] 8.8+39ug/1E A stie
WA 5ug/l o3t FEE Btk 1ot Zaud

71 $$3HUA971) e WHO, #371E 1.5mg/1el H]
e FAF) e AHE BYck X HE Fo B
ek 4] SFAHNA B FHE Ho] Mathise}t Cu-
mmings(1973), Vinikour(1980) 52| Illinois Riverol A,
Aol WAl (1981)7F oM FANE AT 2o
AFA A M) FFAHANA S LYED KYalFS
SAlEFI Qlrh

B ZAA FEe] 29 HAeE el M E
ST O opte], BE, &89 THE Fhdtd =3
ol AAEE(1983)0] Bt &4, i, =59 ¢
oke IAA] FAT FEFNA o] &5(1982), B
7ol A 738 Z5(1986) o] H.iteke W] 3 rh Morrest
Ramamoorthy(1984) 2] 7ol 93l olFAW Fale]
2FcE B9 LEAE Bule 29" AFol ¢ A
2431 5o chelate3}3HEo} F-7)0] 0] S
ZAY 3o "WHil 247I# Fko HAHHoT
TAZE lvka sk

Aoz FEE £ AP gg 54589
H)E H4e] 2L SFRT () 5—604) oF A
(Moore 2} Ramamoorthy, 1984). ¥ ZA}AM = B-o]9}
w719 - 2500 v)s) WA 2z 134, 7ule]
2o ¥ Brownd} Chow(1977) 9A] 128)9] 3Hake
Baste] o] FEo F8 F3 BIAUE UgHh
=3} Alabaster(1980) = o] 79 =7|8} 7rolAe] 7
S 4B E Bty olfe] LAAEE ¥V
A e SHEG 2] FHFS A Aol b

A5ty sk
4.0 o

ol "y vFFHo 2 AU o9y &4 FAHLE
! ZAAR ZAEste] AP S A Y] FHdd oE
AR A& ZED el 542 T8 m ekl
v Ao 5oz duix AtHEAEA, 1984).

YitAo 2 Q@A e s ofd FFL 05—
15 ug/10)% (Morre®} Ramamoorthy, 1984), 3&fu)=
71& T3 AR(1971)9) WHO, 4 71E-2 5mg/10)3}F
ojtt. ey eFAANE 100ug/1014-& Husta
e BRAPA S79] 189.2ug/0E A)Lstre A=
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