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Hemochemical Changes in Olive Flounder, Paralichthys
olivaceus Exposed to Various Iron Concentrations
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This study was carried out to determine the effects of various iron concentrations on the hemochemical
changes of olive flounder, Paralichthys olivaceus exposed for 50 days. The flounder exposed to iron concentra-
tion 0.97 mg/ { started to increase significantly in serum iron and magnesium concentrations after 20 days. The
low concentration of serum calcium concentration was observed at 30 days of the experiment in iron concentra-
tion 0.97 mg/ £ . Serum total protein, albumin and glucose concentrations initiated to decrease from 30 days at the
iron concentrations of 0.97 mg/ £ or up. Total cholesterol concentration was increased significantly after 40 days
at iron concentration 0.97 mg/ { . A significant increment of GOT, GPT and LDH activities in the flounder serum
was noticed after 40 days at iron concentrations over 0.97 mg/ £ without significant changes of Al-P. These
results indicate that flounder can be affected by iron in terms of inorganic elements, organic substances and
enzyme activity in serum when they were exposed to the iron concentrations 0.97 mg/ { or higher for 30 days.
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Table 1. The chemical components of seawater used in
the experiment

Item Value
Temperature('C) 20.0
Salinity(%) 31.8
pH 8.03
Dissolved oxygen (me/ £ ) 7.25
NH«-N (ug-at N/ £ ) 0.038
NOz-N (ug-at N/ £ ) 0.029
NOs-N (ug-at N/ 2 ) 0.823
PO.*-P (ug-at P/ ) 0.039
Suspended solid 103
Iron (ue/ £) 523

T Yol ¥YE 3, APARTN HEAF7I
dste] -2, pH, B R §2427} 747 194~
213C, 7.8~8.1, 323~33.1%, 7.5~7.8 ng/ £ oAl
&2 A Yol P& MRS FTHEHA
I, Ag6E g A F A7 UehA] 2
A% 179~195 cm, A5 77.1~853 go} A%
MAE AHE-HAT

ME I

AP PVCHFZE(52%x36%30 cm)E AHE-3lo
o3 wel oste] AABAL, AT W
g2 29L Yo o, FEASE A
wat AR Z@egT AELAL FHE
(FeSO: - TH:0)& AM-314] stock 42 ZA| 8l
dulAyPe viEro 2 0.1,0.5,1.0,50, 100 ng/ £
5719 F=TE stock §¢] 34| ot HA
3ttt 48717 £ d FEE phenanthroline-
H(APHA, 1985)2.2 &A39, ©] &9 F&
(Water Checker, U-10, Horiba, Ltd.), pH(pH meter,
250A, Orion Research Inc.), 9% 2 £&FAk4
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Table 2. Variation of iron concentration and water quality in each experiment: Data are presented as mean +SD (n=32)

Test Target Actual Dissolved
vessel iron con. iron con. Temperature Salinity pH oxygen
number (mg/ £) (me/ £) (C) (C) (mg/ L)

1 Control NCS* 20.31+0.51 31.8+1.02 7.6+0.08 74+2.08

2 0.1 0.11+0.034 20.24+0.46 32.0+1.04 7.940.01 7.1+2.01

3 0.5 0.49+0.022 20.1+0.52 31.9+1.03 7.5+0.88 7.2+1.88

4 1.0 0.97+0.041 20.2%0.61 31.7+1.08 7.7£0.97 7.3+1.97

5 50 4.95+0.062 2031048 31.8+1.02 7.8+£0.05 7.1£2.05

6 10.0 9.97+0.075 202+044 32.0+1.03 8.0£0.75 7.2%1.75

*Natural concentration in seawater : 5.23 ug/ ¢
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Table 3. Inorganic matter changes in serum of olive flounder exposed to various iron concentrations for 50 days :
Data are presented as mean+SD

Test Fish ) Inorganic
period iron con. number Iron Calcium Magnesium phosphorus
(Days) (mg/ £) (mg/d? ) (mg/df ) (mg/de ) (mg/d? )

10 Control 12 49.6+32 104+0.8 3.7+0.32 7.6+0.54
0.11 9 469118 109+1.1 35+028 7.8+0.37
049 12 49.5+35 103+09 42+0.15 8.0+0.56
0.97 9 523%23 11.0x13 3.5+052 7.7+£0.48
495 12 425+1.2 10.6+15 3.8+0.23 82+0.78
9.97 6 50.1£5.6 10506 4.31+0.30 7.7+0.82
20 Control 15 42.1+36 10.3+05 3.81£0.28 7.61+0.38
0.11 9 432427 105+12 344033 8.0+0.89
0.49 12 482448 11.1+0.7 3.9x0.16 794032
0.97 15 545x39 106+1.3 4.0x0.32 8.1+£049
495 12 623142 10.8+1.7 42+0.19 7.7+£0.53
997 6 59.6+32 106+15 3.7+0.26 8.3+0.46
30 Control 12 496+1.6 10.6x1.2 3.5+0.09 7.610.67
0.11 9 425422 11.1+0.8 3.4+0.18 7.7+£0.39
049 12 65313 108+14 3.5+0.11 8.1+0.48
0.97 9 74.1+3.6 92x1.0 47+0.32 7.940.38
4.95 6 59.6+4.0 86+1.2 4.5+0.08 8.3+0.27
9.97 6 723142 8.9+09 5.2+0.05 7.9+0.54
40 Control 12 456+19 10.8+1.6 3.7+0.16 7.61+0.62
0.11 12 432+12 1HO0+11 4.0+0.21 7.9+0.73
049 9 752124 10.7+0.8 3.9+0.28 7.7£0.58
097 9 623143 87+09 4.6+0.32 8.2+0.39
4.95 6 682435 92+12 5.310.12 7.9+0.53
997 6 712432 85x13 48+0.16 8.0+0.29
50 Control 12 456+32 10.5+0.6 3.5%0.30 7.7+0.67
0.11 12 50.2+1.5 10.6+0.5 341026 7.6£0.39
049 9 792143 3.6+0.13 3.6+0.13 8.0+0.51
097 9 69.5+3.9 89+x1.1 43+0.23 7.9+0.38
4.95 6 785+2.8 85109 49+0.14 -
9.97 6 80.2+4.5 93%13 5.6+0.13 -
o m Mg ZAsE ASE Atk 2aEd, 3% 2

FEEE offd nFdLE ALk A9t A

| 2= sl HAske olfE F 71 o] a2 o] Ee] AYL A7 /R WS
F&o| A3 aqa 712 ZdoA 159 A w3171 % &(Delbert er al., 1986 : Kirchgessner
o] BE AR uAE T, T AL dSchwarz 1986), #ZF 0.8 EAE 79l m|
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Table 4. Inorganic matter changes in serum of olive flounder exposed to various iron concentrations for 50 days :
Data are presented as mean+SD

Test Fish Total Total
period iron con. number protein Albumin Glucose cholesterol Bilirubin
(Days) (mg/ £) (g/dl) (mg/d?) (mg/dl) (mg/dl) (mg/dl )
10 Control 12 3.51%0.17 1.25+0.08 148+1.23 280.6+17.7 0.56+0.05
0.11 9 3451+0.13 1.30£0.10 1524221 275.1+259 0424007
049 12 3.45+0.09 1.27+0.05 150156  277.1£31.2 0.51x0.12
0.97 9 342+0.23 1.22+0.04 147172 280.1+18.9 0.52+0.08
4.95 12 345+0.11 1.20+0.12 15.6+1.02 28724227  049x0.06
9.97 6 344+0.15 1.180.07 154+1.21 2753%31.1 0.59+0.21
20 Control 15 3.49+0.15 1.27+0.04 154+1.28 283.6+156  0.51%0.18
0.1 9 341£0.21 1.25+0.13 150204  278.11+19.8 048+£0.11
049 12 3.39+0.12 1.23+0.02 14.941.21 279.6132.1 0.53+0.05
097 15 345+0.19 1.24+0.09 15.5+1.98 286.3+28.3 0.531+0.16
495 12 2.79+0.13 1.18+0.07 13.8+1.73 288.9+159 0.49£0.13
9.97 6 2.85+0.14 1.1940.10 14.1+1.68 290.6+20.2 0.51£0.09
30 Control 12 3.51£0.09 1.241+0.13 15.9+1.21 2859413.5 0.5210.25
0.11 9 3451£0.13 1.27+0.09 16.5+2.21 27624202 0.46£0.12
049 12 3.4610.16 1.23+0.11 163+1.09 28161193 0.53+0.18
097 9 3.01+0.23 1.19£0.13 147+1.76 294.1+£255  049+0.10
4.95 6 2.98+0.13 0.93+0.08 139+1.39 297.1+16.9 0.62+0.15
9.97 6 2.85+0.18 1.0210.07 127154  317.2+253 0.57+0.07
40 Control 12 3.49+0.16 1.25+0.11 153+139 27761183 0.59+0.16
0.11 12 3.39+0.25 1.29+0.13 160143 279.1+15.1 0.51+0.12
0.49 9 341%0.11 1.16£0.09 159+1.58 2759%127  0.56%024
0.97 9 2.78+0.12 0.97+0.12 14.0£2.06 287.2+10.9 0.49+£0.16
495 6 2.89+0.24 1.02£0.07 13.5+1.36 309.8+19.5 0.62+0.17
9.97 6 3.01£0.12 0.860.09 13.9+1.87 316.2+21.3 0.63+0.26
50 Control 12 3.48+0.14 1.24+0.04 16.0+1.49 281.6+185  049£0.17
0.11 12 340+0.16 1.27%0.12 16.2+1.51 271.0+138  048x0.12
0.49 9 3.39+0.16 1.16+0.06 15.8+1.98 280.2+10.7 0.50+0.05
0.97 9 3.03£0.11 0.86x0.13 146+1.20 288.6%+27.8 0.53+0.09
495 6 2.78+0.09 0.921+0.10 140+1.23 311.54+25.2 0.55£0.16
9.97 6 2.82+0.13 0.85+0.05 14.3+1.08 318.6+18.3 0.52+0.13
WY AEAN 5 BRFEE Yo VER 1, calcium 5 097 ng/ £ o4 309,

Holl 50d T =EAZ PR H ironFET 495 mg/ LA AE 40YRRE FEA A
049 ng/ L AME =& 304AFH, 097 me/ L o1 thAEFH 2L FESA kE3E olfe 99HF

AME =2 2044 2, magnesiums =+ 0.97me

o2 ¥H calciumFEr}t Asksin, 91 AlApo)

109 H FroA k& 30UATE F8 SV And FIHEY AEF 7159 B, o A4
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Table 5. Enzyme activity changes in serum of olive flounder exposed to various iron concentrations for 50 days :

Data are presented as mean+SD

Test ) Fish
period 1ron con. number GOT GPT LDH Ch-E Al-P
(Days) (mg/ £) (K-U) (K-U) W.U) (/i) (K-A)
10 Control 12 295+34 11.2+12 278.5+123 129423 6.01+0.34
0.11 9 29.5+4.2 11.3%23 263.2+18.5 10518 597+0.17
0.49 12 284429 13.2+0.9 2564+129 132+14 5.97+0.28
0.97 9 312+38 12.1£15 268.5+21.3 13.8+29 6.36+0.45
495 12 31.6t+47 11.8+1.0 263.8+205 11.6+3.3 5.69+0.19
9.97 6 36.8+1.9 120038 2639+159 125+14 6.30+0.26
20 Control 15 329%37 128423 263.4+252 13.6+1.9 6.69+0.39
0.11 9 256128 13.2+1.2 256.1t18.5 129420 6.39£0.19
0.49 12 27.4%30 12.6+0.8 265.8+15.6 13.8%2.6 5.69+0.34
0.97 15 369+3.1 133+19 259.8+20.2 129+23 5.69+0.27
4.95 12 465142 13515 259.6+12.7 13.5+1.8 6.69+0.17
9.97 6 454+25 129426 289.6t14.3 13.8+32 7.09£0.31
30 Control 12 325+30 13.1+09 2815156 134+1.8 6.01£0.28
0.11 9 29625 12613 269.3+18.2 142+14 6.291+0.32
0.49 12 28.6%33 14.1+1.6 263.8+253 13.8+24 5.51+0.17
0.97 9 429124 13.7+0.8 2824+212 134417 6.391+0.19
495 6 369139 168122 303.5+175 151x24 6.39+0.27
9.97 6 449127 182%1.0 300.5+20.3 143%13 6.29+0.25
40 Control 12 32.5+34 12625 256.3+22.5 135120 6.25+0.18
0.11 12 296+1.9 11.5+1.8 246.8+17.8 13.7£29 5.57+0.37
0.49 9 28.6+2.8 16.2+14 269.8+19.3 129432 5691042
0.97 9 449132 14.8+3.2 2749+132 14917 5.29+0.28
4.95 6 469120 21.5+25 3339+109 105421 5.01+0.51
9.97 6 519+1.9 234+39 326.71£12.3 98+1.7 5641024
50 Control 12 294%35 129+15 2556174 13.8+34 5.6910.36
0.11 12 33.9+42 13.1+£09 263.7+13.3 143%18 4.99+0.25
049 9 265150 13.5+1.2 278.5+189 13.0£22 5.09+0.42
0.97 9 40.5+2.6 18.6+3.2 3037153 137+1.7 5.69+0.30
4.95 6 43.1+32 229428 315.6+13.8 95+10 6.29+0.17
9.97 6 50.5+4.6 21.8+24 3139+15.2 10.2+1.7 498+0.26

Mz v E3pg Wt 9 A3 F71%9 Al
o 7121¥ th(Jiro and Yasuo, 1977 : Roch and Maly,
1979). W2bA, Gxjoll YoMz HFe A EA)
= 2719 A E Q8 calciumEErt AEEES
7FsAde] AW, iron ¥ magnesiumEE] F7he

FlEBoAe] =23} oA E 23 S 8
Hog fE¥ A} Maetal, 1995)2+ A=t

¥4 total proteinF == 2 T 097 me/ £ ©)F
EEoA k2 30YRHH, 495 mg/ £ A= 209
REE, abuminEEE 2 % 097 mg/ L AXE
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ALY AEZE AHEHT 3(Ito and Murata,
1990 : Hodson et al., 1992), 7}=&, Bahxl& 2 &
7 59 kEd s A, 1 499 &y
© B ZAAWIZAE FHe] F5AH,
e &4 2 AT AFFHE 5 5 2
tYamawaki et al, 1986 : Khattak et al., 1996 ;
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