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BRI RREE 2 R 5 FERASAIEEIANY 25 ppm AR S IR 0 FL7E 20 R 30 °C 523
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B (3 85 & (Ichthyophthirius multifiliis) ~ H 8
(Trichodina spp.) ~ #} & & (Chilodonella
oyprinid) ~ 18ER& (Dactylogyrus spp.) K=&
(Gyrodactylus spp.) SoMNERE4: SAAYRRLYL: » Bk
WA 5 2B R BB (Saprolegnia spp.) 1 i
2o TETREAE L5 BRI % 065 75 4 T 2 (B i iy
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REFGPRRs 37 % HOEFREVSH SEH A 10~ 15 %
IR ARG I B A A B e (Scott, 1993); 7F
—RARNERERLL 25 ppm ERIES R
7K) 8% 250 ppm Z5#48 1 hr (Xu and Rogers, 1993) » jfj
TEREA (Cyprinus carpio) BIRIERIDR 20 ~ 30 ppm
RSB 250 ppm B4 30 ~ 60 min (%,
1986) - WS EAMIEIRER - PRk SRk (Schlotfeldt,
1992) DIk EBREEM&A (Jung ef al., 2001) 2
WB B 7K EE B RS » B SRAE B YRR pat A
HAZBETERYEL VBT (BEH, 1975
Yamagata and Low, 1995) » {H#3 - 5 NV 508
BX R 2R A7 R R RS B R B T A% T 7 A
FIRKEEBREZE (Jung er al,, 2001) ZRBRAIARBHSC
MEZS LB AR L - ERAR I FliE Bty &2
EMHERTERE BRET FUERE TR S MR 1 TR
FERBNN BB A L .
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HER LA TSR (Smith and Piper, 1972) -
DEPrmMErMaEER pH HBE
(Wedemeyer, 1971; Yamamoto, 1991) ~ #£89.08k
BRI SERAE (Kakuta ef al., 1991) Hi1 A
kb (hematocrit) ~ Ifl XL 38 (hemoglobin) K Ifn %
(plasma glucose) ZEIMKA LA U (Smith
and Piper, 1972; Yamamoto, 1991; Kakuta et al.,
1991) - AGFBEERIFTMR BRI AL BUBE IR R S MK
HE AR A TRAEERMLIL  MEMAHAES
F A CEZ IR LARES -

PR LT

— ~ AN RS

BFARMEE 2.5 ~ 44 g 2B » £EE
P WEEIEY FRP AEEIRNRE FEINE VIEE &
IEAGEHRIR BT TEAER - BBE /K R BE RS 200 ppm
ZHUTK  RICTRRRGER] 0 B pH HR 74 ~
7.8 - EE R 63 ~ 6.8 ppm - HEASE 15 L Z2H
FEBEET /K 10 L » W B ABURIRAE P43 HUHE R
Bk RFEHIAE 20 °C B2 30 °C - fEfERMk (37 % HH
BEVAH » Merck) 1 90 ~ 130 ppm [ » 4% 10 ppm
FERBEROLETERE  FEREHRA 10E
O RS IRAEAE 24 ~ 48 B 96 hr FFELRE
¥ R=EHHE - HNEEMESSE KNS
B 24 br Hk—K » {B{553 FIEREK R FRAVAES
FPREERE - BRFEMRAE 20 °C K 30 °C THIERARYEL
B (median lethal concentration, LCso) K 95 %
EEEMZEHNHA BASIC EHEH (Trevors and
Lusty, 1985) » Ll Probit 3% (Finney, 1971) 3KH!3E
USRI BRR R MR S B BB AR (1B R
R Y BERMESEIECR » X SRR
BiE - B Y =5k X HAREECEREE -

= AR R

ARIAFESBEZAMASZERBE
1% » FHficiE Nash B PEjikhgHl (Nash, 1953; Cochin
and Axelrod, 1959)» {H A RIFESEFIEE R 2~ Z50)
] (extractants) FYZEEHERAFFHE (Castell and
Smith, 1973; Sills and Allen, 1979; Yamagata and

Low, 1995) » ARGABRIR M 5t Fuse i P ZX UM R H 3%

BYEIER (Recovery)- 28 Castell and Smith (1973)
LI Leblanc et al. (1988) AY 51k » R BESTEERY
EATEEUANS TINA 3975887k » L Waring
blender (Model 702B) B ##E1% » BULRNISE
W 12 ml - IAGEBRAYRREMEE » RSP RE
£ 20~ 80 5% 200 ppm ZFEEM (BI&7H 1.85,7.40
X 18.50 mg/L AYEFER) » L Vortex mixer $55E S
#FE 30 min - FAREREREMZARSER
SFAHNA 20 % Bk - 10 % =HIFEREE 10 % 8
& (wiv) FEI - RGE - BRI LIZREK
W (1:2) MK pH HE 6.0 - FHLUZRBIKR
BEFEMBRNAR - IMBREEE 26T Nash
A ® (Double-strength Nash reagent, DSNR)
(Castell and Smith, 1973) E&% > LL 60 °C kit 5
min » FLSEEREE (Shimadzu UV-1601, Japan)
Y 415 nm BT RREIROGE - ARG YRR
HIENRER K TIAXRMUFRBEE » W
HHEHBEKE (%) -

Vnx Ve

f Idehyd = A X
hg formaldehyde/g xVuxVath

A HRRESSOLE MR BARRIGHIE
Vn : 3% pH HRBERAEEE (ml)

Ve | FAASTRB BT A8 (m)
Vu : REARE pH REREURATESHE (mb)
Va : SPBSTHEBRARRIEE (m)

Wt : AATURE (8)

=~ SR RAE

IR IR » f9HE 48.8 £ 10.6 g ZfHff - 5%
FLIARS R EFAERE - RABI R RE LS
fiH - 7 130 L ZKFEP8%/K 80 L » & 20 BBl > /K
B  Y54,7.8 ~ 8.7 ppm s pH {E 8.1 ~8.7;
TERE 200 ~ 210 ppm - B —R% iR MR EEM G RN T
ZVfHE] (2, 1986; Xu and Rogers, 1993) » A E5n
AUHELARE Rk 250 ppm 234 1 hr 100 ppm 244 2 hr
5K 25 ppm RRFEREUKEER - SLURKGIEEMER
B 5 $HR4H - 100 ppm #HER 250 ppm #H{E SR
SR » BSAERR TR - TR MEREIE
25 ppm FPR UK RRFHEERHEML - R fEEE
¥ 2 hr BRENBAGHERER » Z 121505 24 hr FREE—K
DAgsE e Ny R R R R L -
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Table 1 LC,,values of formalin and 95% confidence limits for common carp reared at 20 and 30 °C

Concentration (ppm)

Temperature
°C) 24-h LCy, 48-h LC,, 96-h LCy,
{95% confidence limits) (95% confidence limits) (95% confidence limits)
20 142.13 131.70 126.44
(134.34 ~ 195.87) (125.38 ~ 142.92) (120.91 ~ 132.78)
30 135.56 115.14 101.69
(126.32 ~ 168.0) (106.64 ~ 122.33) (87.62 ~ 107.41)

Table 2 Effect of extractants on formaldehyde recovery (%

) from carp muscle exposed to various concentrations of

formalin’
Formalin fortified (ppm)
Extractant
20 80 200
20 % Sulfuric acid 65.04 £ 1.99¢ 52.89 +2.38° 45.66 £ 3.93
10 % Trichloroacetic acid 60.88 + 215 48.85 +£2.91%® 46.35 + 3.40
10 % Perchloric acid 51.09 £ 1.812 46,15+1.172 41.35+£2.17

'Means = SD with different superscripts in the same column significantly differ (p < 0.05).

AABRTRE R T IS RIS RIZE 20
B 30°C DITHKBN FRBE S B §—R
HI R ZEM - WO RE S LIS kb gk ae
R A ATEVKTERIRE SR SRS @y (KIS 4 4
LA R (REFSE, 1963)  KIiZESRIG T HRL
Itk - BERNZEE AT H A PoRy RS & 5 - EEOs
R 20 % WHRR - UM S BRI i Fik -

VY ~ S T 9 A ARk

EIVHEE 81.2+19.3 g 2 fiflfa BB
AREIRIEE SR - B REREN DIKLIE
FEFK 250 ppm 518 1 hr ~ 100 ppm B8 2 hr | 25
ppm R EUKRFFEEER » SBLURIRE RS
oA - RBRS HUR 20 B 30 °C TS FHEFT -
TERB ARSI R SR DU 3838 % 24 hr » A
IRFAEPEUES A R MS-222 FiBkE ERHE
L > LARFSE (heparin) B BE3E & £ 405 T ENIM
B REREELEELL 12000xg B0 % AUNE
TR TIMALSR AR A SRR MEIE (Sigma
diagnostic kits, No. 525) - HAZ ML 12000xg fi
A 15min £ - ¥ EJE 2 1M SEENH DU AR B S m
(Sigma diagnostic kits, No. 315, 541) s}finssed

#&2E H (total plasma protein) - SRESBIE LIS L85>
BT (ANOVA) K BF 5 [K % % 55 1 B 4% 30 3= 32
(Steel and Torrie, 1980) » = EEFE/KHTEE a =
0.05 - 7 I 2 B tb oz {8 R 55 T DL # e 1L
(Snedecor and Cochran, 1967) FfEFTHEE M -

W R
— ~ SRS ERER

£ 20 K 30 °C /KIBERET » SHACENIREH
P 24 ~ 48 B 96 hr 2 LCso fE R EL 95 % {248
W [HJ40 Table 1 Ff7s > 48 30 °C HE 2448 J% 96 hr
& LCso fEIS55 20 °C ¥{E - BERAEEEHREE 30 °C B »
HEANENRS - HREEMAEADES S
% > RILAERTE 20 BR 30 °C I » HLBHEAY 48 hr
B2 96 hr 9 LCso BRI A » 4351y 131.70 82
126.44 ppm IR 115.14 B2 101.69 ppm °

=~ NEI BRI 5 2 g

LL20% Wils - 10 % =&REReR 10 % @&
VB R ZXHUAI A By RS 2 BSR4 Table 2 Fip
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—e— 25 ppm, indefinitely —a— 100 ppm; 2 hour
—o— 250 ppm ; 1 hour —s— Control
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Fig. 1 Formaldehyde in the muscle
of common carp treated with 04
different concentrations of formalin i
at 20 °C. Vertical bars represent 0
standard deviations.
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Fig. 2 Formaldehyde in the muscle
of common carp treated with 0-
different concentrations of formalin 6

at 30 °C. Vertical bars represent
standard deviations.

7 BEFHLARERIN 20 ppm (ZREFAREL 20 % B
FRAVAE SR SR B - T LA 10 % REERAYEEHY
BOREFE - (H =R S R A A KA ]
WERIGRAE - A HBRIRITTER AT 20 % BRER(E R
HINALEE- =3 NEG.

=~ AN NERE T RAE

AR FEREMEGREEE - NN TE
B BB Fig. 1 J Fig. 2 FvR » FRBRT
s SRR IR E - AR (1 3R 2 hr)

24 48 72 96 120 144

Time after treatment (hr)

AR SN TR EFECEERS KB
B ThRiESE  JREHEREEENE
FR PR TR & BATE 2.60 ~ 3.20 pg/g M -
250 ppm #H 5% 100 ppm FHZIHI7E 1 B 2 hr ZEHR
Kk » NIATPHY AR BB » 16 144 hr &
EA SR MR 225 RHOFE 170~ 1.95 ng/g &
M - fEERFRZEANY 25 ppm FHRIZHUGR BAREY
PR - AIRRITRR & Bt - 11 20 &
30 °C EE(RHEAIRFREI S Bk 48 K 24 hr» (B GR
AR - BHERTS SRR 144 hr -



mENZ B R TREEANACEY 29

Table 3 Hematological responses of common carp exposed to various formalin treatments’

Formalin treatment

Hematocrit (%)

Hemoglobin (g/dl)

Glucose (mg/dl)

Plasma protein (g/dl)

Post treatment
Temperature: 20 C

250 ppm; 1 hour 36.33+£2.58 9.91 £ 0.67 117.75+ 31.74° 3.54+£0.43
100 ppm; 2 hour 35.50+3.02 9.74+0.73 111.58 £31.63° 3.28+0.26
25 ppm; indefinitely 34.67 £5.54 9.75+1.07 77.05+11.16 3.41 +£0.26
Control 33.67 £2.58 10.00 £0.74 71.68 +17.50° 3.44+0.32
Temperature: 30 C
250 ppm; 1 hour 36.50 +4.59 10.10+1.24 109.71 + 20.67° 3.48 £ 0.42
100 ppm; 2 hour 37.17 £5.81 11.15+£1.95 100.40 + 23.63%® 3.35+0.26
25 ppm; indefinitely 33.33+6.62 10.19 £ 1.45 84.21 +£25.10* 3.65+0.34
Control 31.83+4.45 10.38 +1.03 76.52 £10.38° 3.29+0.47
Twenty four hours post treatment
Temperature: 20 °C
250 ppm; 1 hour 39.00 + 3.85° 9.87 +1.06 43.89£9.11% 2.55+0.59
100 ppm; 2 hour 35.17 + 3.49% 9.78 + 1.88 4516+ 7.61% 2.71 £ 0.40
25 ppm; indefinitely 37.33£1.97° 9.41 £ 0.62 55.93 +10.48° 2.63 £0.14
Control 32.67 + 3.83° 9.54 £0.84 4117 £12.17° 2.69+0.24
Temperature: 30 C
250 ppm; 1 hour 38.17 £ 4,02 10.12+1.02 39.98 £9.95% 2.57 £ 0.30
100 ppm; 2 hour 35.67 £2.73% 9.99 +0.38 38.30 £ 10.55* 2.97 £0.63
25 ppm; indefinitely 36.50 +3.73% 9.92+2.29 49.86 + 8.01° 3.04 +£0.32
Control 33.83=%1.72 9.58 £ 0.68 37.61 £8.25° 3.01 £0.43

'Means * SD with different superscripts in the same column at the same time and temperature significantly differ (p < 0.05).

VY ~ SRR I A LB RE

SRR MR IR B IR 5E 24 hr 22
M AE{LAEA] Table 3 Bk « FELESBIELIES
#£ 250 ppm ZEH 1 hr LU 100 ppm B2 25 ppm ZEi%
2 hr % - BEREHZIMATELL - AR RIMAHEE
HR A B R R 2R > (BEE20°C R »
R RS B A MBS B R S A B IR - o7
30°C T » 250 ppm EEyy 1 hr Ay MBS
REEGHE © (HREERE .Y 24 hr » 25 ppm AUk
R RS MR E R S SRR - it
b » FER L » 250 ppm BE1% 1 hr YFREETERE
Wik 24 hr BYIMZATRE LLD R S B -

W @

7K BERR T S LUnE B R R TR B IG RS MR &
AERCHRRNES - PHERENASESNE
BHMFAS LR AN (Piper and Smith,
1973) » {Hig HBy R AR R - 05t - BS
KSR R ARREGIRGUM S (Piper and Smith, 1973;
Speare and MacNair, 1996) - ZEAES G » FREAL
YA LCso (HAGRE 24 - 48 88 96 hr» 7F 30 °C
IRFRE 92 5 20 °C IRHME (Table 1) » SR g
MAIE 30 °C FFAYFTEBAE 20 °C B34 - Piper and
Smith (1973) th¥+EHIKEE E 8RS WEERN
FTERERN#E - BEMAN ANt SRR AR
& BIAFERFk 96 hr By LCso {B 7F 41
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Table 4 Formaldehyde recovery from aquatic animal muscle extracted with different extractants

Species Extractants Recovery (%) Reference
Gadus morhua 10% Trichloroacetic acid 51.3 Castell and Smith, 1973
10% Perchloric acid 49.2 ibid
Ictalurus punctatus 10% Trichloroacetic acid 56.7 Sillis and Allen, 1979
Micropterus salmoides 10% Trichloroacetic acid 48.0 ibid
Oncorhynchus mykiss 10% Trichloroacetic acid 59.0 ibid
Penaeus stylirostris 10% Trichloroacetic acid 56.8 Hose and Lightner, 1980
Anguilla japonica 3% Trichloroacetic acid 78.8 Ueno et al., 1984
Morone saxatilis 20% Sulfuric acid 83.3 Xu and Rogers, 1993
Tilapia niloticus 20% Sulfuric acid 80.1 Xu and Rogers, 1995
Penaeus merguiensis 5% Trichloroacetic acid 47.2 Yamagata and Low, 1995
10% Perchioric acid 54.0 ibid
12% Zinc sulfate heptahydrate 62.1 ibid
Paralichthys olivaceus 12% Zinc sulfate heptahydrate 90.0 Jung et al., 2001
Cyprinus carpio 20% Sulfuric acid 65.0 This study
10% Trichloroacetic acid 60.9 ibid
10% Perchloric acid 51.1 ibid

(Oncorhyncus mykiss) F1 3 W ] 82 (Ictalurus
punctatus) 350k 72 F1 64 ppm (Post, 1987); [fi1E
ARG EE » 72 20 °C B2 30 °C /KR T » ARG RS
£ 96 hr 2 LCsfH4 Bk 126.44 Ed 101.69 ppm
(Table 1) » HB{EELFEHT Chinabut er al. (1988) [H]
BRAEAEFARYBTFERTIR (106 ~ 128 ppm) FHERSE
{HEREERIEE » FA (Mylopharyngodon piceus)
#£.20 2 30 °C /Ko B S PRI H: 96 hr .2 LCso {H
SRR 85.06 B 84.13 ppm (A, 1999) » EHAAE
SRR Z JTRE AR - B4 BER
MAEKER 55385 - FRKIR 2 ~3 K (Ueno e
al., 1984; Xu and Rogers, 1995; Jung et al., 2001) »
R ANGRTE 20 BL 30 °C » HEfEIFR 48 B2 96 hr By
LCso [EZERI A A (Table 1) - ;BFERE A (Chanos
chanos) 8588 (Bidyanus bidyanus) HE¥ELIRY
16 (Cruz and Pitogo, 1989; #£%, 2003) -
AIRNAEB SR AZENRH Nash
(1953) #1 Cochin and Axelrod (1959) Ry H5E: » LA
LR EBEERUIAF TR - RIAFE - Z
KiPIBH (acetylacetone) ERRZERAYIZ IR (U
3,5-diacetyl-1,4-dihydrolutidine (DDL) : F L5656
BEETRY 415 nm 3R THREIBOLHE - FEEEGERE

b HRERGHEEQE - B - REERKEE
ERYIES ML B Nash FBIRHE (Castell
and Smith, 1973) KL BB 1 R IEAR TR LR S
HYFAREHRER - AR S AEZEHUEE R R
ARV EBBER A EAEE] - EIERELE 47.2 ~90.0 %
ZFH} (Table 4)-—fift B B 65 FIRYZEHA R 10 % =
SRR - (EAFBEHRER - &R
ELSEREA B 20 % BB f3 (Table 2)» Xu and
Rogers (1993, 1995) 7EfRE(EE (Morone saxatilis)
FIEREIRERA (Oreochromis niloticus) WIEEEH
PRI B A FE A 0 H R RN R R
SR 80 % o LA ER SRR NN BRI EIRRIE S
Hi%J 15 % (Table 4) » FIREHHAE AR LR
B MR EAEHE > AR HBRESREN
(formaldehyde-binding capacity) & FRE » W
Castell and Smith (1973) th¥EHRG—EAEIE
FITHRBAIEN RS (recovery factor) + IR
REENFRESE -

AR SR TERE BEY » KR - 53 -
REMEBRERGTHSHOEHE (Yamagata
and Low, 1995) ; 7E/KEEENY) » RIS HIBESR {ERIER
FERE R R EIL=F & (trimethylamine oxide)
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SHER R (dimethylamine) B1FRRE - HPYHEME
RS BAUAE 0.1 ~ 31.8 pgfg M (FH, 1975)
HEABENUA - EEURARSEFRBRNET
£ - {HUWNRE (REFE, 1963) - AR R
HUR (Figs. 1, 2) HIEHAENAT TR SR
%5 1.72 pug/g (REEIZE 1.60-1.82 pefg i) » HIRAR
TR R R FEENZEASAT » L& BRI RS AR
EAREENRENFRE - 15 - BIERERR
IREME - ARIIATBHSERRERE 4.11
pe/s o LERIRHHZ KT 2.5 pg/g (Figs. 1, 2) » BN
BEMREMER - HEETE R EA AR AR SNE
AR TTREAR - 7R H MRk AR B MEE
BT > FRIlANTRERELE R AEM
SLIMEL (Ueno er al., 1984; Subasinghe and Yusoff,
1993; Xu and Rogers, 1993; Xu and Rogers, 1995) -
AR RERERREMNE - EERMR
AR R S BRI SRR » MRk
#% 144 hr FEELERIE 5 14 - RSB
25 ppm MKREEBARRERE » ARANE
RSB REE  1E 20 & 30 °C FHRERRFRY
5350k 48 } 24 bhr» HARRE R  EEEHR
{ERIIRFRIAR Ry 144 hr (Figs. 1, 2) » BUR/KIEFTRER
BRI MR R IBGHER - Subasinghe and
Yusoff (1993) $5H - $REEEZEE (Puntius gonionotus)
FEEE 50 ppm FEFEAK 24 hr 2 > HIAFBRBHE
k575 g/g > TiWESEES (Clarias batrachus) 1£43 51
6T 50 B¢ 100 ppm FEFEHK 24 hr £k » REAHRES
B 5% 14.03 81 18.72 ug/g » HAAEBEEAKH
24 hr $REERARERY SRR © tb4h » Ueno er al.
(1984) thisHiHAR8 (Anguilla japonica) TEIRIE
50 ppm FEHME—HAAABTRSEASE
5.8~ 7.6 nglg » MHHLFIMEE 2.1 ~ 4.0 pg/g (KIESR
—RRAOEYEME) s 3 BREUB LR 25 ppm 38
# 24 hr - HERTRRARETRBYEISR - HE
FEEEMRTR 48 B 72 hr Sy RIES AR ER
(Xu and Rogers, 1993)- fE 53—/ #j * Sillis and Allen
(1979) #% 3£ M ] &2 -~ KX 11 B 88 (Micropterus
salmoides) U@ - $REE (Oncorhynchus kisutch)
SAAUHELL 300 ppm FEEMEEA 3 hr Bz 1 hr > B
SEPNTERAA O B 53 BIHELL 35 ppm R BRI
B FMRESEARIIA M RS B
R H RS - HAFEW (Penaeus stylirostris) ~

ERERSL A FEE (Paralichthys olivaceus) Fe K
B2 (Sebastes schlegeli) (Hose and Lightner, 1980;
Xu and Rogers, 1995; Jung et al., 2001) BIFEEH
BERFBUEELUNEERE - £ LlReySEm
Zeth BN TR EIRCERR I B AR AR
S - HEEREARERW (Figs. 1,2) AFH -

ECHREAENIANTFRESE AR
(Castell and Smith, 1973) » B FEE— A -

MEMRE R Z AR AR R - H
R LR B LR AT P R E
BEIKHE (B, 1978)  MARELL - MALEFIMEE
FEBARERBH BB ER AR HEE
BI#EEE (Wedemeyer and McLeay, 1981) < DIf3:RYSL
WS GHMESREERRERE I
(Wedemeyer, 1971; Smith and Piper, 1972; Williams
and Wootten, 1981) ~ #£5 (Yamamoto, 1991) 1%
#F (Jung et al,, 2003) FZIMBRLAIMAL R
B ARG R B - MEREMIR MR AR
HHASMNMAR IR NRES » EHH L
IS 5 AR - FERAE 20 5% 30 °C T » 250 ppm
H¥ERE 24 > HMAHHLEF SR Y RE
(Table 3) - fL5h - SEAMALE FRUFAZREHEMH
BERRYECEE (Table 3) » Wedemeyer and Yasutake
(1974) Ed Kakuta et al. (1991) SZ3RIE S8R5 E K
WARPIRESORAERMALR R - S ReRAEY
DRGSR R - LATRER R MR
BFEEBIAN AR EREE - i - DUGH
MEREEREEERES ERANEHKZH
(Smith and Piper, 1972; Cruz and Pitogo, 1989) » fif
AERNBELIREARE  DEINE R SR
FRBHLIMER (Smith and Piper, 1972) » MR
IR MR HeF] - TEARGER T EEa
Bt — BRI R IMAL R ERN TR B M AR LA
HERE » BEREANK P RAAL MR &
WEHE - IRE IR -

MR RAFHEENEEERE AT
SLERFAIIMPEE® TS (Hattingh, 1976; Wedemeyer
and McLeay, 1981) » ZEAZREE » AN 20°CF
S RUHELAREFS#A 250 ppm ZEH8 1 hr DUR: 100 ppm
508 2 br % HIMBHERRE SR 3R T 7E 30 °C
T 250 ppm 334 1 hr B9 E ME LRI SRR
# o BeSh - FEBEMRREY 24 hr » 25 ppm KRR
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HHROIMFEE AR SR RN N IR (Table 3) » #H
TR YRR MR BN R R PO th & R B AR
FRSRIRLEKE - 1 25 ppm (KRB SR M TR
VAR ERESAH - 87 24 hr RN ARNR
VUHRER ) SRS e SR ATE R MR
(hyperglycemia) R BL R A G EEE R FH A
(Omoregie ef al., 1994) HREEHRIE - H—J77H
HARAEERNFEEERET - KR ES
BETREGHITEML GF5F, 1999)  BARABERHIERS
REUR - HAMSREEDRECRAEZ PR
(Table 3)-Kakuta et al. (1991) ¥R HELL 280 ppm
WEEMEE 2 b AEIMEE OREHRETZ
B4 | T Chandrasekar and Jayabalan (1993) ¥ fa
BREXBGLEREAYZLRE (Endosulfan) Rzt H
IMARHETE IR EE N RAREEM L - S (1986) th
Po R MAHEE BB SR A B B RIRE » B
SRESEDBRETEE » B RENRERN
R ARSHATEME -

250

REFR ., IUIHSRER, BREARE (1963) F 7B LTV
Ay PRI BAERAMAT AT E ROFLEILD
W, HKEE, 29: 695-701.

WHIRE, BES AL, #REREE (1986) AN
&. HEE, =i, 361 pp.

BB (1978) MME{LFREIC X 2 BEREH. AD
rRR &R (HAOKEZRR), EEitE4em,
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Studies on the Formalin Toxicity and Formaldehyde Residues
in Common Carp (Cyprinus carpio)

Shuenn-Der Yang*, Tain-Sheng Lin and Fu-Guang Liu

Chupei Station, Freshwater Aquaculture Research Center, Fisheries Research Institute

ABSTRACT

In this study, we investigated the acute toxicity of formalin (a 37% formaldehyde solution) and
formaldehyde residue in the muscle of common carp (Cyprinus carpio) exposed to different formalin
concentrations for various periods. The effects on some hematological parameters of the carp were also
examined. The acute toxicity test revealed that the 96-h LCs, values of formalin for carp reared at 20 and 30 °C
were 126.44 and 101.69 ppm, respectively. The practical therapy of formalin for fish was considered in the
formaldehyde residue study; therefore, carp reared at 30 or 20 °C were treated with 250 ppm formalin for 1 h,
100 ppm for 2 h, and 25 ppm for long-term exposure. Fish with no formalin treatment served as the control
group. Formaldehyde in the muscle was analyzed after 1 h for the 250-ppm group and 2 h for the other three
groups, and the analysis continued every 24 h after the first sampling. Results showed that formaldehyde in the
muscle increased in the first samples after being exposed to various formalin treatments, and the level of
formalin in treated fish was significantly higher than that of the control group. Furthermore, formaldehyde in the
muscle of fish at 30 and 20 °C treated with 25 ppm for the long-term exposure reached a peak at 24 and 48 h,
respectively. However, the formaldehyde concentrations of treated fish gradually decreased before returning to
the background level after 144 h in each group. Hematocrit, hemogiobin, and total plasma protein did not
significantly differ among any groups after various formalin treatments. However, plasma glucose levels in fish
treated with formalin at 250 ppm for 1 h and at 100 ppm for 2 h were significantly higher than those of the
control fish. Interestingly, this hyperglycemic condition was also found in fish treated with 25 ppm formalin for
the long-term exposure after 24 h. It was also found that the hematocrit level of fish treated with 250 ppm
formalin after 24 h was markedly higher than that of the control fish. The results of this study showed that the
formaldehyde concentrations of all formalin-treated fish returned to the background level after 144 h, and
non-significant changes in hemoglobin and total plasma protein among treatments were also observed during the

period of formalin exposure.

Key words: common carp, Cyprinus carpio, formalin, acute toxicity, formaldehyde residue, hematological
parameter
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