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The study was carried out to investigate the changes of haematological constituents induced by dietary exposure of Hexachlorobenzene
(HCB) and Polychlorinated biphenyls (PCBs) in nile tilapia, Oreochhromis niloticus. The nile tilapia were fed pellet with 0.05, 0.25
and 0.50 mg/kg body weight/day of HCB and PCBs for 30 days, respectively. HCB (20.25 mg/kg) induced a significantly decreased
the red blood cell count at 30 days, and the hemoglobin concentration and hematocrit value were significantly decreased after 20
days to 0.50 mg/kg. The diminution of red blood cell count, hemoglobin concentration and hamatocrit value by PCBs was found after
20 days at >0.25 mg/kg. The concentrations of calcium decreased significantly at 30 days at 20.25 mg/kg of PCBs-diet. However,
magnesium and inorganic phosphorus did not show any noticeable changes in the range of 0.05~0.50 mg/kg of HCB and PCBs
compared to control group during the experimental period. The low concentration of total protein was observed at the last day of
experiment to 0.50 mg/kg of HCB-diet, while total protein initiated to increase from 20 days at the 0.25 mg/kg of PCBs-diet. The
glucose was significantly increased after 20 days at >0.25 mg/kg of HCB and PCBs. A significant increment GOT and GPT activities
was noticed after 20 days at 0.50 mg/kg of HCB and PCBs. These results indicate that hematological and serum biochemical changes
in the nile tilapia by dietary exposure to HCB and PCBs are affected at more than 0.25 mg/kg after 20 days.
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Aol EAUGE P&Ygolgo 2Ry BF B A% 150
~186cm, A= 1332~1759g% FH g5} (Oreochromis ni-
loticus) 24 9J&3 A A7 dedA e 2738 AAE
A48, dayole dPzAd FEA77] H8td 7&, pH
8 gz2a47 247t 192~204C, 68~72 2 64~69mgll =2
A 109 o4 €A AHESFY A& Table 13 221,
Hole AR YAEIAE (AYAE, 2-98)8 Bstste 1Y
28 83 TI3UTG (Table 2).
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Table 1. Water quality used in experiment

Parameter Value
Temperature (T) 200
pH 72
Dissolved oxygen (mg/L) 72
NH,*-N (ug-at N/L) 34
NO, -N (pg-at N/L) 09
NO;™-N (ug-at N/L) 22
POS7-P (pg-at N/L) 038
COD (mg/L) 10
Table 2. Ingredient of the experimental diet
Ingredient %
Crude protein 48.0
Crude lipid 5.0
Crude fiber 40
Crude ash 150
Ca 1.0
P . 27

Ade F4 (20210) 94 340X240X300 mm] ]2
A g4y Q¥nit #4)e2 441890, HCB (Aldrich
Chemical Co.)% PCBs (Aroclor 1254, Dr. Ehrenstorfer GmbH)
T 47 005 025 2 050mgkge]l FH3FEE hexane (Junsei
Chemical Co.)# corn oilol =ef ¥#rtge EFAA 8¢ 3
7hare] 88 A F 44PN A4 dYsiste 29 ¢ A
FEAN F Y5 BaadN Fosgint =% &7 E hexane
3} corn ofl? H7FAA WHE ALEE FF3IY Y. HCBS PCBs7t
e AARE BE AT TFEA Aol Hditq #2E
T3t & 27 10784 4879 10988 FEHL, 4
1y e £F2E A3 20vteEld FEEH HdEAEE
oY AT ¥ 2 o] oAFF 3% E 30 FU FAHAL,
HaE e 10U F2oz 6rtele] B gt AT

dAAHE 24417 T YA Fo] w8 #F (Caudal vein
orartery) 1 M heparin-Na (25,000 LU, S A195)¢ Ml 134
FA71E A3t A¥3At AYT (Red Blood Cel)FE
Hendrick’s diluting solution®.Z ¥#-2 348 ¥ Hemo-cyto-
meter (Improved Neubauer, Germany) & ©] 43t #3% #n|7
oA, A53tA9 . Hematocrit® i hematocrit A #22 ¥
4 AT F Microhematocrit centrifuge (Model; 01501, Hawks-
ley and sons Ltd., England)*l A 12,000 pmo 2 5¥7 944 A
HAA B5Ro 2 FH3} 4o, Hemoglobin %+ Clinic Kit
(Asan Pharm. Co., Ltd)E ©] 43 Cyan-methemoglobin®j 22
239 MY AL AT T4 H2BH F 4CA 242
HAAZ o 6,000 pmol A SEZ A4S 4 2
Aok Bdd €32 YA BAHA AT ojuel EAFAG.
83 calcium, magesium 2 inorganic phosphorusel] 3 WEE
ZA8gth 8% calcium® o-cresol- phthalein-complexon me-
thod, magnesium-< xylidyl blue method, inorganic phosphoruse
phosphomolybdenate method®l £|3te] clinic kit (Asan Pharm,

Co., Ltd)& AH4-3ra H 3 th. A total protein® glucosed|
W& HES AT 4 W9 total proteine biuret method,
glucose® GOD/POD method2 clinic kit (Asan Pharm, Co,,
Ltd)E AH83te ZAF8Ach 83 £ EHTE glutamic oxa-
late transaminase (GOT)$} glutamic pyruvate transaminase
(GPT) Al dE MEFE 2A8Y T GOTS GPTE reitman-fran-
kel method2 clinic kit (Asan Pharm. Co., Ltd)& AH8-3td &
Yt 2 39y HEAYS wigos Q27 4 48T
Abolel £AE FoA SpSS FAZZ W (SPSS Inc) € 9
&3t ANOVA testS A8 F P gko] 005 PItd o F2j40l
Ae Aoz HFA

2 zf

HCB 2 PCBs9] AT 54 & 58 datnjote] A HsE
Table 39 YEtY Tt HCBY F4o 8 RBC € 20¥ o] F%
E 0.50 mg/kg, 304 AL 025 mg/kg®} FE°14, hemoglobin 5=
9} hematocrit = 209 ©]F 0.50 mg/kg ©1448 F=A F4F
ZF28 veEhln (P<005). PCBsS oo &% RBC % he-
moglobin FEE 208 OlFFE 025mgkg o8 FZA,

Table 3. Hematological changes induced by dietary exposure
of HCB and PCBs in the nile tilapia for 30 days

Davs P(ll(l)lrllt:m RBC count Hemoglobin Hematocrit
Y (mg/kg) (X104mm® (g/100 mL) (%)
0.00 142+18 62+04 23024
10 0.05 139+21 62104 23.1+19
0.25 146 £ 15 6.0+07 26117
0.50 144+ 17 61+04 2815
0.00 143+ 8 6103 N1+14
0.05 140 £ 15 63104 20+21
HCB 20 0.25 135£12 57+£04 209+ 16
0.50 125+ 8* 51+£04*% 188+1.6*
0.00 142+ 13 58+ 06 24+19
30 0.05 148 £ 15 55108 222+10
025 120+ 9* 49105 210+12
0.50 122+£10* 39207 175+06*
0.00 144 £ 12 59+04 29+12
10 0.05 141+ 15 60£08 226108
0.25 145+ 15 58+10 29+08
0.50 14119 59+ 11 221105
0.00 143+£12 62+02 216+ 1.1
0.05 141 £8 61£06 218+15
PCBs 20 0.25 129 + 9* 54+£05*% 188+t 14*
0.50 123+14*  49+£04* 192+£15*
0.00 14419 55+05 210+13
30 0.05 149+ 10 56+06 216+12
025 121 £ 7* 47+£03*  207+08
0.50 123+10%  424£05*% 185+ 1.8*

*Asterisks indicate significant difference from the control
(P<0.05).
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hematocrit A= 204 ©)F 025 mgkg o4l FxolA #o3
28 YEld (P<005).

gz]gote] 84 calcium, magnesium ¥ inorganic phosphorus
FE W3S Table 49 YelYch €4 calcium, magnesium 2
inorganic phosphorus ¥ £ HCBE Fo§ Z& A¥eA F3i
g o7t AAHA Gt £F, PCBsE FoF BE A A
% magnesium¥ inorganic phosphorus $%¢ WEL FZHA
%o, calcium FEE 209 ] FHH 0.50 mg/kg FEAA, 30
dAE 025 mg/kg °14e FEAA FI% ZFA2E vgdd (P<
0.05).

gelujolel 83 total protein, glucose, GOT ¥ GPTY &34
ZIE Table 59 Vel it HCBol <3 83 total protein F%E
< 3024 050 mg/kg FE=NAN 9% TAE UENY T, PCBsdl
AMe 209 °]FHH 025 mg/kg o149 FEAM {4 3HA FAF
Atk (P<0.05). HCBY & glucose T 2044 025 mg/kg
B A, 30UAE 025 me/kg o4 BN §o8 271}
FEHAG. £33 PCBsoll 93 glucose TEE 209 o] FHE 025
mg/kg ©149 FEANA Fo3 U #FHJAG (P<005).
HCB % PCBsol 9% GOTS GPT &42 204 ©]F 0.50 mg/ke
FEAA F9% F718 JebRT (P<0.05).

Table 4. Hemochemical changes induced by dietary exposure
of HCB and PCBs in the nile tilapia for 30 days

Davs P(::I(I;t:m RBC count Hemoglobin Hematocrit
¥ (mglke) (X10%mm*) {(g/100 mL) (%)

0.00 107+116 41039 113x123

10 0.05 116+133 421069 109+121

0.25 118+05 431044 109+1.12

0.50 103+£123 411010 116%145

0.00 118+131 41+036  99£069

0.05 1141067 421036 108%178

HCB 20 025 113£131  41x018 98%159

0.50 109£117 40+064 109+154

0.00 103£056 351068 107x146

30 0.05 117£097 35%052 97x135

0.25 11.8+060 391071 98068

0.50 102+£1.63 33:05 106063

0.00 105£054 411059 11.1+£086

10 0.05 109£055 421064 107£0.64

025 109+100 421038 109%093

0.50 1031016 41046 115+134

0.00 119+048 421025 991082

0.05 121£072 40015 106x061

PCBs 20 0.25 113+136 441052  99%068

0.50 98+ 1.18%* 391033 109+174

0.00 112+1.14 35+057 106£0.58

30 0.05 ILI£L71 35£058 1041055

0.25 96+ 1.17* 38%061 1021072

0.50 90£159* 341044 1081133

*Asterisks indicate significant difference from the control
(P<0.05).
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Table 4. (Continue)

Pollutant  Total Glucose GOT GPT
Days conc.  protein (- 2100 mL) (Karmen  (Karmen
(mg/kg) (g/100 mL) Units) Units)
000  21£021 423428 924+ 705 4011414
10 005 23£024 4351272 924+ 923 3971315
025  22£017 419%£437 962+ 802 4191423
050 211027 4311401 979+ 592 4151268
000 20£019 421£191 1007+ 198 3281604
HCB 20 005  21+£014 406305 994+ 942 3671502
025 194010 504+445% 1122+1191 403378
050 20£013 417£229 1312+1081* 394+3523*
000 20£017 418%205 101841038 3991672
30 005 222018 4194207 1002+ 444 4241504
025  18£021 493+423* 1215+ 782 4641380
0.50 17£013* 4731296 1283 +10.59* 6661372
000 25+£018 4211254 947+ 589 411+720
10 005 231024 429+228 934+ 784 400+021
025 221007 409470 9761 570 4231363
050 23£020 421253 978+ 325 4151140
000 22£015 417£099 9881 786 3751957
PCBs 20 005 224017 4231244 975+ 539 3741628
025 181021 4891412* 1045+ 429 3941532
050  19+£019* 482+454* 1139+ 723* 469+377*
0 231014 405+298 1002+ 408 4031582
30 005 22£020 4291234 994+ 103 4171149
025  18+013* 47.1+418% 1125+1278 51.5+258
050  17£013* 456+4.63% 1285+ 585% 597+143*

*Asterisks indicate significant difference from the control
(P<0.05).
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Yo oyt LEEAY =EHUS W EA44o W
A Hed ole e dg B2 wale] Hrisdoz €49
4 9t (Khattak and Hafeez, 1996). Z, 9159 4449 o
e W8E =g o3 HeF Fg FEE 4 £ 3,
o Yoprl =28 35 d JRE FAY 4 e AR=R
449 4 99 (Leroy, 1993). £ 4 E 2 8] o Fe gdurxo
2 AR5 BAE 4o, ol 2¥7| B £48 93
o (Witters et al, 1990), hemoglobin ¥ %% hematocrit < =
L 899 pH M3 o2 A 4Fol5d 4L v g
£ Aoz BaE3 vk (Milligan and Wood, 1982). Clophen
AS0 (10 pg/g fish weigh) ¥ Salmo trutta) 434 §< 3+ 59
£ hemoglobin %9} hematocrit & FaA712, Aroclor 1254
€ Coturnix coturnix japonica®l ¥4 WX hemoglobin %
T ¢} hematocrit #& #4389 (Johansson et al, 1972) & 79}
2L Ang Jelyd, 28y, PCP (39 ug/L)$ malathion (4.5
mg/L)& 72} chinook salmon® Ictalurus punctatusdl &A%
€ 99l hemoglobin ¥ <% hematocrit 3 Z7F3 (Iwama et
al, 1986; Areechon and Plumb, 1990), §7194A 3¢ E 71¢
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AT 2 FF4 we Avd 2945 el gl o) 2e E
e Q98 3F 5¢ 5 F4He ALY Holg
FrHE A9 3A A B2 Ao|HAME I £
AOZ AT £ Aoy A4, 29EAY FF L oFd
e AoldNE 7|AE Aol 24 E 0 (Blaxhall and Daisley,
1973; McLeay, 1973; Denton and Yousef, 1975; Lane, 1979; Tana
and Nikunen, 1984). @e}A, HCB 2 PCBs9) A+ Foo 3
gatatele] FAQe Wslg Aoz AyztEn o5 wWih=
HCBoll A= 0.50 mg/kgoll Al 2094 ©]FHE, PCBsHA € 025 mg/
kg o149 FZoA 204 o] FEEH JEd Rez AzhHr
ol A PR L FHEAY ko AT a9
FEE BTY £ e T4} AR ALEY, dWHoz ofF
EAd =&HUE W FHY F4A, 2AFY &4 &
=@ AFF Folz Jddte] ¥F total proteind TEE Hh
< A% B (Yamawaki et al, 1986; Khattak and Hafeez,
Shen et al, 1997). Gluth and Hanke (1985)% HCB (100
pe/L)E AT 59 dojol =EAAS 4 A glucose L9
78 BA3A A, PCBs (230 ng/L)E FA g0l 304 &
=ZAFE 9 total protein® FEE 23T (Mayer et al,
1985), Salmo truita®]l PCBs (Sug/p) & 439 5 AT 5%
A% glucosed %ol Z718th (Johansson et al, 1972). §718 4
A ZAFAA =EAZ FANEFAAS Jole A iotal protein®]
Fxe #4239 (Grant and Mehrle, 1973; Gluth and Hanke,
1984). =3 8A glucosed] FEE Y or 2 gEAd FA
Aoz =&HUL @ F43 F7HE Roled o)t catecholami-
nesdl 93} <53 ol EA3E glycogen reservesd] WE A4
%l glycogenolysis?t dolvt7l W&ol x, T4 A*+E cortisol
of o3t dud 22491 gluconeogenesiss] 218 Ao 2 A
Ak (Leroy, 1993). £3 cadmium (42 pg/L)ol =58 dojg)
84 calcium ¥ET 2431 (Yamawaki, et al, 1986), aldrinol
~% ¥ Clarias batrachus® 8% calcium TE2% 74 %0 (Bano,
1982). =3 Malachit green®] 4AE BF calcium FEE A
sEed ol A A 78 F4d o3 fLEUL A
o2 HuHch gutx oz EEHd k& olf HEL
4EQD GOTY GPTE 7, 4% 2 25 §9 24 &4¢ g
e AEZ AHEEd. AU GOTY H$ pulp effluent (2
mg/L) % methidathion 2 mg/L) & 44 FAMGo|s} Jojo =
EAZE A 798 718 Y Paraquat (Smg/L)E Yol
o =&AZ& W GPTE F71EAL, CCl4 3mL)E pinfish
(Lagodon rhomboides)®] =%XA& dx & AFL Byo
(Asztalos et al, 1990). HCB 2@ PCBs9 A+ Fdd & gt
olo] 83 total protein, glucose ¥ calcium FEE 98 ¥
ol BAHUL, A7 AFEY 749 FUF AYIH {AME A
& Je Y £ glucose FEE F7HFAH, total protein® ca-
leiumEE<S T28 9. ¥, HCB ¥ PCBs2 AT 944 93
Y4383 ¥ FL PCBsAlA® 79 FEoA 209 o} F+H
025 mp/kg ol4e} FxAA MFEE Utz oy, HCBAA =
3094 050mg/kg FEA FAF ¥MFS Y ig F

HCBe H|3] PCBsS 49 o HEAEr 104 = w2A
H @& sEgAN deltz e o] 28 Z3E g yold glof
PCBs7} HCBE U} €ujote] sz WES Ul Ye 5%
oA 47 doFitke AL oudt} o)l AR =92y
HCB 2 PCBs9 2T Fold o ¢ detnjole] Y5etsy g
Holx 209 olFHH 025mgkg 1B FEAA L S
Aoz AT

o ot
L |

& FHoFY detyots Ao AFTT 19 005 025
4 050 mg/kg®] HCBS PCBs9) 72 F5<d <3 304 ¥ &
A4 4 89333 WE S FZABIA

HCBY Fod 9§ detujote] RBC € 209 ©|F 0.50 mg
kg, 308 A= 025 mg/ked) 5%, hemoglobin ¥ %9} hematocrit
#Fe 2094 °oF 050mgkg FZANM FAF ZAE YT
PCBs9] Fojo <3 "atujole] RBC ¥, hemoglobin 3% %
hematocrit &< 204 °|F 025mgkg °149 FxA o
Z42E JE o

¥4 27144 calcium, magnesium ¥ inorganic phosphorus
Xt HCBE F4% RE APANA FRe ol AFHA &
ott}, =3 PCBsE §9% ZE 4¥dAMT magnesium¥ inor-
ganic phosphorus ¥E¢ ¥¥e& FAFEHA FYou, calcium ¥
€ 2098 °)F 050 mg/kg B, 30UAE 025 mg/kg ©13Y F
A o3 Z4E Jgych HCBY ATF9d 93 €%
total protein =% 30¥4 050 mg/kg FEA, PCBs9 H+%
oo gFMe 208 olF 025mgkg o1 FY FxAA FoFA
Z43¢ k. HCB % PCBs9 BT 54 9% glucose =T 20
d o]F 025mgkg oY FZAA F9F FHE e
HCB % PCBsY AT %9 98 GOTS GPT €42 204 °]
F9 050 mg/kgill A T 712 Uetlth 2&F 22 HCB
2 PCBs9 A5 3 delmole] Ay wFL 025
mgkg T ol olA oz 20U FHE L ¢S Aoz 4
zZtgd,
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