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Study on acute toxicity and histopathology of copper sulfate, trichlorfon
and povidone-iodine to GIFT tilapia (Oreochromis niloticus)

DAI Yulai, WANG Yuxi, XU Baoqing, DAI Yangxin, LIN Qicun, CAI Lijuan

Hangzhou Academy of Agricultural Sciences, Hangzhou 310024, China

Abstract: In order to evaluate the reasonable dosage and safety of copper (II) sulfate, metrifonate and povidone-iodine, which
are commonly used in aquaculture, and their toxic effects on GIFT tilapia (Oreochromis niloticus), we tested their acute toxicity
and histopathological effects on GIFT tilapia under hydrostatic conditions. The results show that the LCsgs (24, 48 and 96 h) of
copper sulfate were 13.715, 10.351 and 5.896 mg-L™', respectively, and the safety concentration was 1.769 mg-L™". The LCss (24,
48 and 96 h) of trichlorfon were 43.036, 25.887 and 16.689 mg-L™", respectively, and the safety concentration was 2.810 mg-L™".
The LCs4s (24, 48 and 96 h) of povidone iodine were 10.509, 9.301 and 8.674 mg-Lfl, respectively, and the safety concentration
was 2.190 mg-L™". Histopathological observation suggests that copper sulfate exposure can cause blurred gill filament outline, va-
cuolation of gill tissue, enlargement of liver tissue gap, vacuolation and nuclear atrophy, damage of nerve fibers in brain tissue,
cell apoptosis, damage of renal tubular structure and nuclear membrane. Trichlorfon exposure can cause gill tissue damage and

cell apoptosis, liver tissue denuclearization, mitochondrial swelling and vacuolation, brain tissue nerve fiber damage,
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nuclear pyknosis and renal interstitial hemorrhage. Exposure to povidone iodine can cause atrophy of gill filaments, incomplete

structure of mitochondrial bilayer membrane, vacuolation of liver tissue, apoptosis of cells, and slight damage of nerve fibers. In

conclusion, copper sulfate, trichlorfon and povidone iodine are relatively safe drugs for tilapia, but their dosage should be care-

fully controlled to avoid irreversible tissue damage.

Keywords: GIFT tilapia; Copper (II) sulfate; Metrifonate; Povidone-iodine; Acute toxicity; Histopathology
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Table 1 Concentrations of test drugs
JFEYR Y Mass concentration/(mg-L™)
2% Drug
I II 111 v \%
TiERHI Copper sulphate 1.500 2.667 4.743 8.435 15.000
#UA H Trichlorfon 10.000 14.142 20.000 28.284 40.000
RAEFRE Povidone-iodine 3.000 5.335 9.487 16.870 30.000
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Table 2 Toxicity test results of copper sulfate on GIFT tilapia
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Mass concentration/ ~ Number of tests/ Average mortality 50 A 6 confidence interval/(mg-L™) Py (mg-Ly:l)
-1

(mg:L™) e 24h  48h  9%h 24h 48h 96h

1.500 30 0.000 0.000 0.000

2.667 30 0.000 0.000 0.067

13.715 10.351 5.896 1.769

4.743 30 0.000 0122 0344 (19800~17.417) (7.925~13.519)  (4.860~7.152) :

8.435 30 0.111 0.333 0.711

15.000 30 0.544 0.689 1.000
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Table 3 Toxicity test results of trichlorfon on GIFT tilapia

=y S SIZ. A4 5% 06 X [F
et Rt FHPET A LCs M 959% Bfabefl N
- Average mortality LCsy and 95% confidence interval/(mg-L™") BRI
Mass concentration/ Number SC/(mgL )
-1
(mgL™) oftests//€  34n  48h  96h 24h 48h 96 h
10.000 30 0.000 0.044 0.100
14.142 30 0.033 0.089 0.367
43.036 25.887 16.689 2810
20.000 30 0.000  0.156  0.611 (36.065~51.356)  (20.473~32.733)  (13.589~20.496) .
28.284 30 0.100 0.578 0.944
40.000 30 0.156 0.890 1.000

23 REMMNESFTIFEETIT AN

o8 5 A ) I 98 e JEE 5 SR U TG i A 33 g T
H, HATR IS UEE L, BRIRA A 22 R ECR, 7
SCEG AT 45 min J5, BRI (30 mg L) FFR
W RERE R, R BRI, AR

R4 REMBEYEE

30% MATUREIERELE; 1h)E, SBEkEHIT
RSt mEE %, ARTTHIRAER, RAEN
LR B P A 24 48 F11 96 h Y LCs, 2091
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Table 4 Toxicity test results of povidone-iodine on GIFT tilapia

W i fe 4 THEIFET A

LCso 5 95% B 7 X[ /mg-L™"

Mass concentration/ Number of tests/ Average mortality LCs and 95% confidence interVal/(mg'Lil) S?/fnf{%)
-1
(mg'L™) R 24h  48h  9h 24h 48h 96 h
3.000 30 0.000 000  0.00
5.335 30 0.078  0.089  0.089
10.509 9.301 8.674 519
9487 30 0467 0.533 0567  (g135.13.576) (7.457~11.615)  (7.164~10.503) :
16.870 30 0778 0911  1.000
30.000 30 1.000 1000 1.000
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SL. Secondary gill lamella; EC. Epithelial cells; ES. Epithelial swell; BOG. Blurred outline
of gill filaments; DGF. Destruction of gill filaments; ETGG. Enlargement of gill tissue gap;
BP. Basal proliferation; AF. Atrophy of gill filaments.

Fl1 ARFEZPE T S LU A
e a XTHEZL; b.8.435 mg L™ BRAREAALFRL ; c. 28.284 mg-L™! FL T HUALFHL ; d. 16.870 mg-L ™" BRAEIMALBIL
Fig. 1 Changes of gill by different drugs
Note: a. Control group; b. 8.435 mg-L™" copper sulfate treatment; c. 28.284 mg-L ™" trichlorfon treatment; d. 16.870 mg-L™" povidone-iodine treatment.

©F " MIFTL 'l .
H.JFF4HAE: NA. Z0A% 245 ETG. HEURBRAZ K, K MMM IR AMNEZ: DS. 5
ks HPV. Pk,

H. hepatocytes; NA. Nuclear atrophy; ETG. Enlarged tissue gap; K. Karyolysis; IF. Irregular form;

DS. Dilatation in sinusoids; HPV. Hepato cellular vacuolation.

K2 AFEZPENT LA
T a XTHEZL; b.8.435 mg' L™ BRRREAALPRL ; c. 28.284 mg-L™! FL T HUALFHL ; d. 16.870 mg-L ™" TRAEIMALBIL]
Fig. 2 Changes of liver by different drugs

Note: a. Control group; b. 8.435 mg-L™" copper sulfate treatment; c. 28.284 mg-L ™" trichlorfon treatment; d. 16.870 mg-L™" povidone-iodine treatment.
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NE #PZE£F4E; SC. 2 A4 i
NF. Nerve fiber; SC. Sertolice cell.

K3 AREIZEET IR 2 A2 e
T a XTHEZ; b.8.435 mg' L™ BRAREAALFRLE ; c. 28.284 mg' L™ FL T HUALFHL ; d. 16.870 mg-L ™" BRAEMIMALBHL
Fig. 3 Changes of brain by different drugs

Note: a. Control group; b. 8.435 mg-L™" copper sulfate treatment; c. 28.284 mg-L™" trichlorfon treatment; d. 16.870 mg-L™"
povidone-iodine treatment.

Z .
r ¥al-

RT. B/ME; ETG. AAURIBRAL K RTN. B/NEIE; RIH. B G LA, FEFIRA L
RT. Renal tubule; ETG. Enlarged tissue gap; RTN. Renal tubular necrosis;
RIH. Renal interstitial hemorrhage; LA. Loose arrangement.

K4 AREZ5ER T AL
; b.8.435 mg' L™ FRIRHIALFALL ; c. 28.284 mg L™ B HALFHA ; d. 16.870 mg L™ RAEHAMLALFHLA

Fig. 4 Changes of kidney by different drugs
ote: a. Control group; b. 8.435 mg-L”" copper sulfate treatment; c. 28. mg-L ™ trichlorfon treatment; d. 16.870 mg-L"" povidone-iodine treatment
N C 1 group; b. 8.435 mg-L™" copper sulf: 28.284 mg-L™" trichlorf d. 16.870 mg-L™" povidone-iodi

oo XA
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(I 4-c); 16.870 mg-L™" R4k Lb HR 4] v 5 254
HEFAAHLSL, AL B 22 5 (#] 4-d).
BTG N, 2PN E B AR A 25 I
K5, S5XTRRAL (K] 5-a) ML, 8.435 mgL™" AR
AL P R LN B A Ak, H R TRI B AR K (1A 5-

1%

.

&,

N. 4iffit%; ML Zehifk; REB.

b); 28.284 mg-L™" i HUALFRL h 40 L AT
Y& AT (K 5-¢)5 16.870 mg-L™" R4k kb
PRL T ZRRRRING £, BORRRUZ BEEE AN 28
(K 5-d).

N. Nucleus; MI. Mitochondria; REB. Rough endoplasmic reticulum.

El5  ANEZ3PVER T SRR L (GBS HER)
e a XSFHRZ (15 000x); b. 8.435 mg-L™' BRERHIALFELL (8 000x); c.28.284 mg-L ™" Hir i HALFRZH (8 000x); d.16.870 mgL™"
RYEEIMALBEZH (15 000x) .
Fig. 5 Changes of gill by different drugs (TEM)

Note: a. Control group (15 000x); b. 8.435 mg-L™" copper sulfate treatment (8 000x); c. 28.284 mg-L™" trichlorfon treatment (8 000x);
d. 16.870 mg-L™" povidone-iodine treatment (15 000x).

BT, 50w B AR A SN 5
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HiAbPRLH BF A2 2 sk, AR A 4R (E 6-b);
28.284 mg-L™" B HAL B LR AR b K, IS,
Rl (K 6-¢); 16.870 mg L' BRAEHA AL B
b TS, AR IMA T (K 6-d).
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] A 3 W DL 20 R AN, AR AR T (K] 7-
b); 28.284 mg-L™" H 1 HAL PR AN MIA% E 45 (5] 7-
c); 16.870 mg-L~" 5 4 i fll kb # 40 A B 2
A (Bl 7-d)

BT, P w B AR A SN R
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Bl b PR rh Al S I BR AR K, AZ R (1] 8-b);
28.284 mg-L™" B AL FEAH o G SRR TE AR 1R

Ah, AR ILABIA 255 (5] 8-¢); 16.870 mg-L™' %
AL A S PR ER AR K . TSR A, R
HAb I 2 22 5 (&1 8-d).
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KRz —, WATEEYENER, HHA IR
FEMRBER, 25— RPN, WATH R .
HAVFRAR BT AR BT AR, m Rk E
TR o5 [ B AR e . GLE . DUKSE
SPEhEEES, HiE—RONNAL IR, &
LFHIET . AR A EUR I Co iy F2 %
WAL, Cu®*iE A A5 38 i AE Ak B N A i i i 2
BUAHABERNL, 1A A2 Jooyandeh 451
KB, 15 mg L™ BRERHIRES | L (Ctenopharyn-
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RSB A L B "L
N. Aififz; ML Zebifh; REB. WM MB. BEFEMA.
N. Nucleus; MI. Mitochondria; REB. Rough endoplasmic reticulum; MB. Myelinbody.
Ko  AIFZ5HVERTT IFHZ AR (7 5 i ER)

H: a XTHR4L (8 000x); b. 8.435 mg- L™ BRAREIALFIZH (7 000X); c.28.284 mg-L™" B HALHELZH (25 000%); d. 16.870 mg-L™
RYEFRIMALFELL (10 000%),

Fig. 6 Changes of liver by different drugs (TEM)

Note:a. Control group (8 000X); b. 8.435 mg-L™" copper sulfate treatment (7 000X); c. 28.284 mg-L™" trichlorfon treatment (25 000x); d. 16.870 mg-L™"
povidone-iodine treatment (10 000x).

N. #ffif% .
N. Nucleus.

E7 ARZPER T INAZUN AL (GBS E)
H: a XTHR4L (10 000x); b. 8.435 mg- L™ HRARAIALBEZ (8 000%); c.28.284 mg-L™" B H HALEEZ (8 000x); d. 16.870 mg-L™
RYAEFRMALFELL (8 000X) o

Fig. 7 Changes of brain by different drugs (TEM)

Note: a. Control group (10 000x); b. 8.435 mg-L ™" copper sulfate treatment (8 000x); c. 28.284 mg-L™" trichlorfon treatment (8 000x);
d. 16.870 mg-L™" povidone-iodine treatment (8 000x).
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N. 4fi%; ML ZERifk.
N. Nucleus; MI. Mitochondria.

&8 ARIZPER T B AL AL (35 rE)
: a XTHEZ (8 000%); b.8.435 mg'L™ BMRAIALHIZL (8 000x); c.28.284 mg'L™ FLFT HIALFHZ (10 000%);
d. 16.870 mg'L™" RAEMRAALLELZH (10 000%).
Fig. 8 Changes of kidney by different drugs (TEM)

Note: a. Control group (8 000x); b. 8.435 mg-L™" copper sulfate treatment (8 000X); c. 28.284 mg-L™" trichlorfon treatment (10 000x);
d. 16.870 mg'L™" povidone-iodine treatment (10 000X).

godon idella) SRZHZUVR EAFERZIRGE . B4 . R
JERGE O, SEAR AR AE A AUk AR AR Ak A
KRBV RE SR T il (Takifugu obscurus) 255 1%
100 gL~ Cu® My, a2 mE, il
K ARG, 4 B A% [ 4 R0 AR PE A . 3R
Bs ST WK Cutt X BB (Cyprinus
carpio) WUFEPER & B, 2.51 mg'L™' ) Cu* & 33K
RS 2Z b ik . JHAIMIIREE . B INVE LR AR AR
TV H it

HOE HUR SRR B R A AT ol ], 2 k8
XK A A R EAE A AR R, f
KT EIE | WSS S B IR ik R St f (R BT
AR K AR e R s
i oA AR AR BRI T, S EOLAT A L AR
WMEAAL, BUE OB R0 Y
JRE7S ARG R B P AR R R AR A
WET, M sEiTh, dA845mbkEigEZ
AR, BB LB, JeF PR (O. nilotic-
us) ZEEE T 0.5 mg-L™" BOA HUREE T £33 iU H iF
TRAT R RIAS B A B 07 P85 7 o 8 2 i o f
PR RENE . MRS Tt A8 T T 5 Sk 30 O AR A
ZER) B A S S B R (Carassius auratus

gibelio) JFAMMLTAT:, SRRl . 20T
FRFZE LR SRS RIA -, 1
Ab, KERE AT E TR I e DI RE, 51k
il RAE, A TE R

HAT, FE NSNS T R4 E T 22 205 3~
ISR T /0 . Hedayati %" BFGT A B, T4
PR T 5 mge L™ B AT 3 R B 22 25 . Ak Rk
R W, AR . JATC, SRYEERAOGEE Y
PR EE SR TP, SABFIR S AL
32 3MBHRMAAEIEED

TR e A ™ L EZEH TR K288 (Siner-
gasilus) . ZEHHL (Trichodina) . #Y&E W, (Chilodone-
lla) . T AHL (Apiosoma spp.). KM #: (Hydrodicty-
aceae). B &1 (Chlorella) %, WIS iR ER i FH 2
M2 R & F e P P HEf (B (3.340.3) cm |
(1.5£0.2) g, 96 h [ LCsy A 1.093 mg- L', {HiE
KT FRE H 285 [Anabas testudineus, LK
(7.940.4) cm, (7.8+1.6) g, SC & 7.010 mg-L™']",
SR, BCHRRR AN )8 VR L (6 5), XA 5T AL
K103 B PR S e — M Y.

A HUR—F) A LB R R, 2
FARKEF R PR | fafd (Argulus sp.) . %
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Table 5 Comparison of common mass concentration and
safe concentrations of three drugs

BRI

Lpr Loy A

25 Common jtjs;gEE
Drug concentration/ o

(mgL ™) (mg'L™)
TR Copper sulfate 0.4~0.7 (U i15)"> 1.769
T M Trichlorfon 0.2~0.5 (T&15)™" 2.810
RYEEAML Povidone-iodine 0.2~0.5 (P! 2.190

(Lernaea) . $8¥~H (Dactylogyridae) . —ALH (Gyro-
dactylus) 55 o ASLEECA B ZE R K T 1)e
% HE (O. niloticus $XO. aureus &', F% 2.8~3.0 cm .
0.48~0.50 g, 96h ) LCsy N 1.57 mg'L™", SC 4 0.157
mg-L ™) Ffa] 5 59268 [Sparus macrocephlus, #i
¥ (13.0+0.4) g, 96 h LCs 4 0.54 mg-L™", SC N
0.14 mg-L """ Mt (Lucioperca luciopeica, #LH&
2.9~3.4cm, 0.25g, 96 hLCsy & 2.13 mg'L™", SC
0213 mg LY B3 5 AR MR, Bod duxt
TAWFFERAE I w P ARl L 4,
RAEFRZ R L AR Bl S 25 580, X
KEBITHE . HIA . B AT S i A — &
A KAE T o a0 r R 24 ) R 24 1 25 SR 42 3
TSRS Y75 & 2 E A A% (10.1240.83) cm .
(17.14%1.77) g, 96 h ) LC5o N 7.95 mg-L™']P),
F RN ETE B 0¥ S 50 (Lutjanus rivulatus, i
¥4 (2.45+0.10) cm, (0.425+0.010) g, SC 4 2.8429
mg-L'P7) FI#i fh [Planiliza haematocheila, FLA%
(4.2240.87) cm. (1.23+0.28) g, SC Ny 4.7 mg:L']"¥,
HeAz e B T VR (36 5), PRIt SRAETR Al
XA RS o & 2 ARt n] #e i AR e 2 H
AMGERN, BRG] . B 2. RYEERT T
ARSI RS ()75 & B AR A O 2. SR
M, MAZURHEEI T R, 16 SR E Y 5
T, Py (dnigy) WA AFERENSE, B
AIRERE AT 2R, Mg A . &8,
BEHAETEOUT, WA, WA TR 45 G 50
S ETAL ) FRTE R A, AN SR 5 A R K™
S U EE A B 220, JUHAEFRIR T 1]
(AR ST 0148 i 29 e . SEhRA:
P, T a2 2R . pH. OGIR L W R
S AN . SRR A 2 R IR
IFCH AR IREE T 235 A M RGRR,, FEE R K

Whok o Nk, 7e28fd R e T AL
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