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REMER BT A HROAHATMEE (WIA) OFEHAM % 15

()

(ii)

(iii)

TP4 ( )

Liu et al.(2015)

(Chen et al. 2017)

(Lietal. 2016b) Sphingobacterium sp.

( ) (Cai et al.

2015b)
«C )
(Caietal. 20159 Wang et al.(2016)
SR/RS-
RR/SS
- -5- - -
[1,2-a ] -7- C-N
SR/RS
RR/SS
(Wang et al. 2016
( ) -
(Pfeil et al. 2011) 2
1-[6-( ) -3 ]
-1- N-[ ( H1-[6-(
) 31 A4 ]
(Chung et al.

10

2017)

etal. 20160

(Simon-Delso et al. 2015)

2015)
AAn@ a
13 (
)
(nAChRSs)
GABA
)
nAChRs
CA MEC
ATP

(Li

(O Mul |l ane

nAChRs



(CarE)
-S (GST)
4
6
(Bernhardt et al. 2017) 4 1
(Jeschke et al. 201)
290
2 (Bernhardt et al. 2017)
2
2014
o U
2003 (Greatti et al. 2003)

(Krupke
et al. 2012; Pochi et al. 2012; Tapparo et al. 2012

(Greatti et al.

2006; Stewart et al. 20149

BREMERRFICE T S HROLHRATHESE (WIA) OEHIR % 15

(Girolami et al. 2012, 2013; Marzaro et al. 2011)

(Biocca
et al. 2017; Manzone et al. 2015; Manzone and
Tamagnone 2016; Pochi et al. 2015a, h

(Sgolastra

et al. 2017b; Zwertvaegher et al. 201§

2015

Foque
(2017a, b X CT
3
(Devarrewaere et al. 2015
(CFD)

(Devarrewaere et al. 2016

(Biocca et al. 2015;
Pistorius et al. 2015)

0.01-0.4% 92%

0.1

g/ m (Xue et al

2015)

(Botias et al. 2015, 2016; Long and Krupke 2016; Mogren
and Lundgren 2016)

(Schaafsma et al. 201%

2 12.7
15.6

4.36 59.86 ng/g (ppb)
(Limay-Rios et al. 2016

11
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(Jiang and Gan 2016

(53.5-94.8%) (50.6-75.5%)

20-132 ng/g

(Richards et al. 2019

( Socorro et al. 2016
(0.1 )

(Socorro et al.

2016)

(Shiraiwa et al. 2011)

0.25ga.i./ 1.0ga.i/

(Pistorius et al.

2015)

(Rundlof et al. 2015)
( )

(Poquet et al. 2015)

BREMERRFICE T S HROLHRATHESE (WIA) OEHIR % 15

( 5cm)

4.02 ppb (
(Schaafsma et al. 201%

0.07-20.30 ppb)

(Bonmatin et

al. 2003) Henry et al.(2015)
17
13 0.1-1.0 ppb
82
52
0.1-1.6 ppb
2
9.94 ppb ( 0.53 ppb-38.98 ppb)
(Schaafsma et al. 201%
8
064 ( 8 )
2013 2014 2
04 (- 5 )
(
)
3-4
6 ppb
(Schaafsma et al. 2016) Xu
(2016) (6 ng/g
)
2 11
7 ppb 4
27
5.7 ppb
1 2
(0.25 mg/ 0.5mg/ )
11.2 ppb
2 2 ppb
164 955 (de
Perre et al. 2015 18
7.1
92.3 ( 31.2 ) (Hilton et

15



REMER BT A HROAHATMEE (WIA) OFEHAM % 15

al. 2016)
(
)
25-28 ngl/g (
) 5.4
(Yokoyama et al. 2015
(Wamhoff and Schneider
1999)
(Luetal. 2015)
35 16
- (84%) -
(16%)
( ) (Aregahegn et al.
2016) -
(Lee Chao and Casida 1997
( 0.2-0.4 mm)
7 0.0198/ 0.0053/
0.0022/ 0.0014/ (Kurwadkar et
al. 2016)
1
( )
Mulligan et al. (2016b)
187 (25 )
283 (25 )
(35 ) 9.7

16

(Bacillus aerophilus)
(Pseudomonas putidg
(Ranaetal. 2015
50 mg/kg
B. aerophilus 45%

(37 )
P. putida 38%

100 (Liu
et al. 2015
0.18 3.15 (Li et al.
2016b) 14C-
60%
14C.
(Liu
et al. 2016)
(pH4.1 )
(pH 8.8 )
(5S,7R)- (5R,7S)-
(5R,7R)- (5S,7Sy
(Lietal. 20169
(1 3.7 ) (Li et al.
2016b)
1 2.6
(Leiva etal. 2015
52 5
54%
4.3
251.4 ppb 10%
(9.8 23.1 ppb)
3
(Dankyi et al. 2014)
(7.5 g/100 kg )
40 ppb
650 ppb 7.2 21.7



BREMERRFICE T S HROLHRATHESE (WIA) OEHIR % 15

Boulange et al(2016)
10 ng/L 50 ng/L (
203 ng/L)
(de Perre et al.
lcm 2015)
2.5pug/5L pg/ L 150 ppb 300 ppb
2830 ng/L 1290 ng/L
3 (1.2% 0.48%
( 50 ppb) )
0.24 3.33
(Liu et al. 2014) (Wettstein et
al. 2016)
U

(90% )
Singh et al.(2016)

(US EPA Environmental Protection Agency

2014) (GUS)
3.53
_pT __/ (IUPAC database 2016
log Kow = 3.75) 0
(Bonmatin et al.
2015)
(Kg) 5.1L/kg 10.8 L/kg
(log Koe) 2.6 L/kg
2.8 L/kg (22 37 )
4 ( )
(
)
2
75%
( ) 6 (230 ng/L)
(Struger etal. 2017) Schaafsma et al2015)
0.31 wpg/lL
0.58 wpupg/lL 18
0. 22 wpg/! L(Huseth 76 100%
and Groves 20149 ( 2.28 pupgl/lL
4 3. 6 YgPBh 1.12 wpgl/L

17



REMER BT A HROAHATMEE (WIA) OFEHAM % 15

16. 50 pgl/lL
(Anderson et al. 2015; Morrissey
et al. 2015)

2
(Schaafsma et al. 201%

850 ng/L
200 ng/L
(de Perre et al. 2015

47%
460 160 ng/L (ppb)
0.02 10 ng/L
2200ng/L 440 ng/L

70ng/L 50 ng/L (Chretien et al. 2017)

290 720
10 pg/L

pg/ L

12 (Yokoyama et al. 2015

53pug/ L 9 ppb

21
68%
83 wpgl/L (La et al. 2015

0.22-0.37
(Liu et al. 2014)

(Main et al. 2016)

16
18

267 + 72.2 688nglL)
36.1 + 9.18
10.2 + 1.82
Englert et al.(2017a)
(
) 1
5
100m
250 ng/L
8.3 ng/L 6.5
6
4 ( 10 )

Englert et al.(2017b)

1000
6000ppb 80
300 ppb
(10% )
y -
(y -HCH)
(Schreiner et al. 2016
11
13% ( ) 57 ( )
80 ng/L (
) 730 u@/L )

10

(Sanchez-Bayo et al. 20163
38



719 389
10
8 1
( - 0.1-10 ng/L) 84%
45%
7-110 ng/L
37%
(5-100 ng/L) 24% (3-
70ng/L) 13% (5-110ng/L)
1 (30 ng/L)
(Bradley et al. 2017)
53% 1

(Hladik et al. 2014; Hladik and Kolpin 2016)

(Hladik and Kolpin 2016)
5

9.9ng/L 27.4 ng/L
- 11.9 ng/L
1462 ng/L
4.0 ng/L

(Hyalella azteca  Chironomus dilutus)

10-500 ng/L (McMahen et al.

2016)

2-13.8 ng/L (Sengupta etal. 2014)

(PBDE)
6.8 ppb
0.09 6.5 ppb
(Maruya et al. 2016) 4
60%
( )
(98% )

BREMERRFICE T S HROLHRATHESE (WIA) OEHIR % 15

(54%) (48%)
310 290 40 ng/L

(Evelsizer and Skopec 2018

( )
0.24 57.3 ng/L
(Klarich et al. 2017)
( )
10
( 0.1-8-ng/L)
(Cruz 2015)
(PNEC) 0.77ng/L
31 12
91
1.4 ng/L 31%
2.1 ng/L (Lopez-
Doval et al. 2017) ( )
15
1400 ng/L (Rochaetal. 2015
18
8 ng/L
(GonzalezRey et al. 2015
3
17-58% ( 1.8-19.2 ng/L) (Masia
etal. 2013) 37-45% (
1.1-15 ng/L) (Ccanccapa et al. 201%
64-78% ( 2.1-66.5 ng/L)
(Masiaetal. 2015)
2
19
(Chemcatcher)
10% 32
9-20 32-44 ng/L
260
98% 1

83%
170 410ng/L
4%
630 950 ng/L
19



REMER BT A HROAHATMEE (WIA) OFEHAM % 15

(Chau et al. 2015
(87.5% )
(62.5% ) ( )
141 162 ppb (Chen et al. 2015

546G A

17 39,100ppb
( 2 340 ppb)

4 34,700 ppb

29 ppb
(Sanchez-Hernandez et al. 2016)
(Zea
maysL.) 2
1.34%
0.26% (Alford and Krupke 2017)

)
6% (Xu et al. 2016)

(Stamm et al. 2016; Sur and Stork 2003

(Bonmatin et al. 2015;
Goulson 2013; Sanchez-Bayo 2017)

(Bonmatin et al. 2015)

( )
Stamm et al(2016)

(10-15cm

1 48 ppb 2 646 ppb

20

(Wu et al. 2017)

( ) 3
2.1-7.3
3
5 35
158-195 ppb 136-192 ppb 1.2-
2.2 ppb
2

(Teloetal. 2015)
10 470 ppb

70 ppb 110 ppb
(Liu et al. 2014)
(0.008
0.016%) 1-2
1 1930 3710 ppb
20 1 2 80
130 ppb 40
7
11 (500 ppb)
(Bhattacherjee and
Dikshit 2016)

Balfour et al.(2016)

Benton et al.(2016)

dos Santos et al(2016)

56

2
(Larson et
al. 2015)



5493 6588 ppb
2882 2992 ppb

1 88 ppb
(Orius insidiosus)
3 23 ppb

99.4 99.8

(Larson et al. 2015

( 10g/k
3.6-4.2g/kg )
«C )
130 pg/L 30 upwg/L
( 8000 pg/ L (Reetz et al.
2011)
/ / Bonmatin et
al.(2015)
/
39 ppb / 73 ppb
Godfray et al.(2015)
6.1 ppb ( ) 1.9 ppb ( )

(IPBES 20163)

(IPBES 2016b)
Rundlof et al.(2015)

10.3 13.9 ppb

Rolke et al(2016)
0.72 0.73 ppb

10 20
IPBES

(Botias et al. 2015

BREMERRFICE T S HROLHRATHESE (WIA) OEHIR % 15

(

sub-ppb
(David et al. 2015; Valverde et al. 201§ 2012
2015
41

3.7-1856 ppb
(Parrilla Vazquez et al. 2019
(Varroa destructon) (

44-73%) 2

( 29.3%)

67 ppb 14 ppb

(David et al. 2015)

(David et al.
2016)
( 3.8-7.5ppb
2.5-58 ppb)
0.13- 0.5 ppb 0.1-8.5 ppb
0.15- 0.9 ppb
0.3-12.0 ppb
1.4-11 ppb
1.4-
22 ppb (Botias et al. 201§
(97 )
(Botias et al. 2015
17.6 6.3

(Long and Krupke 2016)

21



REMER BT A HROAHATMEE (WIA) OFEHAM % 15

2012

(Botias etal. 201§

(1.8 ppb)

0.6 ppb
(Xu et al. 2016)
2016

(

5-OH -

(Daniele etal. 2017) 3

(LCs0)
10
(6-
(
488
)
302.3 ppb
( 77%) EU
EU
ppb )
2013
1-5-ppb
50 ppb
2013
10 7

22

)

(
106.5 ppb)

2013

(1

2

(Daniele et al. 2017)

EU

(Lentolaetal. 2017) 29

DMI - 40

6.9 81 ng/g
B & 8t
Fang et al.(2017) (Lonicera jJaponica
)
1.0-4.1
k -0.169 -0.696 28- 102 g (a.i.))h m?2
7 110-1370 ppb
14 <0.01 46 ppb
(70 )
59.4-81.0%

(30 40 50 60 37.7

7

Huang et al.(2015)

chieh-qua)

180 g (a.i.)/ha.

10 210ppb

57.0%)

(Benincasa hispidavar.

13.7  192.8ppb

(Gbylik-Sikorska et al. 2015

<0.02
< 0.01 0.79 ppb
(Jones and Turnbull 2016)

( )

(75%)
8.2 17.2

(Cadling et al. 2016)

EIkY)

3.3
/
2013
0.82 ppb
(68%)
(32%)
1 ppb ( )

(Apis mellifera L.)

600 g/ha



BREMERRFCE T S HROLHATTHESE (WIA) OEHAR % 15

xR3 BEYLHYREORF AT/ ARET7 4 TEZIVEE, BE (ng/gld. MEAIMEEINAWERY ., FiE, &
A FBEIMRN)EZEELRER (%)%, )/ BV EREBE/BEOT—21Z, UFIICAREI N ARERR
(Bonmatin et al. 2015) D ETH 5,

Acctamiprid  Clothianidin  Guadipyr Imidacloprid Nitenpyram Thiacloprid ~ Thiamethoxam Fipronil Refercnces

Products
Beebread 7.2(18.4) Pistortus ctal. (2013)
Beebread 12 0.5(1.5) 0.2(1.8) 1.7 Parrilla Vazquez
293% etal. (2013)
Beebread (171.4)30% <5% 25% (177) 96% 25% Daniele et al. (2017)
Beebread 52157 42,5% 45(10.5) <0.1 28.7 (62.5) Codling ct al. (2016)
38% 26% 21%
Beeswax <1,2.5% (3.4) 26% (106.5) 3% Daniele et al. (2017)
Beeswax 1-4, 6% 3.0-5.1,5% 4.0-10.4, 3% 1.0, 1% Loépez et al. (2016)
Honey 13.7 (192.8) Gbylik-Sikorska
et al. (2015)
Honey 0.25(0.82) <0.1 0.27 (0.79) Jones and Tumbull
724 68% (2016)
Honey 6.7 (20) 1.1 (6.2) <0.1 14.4, 4% 194 (41.1) Codling et al. (2016)
68% 32% 75%
Honey 1.35 Rolke et al. (2016)
Cabbage 74 (724) Lietal (2014)
22 (4400) 17 (3200) Fang et al. (2017)
Honeysuck-
le leaves
Mango fruit 80 (3710) Bhattacherjee and
Dikshit (2016)
Qilseed <LOD-6.5 Rundlst et al. (2013)
rape plants
Rice grain 20 (101) 131 (244) Telo et al. (2013), Liu
(bran) etal (2014)
Rice grain 80 (470) 143 (225) Teld et al. (2013), Liu
(hull) ctal. (2014)
Rice grain 1.2 (4.0) Teld et al. (20£5)
(polished)
Winter 10(210) Huang et al. (2015)
melon
Animals
Amphipods 0.1 (0.39) Inostroza et al. (2016)
<0.01-0.17, <0.48-14, <0.7-10, <0.02-1.17, <03-23, 6% Botias et al. (2017)
Bumblcbe- 0.7% 0.7% 7% 2%
es
Eels 4.0-20*  Michel et al. (2016)
Honeybees  (10) 5% 2.5% (1.7} 9% (1.6) 13% 8% Daniele et al. (2017)
Honeybees 6.5-33 Pistorius ¢t al. (2015)
Honeybees 1.7-8.2 5.3-76.2 3.3-174 21.9-28.8 588 232-590 Kiljanck et al. (20106)
Honeybees 2.5-7.1 0.1-11.1* Codling et al. (20106)
Honeybees 4-13.1 4.5-27* Gbylik-Sikorska
etal. (2013)
Honeybees 0.3-0.95 Reetz et al. (2016)
*Total residues of parent compound and metabolites
0.25 1.0 g/ha 57
4.3 48 (Kiljanek et al. 2017)
17
24 (3 ng/bee) (12%) (10%)
0.5 ng/bee (7.4%) 5
(7.7 ppb)
(Pistorius et al. 2015) 1.7-76.0
232-590 ppb
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(1.2-5.4ppb 4.1%)
4.7%)

(1.3-4.0 ppb

(Sanchez-Bayo and Goka 20149

7%

(

)

0.1-11.1 ng/bee

(Codling et al. 2016)

(Suchalil et al. 2009

al.(2015)

(

)

0.3-2.3 ppb

12.

45 ppb
(Gbylik -Sikorska et al. 2015
(170 mg/bee)

150

(35%)

(Botias et al. 2017

300

9ug/ L

950 ng/L

7%)

50%

(0.1- 7.1 ng/bee)

(

27 ppb

David et

)

(Bombus spp.)

(Reetz etal. 2019

(Dikerogammarus spp)  47%

24

0.1-0.39 ppb (

)

13
61%
0.7-10
1.4 ppb
3.6
(92%)

19

(Inostroza et al. 2016) ( )
(0.1-1.6 ng/L )
1
20
ppb (Michel et al. 2016)
47 AAno
(
)
ppb
ppb
ppm
67
90% 265
512 (Castillo Diaz

etal. 2017) Velaetal(2017)
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4 (
( )
( ) 2 ) 4
Vibrio fischeri
90 70%
10 22.5mg/L
pH 5 11 (Zhao et al.
2016)
4 (N- -
N’ -N- N’
3.6 ) Microtox
2.3 3.8 (Kurwadkar et al. 2016)
(Cruz-Alcalde et al. 2017)
(Noestheden et al. 2016
0.2-1.5
( 50° ) 0.98 (Lu 50%
et al. 2015)
2
(Klarich et al. 2017)
14.7
16.6 18.0
(Mulligan et al. 2016a)
8cm
(Lu et al. 2015)
(WWTPSs)
WWTP (Orlinskiy et al. 2015)
(60.5 £+ 4P.0 ng/L ( ) 238
(2.9 + 1) 9 ng/ L (149.7 £ 2)89.5 ng/L
3.3 20.7 53.1%
(34.8%) (13.9%)
WWTP 1-88 ng/L 62%
(149 ) (142 )
65 £ 11%
3.7-151 ppb
(Sadaria etal. 2017
WWTP
13 WWTP

1000-3400 kg
Gomes dinior et al.(2017)

25



REMER BT A HROAHATMEE (WIA) OFEHM % 15
43
8%
(Main et al. 2017)
Equisetum arvense(78%

2.01ppb ) Alisma
triviale (65% 2.51 ppb )
Typha latifolia (45%
2.61ppb 8.44 ppb )
( 11 ng/L) (
20 ng/L)
( lppb )

( 6 ppb)

(  44-140ng/L)

(Hladik et al. 2017)

(Sadaria et al. 201§

(74 )

(Hyalella azteca
( Chironomus dilutus)
( Ceriodaphnia dubia)
(Pimephales promelas)
et al. 2016) NaOCI ( )

(Anderson

(McMabhen et al. 2016)

AAn@

26

90 265

(WWTP)

2010

WIA1 (Bijleveld
van Lexmond et al. 2015; Simon Delso et al. 2015;
Bonmatin et al. 2015; Pisa et al. 2015; Gibbons et al. 2015;
Chagnon et al. 2015; Furlan and Kreutzweiser 2015; van
der Sluijs et al. 2015

() ()

()

(Nosema carana¥

() (

()

( Hoppe

etal.(2015) Sanchez-Bayo et al(2017) )
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GABA
( 2 . Pisa et al.
2017)

(Beketov and Liess 2008; Orlinskiy et al. 2015)

2015
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