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Abstract . Fluoride is one of the environmental pollutants, which seriously damage the health of animals and
plants. This research adopts diet mixture method to determine the toxicity of different concentrations of sodium flu-
oride (NaF) to the 6™ instar H. cunea larvae. After 10 days of treatment, the median lethal concentration (LC,,) and
sublethal concentration (LC,,) were 181.70 mg-L'(the 95% confidence interval was 159.60 ~209.10 mg-L™") and
15560 mg-L™", respectively, and the maximal non-observed effective concentration (NOEC) was 80.00 mg-L™".
The indices of growth and development, including larval weight, development duration, pupal weight, pupal dura-

tion, pupation rate and emergence rate, and the indices of reproductive capacity, including fecundity, fertilization
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rate and hatching rate, were analyzed using the sublethal concentration (LC,,) of NaF to treat the 6" instar H. cunea

larvae. The results showed that the mortality rate increased with the increase of NaF concentration and extension of

exposure time. After treatment with sublethal concentration (LC,,) of NaF, the size of the 6™ instar H. cunea larvae

was shrinked and the developmental duration was prolonged. The pupation rate and pupal weight were significantly

decreased while the pupal duration was significantly prolonged with 86.7%, 83.3% and 115.4% of the control

group, respectively. The fecundity, fertilization rate and hatching rate were significantly lower than those of the con-

trol group, and the effect of NaF on males was more significant than that of females. This study reveals the effects

of NaF on the growth and reproduction of H. cunea, and provides a scientific basis for further exploring the poten-

tial toxicity of environmental fluoride pollutants to phytophagous insects.

Keywords: NaF; Hyphantria cunea; reproductive toxicity; growth and development

ARk e F I — R U050 A aT
it f i 50, T4 2 0 80 A AR B g TS ML, i
AT R S X A W A A T EAE Y,
ARG U, L ki, 5 5 HA AL 2 e 2R 4G
HIE AR E L&Y, ALY KL 0 P
iR Tl I S AR R AR BB R JUn] S
SRR E Y APUR  JF HAEWE RS ha R
RARONE ) ML A B 3805 15 A O R A R I,
SO fiohoiod 2 Y AR AN 25 T BORBE S R U E Y
FEAETY A SR A 2 Canfi B R AR R R
B AR R R B TEEHES Y R
IR E B E M2 RS IR RS RIE RS
ARG G e E L E SR ERE X T
Yy, A TP ) R R AP, Tl R
A I % PEAE , 25 R 2 0y s A LL S Bl =3
PRI & s = 1000 A AT, H HEA
i 3k LT 37 3 L A AN W b R A {2
FALY & i v i R R BOR R R AR A i
U N GMEIRAE s S

B HURTCHHESI Y ) — KR, W R
T Eh A S IR | 6 A 2 A i A e 22 G
2, ORI R EAL Y XA A B B R AR
M, B0 RK AT Z M, Bua b AT L 4is K
SEA R R G Tk r e, H
HIFR L0t s ) = AR rh e s X R e PRI SR g
(Drosophila melanogaster) 1 ¢ #& ( Bombyx mor-
DU N R R A4 R R i A K R
BT R T RREAR, A R IRBE 2
S BN bR A B SR
S IS 25 T U5 YL, B AN . #5 2F & 1 ( Exoteleia
dodecella)TE 5815 Ye 1 DX 13 Fh R 25 B 48 R 32 15 G 1Y
HDXHE KT NaF X HoAts £ Pk 3 i AR KR & Al

AFERENE AR A L A | 5 T S A X AR B 1k T L
TE YA R BRI A FHRE I A2 i oA BB, SB[ A
WR(H. cunea)TE A BRIE N iz fe 4l , Hooy THAWIA
600 AT, FERRHH ALY Ay — R 223 e XA
Al i T R FFHIR Y ARBIESE LASE IR
XSG AE 2 A NaF % 56 [ 1 80 2k 75 1 110 2 o
B RGN T IEEGE E NaF % 56 B A Kk
A FERE ST A5 MR, S DA S 0 A P R
TETER M St — A R BT 3R 5T 5 e s A A ek
F HOE [ A TE AL S AL RS ARAE

1 ##15 7% (Materials and methods)
1.1 R He e 4b 3

3 [ A 3 A BR RN TR AR A E AL
BREMFR B R MA SR 5 A SRR R I, 7EAH
YHEE 75% ,IREQRS+1) C,EHW 16 L: 8 DY)
Fr R EWALE R TR 5%

2% Tang 557" NaF Ab PR A 00 7 15, B§AVE1&
M, NaF(5rHral, b [ 25 48 B T 25 855K, il
BCREVR, 4 B1 W FH 25 85 —F 7K 7 B AN [m] v J3E A i
(80,160,320 A1 1 000 mg-L™"), & T 4 CKFfieifT
B, SR E WA & 5 N ) (NY/T
1154.10—2008) i i) N T Al RHE 24575 B A [a] v
(1) NaF ¥ sl £ 217K A 50 ~60 C By A 0k
o B SR MRS e B SR, ik
B 6 55 1 KEE F ksl i, BT & AR NaF
PN Tk e DU 55 3 25 88 /K BN T AmpRE R
XPHE BEASAEEE 10 Skgh it EE A 3 Yk, AbHS T 24
h WL 55 26 [ ARG 1B O
1.2 EEAWAEKEE R E

MRYETE 1 [ H L5k 15 LC,,(120 mg-L™"), fic il
AHNE MR B NaF %K, LA KB /K AE 2 XTI R[]
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— I Rz 2 6 W% 1 38 B 3k A L, A T
120 mg-L™" NaF FUXf B (225 F KO A9 N T4l 7
PSR, B E 3 NMEYYER B ER
10 Skl iy, AbFRISAF 24 h B A ] L0 B A A
AR, JF WS %, ST AR BT kB D T
i M AR AP R AR K R F TR
1.3 GEH MG R I e

SR LIRS vk R ek sl F el e A
120 mg-L™" NaF A T4l i) 26 [E F ik 6 6% 4 d 4k
I SPE L JS 5 R 28 NaF Ak 2% 6k B AR
BT, HEAT 3 FhACHCAL 5 X IR @ X [ & NaF @
XXTHE & NaF & x XTI Q@ . BN AbFEi i 3 AW
FEE VEAER 10 XS, AR A A
e — MR G IR, REMEMIE TS A B
L TRl N 1] h i = N W i ey R P =
T AZ R 26 = 22K IR A S BN 1 (36 ] 1 gk DR Py 2R
RIR 3265 s L3 = B0l U2 HE 4L,
1.4 sk

IRV EVE S & e 214 (Organisation for Eco-
nomic Co-operation and Development, OECD)** %} %
KICEL L] He ¥ (no-observed-effect concentration,
NOEC)MIZEiH A48/ , 44 4845 1Y 2 P ik 40 B4 8
14 SPSS Statistic 25 #7115, R H ANOVA %
1E 5% . % KV T, % %€ NOEC, #|H] EPA Probit
%8738 5if SPSS Statistic 25 47 W B AE I & vk
LCy, \LC,, 1 LC,, 7155, VA KB J7 B RGBT
K F GraphPad Prism 8 #4784 1 S5ER I H

T A 0l ST REAS T RS 3 40 A7 %o BRI A B 2
Z B 22 5 3 e o Rl 3ROR 0.05.,0.01 AN
0.001 & FHME2EFIKF-,

2  Z55 (Results)
2.1 RN[FE NaF X 38 F k71 2 59 520

P ik 6 15 4 HUBCE AR MR B NaF A T 4w
B HAAFRE I IR (E 1), NaF b BEZH A9 7715
R BB T X BRZH(100% , P<0.05), K% NaF ¥
JEE P 358 T R 25 528 o [ A1) B K | S ) P ik 4 R A ST
R EFE, g B B8 NaF X 3E FE [ ik se T
SR 52 ) S22 BB S8 1) ) 500 R RN (R 1), AR T
TN 10 d WS RIE TR .y = 7.809x—
17.642 , H303E rh ik B (LC,, )M 181.70 mg-L™'(95%
5 IX 8] 4 159.60 ~ 209.10 mg - L™"), NOEC W
80.00 mg-L7'(F 1),

100
~=0 mg-L'
X 80F 80 lT]g'L’I
e ~ 160 mg-L"!
] | -320 mg-L"!
43. § o0 1000 mg-L"'
A 4ol
E
£ 20¢
wn
0 L N 1 1 I 1 1 1
2 4 6 8 10 12 14 16 18 20 22
s} ] /d
Time/d
E1 #LH(NaF) BB TEE B 6 R4 HETFEE
Fig. 1 Survival rate of 6" instar larvae of the H. cunea

under sodium fluoride (NaF) stress

F1 NaF £E 10 dWEEAW 6 B4 HHFN

Table 1  Toxicity of NaF to the 6" instar larvae of H. cunea after 10 d exposure
EHBUIREE(LCsy)  30%BOEWRIE(LCy)  10% BRI (LC,)) —
WYX NV QA
95% {5 1X i 95% T {E X[k 95% T {5 X i -
( /(0 1271 )I 1) ( /(0 {Eil )Ij) ( /(0 1;:'71 )lj) mE(NOEC)
mg: mg- mg- _
R A7 [ 55 R A [(mg-L™!
A N i Medianlethal 30 % lethal 10 % lethal (me-L7)
Toxic BER B AER . . . No observed
) (EI FHE) concentration concentration concentration
regression Slope + SE effect
. 21(df) (LCs0) (LCs0) LCyp) .
calculation concentration
0, 0, 0,
(95% confidence (95% confidence (95% confidence (NOEC)
interval) interval interval) _
-1 73 -1 fmg-L™)
/(mg-L™") /(mg-L™") /(mg-L™")
181.70 155.60 120.03
y =7809x-17642 781 = 164 1.08 (13) 80.00

(159.60 ~209.10)

(130.80 ~175.90) (87.86 ~140.17)

HERIMEINT s p0s) = 2236, 1085 71 1A J5 B SEBRAHAT ; PROBIT #2480 PROBIT(p) = i + Bx(WMVE T x fHFRECH 10 BB TH646)

Note: The Chi-square value was less than X%13,0.05) = 2236, so the toxicity regression equation was consistent with the actual; PROBIT model, PROBIT

(p) = Intercept + Bx (Covariates x are transformed using the base 10 logarithm).
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2.2 NaF ZbHEXFSEE Hg ) A & B 0

TV EFEHEE (120 mg-L™") NaF AbFE x5 [ 1 ik
AR EE BHA U B E/E -, B NaF 4b 3
TRV 92 [ 8k X B AR L, ZbPE 24 h, NaF

AL FRZH A 5T SR X BRZH ) 75.9% , Ab PR 48 h, NaF 4b

(a)

0h *  24h « 48h
300

sk skkk

b . o

R N | - \

5 8 S e e o

= (15 % %

R X ?
0 1 1 1 1 1 1
CK NaF CK NaF CK NaF

o4y ib/d

Sixth-instar larval duration/d

PHZE A 50 Sy %) B2 A 5 i 19 68.5% , MR i 14
% T F%(& 2(a), P<0.001), H. NaF AhFRZH %) 1 B 45
T RIS NG (8] 2(c)), NaF &b HSE [ ik Y
6 e ) 2 S S BT TS A AR K R
H (&l 2(b), P<0.001),

(b) (©)

CK

CK NaF

2 NaF WEEBBEERE FE XN 6 R EE H RN
T (a) AR BTRE ; (b) 6 WA BTN (o) 1T Bdl A P I E AR MR (FEAS T S n=3);ns fU3R S0 IR 22 5 1 8.3
* RFGH B VLRI FEAR TR, * P<0.05 % * * P<0.01 * * * P<0.001),

Fig. 2 Effects of NaF on body weight, body size and developmental duration of 6™ instar H. cunea larvae

Note: (a) Body weight; (b) Developmental duration of 6 instar H. cunea larvae; (c) Body size; results are presented as the mean + SEM

from at least three independent experiments; ns is not considered statistically significant; * indicates significant differences

(* P<0.05, *** P<0.01, *** P<0.001); statistical analyses were carried out employing Student’ s t-test.

NaF Kb FHZH 1% 36 ] 11 i A i 232 0 5 RAIG, 1S
S HEZH Y 86.7% (& 3(a), P<0.05); NaF b BH2H f) Ik
Wi J5E £ R A T A 43 ) R ok B 1Y 89.8% I
76.7% , H22 5 53 NaF kb P 21 ffi b5 760 0 5 114 44 754
I /N T3 B2 (& 3 (c) AT 3(d), P<0.001), NaF %E
K25 [ (kA 1), NaF &b B 29 35 [ P ik 0 4 1 ot
MHIER T 15.4% (K] 3(b), P<0.001),
2.3 NaF X} 3¢ [E 1 09 AR FE RE 77 (9 52 1R

WEFEUE (120 mg-L™") NaF X 3 [ [ 8 5k
RIC W (F 4(a)), (HI2 355200 T A HL ™ B
ZAG RN AR . NaF AbFEZH A4 36 [ 1 i 7 o
R 4(b)Fl 4(e)), HiH NaF & x X% HR Q@ 22t 40
() 8 L 7= B S X B4 Y 48.2% , 22 5 I 3 (P<
0.001);NaF @ xf I8 & A2 le 41 1y B 7 B £ A Xof B
201 76.5% ,H2E 7 .3 (P>0.05),

X HRZH il L 52 TiE 79 32 4% 28 R 85.78% , Tl NaF
AR FRZE B 5 0 RO R SE TE ARG R 2 AR
NaF & x XJ i @ 22 i 20 5P (% 32 45 % R 22.74% (P<
0.001), NaF Q@ x Xf B8 41 & 2 ic 41 Ol A4 52 K R hy
56.8% (P<0.01);NaF 4B 2] 5 %} B 4] 2 [6] 47 i 3% 2=

F£(P<0.01)([&l 4(c));NaF & x X B Q@ 22 it 26 % G iz Ak
N 23.25% (P<0.001),NaF @ x X} HE & A2 fic 41 f) b
AL 2 R 61.23% (P<0.05), Xf & 41 O 07 1k 2%
82.87% , Wi [H] 25 5 L 3 (P<0.05, [ 4(d)), Ifii NaF
@ >N IR & A L4 1) 52 M SR i NaF & x X R @ 32 it
411 2.5 f75(P<0.05),NaF @ x X i & B2t 4 Bl g k%
1 NaF & x X} #f @ 5L 4111 2.63 1% (P<0.05); NaF &b
LT T P A B i) b i A

3 118 ( Discussion)

KA & 1Y 3RS e S n A KR AR
TRE BRI i R R A & A
WX SR E R G RPERGE IHAL R GG
ARG A ED SRR A ke IS A1 A I
(Acipenser baeri) W] W1 1E FUMIE T B % % 25 1 (7]
R SIE K 5 2 g R B 1) Ty, BE TR W G e 1
FEAR T R R i, 30T R BER AR, AR Kl
BERRAR, FET RGN Gong 4552 (B 52 45 5L ik
75,24 HF ¥ H 0.87 wg-dm™-d ™' i), 70.4% (9%
H(Mythimna separate))] U3 17—, B4 4
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BRI, FIRFE SR sl i i R Rt
SR EEA, R AR R A5 sk
DIre ek s i anfa o e Beass AR BT s |
KB DTAIE R A 3 AP A R B ARETi Y  vk
JEMM TR R B — B, LA S RGE T EZ
P AN G 070 A (O B i (i 25 5 R S aE T, AR SCRIFSR
45 5L 73 v i vk BE NaF (80,160,320 F1 1 000 mg -
L™ NaF)HF2z b #R 1) 26 B (g st T8 8 &, 3 H
FETT R 5 NaF M9k B2 IEAH G, E 3BV B (120
mg-L™") NaF &b () 32 [ 1 ik 4y d B stk /b, 4
RUAR /N R T I 2%, R D RN B S K fE
Wi W AP R R S ARG, FRAT T T e
B A BESZ I B 1 3 [E kA R RE A AN A K &
F, AL, E R R 2 A T AR ;
RS ES L NVEANR NG iy s R I e R 2 (i NN
AR A 91 % B S, 1T NaF 75 ALK A B

(a)

100 =
_ 80
2
2
X s
§3 ooF
55
R5
=1 40 =
&3]
20 =
0
CK NaF
()
150
kkk
on
£ CcK
"
EZ 00 &
R ‘@" -
PEE oy
= O =
< 50+ . . ’ NaF
.20
o
= 1 cm
ob—1 1

CK NaF

DIRE I IHLER B SR 2%, EARGE , TR AL 75 0
AR R BRI AT DAL A h S
PR SRR, T PR AR 0 I S Ul
Jota S8, DX A A 7= A AN LB, QAR e 3R 4
AL PR RGeS A R A N SR ke A
P TSR R AL M 36 AR KR B
W A=A A>T HL A 1 T RE— 225, SR, AR
SEA AR BN S R (A TR0 S 5 ) 5
SFRAP X5 NaF B g R & B RBA, 5
NaF XA [a] B HUEE R 25 53

W R RS S A FERE DT ., 12 R
R HERE /N B SN SZ KRG RE R I AR ™ EE R
AR, 3302 Hy T R 5 5 PR S5 O 7 98 B S 24
i N = 2 T I R RIZO E i
/B0 A7 %) 5 ) B NaF 7 35 A9 MR /N B, L H
ARBRITREWGR , M M ERE A2 50 R ST RE , B

(b)
201

y

K
Pupal duration/day
=
1

W
I

CK NaF
(d)
250
50 Hkk
=)
..I: Cad
mHs 150 o
EE -
E‘-‘-
gf‘a 100
= NaF
oh
5 50F ' e ’
=z 1cm
obbm—nt— 1

CK NaF

3 120 mg-L™' NaF M EEABELZETHZI
T (a) TR ; (b) W15 (o) AUt 5 (d) MM BT o s B0 A PR AR IR (FEA T n=3);
* TG IR 50 B W 22 S O RRAR THRES, * P<0.05 . * * * P<0.01 . * * * P<0.001),
Fig. 3 Effects of 120 mg-L™" NaF on pupal development of H. cunea

Note: (a)Pupation rate; (b) Pupal duration; (c) Male pupal weight; (d) Female pupal weight; results are presented as the

mean = SEM from at least three independent experiments; * indicates significant differences (* P<0.05,

** % P01, *** P<0.001); statistical analyses were carried out employing Student’ s t-test.
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(a) (b) (c) ok
I I £
100 600 - . 100 = ook
T - —
o < 80
° < SN
23 g g5 O
SE Tz E7
B o S BX= 40 -
2 S 200 £
9
[sa] £ 59
20
0 Q Q A 0 e <
& E FE
5o A 5o A
& & $ & &0 8
o F e
(d) .
100 = ek
1
80 |-
N3
2
XE 60
25
TP 40F
£
m 1cm
20 |
IS +
& §
SR

4 120 mg-L™" NaF X3 [E 5 5 B £ FH AL 1 #00
1 (a) FLZE;(b) (o) =004 ;(c) A5 % (d) MLZ;CK 6 XCK @ (n=15),NaF 6 XCK @ (n=15),NaF ¢ xCK & (n=14);
B g P AR HE R (AT n=3);ns AR5 XF E2E 7 A B35(P>0.05),
* RGN IRIEA B E V22 T AL FEAR TR, * P<0.05 * * * P<0.01 ** * P<0.001),
Fig. 4 Effects of 120 mg-L™"' NaF on reproductive capacity of H. cunea
Note: (a) Emergence rate; (b) (e) Fecundity per female; (c) Fertilized eggs rate; (d) Hatchability; CK & XCK ? (n=15), NaF 4 xCK ? (n=15),

NaF @ xCK & (n=14); results are presented as the mean + SEM from at least three independent experiments; ns is not considered statistically

significant; * indicates significant differences (* P<0.05, * ** P<0.01, *

W55 BRI IR IS WF 5% & B NaF Bria
R A B TR B R, TR B A
ARG, AR S YEmim T Rk
B AE IR AR SR WT ST 45 R R W UL R (120
mg- L™ )NaF Ab B A% € [F] 7 35 7= B s> 320G R
AL R AARRAR , X T BE 2 T NaF B i 52 [ o i
(%) A B R F A 495 , 20 1T 5 T HL BB BE ) s NaF b 2R
Y7 IR TR, b NaF & x6 B8 @ 22 it 0 i 7= o
50 FRAH Fb 52 FAAIR (P<0.001) , 78 BT 2 IH Mk i
BB AR RS 3 A AR S R AR A PP AR A R B 1
TR RS T RE S B0 G A 5, DA 4 v O
U ORI T g NaF %25 [ i e ko A

HexE

** P<0.001); statistical analyses were carried out employing Student’ s #test.

7 AR T BT, S B0 RS R e S B R
TR IR A 11 75 TR I S R R 1% B ST e L
G D HIX T EEE— A W AFSE . T NaF Q@ X B
& AL 2H Jlg L i 7= B e 55 0k BERH He BRI R [ 1L
ZFANERFEP>0.05), HGFEMZE, NaF @ xXf 1
& AL = BP i  SZ KGR AN IL R KA NaF &
XX R @ AR FCAL Y 1.59 45 2.50 15 F1 2.63 £, iX F W
NaF X 2 [ [ 1 (1) 5% i 57 M 1) 22 5 NaF X% A
A B R AP M R R S AR SO RIS A R
— 3, OSSR L BAE NaF il T, % A el i
LU HE B HOXT NaF B2 oA Uk, BB 4, © A7 5% s
NaF fig (i 5% 7% A5 58 BR g o oo 504k, T8 i — &
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(MDA )i J8 A= 5 R 4 A0 477 , 461) 4 4% 52 AU B 1 i FsE
TH G SR H el RO S5 4 5728 5 B L% A iy
&, P4 M g R0 3 B 5 3R W R T
fie s R ARG | 3 AR R ZE L , 2 0T 38 [ 1
0 18 A B R BT PR A, 3 AT Ak 3 7R R R B
AR BRI,

ETIE R 7PN R N ARG E DN S
W, FEREEPEEEERE R R A L R tE R
IRIFSE /D | JC ik 4 A R R AL 0 B B E R
AT T NaF X 3¢ [ 1 ik 10 00 8500 B A K
KB AR FAEFEBE 148 b5 02 R B A Bk
(120 mg-L™") NaF frif 5 203 E 1 1% 4 kA 4
AN R BT IRES B DTG AR AR 0 o e R R
Wi A AE K | S SIOME I 17 7= B i | 20K SR AN AL R 34
FREAR, X LB R RN S AL B A
MR AL S5 AKE | R F— 25 48 7R AL ) 2 AL
FHEE (LB BLA

BEEEEN . AT WA984—), &, M+, 8%, T 2R
FE AR RAERANG S FHEFE
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