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Abstract: Neonicotinoid insecticides have become the most widely used class of insecticides in the global market.
These insecticides act selectively on insect nicotinic acetylcholine receptors, and thus they were generally consid-
ered to be less toxic to non-target organisms. However, there is increasing evidence that exposure to neonicotinoid
insecticides can have a negative impact on non-target organisms. This article reviews the toxicity of neonicotinoid
insecticides to a variety of non-target organisms such as aquatic organisms, non-target insects, birds and mammals,

as well as the influence of neonicotinoid insecticides on human health. These insecticides had acute lethal toxicity
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to all types of organisms, but the observed median lethal concentrations (LC,) or lethal dose (LDy,) differed great-

ly among different species, with the order from low to high being insects (0.01 ~2.38 mg-L™",3.7 ~81 ng-bee™"),
crustaceans (0.59 ~37.75 mg-L™"), fish (1.2 ~241 mg-L™"), birds (15 ~>2 000 mg-kg™') and mammals (82 ~>
5 000 mg-kg™").The sub-lethal toxicity of neonicotinoid insecticides to non-target organisms included reducing fe-

cundity and growth rate, reducing activity, affecting nervous system, disturbing metabolic balance, damaging DNA,

etc. Overall, imidacloprid had the highest toxicity, while dinotefuran and nitenpyram had the lowest toxicity. The

order of toxicity of acetamiprid,thiacloprid, thiamethoxam and clothianidin varied with species. For aquatic organ-

isms and non-target insects, thiacloprid and clothianidin had higher toxicity. For birds and mammals, acetamiprid

had higher toxicity. Finally, based on the shortcomings of the existing researches, the future research directions are

proposed, aiming to provide scientific basis for risk assessment and rational application of these insecticides.

Keywords: neonicotinoid insecticides; non-target organisms; toxic effects; advances in research
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Fig. 1 Structures of seven neonicotinoid insecticides
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L™ VR (E A LM IES 0.63 pg-L7' . Hladik
H1 Kolpin"*' % 35 [E 42 [ 24 M 38 %31 1 il £ 7K
FESEATASIN , %2 B0 53 % BIAEAS o 22 /046 0 38— F
JHAE 2 28 HUF), i R B 3 AR R ik H bk
(7% ) WEHU Ve (24 % )FIE HUR(21% ) , e B2 3411 43 5]
H12.5.4.59 F17.48 ng-L™', Zhang ZE"MNE T
FEERVT I 3 A1 3 (4R 11 AL YT AP Y1) 7K )
BIETRE A HOR v B e e g fi W e PRl
ORGSR LA 23T 100% |, Y {E YT Fl U2 16.6 ~
310 ng-L’1 5

R T EREEA BT, £ it Hh A A D 30 A e 2 R
WA 5% B, Craddock SE" 4L T 78 35 E Al &6
R ZPBAETT R RS B 1999—2015 4 [a] 7 Ff g A
B A HORITERS P Y b (AR KR sk A2 3L
il A SN B L) 1Y 5k B B R B A
£ (] PR A 11 ) POl KR B S 2 L 7] A Y R e
(R R, R 12.0% o X T4 I, g )
L= R ol (| W s R A A NG R g
ik 57.5% Rk RE HOBKIOKE H H R 459% SR
FES Rt /D 5% MRE AT H 2 Fp el 2
BB A ER B R SEAKCR PR AR R A
FIH BRI ETEE R 0.1 ~54 pg-kg™', Lu Z0R1E
AR IR SE T E RN AL 5 MR S K AR
it FRORT KRB 2 ORI OB BE o BCINARE it v g e bR
W5 K IR G HE SR 01K 66% F1 51 % |, e B 241 {8 43 1)
9309 F12.63 pg-kg™ . dbHURR S HnH HBHRATE H
IR H 3238 100% , Wk BE 1A 430 0.98 F11.39
pg-kg o

BB A H LRI A T RIE b (455 B8 X
A2 R GE A i RS RS 3 AR ok i 2
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effects of neonicotinoid insecticides on aquatic or-
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W Fh K % (Daphnia magna)Tit 3% 2 FEAR &, HX)
BT ARBRAE IR HUA) Y BURR B At K A TR S P Y
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KT XEHESIY B 56 ™ DU S D BT
BIRMfEEFR/N . SR, B 2 1 EHE 2 W BT A
B2 A HOFRFE PR B VR B R X S 2 B R Bl R 1Y
TUEZ , Hallmann 555 I Y 2 J50far 22 A 4k W
TN 52 (B0 4, X 2003—2009 4tk H ok 7 b 2 7K
HA RSP 257 B 5 2003—2010 4F 5 28 Rk 31 255 7]
FHOCHEHEA TR | A B2 oA FH S 2 Fh B i) ~F- 35 IN 7R
HER R 5 it ey B St £7URH DG, BV ALk HRORRRT i S E0Y
Hh SIS, FE N HRok B T 1943 ng-
L5, SR MBI TR 35% , iX—
MG KRR T HEOKS R S b
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RO A BRI S R 8t TR, B U 2
SR SR E A N N SRR E G
ARAAATT > Sl , Millot 255 ) ik [ A4 4 75
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A Z it e s B Y B A S AE T A, X SESE
=8 P K S (Perdix perdix) 1A% (Columba palum-
bus . Columba livia # Columba oenas) e = EHFh
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KiE, HETA XSRS n P g id BT
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HAUE R TR R HE T 5 S8 g™,
1 1l 2 8 S e IR 5, S R 288 A% e R B 2 )
M, BN, 1 mg-kg ™' -d ™ A WE UM FRRE 26 d B
SEUEY: H AR #85 (Coturnix japonica) 7= H: 52 AL 57
H  DNA 15 R B ARG BE U /DB 21 R
(Alectoris rufa)%% 5 T 319 mg-kg ™' -d™' ML HUME 10
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ERF E (HHEAA T FH 2R 114 20 9% ) Btk ek 2% 5% 3 02T R
85 %) 3 A AR AR AR K ST BEARG 1 P R A A B Ak
it T PRGN, B U B H SR 1T H 2T R B I A Y
T ZH I G % 2 7 B A . Gobeli 25657 ) 3% 5 111 14 25
(Colinus virginianus)F) ¥R Ay SE6 % 42 | @ 1 ) B i
SRR HUobk , A LA 2 G B A2 BRI A S A
15 R [#AK . Pandey Fl Mohanty ™ B 21 #5448 (Aman-
dava amandava)%& 55 T 0.5% LDy, PN HMK 30 d, &
PR HUR B i 2 £ AR FRURN 2 2005 L2 I Jd ol AR | 3R
HIALG ) £ A% R 2 % 1T g 2 i HCR IR AR S I
KN ETH . APREHT B R 5 30 S 2 B e

AL 2014 ARG N B3 FH 48 25 R 5256 3l Y i
95 1 WE BB AR RE IR 388 3 U8 SR 5 i 20 R A A B
A A i A FR I K HLAT v BEfk DNA 4= 5 40 i
B AN 23 7 550 AR /0N | B RSOk 20 it (7
A AR ) 2 255 4 LA B SR A I B8R A A IO AR
ALY 4(GPx4) FlEL 8 A AL ) B AL B (Mn-SOD) i
P ST AR A HFR) AT B a4 T O i A
FARGS 21 BT R A TR AR
I 2Pk 2 B FE VR BiE (LCy, ) 3K B AL 5 12
(LDsy)o % 2 F1) 87 M A 2 A% B3 7K AR A= IR
AR B HUR 5 288 1) S BB

R1 FEREER AT ERREM R L HEIRE (LC,, ) IFHHIEHE(LD,,)

Table 1 Acute median lethal concentrations (LC,,) or lethal doses (LDy,) for non-target
organisms exposed to neonicotinoid insecticides
e W% LCs B LD, (B AR A% He5))” ik
Taxon Research object LCs, or LDy, (Neonicotinoids)* Reference
e 0.59 mg-L™'(IMI).0.62 mg-L™'(THC
e 0.84 mg-L“ (CLO) 127 N -L']( ACE) 9]
Crustaceans ’ & ( )\127 mg ( )
8.87 mg-L™'(TMX).37.75 mg-L™(DIN)
KA 0.01 mg-L™'(IMI),0.03 mg-L"'(THC
KA bttt g- L™ (IMI) g+ L™ (THC)

Aquatic organism -
Aquatic insects

0.03 mg-L™'(CLO).0.04 mg-L™'(ACE) 9]
0.04 mg-L™}(TMX).0.23 mg-L™!(DIN)

EES

Fish 12 ~241 mg-L™'(IMI),>93.6 mg-L™'(CLO) [16]
%0 Oral 3.7 ng-bee™" $%fi Contact 81 ng-bee™' (IMI)
G #:11 Oral 5 ng-bee™' | $%filt Contact 24 ng-bee™ (TMX) 9-31]
Bees 211 Oral 3.8 ng-bee™' |
JEER R & $%fh Contact 28 ng-bee™'(CLO)
Non-target insect FH 127 mg-L~'(IMI)
. 43
Bombyx mori 238 mg-L™/(TMX) 13
) .
' L~ 46
Butterflies 1563 pe-L7(CLO) 46]
—_— 152 mg-kg™'(IMI).180 mg-kg™'(ACE)
B . -1 . -1
Bobuwhites 1 552 mg-kg ' (TMX).>2 000 mg-kg '(CLO)
2 716 mg-kg™'(THC)
S S} 283 mg-kg ™' (IMI) 98 mg-kg™'(ACE)
5% Mallards 576 mg-kg™'(TMX),>752 mg-kg™'(CLO) [52]
Birds
B B
Zebra finch 3.7 mg-kg™ (ACE)
T -1 =
Grey partridge, ot 15 ~41 mg-kg™'(IMI) 430 mg-kg™'(CLO)
N £ Oral 450 mg-kg™'(IMI),182 mg-kg'(ACE
waLE KB, 2511 Oral 1 563 fgk ig‘(T(MX; >5 000g g.k( 'I(C)LO) 61]
Mammals Rats - 4 meeke ) e X6

£:11 Oral 640 mg-kg™'(THC).2 400 mg-kg™'(DIN)

TE . A5 OB R AR BRZE AR HUR), oy IMI g pik ok ACE S IE BBk, TMX SR WE HUIBR | CLO Sy Huile , THC Sy Huif, DIN 1k i,

Note: * The exposed neonicotinoids were shown in parentheses; IMI is imidacloprid; ACE is acetamiprid; TMX is thiamethoxam; CLO is clothianidin;

THC is thiacloprid; DIN is dinotefuran.
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Table 2  Sublethal effects of neonicotinoid insecticides on aquatic organisms, non-target insects, and birds
el [EIRIE 3 BT A 1R (R RIS ¢l i SCHk
Taxon Research object Neonicotinoids (Concentration) Sublethal effect Reference
IMI (=30 L™ IR [17]
= e Inhibited feeding
A ] WEAGE S HERLL R
ACE (20 mg-L™") » [18]
Invertebrates Depressed activity and heart rate
IMI, TMX ,CLO ,ACE ,THC 2 Te 4 A 0
1
(001 ~1 mg-mL™") Inhibited neuron excitability [19]
KA TMX ., IMI NIT AL SN [0-24]
Aquatic organisms (03 ~20 mg-L™") Oxidative stress
TMX . IMI NIT ,ACE DNA 513
[20-2227]
2k (03 ~5mg-L™") DNA damage
Fish I RERE
ACE (760, 974 mg-L™") [25]
Stopped development of nervous system
. WAL
ACE 2 ~3 mg-L™") . . [26-27]
Disturbed metabolic balance
IMI (0.7 pg-kg™ .6 pg-kg™ | Ree TR 0 3 R AR A S BE B2-33]
30 ng-bee™! 300 ng-bee™) Reduced fecundity and growth rate
I ST S
IMI 2.5 ~20 ng-bee™") . [35]
i Influenced activity
Bees IMI (24 mg-kg™") (G SR Ai V] B6-37]
iR R TMX (0.1 ng-bee™) Reduced learning and memory ability
Non-target insects BN EE RS
CLO (40 ng-bee™") i [38]
Influenced immune system
KA IMI (2 mg-L™") G AR AL U4—45]
Bombyx mori ACE (1 ~3 mg-L™) Slowed down growth,Oxidative stress
Ll S ! R AR — W 4l B AR K HE A
. CLO (0.5 ~25 png-L™") . ) [46]
Butterflies Reduced growth index of 1st instar larvae
3 CLO (0.01 ~10 kg™)
01 ~10 mg-
Male quails ke WA R B [55.57.59]
21 JHR A S | 45 Injured reproductive system and embryo Y
i IMI (319 ~150 mg-kg™)
Red-legged partridges, etc.
TS CLO (1 mg-kg™") DNA #if5 [54.59]
2% Male quails IMI (1,10 mg-kg™") DNA damage ’
Birds 1S, A AL 80N
. . IMI (0.7 ~14 mg-g™" 10 mg-kg™") o [56,59]
Partridges, Male quails Oxidative stress
[ 5 R AR S g8 S
) IMI (07 ~14 mg-g™") ) [56]
Partridges Reduced immune response
AR |2 } S HOIR AR i FR 2
] IMI (0.155 mg-kg™") . . [58]
Red Munia Affected the thyroid homeostasis
T IMI A7 Lk LB, ACE D HLUK, TMX W U, CLO JWE HLU , THC D WE BB NIT Dy i i e .

Note: IMI is imidacloprid; ACE is acetamiprid; TMX is thiamethoxam; CLO is clothianidin; THC is thiacloprid; NIT is nitenpyram.
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4 FHEREZE R B X A L 3h 4 B B R ( Toxic
effects of neonicotinoid insecticides on mammals)

W FLSh Y nAChRs | IZ AAAE T X Ff 28 R 40
o A Z M BOE 2 BEA A o (a2-a6) F1 B(B2-
B4 R AW, WA E a(a7-a9) I H[F]
REGYW, Hrh ad-2 Al o7 WAL SRS, DA
AT AR B2 235 1700 X6F 0 2L 20 ) AT B P Y H
KL Z AT FELR I, B A8 802K A% 50 % i L s W Y
UM A o BRI % R e 7L 3h ) rhids &
IREPE AT fE S ad-B2 nAChRs Ay Sh I/ I Angs &
B IPIEE S Y Sl 3 (T e e PO L N
W RIFEIEDT ST 2 B LR /D BT 5~ 580
RNEW RAFEI R BT M R R
VISR BN, BT AR R ORI R R B 48
% 5% 1> e 2 182 ~>5 000 mg-kg ™™,
mE 1 fis,
4.1 HFHR BN

BRI A ) 2306 R BRI 22 e 1Y AE Bl R 2 i
B, 2kt /NG IRIG 19 4 B 7 A A IS
Bal S5 AT T — R INEF X & B HORSAR B R
BL IR S 56 3 et 11 MR 5 ) 92 P A [] ) s ) b sk
(052 18 mg-kg™' -d™")FIMEH Z (2.8 Al 32 mg-
kg™ -d AR 3 AN H K B R R R ER P X
V3= LIPNTENE T E (IR i 2 O 1
IV FNA 5 A0 A 5 ) 77 A i 2 AR E I, T
I (® mg-kg™ -d ™ML HIAL IR B R B SR AL
FE(MDA) FUIS 5 B2 . 25 T =3 100 45 1B H K (GSH) %
6, PRI, I ek o e A Bl B3 A AN AR 2 i
I SEALEAL N T 800 o % T B, 5 79 et ik
HuwbhZ i o 2 O B R GEAR A5, 1H M H e X e
KB A 58 ZR G LT 3R T A DU 2 i A5 3 580l LA
SRV, L H AR U 2R B 32 B ik R g
Hufbe ) F 500, 2, o) — R 58 A B, WE bkl
B RRAR T SEOAL BAESE WG 0 AR 91 R 55 52 I S 7 4%
A e DA I T S R I RS U TR ) B3
PE, PR T BRI e 8, — R INHEFR W, g H
ot 2 3 5 35 T S R AR A N U TS PR AR R )
e, Kapoor %57 Xk P I B 11 R 2 52 ik e pbk 90
d, R EHE Q0 mg-kg™ -d™") T A FLOP 5L & H I
B2 DT IS 0 R DA O 9 A 3 B S
A AR BAEER (LH) | BRI R (FSH) A2 7K
SRR ERTE T/ G N AL ST 7S R e P )
F18) 2 D[] R 3 o 52 AL ] J5 248 i 4% o 0 2", Ba-

bel” ova S5 R A0 52 56 2 B K SR 19 /)N BRUIR
G2 TR MR A 7% T (g He bk | WE R R | R
FIUE HR e A L, BT AT 5 v W (100 ol - L) Y
BRSSO /N B iR & ™ A B T S
WE R ETE 10 mol - L™ ¥R B a2 ma iR AR (1) & B fg
75 K JEAZ I G I s 2 5 T W SOk P, #E 10 wmol -
L1 100 pwmol - L™ ¥k BE T 34 & BRI 19 58 40 i 7
Sy HCHE
4.2 PRAEEE

TR P FARSMIT 52 15 22 B, BT KR B S 2% Ha 300 7T 15
SR B P RBAK B 2T N AL FE bR A e
A AR IR (AR AR 2B 9 TR) I B IS 1 A% ik o bk
(337 mg-kg™"), KILHI A= 30 d J5 A4 R B Y
Iz B A 1, X 5 RN R BT T R I
AChE {&HHESINA 56, H %)) Bz 3l iz o i 5 1454k
(6] P 4D i S5 D 2T 24 TR 1 2 11 (GFAP) R IR 36 in, iX —
FRIE 2 TP AR R 22 R GEX 25 PR B B S, axX 4k
AL AT REXT e AR A B 7= AR K R R T 7E
Lonare SE" 58 b 3 0 101 AROKE oK U 22 T
g1 bk (45 190 mg-kg™' -d™ )28 d, KFL AR A &
1B BT SR B {H 3 R, HOR BRI AChE |
=R MR (ATP i) A AL T AE Ak 0 K Pt B 3
KK, Bhardwaj 55" & 8 F il 2 88 T 3% 57 &2 (20
mg-kg™' -d )k Hk 90 d J5 , BEE KBRS A K iz sh
TG BN AR, 20 200 R I g B2 A8 Ak | 1L 35
Jilirf AChE MTEPEREAR, A DFoE W, W Rk il
W i i T fig3d 3 nAChRs 15 5 K BRI A 1y £ 1 e
R, HLk —00 B W B T Faro AE79%
FEHUBAATERIT | & 30 H e %o 22 2 Jig o 3L 14 5 T
FEE ML AL Ca® | BV A TTX AR A 5
), AR 2 O s B A S0, BB N
JERAT R 2P VEM P 2 M A 38 BR . TE Ro-
drigues S I AF ST, L 7 d BEE T D AR
(50,100 mg-kg™" - d™") Y mE du e 2 T 3OR B £ R
AT A3, R B 5 i Ak r 1) v 55 R g I R 6 Hi
(HACU)F1 AChE {EPEIREAR, J5 7 Al fig /2 T &
W sl A T K B AKX nAChRs S S5 A% fE i
AL B AT A J5 O AMEBLT] . Sano 7RI,
TE 5 NI 2L 00 PN 22 8 1) o A o e K vl
SRR T AN BRAR A oAt SRR PG
RAE AT NI Z i R R

VRAMIF TR 22 3 T 2 4 B 5 22 AF G ) 40 i
FAAT BB B A bl 2 BEEAL . Bal
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PLINN O P15 %

0O W, B THEE KT 10 mmol - L™ Byt d ok,
ANF 1 min BIAT 13 H A nAChRs fi9 /)N 5LUE- g 27 2
PR SR 1, n B A7 1 3 ik, BT
(RIS B, i R TT DA S/ B 2 40 B F1T 40
L 2t BT SR 45 | 20 B 5 5 P g o TR 45 A4 i O
TR, T8 F-NLah & & L& b8 2 kiR
BRAZ AR B i, BEAT, i HURA RERS I ) MAPK 4
WM 51 a2 K Nef2 SRS 55 Rk ie e
Hrl AR L AE /1, Kimura-Kuroda 267 1y
TF 55 22 B, bk R RbORTI E P bR 6T 3 2 R LA /0 i 4o 22
JCEA TN, >1 wmol - L™ Ay att, e m g s bk vl LA
K AR Ca® A 3K e M 2 A B Bl A
SARTEME TR ; BLA1, BT 3 i nAChRs 5177 2
FAME T H AR B BB S Cat R R
b P e i I e =00 A Y 2 vl el )
nAChRs HAG HE M shfl s, fEfRgtsh,
Kimura-Kuroda 2" /54558 A= K B/ i i 28 0 K
(14 AYEFI (1 wmol - L") %58 8% Tk ok i ot
FRBEE A R B, Z 5 34T T % sk 4Lt
RITA R 9 Mk & L
LR HA i 22 5 e WA BT A A R R R
P55 AR i i AR AL s T R B i FL ik
G P S 2, L SOV B, WO R R o X
AMZTE adB2 nAChRs 2| 5538 sh7 A1E AT
IR DN NERA R i E At i
4.3 sfLEEE

H ATE X L s v R 50 B & e — S 22 Ly
SR GRS BRI O | I R e (A
ARG | Yl o AR I A S 0 A A ] 52 58 AR i,
rhk BRI B SR AG T DNA FO 0 R B, A% i 56
TG R G o0 AR SZ 0 05 FH ARG 0 e € A ) ek AR
JE T 240 R ] A2 2 A 3 6 D 2 FH ARG I Ak A 0 1 3
GEARNE M b I e bk W He R RTIE H PR E 2 0t i
FLah = s dE kit HOHOG I 2L Bl A ) s AL
M SRS R E 4 T TR N EER
Mgk R UGN ik E 40 1 o 5256
WAL, /N BRI G 1) 4% 40 i % 2 9 A A SRy 52
bRl FHAS[A) MG BE A I bk e AT bR 28 i B
Y AR 0 45 A A 2 M R AT 3 B DNA
WETL 20 B O R R SEC B T T 158 A nik s npk
A A Y s L8 . 53 —FRH I T 55 22 B BT Ak
R HUF g E HUIK - Sekeroglu 5™ 43 JiPKE K B H
IR 5% T v e Bk (1125 mg-kg™' -d™")24 h [k

HePE@22.5 mg-kg™' -d )30 d Ji, & IR BLEBE 20
(R 2253 436 B0 (BY) FUBURZ 41 i 5090 5k 35 BRI,
ORI AR (CA) S E 3G, Kocaman S8 ASMA i
N WY DR BN DR LR R N RPN N N SR G SR N/ |
TR, 25 SR R ], WE H b S 30 v B (75 150 il
300 pg-mL )M N AR LR, FFEH
iR F B, Galdikova 5™ 7E ¥ 4 120,240 F
480 mg-mL ™" (1% ME H Mk R 5 Y, T AR A0 R I L 4
Jitl DNA 53405 F 451 % 388, ISR E i e (8
TRIGAS , BUAh  FEARUR B R T A e H K S5 R il
M3 (W3R T R, A E 0 | o 56 A e £
PR ARG, WFIE A A AR IS ] (18 g Hh e A0 0 HL B
FREE B /0N B A1 JED I 2T 240 e A 2 s
RFEES T, 7E Calderon-Segura 55" (B3¢, i
FH 2 Fhigi AL BEPE SR A T 2 0050 S DA ik
Wbk | L b AT I ER e XoF A D I 96K B 4 Y DNA
005, R INZEAS TR) MR B BT IR A 2 2% ORI AR B 2 h
J&i , DNA i 2 3n, B A WE KRB R , 8l
BEPE AR A A HLk
4.4 PEESEEE

KRB S AR H 00X I L 3 0 1 O 4
SR, B T RE %) 32 2L T RE 2 AR AT
g i, DAL A2 S A A S % 3 401 443 110 32
A E T JLIAESE SR W v B i R e DA T
KRBT, 23 K Bl— R AR A 1 212420k, A4
JF 40 B A e | e e i R I S A Bk DL R4 4R
STV (1945 £k . Bhardwaj %57 & BKE 1A
PR BAATRI(90 d) 285 F R Q20 mg-kg™' -d™)
N SRR R K SRR A S R AR R A e B AR A ol
TH A R I £ TR e A I (GOT) i M 3 & R TN
Vi) P 7 2 It (GPT) T P | 20 AR R 1L PR 3% &L (BUN) 7%
i E TR . Kapoor S5 b 43 #r 42 itk skl
W AR AN HE T, 8 7R Ay I3 K SF- (40 GOT
GPT)FIAE AL 1 43 (AN AB 2T & F1 BUN) ARG i, Toor
ZEPOVRN Vohra 25PNV 2 5% v 77 e 0L SRUOBR A1 EE 1
PO R R & BT AL 2L s B4 A8 Ak, 045 T 410
JaAS P | v e bR R I S (K, {2 Toor 450 & BR
JHFA 2 R A SR 2 B 5 7% i (ASTT) i 1 ol 1
(AKP)H7K - 3400 , i Vohra 2PVl ffF 58 H i —
FHEEA T 55— W58 LR R AN BROR 52
B X4, A IR H ke R @ R i iR # 15 mg - kg B,
ML #9 GOT , GPT ., i 14 12 Bt (ALP) Fl G I 21 %=
(TBIL)/K V- 2 T i, 41 20 1 305 B 2= A8 4k, iX
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SR LA TR 3% TR R A W AL ) W5 0 65

2 W Hpbot /N B ELAA FEEPER Bl Okle %0
T LA 250 mg- kg™ 1Y 75 IR R #E T 0E R
90 d, A HLWE Hu R 38 5 I 1 AR AR AT AR ZS AR
2 AN A - (A 1 40 i 9 3R -6 (TL-6) A1 B bk 2 40 Jifd
Je8-2(Bel-2)) i 77 2B 00 ) 248 B O T RN O A0 P AR
AT 738 [, 0 e & F7 T AE 1 2 M AR S0
YEM,

BEIEE R 285 AR R AR E, O 3 i /)N
20 A RE 8 7E 75 P KT B R GRR 1 A E A5
IR YW MBS, AILmRERY,
BRI A H R 2L B W B R, AT
22 1 P 2 AR A R A P A S B AR, Arfat
22 Bhardwaj 257 FSE & B, — 2 = (15 120
mg - kg™ )AL Hpbko D R B B R, SRR AL
ZUR A=Ak, Ozsahin SR 58 & BL, 7618
PEF T F R &% bk L p R R 90 d S (kiR
W RITIE HURE SR 0 501 4 F 12mg -kg ™), AR AR
A R S A 2 g DT IR | IB [ RN 4 2 R
MI7KF-2 7 i, HE R 48 T BB AE & B 5 T A
B R SR RURR 3% 3 B H B R A S 2 BT
i 2L 8l 90 110 S BOAENE ,

5  FrHEE I R B A S E R A 2209 ( Influences
of neonicotinoid insecticides on human health )

Cimino 2" EL T 8 i A ST MR 28 A% L5
XF A B S w  SCHR, Herh 4 O T 2Pk 5R L4
FRTEMRE, EatER&ER T, — IR ML
FIARZM,3 WA E] TR R, 7E18 MRk
WS, 4 T50H b 73 T MR 2 A R R 5 5 AR AN
R A FRASUN, [ R A A A DG

Elfman 5P X 5B 19 44 £ 46 4 1 R & 1)
T s , ARl IMI AL BRAD 1 J8 5 A FH I
M2 R R, Phua EPBFSE T 1) b [ 575 5
Pyt 1 70 161 5% 55 e 5], Forh 57 05 SOR R
B AR di 3], FE R IMI(n= 53), H:k i ACE(n= 2)
M CLO(n= 2), 10 fi 5™ & 1) o 35 5E AR AW K
IMI, Hirh 2 fI3ET-, Forrester™ W58 T[] 3£ [ i 7
B IR R H Y 1 142 2 B ), Horp
77% 5 IMI A5 5% ,17% 5 DIN 45 %, i LAY B 5%
WERTAG1%), HUOE R fil44%) . 7 WY
AN B AR 2 7 A AR EB 3 (6% ) B2 BRI (5% )
L(3%) MK (2% ), S FIT% (2% ) L £15E (2% ) FTZL
AR(2%), Mohamed “E"™ 5% THI L >+ 68 £ 5

BRSO R B A KRB o, o — 4 1
BRITW 208 | 5 — 44 DA 0 B i 42 2 S Wi b,
RRZH PR RCE R, Q%0 Kt Sk AR TS
MR IMI ¥R} 0.02 ~5125 ng-L™", i (E
1058 ng-L7™",

B S A P2 1) 2 Al M B I % ) 5 R
&5 R ZIBIAFAEIEAHSGE . Carmichael 51V (1) — 505
BT B (569 1510 JIE Bk 8¢ 9 197 R 785 451 %of HR) BfF 5
B, Z 4] 7 PR 2 300 25 Ml R B 26 % 90 53 46 L
FRT I DU ICAE (14 JXUBS: 34 4G O& . Yang 51T AR 48 Jin
F 48 JE W N 2424 25 0 73 B TC R 51l (6 15 2% 5% ,67
A BT IF 5T 2% PR, B 25 Jor A2 X 5 S0 Wk H PR foff Y X
5T &S, 1E Keil ZF"°BF5EH, A BGE
L 72 iy 22 55 T W Lok (4 JL 3R s 5 T % 8407 431
I ATE 1911 262 (10T HR) . A % 357 K B 288 7%
FITiti FH & A fa BESZ i A B 98, Koureas 25" & 31
80 4 T Mm% HUR it FH 2 4= 1+ DNA AL i 473
(175 3 5 2% JUR 8 FH A %45 X, Hernandez 451"
XiF 89 44 B MR B 2 % HU A it FH #5025 4% Al it
AR IR T B 208 A7 T 0 5 R B A, & B A U A it
FH 55 il T 25 L O Il 25 22 B A A BRI o B A
R EBAR)AE — & MLk, Marfo 551 3 F Xt
35 ZARMN B AR R B 5 50 44 RS IR R R A
AT 0, PRI N-25 Y LI H bk i vk B 5
ZRE R (B AR RAL T35 72 A S0/ 55 BB R A —
FERRSEME,

6 Z5IEF1RE (Summary and outlook)

BRBRES B KA AR AEMbR R R 526
FN 2L 5 W) 55 22 Fh AR SR AR A= PR A BOE A FE.
RN, HANF A 2 ) 22 Aok, R BE 1
B N bk ey, LR Ry I H bk ER bR | I e R R E
Ha g, ke e AR WE R BEATG B X AN W) 40 el ) A
FE Y bk RO RE PR AR A e, Wk R R WE SRR P R
BAK, & LC,, B LD, #HHZ LS E L5, s
JoK: W HR BB | W ke I R H 1 R T /NI i )
FRORTE T AN [6] 8, X 7K A= A= 9 Fn AR AR R
Hu I8 BRI E S A R A T T 2 R
FLEhWy, WE Rk B PERS R . N S R, SRR
il w2 MR ERm, RIEXF R —9
ol S F A1 G 2 i R I | I ) R g XA R 2 0 4
Ry, BRI, R 4510 8 75 T £ 0 b 5T
FTHE
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Table 3  Sublethal effects of neonicotinoid insecticides on mammals

e WFFEXT% BRI HOFR) () M EFERE Sk
Classification Research object Neonicotinoids (Concentration) Sublethal effect Reference
AR EHIE SR IMI (0.5 ~45 mg-kg™") AFE RGN, AR O
_ MR B, 5 % ) ‘.’ -
Reproductive and . CLO 2 ~32 mg-kg™") Reproductive system injury, [62-68]
o Developing and o
developmental toxicity ACE (30 mg-kg™") oxidative stress

adult rats, Rabbits

M ENR K F RE

/N RGN THC ,ACE , TMX,CLO
] ) Influenced developmental [69]
Embryos of mice and rabbits (10,100 pmol-L™")
competence of embryos
GlC B B M 3 5
IMI 20 ~90 mg-kg™) IH'NH 7yi‘f BEEES,
. BEIEAT R, 2k Al
PN TMX 2 ~5 mmol-L™"
Decreased spontaneous locomotor [60,71-73]
Rats 50 mg-kg™' 100 mg-kg™")

activity, increased anxiety behavior,
7l
CLO @ ~5 mmol-L™) biochemical alterations

L T2 n % %
¥
Pz BEE Mi ACE (1,10 mg-kg™) Interfered with the development [75]
ice
Neurotoxicity of neural circuits
/NS A% AR AR [CEERVATE SR ¥l
Stellate cells of mouse IMI (>10 mmol-L™") Significant depolarizing shift [76]
cochlear nucleus in the membrane potential
, THE G, R S5 S kR
NN F1 400 R , ne :
IMI (4 mmol-L™") Disturbed the formation of protein, [77]
Mouse neural cell F11 cell line . .
enabled signaling pathway
. . PR AT E CaP A LS T4
LN LN IMI (1~ 100 pmol-L™) T
Evoked significant excitatory [78-79]
Cerebellar neurons of neonatal rats ACE (1 ~100 pmol-L™")
Ca*" influxes, altered transcriptome
AN ik 2 2 IMI (0.05 ~0.5 mg-L™" 20 pmol-L™") DNA Wi B 445 |
LR K HoAb 2 i THC (75 ~480 mg-L™' 225 mg-kg™") Yt (R AR 5 81-86]
Genotoxicity Human peripheral blood CLO (20 ~80 mg~kg'1) DNA fragmentation and damage,
lymphocytes and other cells ACE (4.6 mg-kg™") chromosome aberration, etc.
ZHR AR
pNTINE o i
R ) Multiple histopathologic changes
JHERE Rats, Mice IMI (9 ~45 mg-kg™") . o [72,89-93]
. PO E AL JEAE 8 B
Liver FEh TMX (250 mg-kg™") Motivation of oxidative st
otivation of oxidative stress,
JEAs A Rabbits
. . inflammation pathway
Visceral toxicity
o B2 S AR A B A AL S B
BUE GEMAAEAR  IMI @520 mgeke™) o B
. Histopathologic changes and [72,92.95]
Kidney  Infant and adult rats TMX (12 mg-kg™")

biochemical parameter alterations

TE L IMI it ik, ACE Jhg HUbk , TMX S g CLO i i, THC S ik,
Note: IMI is imidacloprid; ACE is acetamiprid; TMX is thiamethoxam; CLO is clothianidin; THC is thiacloprid.

BRI E 2T 100 0 B AR IR A O], HGRrR R A= e 4252 B BB . RT3 A 2
EAEAE BRI R GBI R BRI B T 5 A R AR ARG A IRV E BB T IR AF A AN I N, BF X
R EERESFARLA D SRR TIOR8 REIRAEAY) AR R A ISRzl 3h P, X
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FABARROAR AT . A TR s Ak %
M2 WP BRI LBR TR s X o — A 5 W) F e
Z MENMEEYIRE REEED . A, A
SRR N B S 96 45 SR AMEE RN, H AT IS AR W
il X AR R B  E VR SRR
Wb o A Ja REAEANT JLI7 AR AT < (1) 37 4
R SRR HAU AR S8 B 2R 0 5 B sh By AR
PREFZNY) | P B AT 2 Bl W 5 B FEME RN 5 (2)
G55 Z TN T BAEA R KBRS R
FRS A [P 2B ) B B LR (3) 22 PR A S 4%
R 5 A 215 % B 5 XA R o A ) )
PERON 5 BB ; (4R XS R AR S 40 i 552 36 45 R A
RN ATFETT I, AR AR E B B VA B AT 52T 1
X LEHIFTEA B T2k — 25 i MRS 3% R R0 1) XU 1
05 FRE P AR BERL AR A

B EE®E N FeE972—), %, 4+ 8148 i F &
KA T R G IRIAT A A B AT et o R
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