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o SRIEEE (140 pg/L) €LL 0.05 -~ 0.1

0.15 - 0.2 82 0.25 BHFABEE -7 -~ 14 -
21 ~ 288135 pg/l % - SR _EE - HBREE
F 130 FHz AR - SR T LURIR 7K B K
e BE - {AECRERS 100 7 SREKE
SHCEREE 20 B - RN FEkE - M
pH {E « VAS R Table 1 Fr « i EA TR S
BRI AL MHFY 09:00 B 16:00 Z{EER—R > £
SHELDERBAEZIEEY 5 % %6 - 55 3 K
W—R > 50 20 Rig4wrie - 515888 80 K -
EYIE CTHE AERE 18R - ARIEE - HYE
RRREEREE - fRERE—K, ek
FER B AT R - MR e 4 B 47T -

—. MEAK G EERE

A R A — B 5 —E JLNER EIENE 855
AR L HNEEMBERE WW) o REBA
105°C MR HE B E - HANREZENGERE
OW) - IR THIAHGT BN KSR |

LA K& E(9%)= (WW-DW) / WW'
WW' = WW- K E

x 100%

= IR EERET T E
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1.5 ml HREBHELLE > WAFHIE 4°C ERFAET -
FAERE A 7 pg/L MK - EFNSERER ]
£ (VAPOR PRESSURE OSMOMETER, WESCOR
5500) °

=\ MR BT AE

MR RE A VB E 2L Biuret J57AHEI45S - FIMER
BUREL 0.1 ml [I#RES - ok Biuret reagent 5 ml
(Merckotest Total Protein, E. Merck, Germany) » B4
BE% » SRS (Spectrophotometer, U-2000,
Hitachi) » 7Ed¢ & 545 nm THEIHEBOM(E - WEAEE

AU EERCFRE » AT E -
, , As — AsB

Protein concentration = ———————— X 6g/100 ml
Ast — AstB

As = absorbance of the sample

AsB = absorbance of the sample blank
Ast = absorbance of the standard

AstB = absorbance of the standard blank

74, $ata T

ARSI EAE R DL T oA A SR I T 1]
EEEEEZ=E > B Duncan FHT 2808 IR & 54
S =5 -

Table 1. Fluctuation of some water parameters in the experimental period.

Month Temperature (C°) Salinity pH DO
(Days) 08:30 14:00 (ppt) (mg/L)
6 28404 30.7 = 0.2 327 1.2 8.3 0.2 6.6 = 0.3
(3)
7 28.6 £ 0.3 31.1 £ 0.4 321 0.9 8.2 = 0.1 6.7 £0.5
(31
8 28303 30.5+ 1.0 31.7 = 1.1 8.3 = 0.1 6.7 0.3
(31)
9 26.8 £ 0.9 28.6 + 0.5 32804 8.3 £0.2 6.6 = 0.2




TRELRBER ~ FFELE - AR I B EREE S S &2 43

RS
. FLEIETE L (IR AT T H AR
i

AL BT RBEE RERTHEER AR
2 Table 2 fror » RIGHBE RS 80 K alBhid sRIFF
FRIEEEEEERN  ME 20K, HEM
HEEHERFEEER > TYBENK 094
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% {15 80 RilBefER > HIRMISERZE 4.43
g HMSEREME7 - 14 ~ 21 ~ 288135 pg/l &
TIGREE RIS 4.34 ~ 4.25 ~ 4.03 ~ 3.94 £ 4.09
g - REBIAMER  SHRBEEMEAMEREHEES
F - {BFEeE = PIEIE AT E#EIgE (P<0.01) - 5t
HSRAESE 80 REBais s - S AR

PG RER SR 7.10 cm - HARESEME 7 -
14~ 21 - 28 # 35 pg/l ZIRESHIE 7.02

6.86 - 6.85 - 6.78 Hl 6.87 cm o K& EIIHTEE
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RS RS REREOEN  ZW TR o
60 Kt » HHMHELREHES & & 80 X &
MRS 3.25 « 3.13 -~ 3.18 ~ 3.13 -~ 2.93
3.02% - BT ARG R > A e bR FRAR I DU R RE s
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Ko 1E 28 B 35 pg/l FHEAHHRAH LR - HEET
R - ERLBCR JRREETE H BOg N > RIS T 5 &
# 80 K HIRMS 0.95%  HASEEHKRTE
0.93 ~ 0.93 ~ 0.87 - 0.86 £ 0.87% o F&&F5 5347
fER o BRI LU P e RIS N
FFER (P<0.01) 5 DL Duncan [K#r 28 s TE
Bz =R FEREEREE 80 XIEBE 21 -~ 28 B2 35
ng/L AHEIHRRAHLELE - FRE D - HEHETESE 80
KA ERAE - V4R 28 B 35 pg/l HH G ARAAELEL
HEERY - A HIEFREE 20 X 258
TEFEE 100%(HFE% A TRHes > 2055 80 X -
BERS 14 ug/L DL B S TLERHEZ » KR
PR DU R B e B HART R B T (P<0.05 ) - LA
Duncan [K#&8 Sl g 28 BREE
25 80 K7 21 - 288135 pg/L fHEAHIRMALILRK - H
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PRIHESE >

HHESRPE > I Table 4 Fior - HIMKEMEE  ml
HHE&EHE R AR BRI (Fig. 4)
C HthH R E KT R
12.28 B 12.68 g/100

253 5 7.85g/100ml
10.09

9.60 -

~ 11.83 -~

Table 2. Effect of mercury on the growth parameters of Penaeus penicillatus.

- HBEGOMER > SRBHMAEEEERS
(P<0.01) » FEIREEN - EOESEA LI Z#E -
LA Duncan [ & 8 HIBREUR T 2 R2ER - IR
B 21~ 28 Fr 35pg/L AHELS IRAH LB A B R -

Time Concentration of mercury (ug/L)

(Days) 0 7 14 21 28 35
Body 0 0.52 +0.04 0.55 = 0.01 0.52 = 0.03 0.51 £0.02 0.57 + 0.06 0.53 £ 0.03
wight 20 0.94 + 0.05 1.08 = 0.01 1.12+£0.12 1.01 £0.10 1.09 £ 0.18 1.01 £ 0.09
(g) 40 1.92 +0.08 1.95 % 0.09 1.85 £ 0.06 1.89 £ 0.03 1.83 = 0.13 1.77 £ 0.07

60 3.07 £0.18 299 +0.13 2.89 = 0.07 2.90 %= 0.31 2.94 + 0.09 2.78 £ 0.18

80 443 £ 0.52 4.34 +0.21 4.25 + 0.47 4.03 £ 0.57 3.94 = 0.16 4.09 + 0.55
Body 0 3.41 £ 0.07 3.50 £ 0.02 3.47 £ 0.05 3.42 = 0.06 3.52 + 0.08 3.49 + 0.03
length 20 435+ 0.12 4.55 + 0.01 459 +0.16 4.42 +£0.13 4.47 = 0.28 4.42 + 0.19
(cm) 40 5.29 == 0.03 5.39 £ 0.17 5.21 £0.11 5.25 + 0.02 5.21 = 0.06 5.27 = 0.08

60 6.09 = 0.01 6.20 = 0.10 598 £ 0.02 6.07 + 0.22 6.06 = 0.04 6.06 + 0.11

80 7.10 £ 0.49 7.02 + 0.41 6.86 + 0.42 6.85 = 0.40 6.78 = 0.41 6.87 + 0.51
Specific 0-20 4.35 = 0.06 3.97 +0.13 451 +0.07 4.02 +0.19 3.81 £ 0.15 3.79 + 0.07
growth 0-40 4.08 £ 0.11 3.96 + 0.08 397 £0.09 4.09 * 0.06 3.65 £ 0.13 3.77 £ 0.10
rate 0-60 3.62 = 0.02 3.46 = 0.05 3.50 = 0.14 3.55 £ 0.13 3.35 £ 0.09* 3.38 £ 0.16*
(%) 0-80 3.25 £ 0.04 3.13 £ 0.11 3.18 £ 0.05 3.13 +0.03 2.93 + 0.04** 3.02 = 0.06**
Food 0-20 1.34 +0.06 1.24 ~0.13 1.41 £0.09 1.18 +0.04 1.22 +0.13 1.13 £ 0.07
conversion 0-40 1.26 = 0.11  1.22 £ 0.08 1.14 £ 0.04 1.17 £0.12 1.10 + 0.20 1.09 £0.10
efficiency 0-60 1.05 £0.09 1.01 +£0.02 0.99 + 0.06 1.03 =0.16 1.01 £ 0.16 0.95 * 0.06
(%) 0-80 0.95 +0.03 0.93 +0.04 0.93 = 0.03 0.87 £0.07* 0.86 = 0.08* 0.87 = 0.08*
Feed 0-80 413.3 408.0 401.9 402.0 389.9* 385.2*
consumed +21.4 +17.2 + 31.8 + 41.7 + 46.9 + 37.1
(g
Survival 0-20 100.0 = 0.0 100.0 £0.0 100.0 = 0.0 100.0 = 0.0 100.0 £ 0.0 100.0 = 0.0
(%) 0-40 96.7 = 4.7 90.0 = 4.7 90.0 + 4.7 93.3 £ 0.0 100.0 £ 0.0 96.7 = 4.7

0-60 833+ 47 83.3 = 4.7 80.0 = 0.0 80.0 = 9.4 83.3 - 14.1 80.0 £ 9.4
0-80 83.3 X 4.7 80.0 + 9.4 733194 70.0 £ 4.7* 70.0 X 14.1*  66.7 £ 9.4**

Data are shown as mean =+ SE (Numbers varied with the survival);

* ** (0<0.05 and P<0.01, respectively) significantly different from control group.
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Fig. 1. Correlation between mercury concentration and water content in muscle of Penaeus

penicillatus after 80 days of exposure.

Table 3. Effects of mercury on the water content in muscle and hepato-somatic index of
Penaeus penicillatus.

Concentration of mercury Water content in muscle Hepato-somatic index

ug/L) (%) (%)
0 62.54 = 2.44A 3.16 + 0.18A
7 60.53 * 2.22AB 2.84 = 0.32AB
14 60.27 = 3.96ABC 2.85 £ 0.70ABC
21 60.05 = 1.86BCD 2.81 £ 0.38BCD
28 59.39 = 2.90DE 2.79 = 0.74BCDE
35 58.30 = 1.61E 2.72 + 0.36CDE

Data are shown as mean = SE (n=10).

Values not sharing the same letters are significantly different, P<0.05.
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Fig. 2. Correlation between mercury concentration and hepato-somatic indices of Penaeus

14

Concentration of mercury ( £g/L)

penicillatus after 80 days of exposure.

Table 4. Effects of mercury on the osmotic concentration and protein content in
the hemolymph of Penaeus penicillatus.

Concentration of mercury Osmotic concentration Protein content
(ug/L) (mmol/kg) (g/100 ml)
0 804.63 = 53.28A 7.85 £ 1.85A
7 820.75 = 51.45AB 9.60 * 2.68AB
14 868.13 + 73.06BC 10.09 = 2.84ABC
21 870.88 = 70.05BCD 11.83 + 2.38BCD
28 843.37 = 73.65CDE 12.28 = 2.34BDE
35 856.75 + 61.79CDE 12.68 = 1.95DE

Data are shown as mean = SE(n=10).

Values not sharing the same letters are significantly different, P<0.05.
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Correlation between mercury concentration and osmolarity of hemolymph of Penaeus

penicillatus after 80 days of exposure.
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Fig. 4. Correlation between mercury concentration and hemolymph total protein content of

Penaeus penicillatus after 80 days of exposure.
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Effects of Mercury on the Growth, Hepato-somatic Index, Water Content in
Muscle and Osmotic and Protein Concentrations in the Hemolymph of
Penaeus penicillatus

Abstract

The water content in muscle, hepato-somatic index, total protein and osmolarity of hemolymph of red tail
shrimp Penaeus penicillatus were examined to understand the chronic effect of mercury toxicity on the growth
of the shrimp. The results of the analysis were provided as a reference for pond administration and water quality
standardization.

The red tail shrimps were exposured in low mercury concentrations for 80 days, their body weight and total
length increased with time. The mercury concentration became higher, their growth rate and feed efficiency
became lower. The survival rate were 100% after 20 days of exposure in each test group, but survival rates
decreased after 80 days in groups with higher mercury concentration. The water content in muscle and hepato-
somatic index were significantly related to mercury concentration. The osmolarity of hemolymph were also
significantly related to mercury concentration. With the concentration increased, the total protein and

osmolarity of hemolymph increased accordingly.

Key words: Mercury, Penaeus penicillatus, Growth, Hemolymph osmotic pressure, Hemolymph,
Protein content, Hepato-somatic index
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