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Abstract

Ecological factors, mainly chemical and biological aspects of instensive shrimp grow-out
ponds in I-Lan County were routinely surveyed and body weight of pond-reared grass shrimp
Penaeus monodon and kuruma prawn Penaeus joponicus were also measured from 1989 to :
1990. The purposes of this study are to understand their fluctuations, effects and suitability of
pond environment for improving and managing aquacultural pratice and to find out possible
relationships between water quality and growth of pond shrimp for ruling out the reason of
recently occured mass mortality of cultured shrimp. ‘

Environmental parameters, except total ammonia nitrogen, are found not greatly different
from year to year, and their changing patterns are more or less similar. It is found that suc-
cessful shrimp culture in 1990 is accompanied with heavy apply of formulated feed, all of
these processes cause high concentrations of water chemical oxygen demand, total ammonia
nitrogen and nitrite nitrogen, dark blue green replacing brownish green in water color,
appearance of dominant species including blue-green algae, rotifer and polychaete, being an
indicative of unfavorable pond conditions and having a deteriorated effect on shrimp. Howev-
er, due to selective stocking with better quality postlarvae, shrimp culture has been carried
out quite smoothly. It is believed that grass shrimp is a very hardy species, capable of tolerat-
ing high concentration of organic matter, ammonia and nitrite. Therefore recent shrimp kill
may results mainly from stocking postlarve of peor quality rather than from unfavorable con-
dition. If shrimp grow-out ponds are provided with optimal environmental suituation, in addi-
tion to stock stronger postlarve, then there is no difficulty in growing shrimp successfully.

Ecological system of intensive shrimp pond, due to its delicate management, is particular-
ly complex, rapid changing, and unbalanced conditions which will cause stress to shrimp.
Therefore, to stablize the pond conditions, to reduce the fluctuation of those parameters and
to lower down the concentration of toxic substances would be the most important steps for
taking into considerations and action. There are still many ways of improving and creating
better pond environments such as changing pond water, reuse of treated outlet water and in-
creasing the pond depth. However, quality of underground water is not always better than



that of shrimp pond, so use of underground water for pond water exchange must be very
careful.

Due to the lower concentration of heavy metals in shrimp pond, its toxicity to pond
shrimp is no longer a porblem. The patterns of accumulating heavy metals into different tis-
sues can tell the degree of shrimp health; the diseased shrimp usually have higher concentra-
tion of copper and zinc in gill than in other tissues. In conclusion, stocking pond culture.
Optimal environn: ~ts may also have the similar but much less influence. k
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OmsgsE ( pH £ ) LI CORNING Type 106 2 pH meter ZEBRBHEZ ©

Q@EALRREN ( Redox potential )+ Ll pH meter MEHESE/BMBEIEZ ©

@#% & ( Dissolved Oxygen ) | LADelta Scientific Model 2110 Multirange &9 D.O. meter
BB ERRBESREZ o RIREARFRKESZ BEEKENBNEES > IELE -

OEBLEE ( Nitraue ) : ZEHEILT > Ll Hydrazine BHE#% > BB EEEEL o (
Bower & Thomas, 1980 )

®oHEEE ( Nitrite )2 FRAFR KB R X B ( Sulphanilamide ) fEA » UE & N
1—naphthyl)—ethlenediamine ;2R XK E T E K 543nm FTEEZ o ( Strickland &
Parsons, 1972 )

©% % ( Ammonium ) . FEMMEBK TR CIO H£F T » 8 phenol # 5% indophenol
blue » £l Sodium nitroprusside M EHE » RE K 640nm X HEEST TEEZ (
Solorzano, 1969 )

@WEEEE ( Phosphate ) | R /K# S E & Antimony potassium tartrate X Ascorbic
acid TS LS > BLL 650nm EEZ ©

@REREE ( Silicate ) © FRAFAKESERIER » KEBMEMREEEHE ( 4— ( Methylamino )
—phenol sulfate ) BREZEE » EHHNEIER 810nm TEE

®1t2%EE & ( Chemical oxygen Demand, C.O.D.) : RUBEHEI ( KMnO, ) & &1 H
» Fi 0.01IN NazS:0; BHHREWEZ  ( (7 > 1972)

@4 {LFES B ( Biochemical oxygen demand, B.O.D. ) . fR#E{HE 20C T » HERAKLER
AR 5 ffﬁﬁ’ﬂ@%EZ%?ﬁ% o (BER - 1985)

Q4 A ( chlorophyll a ) : fRIEEEFKLL Millipore filter 38{E » BEEER 90% R
FEEE 24 /PG LI EEHAES JORE R LLBER 665nm & 750nm T HIE © BE,@
FIHET8 ( Strickland & Parsors, 1972 )

QESB ( Heavy Metals ) (RGN IMERES Ik & Bik BsF % » LL APDC & MIBK #
#8 » LA Pye Unican 900 Z &K 7R ¥ EERIE - ﬁﬁ?ﬂ%@gﬁﬁgliZ?ﬁﬁﬁ@ °

DEBELE | BEEBFER > NEELE HO, & HNO; F4r##E » MEAMMEBAR
IARTEE S 4T ( Chen, 1975 )
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HEREE-
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BREFRESENABRELE  RBESEZREHMZEE - B A—RETEREER » ithkz
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S BEE > HKMEEERIREVYBHEZ K —REZ BmEEBEERETOESED
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B o MBI R R B BT EETE 30~42 ppm ZR] TEA —LERKEK
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ATEMESE > HEE SN » %E55F 300—600 £ ; M Brachionus RZ > (EE B KR4
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HEHERRAS TERL Y FE » BN ANESLBISTE « & 12 A 1990 £515H
BUSR ~ SRIEE > BB HILE B S EEN T IEE B MAEEE S EFHBERS ikt
BRIE IS SR AR R A © 1989 SEHS > it KE S8 o SFPIERESE - Bk 1990 £ 5
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A—iSh2 S5 > ARRENREMAR » RECEALUTY - AMAIBRRAFLAFTREAR
BYFEFE o SHEBRNSESBMUSN - METEF B LE > MFIRE 14 ALERRR > THRiRE
A RS BERIUARARS - SFAUFERBRR L -MBZEZREED » AEAR X
IR > LR - & ERPANEREE . MEFE > ARFHER > BEELRESERSH
B o HIEBHEGTEEEBBENESR  ASRENE  HAETRIRMAORECR » Ke
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TRMMEERRES BB ATETR » % 15 AHFEEATARENESBRE - &
8~ HRENRBEEMLUARBARS » BN BREARE R+ - BERMER - AM#FAIRE
BEIAARYD - EENREERRTRA > BEEFAREE  FAEINARZRESE - BlE
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T o B 1 A 1989 S EIREA EHER AR o HEB 7 EARYE 30 7 FERAEE
RiE 20 &% HRERAENBT=EALL  AREBX/NBETRE  FERREETEE -
BFERERMEEROBETEMICENTNER - ARNENBIREEFSHRNELEE - biE 2
A4 1989 IR FIERK KRBT EEE ) ERE 4 BAE  EREBERE L ZEL > N
BTREE - £1% 1989 FHAKERFXE » Kzt EEDEES BB AR BERREER
BIBAER A © 1990 EHERAFHEFRBEENKIBAAUNE - B4 BA 20 RMNAMEA
% BNATSE 30 BT BB EEENRERERE  CLNFEXREFNS >  HEBFTE ( F
BEMEEE - SEFHEKE 10—12 iz % c ARLERE O o« HE 1990 FRMAARRIES
1989 £ Bk o

EHERABRRAER RMTAOBEEONERAFAK » BLERIREHERMIRGERES - &
EREERE  ARARERESE (B 3) > AEBEENREIHEE « AO0ALRF
B EE R ER R EE o

ERRARAE BE  TEREETERN - — BB 5~6 BARK - AITERABEER
3 15 A% b MBELE o Bakst8isE » BIRRE 18~20 AHETHE
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EZ KB - EMHERR 1988 5 1980 “FHBIBAE » TR 1990 EHRRAAI K BHE » Ky
RMBEE 7 REE - FEMENARE - BES > KRYERESE 9 R L o R E%eERE
BIRMAERE BE > HREBEESYNERES > EEHRHEEENREE(E -

AR FAREBE (1989 ) ZAEER LA » BREFEIRMTERGKE ~ BEHR
pH {E#8E % XSS > AEBIMESEE —3 - MEFHE (1979 ) HFEEZE » AELHEL
° 1990 FEIAFIRAVEE A 14~24% 28 > HHIAEERS T —5 » (5FEIE 5 B0 v A9 (
Motoh, 1985 ) > RER 0.3%0~46%0 Z[HAFE ( Chen, 1982 ) - KHLEE B $f BO05 3578 5 T A9 24
WK o I EESARIEN > SLERE BHERTE 10~23% ZF (PESZ » 1989 ) » (B{RREERLS)
° 7/t 2 1990 FHIE SRt pH HEAEHEMERTENREZEE - BEREE LG
FEREIRAIEFEEINEE - R RIBEEFERERZE 3.7 ppm Bk ( Chen, 1985 ) #£5% 4.0 ppm (
Liao & Mural, 1986 ) » BRIt/ RIGMATE BT 5EE o S| @R 2 8k ~ 8k s 247
% ( Ver & Chiu, 1986 ) » ZNFIA FRPEKBRMPEbRFR R GmEK (& > 1984 ) » EHHK
IR MBI AT o

1990 F N BIRZ BT > AR KERE SR TAKMLBEEENORE - EBER
M EhERAME > KPH=@BRFK FEREOBRMHEERN  KEmGEaESAREE « 2R
BLE&RAT > EHRFELIL 1988 F£HINH%S - MREBTEL > EBRIBMAYSEE TR 5
MRERAYKEM N » &5 5.7 ppm & 1.3 ppm © KIBERAYKBEEEE ( Chen, 1985 ) Bk
BIRR (B> 1989 ) RHEMALZBEERE ( Wickin, 1976 ; Chin & Chen, 1987 ; FH% > 1989
) BHEIE TSGR IR FH EIR s A ERARE TN EE - BEEE FEIRAEREAEAK
Zho i 1988 BE 1989 F > Ll EBE THRETA S » KEFHKE > RMBREK - BE » &
BB IR AREE T=EALULREX ; BBANBRENE » RNEWZER » iR
RIS MK R - BIE LRIGEEARE > BERTEFE > S EANT R RE - 8
HE AR 1990 FEMEIRAKERNAE - BEREERE > MESERIOER (F+5)
EHRE (1988 ) RIEE (1989 ) AT ERBIRAUNERNATEEFESEMEH MR
FHEYE - BEBRIRY > BB AREETET > 10 1990 FHEEME 2 BIRBETHKAENEL
HHORLBEREEESTERERERES - SFE A B EHNF LR EHES > CHIBER
BMEBER  DREEBRMIRE - WERLALHEER > BTROEE  MoRER 2 /-
1.8 &~ wﬁ31N%08ﬁ(m%$O%ﬁ%%E o IBIRERE RIFE  FTETMR - ERW
PRBIRERAEEBRIRE » B (1991 ) ZHFEAHRE -

BRI =& FEPE & E O BT AR N - AHESE 5.7 ppm 2 NH,"-N &
1.3 ppm BY NO,—N » BB EERSNEIMAEERAE (B> 1989 ; 3ET » 1989 5 HF » 1991)
 BHILLIBER pH RIBEME BRI TLAE > A5 0.85 ppm EAMNH,-N o R —#
%@mmmﬁgﬁ » % L) 0.1 ppm AKX ZEBE ( Wickin 1976 ; Chen 1985 ; Chin + Chen 1987

W 5.7 ppm ZHERETRUEENEE - AHIZ AL AKRMEA » REHBEES
ﬂﬁ% P BUATM 7 > BLACRIREE © 38 (1990 ) FRFE A RE R BT AR A B 2 0% > 3830 5 ppm
HUERGRZ e A ERE - R EHEIRKEE PR » KA FBERE HREL c EHMm
R R H YK E W AEN - BEBKIEBEE K SHL » Wickin & Beard ( 1978 ) #§
HESRTE 6—10 ppm # NO,—N F 25 3 2B VEIE o [H ( 1989 ;) BB A R34 5 ppm
Z NO,—N HEWR I EA R FTENHEE ﬂHTﬂE¢E%%§En&%@%% H¥
PR AE R R D EEE AR R 0 () ALERGEAIT ) - FE - IR AEEN  EMHERE A E AR ER
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HA R BB K BEENEERRZ — -

E—ERERmERS » HESHE pH ESHFET » BFEABMLIE AKX  ZBREZ
SBESEEEEHHEERL B K BEWOLGAEHFE—ENEE  BiF4EHeoE R
ERASEEAEERABIRE —EWEE ; (£ - 1989) » AREFENNHTHEBROTEREER
ARARITF - AMGBERSEEERBFHORA » EAEEWIRMEL - EEFikittd & (
EERT 5 1989 5 & 0 1990 ) 0 RMTEIEKERKZER 1988 B 1989 F » HEBHR R ENL B HE
BRBE - 5 > ARIROEBES - 2GR - KAE ~ 0k &8~ F TR~ 81K~ AHEEHA
ETHERE - BB TEHINA » HERGBAORESCERLIE  CREBEBIRMD AN RS
REEEEED - REIRMA R T A RN —  ZBEEPEABEN > BE2HHR » HAR—EHS
B o SER R REARENIN > BFEREEERHOENEESL  FRENTFHEHRKELR K
BIEMFRRABRAMBHEE » HItBa4 BRE T - £ > FIREEES+ > LBFES
BEEOME  hE—1 » BARKRFES - BB RNBIEE R AREREERUI TR
Z— (RIRBTHE/ME 2 1988 ) » (7R3 IEFE o BIRFEDIRMAREI - BAHR B RLEY
BRAEBSS o HEA BNH R R — Lo B (S A BEEM LR A E B A > DURIF IR0 4 5 o

ERIBMAEETE  EEREBEEHAEEN - ERAEL ~ KEMEE > EEMESN
LERTEFBHEDEE - ATRAEEREFRNKE AMALEHEBKA - KEREE
Bxigin o BiEANER S S (] » 1984 ; Resenberry, 1990 ) o MIEELEEERB HAF » EXEEHF
LigKEHR LRk E ; HBEIRBLEME B3 ( Primavera, 1991 ) o S ERRERBME » A
HEBRFTEE » A GELFLHIRMAEREE o ATMBRKFTE A T KEREME T RH RN
» BRSEE KRBT o« ZERE  FINHEE - ZEE BEEZESHRE - AR BEHE
HRENES » BRHEAKBSEER > BEERBERAE - RBRKATHEERITIM - K > #K
BIRAHE=ME - H—ABAKFOEEWERBLEY K ARBEEHES s H=4%8)
MEFFIE R EIRMMAVERRERIE o Bk » (K » KEE A ~ BKBERE > ZBIRET > 1
REZBRE » EREAPR c HEEEESBINZER » BEoHEBKmLGAREE » REEH
INETEEAYH T K  EERMIRAYRIEA FTEE) ; B TEBEA SRR > RERAKTAESET
BIBRER © ,

fRH (1974 ) 8 » RTEBKFHIEEA 4 ( indicator organisms ) RFFHI K E 25 Bty 15 %
RBE ; MEELEAKRRMES » LHEERY S K EENMERE AR ° 1988 & 1989 F£H
WEIRMAOFHEEY  ERPLTREAT » BIALERSBATE o T 1990 £ BRTRS&N > B
FAHERERMRAHEEENTERE > B LIBHMELNVEKREAHERE o R (1991)
FoRE (1991 ) EEMRMAFAES » FEHEAORE - Bt > EEHRKER 1990 FiRth A5
YHAESEEN » A SERERYNEDER - F8BOR > SEETEEKRTLHERE £
MEF ARG MEYER (FRERE 5 1991 ) o HEEHIBRMMEERYERREESDHET > FEDE
mMEREMAR > BRIIERM > EEHERFBOEME-

EMHETESRHEERY  B—RKENVESESESNRE  EEENHLBHEKES
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~

W ELA LB EMBBLHN XKE

w2  Temp. Sal. pH

D.0. Eh (mV) NHA-N NO3-N NO2-N PO4-P $Si03-Si BOD Chl.a K !

c) @) (pm) E T (ppb) (ppb) (ppb) (ppb) (ppm) (ppm) (ug/1)
S @1 24.3 32 8.32 8.9 100 -86 970 63 147 13 0.90 4.2 243 +
Mt B 2 246 28 8.57 9.2 93 -133 320 225 321 92 0.95 3.8 628 & ¥
K &5 242 25 8.37 8.1 8 -9 320 10 10 8 0.3 3.0 76 %
K% 6 241 24 8.45 7.3 61-212 470 10 10 93 0.28 3.4 51 #E R
‘T 90K HSEHEMESEBERN KE

k2 Temp. Sal. pH D.0. Eh (mV) NH4-N NO3-N NO2-N P04-P Si03-Si BOD Chl.a & &
(c) (%.) (ppm) £ T  (ppb) (ppb) (ppb) (ppb) (ppm) (ppm) (ug/1)
H B 27.9 23 8.65 7.5 91 -163 54 101 5 70 0.06 10.4 187 ¥ &
H 27.3 26 8.35 8.9 36-131 165 175 53 85 0.32 6.6 207 & &
A 97.9 14 17.95 6.7 40 -20 1126 266 104 237 1.65 7.2 45 HE #
i 27.5 15 8.75 9.4 89 -133 121 93 8 140 4.42 9.0 TI6 FE &
F=Z. 9 TANEBHEBS BTN KE

% % Temp. Sal. pH  D.0. Eh (aV) NH4-N NO3-N NO2-N PO4-P Si03-Si BOD Chl.a XK &
(C) &.) (pm) £ T (ppb) (ppb) (ppb) (ppb) (ppm) (ppm) (ug/1)
4 B 1 29.9 20 8.36 10.7 72 48 453 55 14 10 1.22 8.2 136 BEH
4t B2 28.3 20 8.44 12.7 94 -77T 255 82 21 21 5.80 8.7 114 ¥ &
At B3 28.7 19 8.08 9.4 75-210 242 165 43 44 0.57 8.4 252 <
A5 28,2 17 8.21 9.0 119 -41 124 774 197 18 0.42 8.2 267 &
A6 282 20 8.21 9.5 142-158 424 301 8 111 0.12 8.8 267 ¥
BT 2280 20 7.86 7.9 126 94 330 433 107 23 1.84 10.1 176 BEBHF
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FDO . OI9NESA2HEWMBBitH KG

Temp. Sal. pH D.0. Eh (mV) NH4-N NO3-N NO2-N PO4-P Si02-Si BOD Chl.a 7}( &

i 2
(Ccy (%.) (ppm) E T  (ppb) (ppb) (ppb) (ppb) (ppm) (ppm) (ug/1)

At B 1302 23 7.95 9.6 34 -47 2435 511 171 27 1.18 8.7 197 B &
AL B2 299 23 7.89 9.2 68 -69 1212 138 46 33 0.63 8.7 173 2 %
At B 3 30.0 26 8.03 10.4 45 -167 4495 294 104 35 0.18 9.2 287 2 %
B &S5 29.0 20 8.03 8.7 42 -27 4790 1880 858 40 1.97 8.8 307 B &
A6 284 17T 8.00 8.9 24 -17 2227 1745 715 14 0.33 8.7 214 MEBH
BT 291 18 8.09 9.9 46 13 2323 1007 350 24 0.57 9.1 199 B &

FE DNEIFSBEMBSBE M AKE

v R Temp. Sal. pH  D.0. Eh (mV) NH4-N NO3-N NO2-N PO4-P Si03-Si BOD Chi.a X &
(’C) (%.) (pem) £ T  (ppb) (ppb) (ppb) (ppb) (ppm) (ppm) (ug/1)
At @ 1 27.6 16 8.55 10.6 43 0 4550 1427 600 76 0.56 7.8 107 ¥E &
At @ 2 27.7 17 8.62 8.2 -55 -54 5290 1192 545 218 0.28 8.2 116 ®
At B 3 27.6 18 8.97 10.7 23 -395 5410 381 95 43 0.34 7.9 297 &
A5 27.5 20 8.87 8.2 33 - 2250 3557 1226 53 0.91 8.0 433 iE
A &6 27.5 18 8.33 8.0 33 50 2850 2088 1392 66 0.38 7.9 131 %
&7 275 18 8.23 8.0 60 -81 5150 1160 520 15 0.30 7.6 95 = &

~ . » L

BEA . NEVALEERB BN AE

75 %  Temp. Sal. pH  D.0. Eh NH4-N NO3-N NO2-N P04-P Si03-Si BOD Chl.a X &
(°C) (%.) (ppm) (mv) (ppb) (ppb) (ppb) (ppb) (ppm) (ppm) (ug/1)
At B 1 23.2 25 7.67 8.0 67 5620 1160 545 238 0.42 7.0 290 B &
At B2 23.2 21 7.82 6.2 T1 2340 1230 743 211 0.55 7.4 380 E #
At B3 23.3 29 8.07 7.8 50 4900 180 103 83 0.50 6.6 411 {E &
At B 7T 24.0 33 8.63 8.2 90 1400 430 239 10 0.70 6.9 138 &
F &5 23.0 27 8.05 5.9 94 980 1610 938 103 0.78 7.0 90 b5
A& 6 23.2 28 8.49 6.9 84 110 10 404 59 1.43 6.6 114 %
A& 6"23.1 27 8.24 6.2 73 1220 830 10 105 0.12 6.8 134 5]
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Ft. . 90F 11 AUHEMS BRI KE

4t %  Temp. Sal. pH  D.0. Eh NH4-N NO3-N NO2-N PO4-P 5i03-Si BOD Chl.a Xk &
(c)y &.) (ppm) (mv) (ppb) (ppb) (ppb) (ppb) (ppm) (ppm) (ug/l1)
wo@ 1 22.5 27 7.99 8.8 77 3120 1416 328 261 0.25 6.7 291 & &
4B 2 22.3 24 8.15 8.7 69 2710 1451 377 243 0.53 6.7 561 & R
4+ B3 22.5 28 8.04 8.7 45 6790 175 62 223 0.32 6.6 230 P& R
W B 7 22.7 34 8.18 8.2 101 2960 1261 237 95 0.12 6.2 259 B K
E &5 22.4 31 8.07 8.4 4 1910 1585 403 201 0.18 6.2 180 8
K &6 22.8 30 8.42 9.8 6 300 42 23 25 0.11 6.3 259 & AR
# O 6' 22.5 27 8.40 10.1 1 1270 1052 283 91 0.15 6.1 266 %
FAF1R2BE B EMBEBENKE
#t %  Temp. Sal. pH  D.0. Eh (mv) NH4-N NO3-N NO2-N P04-P Si03-Si BOD Chl.a X &
(C)y (%.) (ppm) £ F (ppb) (ppb) (ppb) (ppb) (ppm) (ppm) (ug/l)
W@ 1 17.6 28 8.32 8.8 76 -104 1732 213 <25 603 0.30 8.5 343 & &
4 B 2 17.2 26 8.35 9.5 115 67 2029 5480 859 228 0.80 8.2 202 EEH
WoE 3 17.3 28 8.15 8.8 19 -268 4971 168 224 169 0.10 8.4 242 £ ¥
H&5 17.8 33 8.06 8.3 55 - 2130 5450 860 401 n.d. 6.7 157 H| ¥
HE &6 17.8 34 8.76 8.6 46 - 61 <100 <25 333 0.10 5.1 10 -]
BIET 17.5 34 8.03 7.2104 75 3501 3150 334 242 n.d. 6.9 57 £ B
T 1990 F HH S Wi K h a8 & T.NH-N (ppd) & B
ubk & 48118 6H8H 7H118 8H28 9858 108128 11H148 12818
HBE1L 970 - 459 2435 4550 5620 3120 1732
i B2 302 53 255 1212 5290 2340 2710 2029
HOE 3 - 164 242 4495 5410 4300 6790 4870
HES 320 112 124 4790 2250 - - -
HAEG 470 120 424 2227 2850 - - -
®T - - 330 . 2323 5150 - - -
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Bt . BBEEMBEKEZHER . FERMZEE

=] L}
R
25/5 22/6 27/7 22/8 27/9 3/11 7/12
T.NH4-N(ppb): At B | 394 480 922 40 126 2166 2040
At B 2 516 125 1684 396 133 75 2228
A& 3 673 1091 7718 23 - - -
A &4 632 1362 667 17 - - -
AES5 226 311 939 32 - - -
D.O.(ppm): A B 1! 7.2 8.2 6.6 7.1 8.3 8.1 8
AtE2 7.4 80 6.6 7.9 8 8.9 9.5
A%3 74 69 7.5 1.9 - - -
E&%4 6.9 8.1 6.6 7.3 - - -
A&ES 7.3 85 8.0 6.0 - - -
pH: At B 1 8.56 8.51 7.77 8.24 8.13 8.23 8.16
At B2 8.70 8.43 7.92 8.23 8.10 8.11 8.09
A &3 8.46 7.76 8.50 8.41 - - -
A4 8.45 7.74 8.33 8.48 - - -
F &5 9.08 8.30 8.27 7.92 - - -

B+ - HMEBEREAZHRTAKRER XK ZKE

# 4 Temp. Sal. pH  D.0. NH4-N NO3-N NO2-N PO4-P Si03-Si BOD COD Chl.a
o (*C) ®%.) ~  Apem) (ppb) (ppb) (ppb) (ppb) (ppm) (ppm) (ppm) (ug/l)
MR WHIEBEK  34.0 12 8.47 6.9 21 1102 629 246 0.22 - 4.64 64.3
# T K 32.0 32 8.06 - 2 25 7 189 5.45 - 0.64 2.0
ALE3 WIEIBHEMLK 18.3 30 8.43 10.3 1499 302 612 83 0.33 - 1.18 147.6
TR HhEAK 21.6 35 17.83 6.5 3% 178 63 44 2.44 - 0.64 4.8
FiE EJHIEBEMOK 18.7 30 8.01 8.5 575 8470 789 243  0.42 12.0 - 280.3
®IHEGMTFA  19.6 24 7.68 8.4 100 897 830 25 6.90 6.2 - 56.2
AE WIEIBHEMOK 18.1 30 8.10 9.3 242 465 86 411 0.25 8.1 - 266.5
®WEBHMT A  24.3 13 6.80 1.5 919 62 25 222 8.20 1.7 - n.d.
AY BIHIBHEMOK 18.3 22 7.83 6.8 1305 10425 1657 208 0.80 8.8 - 202.3
®IEBHTAR  22.1 25 7.33 3.6 601 182 25 286 5.90 1.7 - n.d.
A FEEEROK 31.5 25 9.19 13.8 39 8 4 40 0.22 9.0 - 956.0
RHIEHTAK  26.6 24 7.83 1.6 144 15 10 12 8.50 1.1 - n.d.
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F+-  NMETHSBETESRARHEZISR

Cu (ppb) Zn (ppb)

gk % 481E 688H TAIIH 8H2B 9ASH 4A118 6H8H TALIA 8H2H 9H5H

HE1D 7.0 n.d. 13.3 5.40 0.97 26.8 28.2 n.d. 61.94 37.09
it HE 2 - 16.5 11.3 3.7  1.06 28.2 23.7 4.8  6.40 23.94
B3 4.6 11.3 8.8 n.d. 1.21 - n.d. 13.1 67.78 47.32

HiEDLH 4.2 18.4 11.3 n.d. n.d. 22.6 n.d. 4.0 n.d. n.d.
H 6 5.8 14.7 9.4 0.51 0.78 23.7 26.8 n.d. n.d. 18.09

T - n.d. °8.8" n.d. 1.15 to- n.d. -n.d.” n.d. 18.09

F+=. VNEETHEBEELHEAKFRE BERZAR

Date Cd Hg Pb
April, 11 n.d. n.d. n.d.
June, 8 n.d. n.d. - 0.10 n.d. - 1.50
July, 11 n.d. n.d. - 0.18 n.d. - 0.83
August, 2 n.d. n.d. - 0.78 n.d.
September, 5 n.d. n.d. n.d.
October, 12 n.d. n.d. - 0.31 n.d.
November, 14 n.d. n.d. n.d.

December, 19 n.d. n.d. - 0.16 n.d.
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F+ N ELEEBNSELR S R

Size Tissue & organ Cu (ppm) Zn (ppm) Pb (ppm) Cd (ppm) Hg (ppb) Remark
Body weight (g): 39 Shell 35.04 38.39 11.44 n.d. n.d.
Body length (cm): 17.0 Viscera 104.56 49.99 n.d. n.d. n.d.  Blue
Muscle 12.07 23.37 n.d. n.d. n.d. shrimp
Gill 26.93 15.46 n.d. n.d. n.d.
Body weight (g): 47 Shell 43.86 24.43 9.56 n.d. n.d.
Body length (cm): 18.2 Viscera 98.70 88.03 n.d. 2.48 n.d. Blue
Muscle 11.81  22.74 n.d. n.d. n.d. shrimp
Gill 36.82 25.99 n.d. n.d. n.d.
Body weight (g): 39 Shell 21.11 6.02 11.11 n.d. n.d.
Body length (cm): 17.2 Viscera 116.13 45.98 n.d. n.d. n.d. Normal
Muscle 12.61 21.72 n.d. n.d. n.d. color
Gill 53.58 33.51 n.d. n.d. n.d.
Body weight (g): 39 Shell 29.60 17.98 9.40 n.d. n.d.
Body length (cm): 17.1 Viscera 96.92 46.81 n.d. n.d. n.d. Normal
Muscle 14.63 22.18 n.d. n.d. n.d. color

Gill 59.47 28.04 n.d. n.d. n.d.
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Size Tissue & organ Cu(ppm) Zn(ppm) Pb(ppm) Cd(ppm) Hg(ppb)
Body weight (g): 15.0 Shell 11.20 11.20 30.85 n.d. 11.2
Body length (cm): 12.8 Viscera 28.90 40.34 14.42 2.52 23.7
Muscle 7.09 15.32 6.04 n.d. 13.1
Gill 27.04 11.49 28.68 n.d. 29.8
Body weight (g): 16.5 Shell 19.81 11.95 33.47 n.d. 35.9
Body length (cm): 13.6 Viscera 34.27 23.14 12.66 5.12  22.9
' Muscle 6.45 13.36 6.49 n.d. 15.2
6ill , 25.78. 9.76 33.46 n.d. 24.6
Body weight (g): 10.0 Shell 39.32  11.66 7.25 n.d. 35.4
Body length (cm): 11.6 Viscera 53.60 35.15 n.d. 4.20 33.0
Muscle 5.82 13.96 n.d. n.d. 6.9

Gill 47.54 0.27 n.d. n.d. n.d.
Body weight (g): 15.0 Shell 30.97 7.14  9.26 n.d. 21.7
Body length (cm): 12.8 Viscera 42.20 40.32 n.d. 9.48 35.7
Muscle 8.43 16.54 n.d. n.d. 14.5
Gill 27.10 7.07 n.d. n.d. 58.1
Body weight (g): 11.0 Shell 21.06 6.96 3.16 n.d. 24.2
Body length (cm): 11.7 Viscera 32.05 26.60 n.d. 3.67 14.5
Muscle 4.85 13.55 n.d. n.d. 24.6
Gill 28.25 0.28 n.d. n.d. 21.4
Body weight (g): 15.0 Shell 22.54 14.11 23.97 n.d. 78.3
Body length (cm): 13.4 Viscera 69.77 66.24 20.38 10.11 223.4
Muscle 7.32 17.43 2.02 n.d. 7.7
Gill 63.02 18.38 26.06 n.d. 117.8
Body weight (g): 16.0 Shell 33.32 28.11 22.56 n.d. 90.8
Body length (cm): 13.5 Viscera 83.33 40.75 13.79 9.21 109.4
Muscle 11.90 17.47 1.97 n.d. 8.2

Gill 81.10- 21.25 36.14 n.d. 222.2
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