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Table 1. A comparison of toxicological data requirements for the registration of natural and
biochemical pesticide products between Taiwan and other countries”

Item Taiwan” Taiwan” USAY Australia®
EP TC EP TC EP TC EP
Acute oral toxicity AN O O O O O O
Acute dermal toxicity A O O O O O O
Acute inhalation toxicity A O O O O O O
Acute eye irritation A O O O O O
Acute dermal irritation AN O O O O O
Skin sensitization A AN A O O O
Genotoxicity O O O
Aquatic toxicity A A O O
Other (ex. 90-day toxicity) O O O

Y TC: technical; EP: end product; O: Required; A: Conditionally required.
2 Pesticide management regulations for natural products in Taiwan.

3 Pesticide management regulations for biochemical pesticides in Taiwan.

Y 40 CFR. 158.2050, 158.2060.

% Guidelines for the registration of biological agricultural products in Australia.
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an lethal concentration, LCso) * K EHE{HR] 3 (slightly toxic) 1K 3 (practically
1B (extremely toxic) ~ BF5 (high- non-toxic) Z 5 fHZEMKk (F=) > ANk
ly toxic) » %% (moderately toxic) » B8 M LDso> 5,000 mg/kg B35 - >2,000~
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Table 2. The international test guidelines for toxicity test

Toxicity test Test type Test guideline

OECD test guideline 425 (Up and down procedure)
US EPA test guideline OCSPP §70.1100

Acute oral toxicity

Acute dermal toxicit OECD test guideline 402
Y US EPA test guideline OCSPP 870.1200
. . . OECD test guideline 403
Acute toxicity ~ Acute inhalation toxicity US EPA test guideline OCSPP 870.1300
test Acute eve irritation OECD test guideline 405
Y US EPA test guideline OCSPP 870.2400
Acute dermal irritation QIO DI ERILE Dl
US EPA test guideline OCSPP 870.2500
Skin sensitization OECD test guideline 442B (Local lymph node assay)
Fish acute toxicit OECD test guideline 203
Y USEPA test guideline OCSPP 850.1075
OECD test guideline 202

Daphnia sp. acute toxicity USEPA test guideline OCSPP 850.1010

Non—tfirget . .. Honey bee acute oral toxicity OECD test guideline 213
organism toxicity
test Honey bee acute contact toxicity OECD test guideline 214
Avian acute oral toxicit OECD test guideline 223
Y USEPA test guideline OCSPP 850.2100
Earthworm acute toxicity OECD test guideline 207

r"= -~ OR - KEAY RS ARE

Table 3. Classification of acute oral, dermal and inhalation toxicity

Classification Acute oral toxiclity Acute dermal toxicity ~ Acute inhalation toxicity
LD, (mg/kg) " LD (mg/kg) " LCs (mg/L)”

Extremely toxic <3 <50 <0.05

Highly toxic >5~<50 >50~<200 >0.05~<0.5

Moderately toxic >50~<2,000 >200~<2,000 >0.5~<1.0

Slightly toxic >2,000~<5,000 >2,000~<5,000 >1.0~<5.0

Practically non-toxic > 5,000 > 5,000 >50

D Official pesticide toxicity classification in Taiwan.
) Reference standard. Refer to the GHS toxicity classification standard.



<5,000 mg/kg By E FH - > 50 ~ <2,000
mg/kg R - >5~< 50 mg/kg B EIH
B <5 mg/kg FotBBIEE - Hohepk 2ok
BRI R R E Py E AL B R T B s
Fe WU e R AR YRR - EECH MR T
U A B[R] IR (B B R 1 O
W g A BT Ry R EE S FE R 2 2
(5.8)

HIS o1 v B 7 o s v ke - 3t
BEEH SR % 43 1 21 KEL 14 Ryl - 2
A 72 ANFFE RO E - RIS TR PR A
B RT3 Rl e~ PR R

_MO -~ REEERAEDERE (2ERE)

tEOR M R R P 7

M RIS 4 R RM) - KE
WRERAEE - EELUNE R kTS 4 AT
(local lymph node assay, LLNA) J5i% » 43
T VK L A A M G 2 A2 B W RBFE B (stim-
ulation index, SI)® " ¥ o {f & HIHH I Rg 4
Fe R 7 AR EI AT 43 Ry 3 Tl 5% - BAEIR
WTEYVERRE L ~ Daicel (DA) 3% KR1L
x & IR B
BrdU) #UEE » H 3 F AN JEAHE ]
AA AR (RO BT
1% H i )Y OR 58 B Bl P 98 Y B R
K+ B B P BN R R B 52 LT KL

(5-bromo-2’-deoxyuridine,

Table 4. Classification of acute eye and dermal irritation (reference standard)

)

Classification Acute eye irritation ' Acute dermal irritation ”
Effects on the cornea, iris or conjunctiva
Highly irritative that are not expected to reverse or that PDII* > 4.0

have not fully reversed within 21 days.

Moderately irritative

Slightly irritative

Non-irritative No effects

Effects on the cornea, iris or conjunctiva
that fully reverse within 8- 21 days
Effects on the cornea, iris or conjunctiva
that fully reverse within 7 days.

PDII >2.3~<4.0

PDII>0~<23
PDII=0

D Refer to USEPA toxicity classification standards.
D Refer to GHS toxicity classification standards.
» PDII: Primary dermal irritation index.

R - BREVERE (SERE)"

Table 5. Classification of skin sensitization (reference standard) "

Stimulation Index (SI)

Positive sensitization effect

Negative sensitization effect

Method for LLNA

Radioactive labelling method SI>3
DA method SI>1.8
BrdU labelling method SI>1.6

SI<3
SI<1.8
SI<1.6

D Refer to OECD test guideline 429, 442A, and 442B.

DA: Daicel; BrdU: 5-bromo-2’-deoxyuridine.
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Table 6. Classification of aquatic toxicity (Official pesticide toxicity classification in Taiwan)

Classification

Fish acute toxicity (96 h)

Daphnia sp. acute toxicity (48 h)

LCs (mg/L) ECsp (mg/L)
Highly toxic <l
Moderately toxic >1~<10
Slightly toxic >10~<100
Practically non-toxic > 100
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Table 7. Classification of honey bee acute toxicity (reference standard)

9

Classification Honey bee acute oral toxicity Honey bee acute contact toxicity
LDsj (pg a.i./bee) LDs (pg a.i./bee)

Highly toxic <1

Moderately toxic >1~<10

Slightly toxic >10~<100

Practically non-toxic > 100

' Refer to the international commission for bee botany (ICBB) (1985).

RN G2 EEMCEERBRTR
Table 8. Toxicological tests required for 22 natural pesticides

Toxicological test

Test item” Acute Acute _ Acutfa Acute eye Skin Honey bee  Honey bee
oral dermal  inhalation . . 7y o acute oral  acute contact
.. .. .. irritation sensitization .. ..
toxicity toxicity toxicity toxicity toxicity

0532 & 0653 v v v v v
0543 v v v

0547 v v v v

0563 v v v v v
0726 s v v

0803 s v v v v
0544 \ v v v v
0549 v v v v v
0553 v v v v v
0614 v v v v v v
0682 v v v v v v v
0690 v v v v v v

0574, 0585, 0645, 0631, 0632, 0697, 0698, 0808, 0768, 0807 are all pheromone products and due to the
low risk to human and animals, it is not required to perform toxicological testing under current pesticide

regulation.

Y The test item 0532 & 0653 (TK99 SC), 0543 (neutralized phosphorous acid), 0547 (cinnamon oil emul-
sion), 0563 (palygorskite wettable powder), 0726 (plant oil mixture), 0803 (galla nut Chinese herbal so-
lution), 0544 (emulsified sunflower oil), 0549 (liquid soap plant protectant), 0553 (chitin SL), 0614 (ox-
alic acid SL), 0682 (thymol VP), 0690 (formic acid gel), 0574 (Plutella xylostella), 0585 (Cydia notan-
thes), 0645 (Cylas formicarius), 0631 (Spodoptera litura), 0632 (Spodoptera exigua), 0697 (doxophyes
sp.), 0698 (Helicoverpa armigera), 0808 (Grapholita molesta), 0768 (Cydia notanthes), 0807 (Thrip

alarm pheromone).
2

The acute dermal irritation test is conducted when results of acute eye irritation testing indicate that

product is moderate or serious irritant.

a
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Table 9. Results of toxicity testing and toxicity classification for 12 natural pesticides
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Test item

Test results

Classification

0532 & 0653 @ Acute oral toxicity, LDsy> 5,000 mg/kg

0543

0547

0563

0726

0803

0544

Eye irritation

Skin sensitization

Honey bee acute oral toxicity, LDsy > 100 pg/bee
Honey bee acute contact toxicity, LDs, > 100 pg/bee
Acute oral toxicity, LDs, > 5,000 mg/kg

Eye irritation

Skin sensitization

Honey bee acute oral toxicity, LDs, > 200 pg/bee
Honey bee acute contact toxicity, LDsy > 100 pg/bee
Acute oral toxicity, LDs, > 5,000 mg/kg

Acute dermal toxicity, LDsy > 5,000 mg/kgl)

Acute inhalation toxicity, LCs, > 2.246 mg/L

Eye irritation

Dermal irritation

Skin sensitization

Acute oral toxicity, LDs, > 5,000 mg/kg

Acute inhalation toxicity, LCs, > 4.748 mg/L

Eye irritation

Honey bee acute oral toxicity, LDsy > 216 pg/bee
Honey bee acute contact toxicity, LDsy > 108 pug/bee
Acute oral toxicity, LDs, > 5,000 mg/kg

Eye irritation

Skin sensitization

Acute oral toxicity, LDs, > 5,000 mg/kg

Eye irritation

Skin sensitization

Honey bee acute oral toxicity, LDsy > 100 pg/bee
Honey bee acute contact toxicity, LDs, > 100 pg/bee
Acute oral toxicity, LDs, > 5,000 mg/kg

Eye irritation

Skin sensitization

Honey bee acute oral toxicity, LDs, > 100 pg/bee
Honey bee acute contact toxicity, LDs, > 100 pg/bee

Practically non-toxic
Slightly

Positive

Practically non-toxic
Practically non-toxic
Practically non-toxic
Slightly

Negative

Practically non-toxic
Practically non-toxic
Practically non-toxic
Practically non-toxic
Slightly

Highly

Moderately

Positive

Practically non-toxic
Slightly

Slightly

Practically non-toxic
Practically non-toxic
Practically non-toxic
Slightly

Positive

Practically non-toxic
Slightly

Positive

Practically non-toxic
Practically non-toxic
Practically non-toxic
Slightly

Positive

Practically non-toxic

Practically non-toxic

(Continued on the next page)
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Table 9 (continued). Results of toxicity testing and toxicity classification for 12 natural pesticides
Test item Test results Classification
0549 ® Acute oral toxicity, LDs, > 5,000 mg/kg ® Practically non-toxic

® Eye irritation” ® Highly

® Dermal irritation” ® Highly

@ Skin sensitization ® Negative

® Honey bee acute oral toxicity, LDsy > 100 pg/bee ® Practically non-toxic

® Honey bee acute contact toxicity, LDs, > 100 pg/bee ® Practically non-toxic
0553 ® Acute oral toxicity, LDs, > 5,000 mg/kg ® Practically non-toxic

® Eye irritation ® Slightly

@ Skin sensitization ® Negative

® Honey bee acute oral toxicity, LDsy > 100 pg/bee ® Practically non-toxic

® Honey bee acute contact toxicity, LDs, > 16 pg/bee ® Slightly
0614 ® Acute oral toxicity, LDs, 5,000 mg/kg ® Slightly

® Acute dermal toxicity, LDs, > 5,000 mg/kg ® Practically non-toxic

® Eye irritation ® Highly

® Dermal irritation ® Slightly

@ Skin sensitization ® Negative

® Honey bee acute oral toxicity, LDsy > 107 pg/bee ® Practically non-toxic

® Honey bee acute contact toxicity, LDs, > 107 pg/bee ® Practically non-toxic
0682 ® Acute oral toxicity, LDs, 3,983 mg/kg ® Slightly

® Acute dermal toxicity, LDs, > 5,000 mg/kg ® Practically non-toxic

® Acute inhalation toxicity, LCs, > 3.286 mg/L ® Slightly

® Eye irritation ® Highly

® Dermal irritation ® Moderately

® Skin sensitization ® Positive

® Honey bee acute oral toxicity, LDs, 78.7 pg/bee ® Slightly

® Honey bee acute contact toxicity, LDs, 172.4 pug/bee ® Practically non-toxic
0690 ® Acute oral toxicity, LDs, 3,100 mg/kg ® Slightly

[ J [ J

[ ] [ ]

[ [

[ [

[ [

[

Acute dermal toxicity, LDsy > 5,000 mg/kg

Eye irritation”

Dermal irritation”

Skin sensitization

Honey bee acute oral toxicity, LDs, > 106.8 pg/bee

Honey bee acute contact toxicity, LDs, > 116.7 pg/bee

Practically non-toxic
Highly

Highly

Positive

Practically non-toxic
Practically non-toxic

! Results were from a summary report, not GLP report.

? The pH value of the test item was higher than 11.5; therefore, the test result was immediately labeled as

“highly irritative / corrosive”.

3 Corrosive damage was observed in mice during the skin sensitization test; therefore, the test result was

directly labeled as “highly irritative / corrosive”.
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Table 10. Eye irritation test index scores of rabbits treated with different natural pesticides

Irritation index (PII)"”

Test item

1h 24 h 48 h 72 h 7d 14d 21d
0543 9.0 3.7 0.0 0.0 ND? ND ND
0544 9.0 2.0 0.0 0.0 ND ND ND
0547 16.3 57.7 783 77.7 86.6 98.3 -
0553 123 9.7 2.7 1.3 0.0 0.0 0.0
0563 13.7 25.3 203 9.0 0.0 0.0 0.0
0614 56.8 103.3 79.1 72.6 77.7 76.1 41.7
0653 2.0 2.0 0.0 0.0 ND ND ND
0682 27.7 47.0 37.0 47.0 45.1 403 275
0726 4.0 4.0 0.7 0.0 ND ND ND
0803 40.0 234 9.9 9.2 0.0 0.0 0.0

Y Primary eye irritation index (PII) values were calculated using the modified Draize method (n = 3). PII =
cornea irritation index + iris irritation index + conjunctiva irritation index.

2 “ND” indicates that the test had already been completed; therefore, so no data were collected.

3 «» indicates that animals suffered irreversible damage and were therefore euthanized prior to the test

date.

R+— - ARKRENEEEHRYE K BERIBIEH
Table 11. Dermal irritation test index scores of rabbits treated with different natural pesticides
Irritation index (PDII) "

Testitem Ih 2h 4%h 72h 7d 14d
0547 3.7 3.0 3.0 3.0 1.0 1.0
0614 0.7 0.3 0.0 0.0 ND ? ND
0682 1.3 2.0 2.3 2.3 23 0.7

Y Primary dermal irritation index (PDII) values were calculated using Draize method (n = 3).
PDII = erythema or eschar index + edema index.
2 “ND” indicates that the test had already been completed; therefore, so no data were collected.
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Table 12. Stimulation index values of mice treated with different natural pesticides at three dose

levels following skin sensitization

Stimulation index (SI)" / Dose level (%)

Test item

Low dose Medium dose High dose
0544 1.7/ 5% 3.0/ 10% 9.1/25%
0547 1.1/5% 1.9/ 10% 3.3/25%
0653 3.3/100% ND ? ND
0682 3.1/ 10% 4.7/25% 5.9/ 50%
0690 1.9/2.5% 3.0/5% 5.4/ 10%
0726 4.9/2.5% 6.3/5% 8.4/ 10%
0803 1.4/ 10% 1.5/25% 2.1/ 50%

"SI values = BrdU labelling index of treatment group + BrdU labelling index of solvent control (n = 5).

2 «“ND” indicates that no test was performed; therefore, no data were collected.
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Performance Report on a Commercialized
Platform for the Development and
Toxicological Study of Natural Pesticides
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Abstract

Chang, J. Y., Chuang, Y. J., Lo, S. J., Wu, W. J., Hsieh, T. T., and Tsai, W. R. 2018. Perfor-
mance report on a commercialized platform for the development and toxicological study of natu-

ral pesticides. Taiwan Pestic. Sci. 4:1-19.

Natural pesticides are considered to be safe to humans, other animals, and the
surrounding environment. A multidisciplinary team of research specialists (including area
of toxicology, veterinary, and biology) was organized by TACTRI to fill research gaps
related to key techniques and to help overcome the legal obstacles to product registration.
The overall goal of this work was to establish a commercial platform to collect natural
pesticides (explored by District Agricultural Research and Extension Station, universities
and colleges), and to prepare toxicological data requirements for registration in order to
facilitate technology transfer and product launch. The objectives of the project included: 1.
Collect international requirements for the registration of biopesticide products; 2. propose
related guidelines for toxicity classification and for the testing of acute toxicity and toxicity
in non-target organisms; and 3. conduct the required toxicological studies and prepare
study reports. Specifically, 26 natural pesticides were selected for this project, and toxico-
logical studies (which included 62 GLP study reports) were completed for 22 of them. Our
results revealed that the acute oral toxicity of all 22 tested products fell under the category

“slightly to practically non-toxic”; therefore, all these products can be considered safe.

Accepted: September 4, 2018.
* Corresponding author, E-mail: jinyi@tactri.gov.tw

! Taiwan Agricultural Chemicals and Toxic Substances Research Institute, Council of Agriculture, Taichung



HEOR M R RS Pk 19

However, 9 products, including TK99 SC, emulsified sunflower oil, galla nut Chinese
herbal solution, cinnamon oil emulsion, liquid soap plant protectant, plant oil mixture,
oxalic acid SL, thymol VP, and formic acid gel, did lead symptoms of strong irritation or
skin sensitization; therefore, the labels of these products should include proper warnings,
such as the need to wear protective goggles and gloves when applying. Overall, the
commercial platform established through this project successfully addressed challenges of
getting safe, natural pesticides on the market in a shorter time, including the screening of
potential products, safety evaluations of products, and preparation of registration
documents. As a result, this platform can produce greater product diversity in the market
and improve the development of organic farming while conforming to international market
trends through the use of recognized toxicological GLP study reports. In the future, the
commercial platform should focus on speeding up market availability of natural
biopesticides so that these products can help reduce the use of chemical pesticides,

increase the safety of agricultural products, and good enough for international market.

Key words: natural pesticides, commercial platform, toxicological study, GLP test guidelines,

toxicity classification.



