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Abstract; We reviewed the environmental risk assessment methods for mixed pesticides products used in European
and American in the paper. The two approaches of European Food Safety Authority (EFSA) risk evaluation system
including "overall test method" and “component-based approaches”have been introduced in detail. The “component-
based approaches” conduct first tier risk assessment for mixed pesticides products using the Concentration Addition
(CA) model as reasonable default assumption, then finish higher tier risk assessment using Independent Action (IA)

Model and Mixed Model (MM). In addition, the definition related to mixed pesticides products risk assessment inclu-
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ding model deviation ratio (MDR), toxicity similarity and toxicity unit have been described clearly. The purpose of

the study is providing reference to environmental risk assessment or the mixed pesticide products in China.

Keywords: mixed pesticide products;overall test method; component-based approaches; concentration addition

model; toxicity unit; toxicity similarity
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Table 1 Eco-toxicity data of plant protection products typically required by
European Community (EC) authorization
3 KA (il 5710 e
First Tier (Products) Higher Tier
ML 3h Y A -/-(FE B BRI AL
Mammals Acute Exposure refinement)
5 R -/-(FEEERARLAL
Bird Rarely acute Exposure refinement)
KA Ak, e P SR 3 A1 (SSD) 3 (A B0/ 550

Aquatic organism

AVEZ O /A R

Acute oral/contact, chronic

% % Honeybees

ARREART I B
Non-target arthropods (NTA)

AENE

Acute/chronic

Acute+ Sub-lethal effects (sometimes)

TR

Soil organism

TR RS

Acute, rarely chronic

Active substance (SSD or mesocosm) or product (mesocosm)
W SR W B AR B
M | FH Il (A 7R
Effects on honey bee development, sub-lethal effects,
cage and tunnel tests, field tests (products)

SR YRS e AR B G 2 F ] (R
Extended laboratory testing, aged residue studies with
non-target arthropods, (semi-)field tests (products)

FH fia 35 (7 590
Field tests (products)

Effects on soil nitrogen transformation

JEFLARHY)

Non-target plants

0y 16 7K Y ) 1

Screening tests

SEHR RIS () H ] (R 5RD)
Extended laboratory studies, (semi-)field tests (products)
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Yes, measure EC —ppp A EREEE
JElyes

Synergistic
interactions might
occur?

/o

o AT AU TR
LA

Recheck, does the apparent
antagonism remain?

KA s, nf
MDR>S5, REHERR DI 2
Recheck, does the
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/o MDR<0.2

HHEMDR
Calculate MDR
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JElyes

EC ~mix-CA(a.s. in ppp)
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ppp)<fil & A7
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A
whether one
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=

selyes | {URFIZLLSNHEA TR PEAS

Risk assessment just base on
this single component

JElyes

RIS

Low risk

AT /o
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Risk unacceptable,
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fih S AE7
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/o

IR IXUKS:
Low risk
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AR BT
Risk unacceptable,
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E1 KEEYMRKEITEGTERER
TE - 2R REHERR 25 20 43 R AFAE R R IO e R T EC -mix-CA BEATIFARING, fi 2 R 710 8 B IE . a.s RARTHTEMIBT; EC,-ppp 7R x% B
{ZEF‘F(#EVM%TF‘#W) EC,-a.8 K78 x% BN BE (T PE BT s MDR KRR 22 % ; EC , -mix-CA (a.s. in ppp)#7s2R i CA BERL H T i oft
A0 P R4 BB FE T AR BRI P S B x% RN R ; EC, -mix-CA (a.s. in PEC,; )#7n R CA #ERY | FEFIR 5 7™ 5 B % B8k 1 (PEC ;)
A L A E FE TSRS B B TRR ™ A ) x%% BN BE s TU 2R TRIBC IR R 8 £ NS PR BB 0 B0 TU SRR 38 J1 BT Z F ETR 3271
TS TC L 590 0 2 e vk B 5 B Ml 2 1) LU B ; PEC B/ A TS HEHBLIY PEC, 2 1 PEC, 8 IR LIS v 88 70 M) 0 1) 000 A58 2 R vk
Fig. 1 Flowchart of risk assessment methods for aquatic organisms
Note: *If synergistic effects cannot be excluded, when the assessment is based on EC, -mix-CA, the relevant ETR trigger value should be adapted in
order to account for the observed synergism in the toxicity study. a.s., active substance; EC,-ppp, x% effective concentration of plant protection
product; EC,-a.s., x% effective concentration of active substance; MDR, model deviation ratio; EC ,-mix-CA (a.s. in ppp), calculated mixture toxicity
EC,-mix-CA (assuming concentration addition (CA)) for exactly the mixture composition of the a.s. in the formulation; EC,-mix-CA (a.s. in PEC ),
calculated mixture toxicity EC,-mix-CA (assuming concentration addition (CA)) for the mixture composition of the a.s. at

the PEC ,» toxic unit of the ™ a.s.; TUg, the sum of toxic units; ETR ;. , the exposure-toxicity ratio of mixed pesticide product;

mix >

PEC,,;,, sum of PEC;; PEC,, predicted environmental concentration of the i a.s..

mix
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HNE I BRGEAE D x Z @5 B A0 10% ™
1.5.2 BRI

W B A 2 R ) 58 S ek v L S i FL B

Yy aE B A | T MRS S R EE (L3R 1),
DB PEAG e R A R T 45 RO A3 Y Bk EE PR
PETT R LB 7 i B 2Pk LD (H(2.5.2.1), X4l
TR P S B P 5 T AR IR o7 4 5 5 0 P
SRR T 8 (2.52.2), BT IEBUIERE .
SR FEE R | T B 0 AR I AR Hr (2.5 2.
3), feJa, M 2.5.2.4 AT RAE, LR TEAL
BT CA BB AN 25 A RN 53 () A 76 B IR AR
FH R — 25T R A X T
1.5.2.1 RECHIFI P EE A

RIS VAR B B TR LD, 1054
HK(®):

n X. -1
LDSO(mix) _(z ' ] ®)

i=1 LDSOI‘

Ao, n—TRBC I3 B 20 285 IR O 7
H—2 55 s X—H—2 55 1 AR L LD, —
H— 45y i 89 LD, fH,

R T A ARG R TR S v i SRS
B, AT 3 mi 45 4 2 9 E J $T(tox per fraction )
AR FC 77 (Y2 1 BRI (tox per fraction ), AH7X(9) .,

®2 KRBMRHBNFVRFEYHMNEERHE
Table 2 European Union (EU) pesticide management thresholds for non-target organisms

L/ e

Biological classification

LR
Endpoints

RSN
Threshold value

APETR N BRI R R

TER=10

52K AR AR A HESh Acute oral or short-term dietary toxicity
Birds & Mammals KW
TER=5
Chronic toxicity
A SR
ETR=<100
Acute toxicity (fish, water flea)
KA AR KA
ETR=<10
Aquatic organism Chronic toxicity (fish, water flea)
B A A 5
ETR=<10
Algae growth inhibition toxicity
i AR D a R BRI
o HQ=50
Honeybees Acute oral/acute contact toxicity
R AT I B KR N A T A 5 5 <30% Z AR Z 5
Non-target arthropods Lethal or sub-lethal laboratory tests at the maximum application rate <30% of test organisms were affected
i 4] AR TER=10
Earthworm Acute/chronic toxicity TER=5

ARHOAR 1A=

Non-target soil organism

100 d-C/N #Akikss
100 d-C/N transformation

I <25%

Effect ratio < 25%

TF : TER 7R 25 P o5 (B 15 2 SR e BE (L 00 HU B ; ETR 878 SR R W FE (8 5 B Mot )5 (B 00 U AB ; HQ FORfE E T 1H.,

Note: TER, toxicity/exposure ratios; ETR, exposure/toxicity ratios; HQ, hazard quotient.



AR D 25 < A 245308 T 1l 70 PR 58 IXUBS: Tt BRUR 5 e 22 21

55 4 34
H(10):
f . LDSOi 9
tox per fraction; =
X p fon; =+ )
. LDSO(mix)
tox per fraction,,, =— (10)
> X

M2l 4 EE D) Mo S5 IR ECH R A9 B ot
AHZEAH L 10% B, AT AIZ 4 43 % 2 A 500 7=
BYFEPE TR KT 90% |, LI, AN X %A S8 43 617
AU PEA BT

T R B 1R IR DA H , 5 RS A B 1 2 IR
it 25 R F-(MAF) 5, [R) R ] 313507 B ol 70 B2 (A, 4]
a0, 4R A DI LD g FIRE, 1T H0(12) ,50(13)
WHRERES PRI, ¥R/ oS5 RA
il B9 FE 1 BITAH 2ZE AN R 10% B {62 A 350,
1 AT AUBS: PEAR BT,

LDsycmir = ( z X, x MAF,) x
i=1

" X x MAF )\
P (1n)
=1 LDy,
LDSOi
tox per fraction, = —————— (12)
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SPEA I BE AT LRI HAIE ] S B0 — LR N K S
PSR BRI LA 5C 17 Y SEIAE & T B R,
VORI S A T PPA

1.5.2.3 WEBLEM BN

H AT BCR AT RAE DAY 2 Eh R, R
DR 0] R P % 4 A ) M B T R A T
BEPETION , (52 AN ) 4 0 1 6 [ 300 3o 1 71
EC #TAH AT A A BB R nTSE M 45 5% . I+ H ,EC,
Y x ZETHR P — B, g M T 2 AR
FHIE AT ULAE A R AI0N; 7] i (NOEAEL) 5 R 1E 3 4
B, SCPRaR R A AR A 4 A v B AN ot
H NOEC (HRZ AR =8 faFH R AEMIEN, 72
BTG OEAA T,
1.5.2.4 ZFETAL

TE AR i FH R U 0T, 22 B 1Al v 1 il
F AT R A3 1 B A1) 5 FH s BR 5 v Y L B A
] KA BC I R i — R, A AE B ZIK
it FH ARG LIS, 4% 41 43 3148 FH BRIA /9 MAF fH ., 1Y
MBS — A WU T PR AS A T B A T
GEATASG I, FREE A 5 P 45 21 43 09 L 491 56 R A AT &
A=Ak, TR C R ) 22 Uit FH e e PRSP ) 5 R K F
A0 04).

Cemy = 2, CO, x MAF, (14)
i=1

K. CoO—4 5 1 55— Wit S i 5k R K F-

PR, 7 R R @) B3 4 0 i L & A A8 4k
Je R BEPEME

SR PSR AT PEAR B, TS R AR B 5
— AR T N SHO R R K AT R, KR
*FH MAF 2RAMH
1.5.3 #1%

TR PC ) )0 2 e XU P 1P AVS L R AR B[]
KGR YIPAE AL, IR B B PRAL b e
KSR L R B IE L 5 7 b — B i
LRI BRI o RIGRS PEAG AN R i 1)
75 EXT R o W it A T HE— AR AL TEAG
1.6 fAIfLPEAE T

Altenburger 559 F 2012 A3 T — i fL 1)
RN TR VRS BR AT
1.6.1  TITAL

WIGEAL Z 1T, Se b A7 PEAL A TR il 7] b A
AT — AN O o3 00 XU AN AT 42252, W JE s gk — 203
Al 207 it KU AN T 4652 5 2 T TE 4 2R TR IE 1 37 4%
ARUNST R RE 2 A NEIWE T , B — A RO
TER ABA/INF BUERY n A5 (n IR ECHI 7 b A 3508
3R M TEIUE— 2L PPA %™ i KU AT 237
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1.6.2  CA FEAIF B
TIPEAG A2 B XU o] 232 i), 75 A CA 7Y
AL BB
M CA AR PPAL 45 S 0 KBS AT SR AS AT 42252
B, #2015 FIWTHE A L ER T 1A AR B R A AR
#l(mixed model, MM){R i34 T #HE— Pl .
" PEC,

z‘E

=1 xi

ETR, ;. ca = Trigger x (15)

PEC,
Ec,’

DL 5 O ST 5 1 F 5 = AN B
i, D) B XU AN AT 42327
1.6.3 1A FAIE MM A=A B

W45 20 o %O B AR VR FH 7 X(MOA)F B
R HFN BN K FR 24 MOA B 1 HA 782 ESE
UEBH £ 4153 (R VE F O X84 A sz PR, AR 1A
RSBl MM A RIE A7 KU I A . TA BRI H33 1
W(16.,17), 3(16)3d FH T Bl 5 v B2 35 gz 34
AR ST (BN AE T ) s S (17)1E T BB e 4
TR U 2 8 B 2 7R () AN A7 35 28 o

H%JﬂIME@D (16)

max {

E(Cy) = [T E(C) (17)

AP IR A 2R R R P R S — 2
533 B(Cop IR FTEWR E N C, I BYER B RV (0%
< E<100%); B(C)—H 73 i fEHBEE C 3 L) 3800
(0% < E<100%);

MM 5 RUTE FH 3584341 43 [0 4 F O =R AL T 6
Sy o TV E R 7 R TRI RS L, 45 6 1A il CA ik
PEATREPE MBI - K 4 5 A [ B8 280853
— AT IR CA BERIT R I MEAE, SR 5
TS A 5y — A, e BEAE O OR R 1
DLHEATHREARTEA

2 EEHBFEEHERF S5 FHiE (US EPA assessment
procedures and methods)

5 [ B A S KRS VAL T AR AR R | TR s 45
TP X PR A A5 0S P AT AR H 2 A
AR RATA I AT G Az 25 RS A (B 458 VR T o)
FITEA R M B k48 M . X TR AE Y, £H
BT AT X X 2 & JT (multiple stres-
sors)” , ELFE AL 2% 1 W BR B AR W G TR A
Ao A LG T R B SR A 25 52 5 T e A XU 1
At 71 [ B 2 T 4% 25 TR R A TR 7, X — XL
25 FAR 2 5 55 Gl AR 285 XU VP A7k AR e ) i i ok
T A

x3 EEETRETE B AR MEKEKTE(LOC)

Table 3 Level of concern (LOC) for different species in US ecological risk assessment

e B AR AR i AEWifEwh WirEH
Protection goal Risk quotient (RQ) Non-endangered species Endangered species
T 3L 3% & M (BURLF]) Mammals, acute (granule) * (mg a.i.-ft?)/LDs, 0.5 0.1
T FL ¥ 2Pk (5i%) Mammals, acute (spray) EEC/LCs, 0.5 0.1
i FL 3 P18 1 (58 %) Mammals, chronic (spray) EEC/NOAEL 1.0 1.0
B2 2 (ki) Birds, acute (granule) * (mg a.i.-ft?)/LDs, 0.5 0.1
B2 & PE(Wi%5) Birds, acute (spray) EEC/LCs, 05 0.1
19,2518 PE(Wi%%) Birds, chronic (spray) EEC/NOAEC 1.0 1.0
e 2 (B8 %5) Honeybees, acute (spray) AR/LDy, 04
P 2 ME(Ph T/ 135/ T A0 FEL) Honeybees, acute, (seed/soil/trunk treatment) EEC/LDy, 04
#1412 Honeybees, chronic EEC/NOAEL 1.0
KA AW 2 Aquatic organism, acute EEC/LCy, 0.5 0.05
KA A8 M Aquatic organism, chronic EEC/NOAEC 1.0 1.0
Fifi A= A EARAEY) Terrestrial non-target plants EEC/ECys 1.0 1.0
KA AEFEARHEY) Aquatic non-target plants EEC/ECy, 1.0 1.0

H* ARE S R L U Y9 F 24 i 5 BRI (LD 5o ) Z I B B o LCso o 2P BB i s BC 5, T 2L B0 iy #k B s EEC 7 T 2445
e s NOAEL 7R o 1] WA FAE K F ; NOAEC 7R 76 A W AR 258 BLASON Mk B AR 67 it FH 4

Note:* The relationship between field application rate per square foot and LDy, of pesticide granules; LCs, stands for half lethal concentration; ECy,

stands for half effective concentration; EEC stands for expected environmental concentration; NOAEL stands for no observed adverse effect level; NO-

AEC stands for no observed ecologically adverse effect concentration; AR stands for application rate.
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AR D 25 < A 245308 T 1l 70 PR 58 IXUBS: Tt BRUR 5 e 22 23

H A, € 6 4 Az 285 RURS: PEAT =8 Bk R AL 48 0 7
fA ¥ (Risk Quotients, RQ) Fil #f & ¥ (Probabilistic
Methods), RQ 773,38 i >R JHAL & 4 (4 T 0 555
7% 5 W & (estimated environmental concentration,
EEC)F ALV He i (effect concentration, EC) 153K
13(EPA, 1998), MEAIE LKA G YITEA G (1) 2 5
W B2 A I 42 5 3 RN E 5% i i 4 & T Il — 2
P&, LUEL S 5B 53 14 T AR R A 2R W 52 5 ) 1Y) 48R
FP Ol TR L BOR T O WP AL B A 2y
TRETC T 700 g XU DF-Ait7 D) 32 22 SR R L0, 45 A1 o
(9IRS 7 (LA N 5 5 96 1 7K °F- (levels of concern,
LOC, W3R 3)#E4T b4, A% T O& 1 AK P ip XURS: Al 42
2, WA AT 42257 78 B A OCHE I8 45 R S H
PITTHE T, AT SR Ak ST AR FHIPAR 3™

3 FERY K LR B I IR T KU 3T 4 ( Prospect :
Environmental risk assessment of mixed pesticides
in China)

22 R AN SE [ H AR AR 24 TR T ) 550 ) #1458
B EAG TR, 45 6 3 & & A iy (R 25 B0 BR 58 X
B AR ) RSO AT L AR, 32 3 [ T ok
AR C 1 70 P15 KURS A O 2 AR

1) TEFR R AT (A 2588 10 20 58 XU E Al 45 7 )
Xt KAL) o e G A AARREAR Y B Y
PPAGRR R EA b 39— 25 1R O 50 0 4% 26 AR
FUARAE WA XS AL R P o 7K AR AR XU DAl ) R
FBRIPAR L ARYE 7 i B oA oy AR S e S
PRIEAT AR, e R A I A 12 B8 T A O Y
PRI R o R T H AR R A W, B0 G AR T A
LR FC TR A — > B LAY B i S
BRI PPAG T TE VAL . 2D, AT A AR
[AIA O Y BRI A T R SIS, BT S 2 1
BTSSR T AR R T RS R AL PPA

2) JFJR AR 24 TR TG ) 790 B 35 XU DA R X A 24
EICHR BT B BORFEOR 140, 7 52 SR C il 77 26 A
BB B AR D7 BRAPE BT A SRS
B GORLAG [T, 30 17 452 (36 ] 57) o 25 A RO o3 RO AR O
PR AR REIE IABEAT AU S, T RE, ib
FORIRAESA RO XA B AIPEHTDT 30(MOA)
F RS HF RO R

3) A2 YR C ) 790 6 I B A A ) B PR XL
XA OGHCEBORSR H T B Bk, il ¥R I A
FRIR K A= 25 2R G o PPk B B, AT AR ) R X
TREPC T 751 14 % 5 e 2 b AT Bk — 2B RS i AL PEA . B

B4 H A BU% 5 1 PEC, M PEC,, . HEY
X 8 [ AH O b e /K S AR RS (4N Top-Rice #7)i#E 47
THe A AT Rk H LSS

BIEE BT £4£(1962—), 5§ AR, T 2R F @ AR
BRIt 5 HE AW AL, AEAFRALL A2,
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