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Table 1. List of high-use pesticides evaluated in hazard-ranking

Pesticides (n=45)

acephate, ametryn, butachlor, carbaryl, carbendazim, carbofuran, carbosulfan, cartap, chlorothalonil,
chlorpyrad, copper oxychloride, cypermethrin, difenoconazole, dimethoate, edifenphos, ethion, fenitrothi-
on, fenobucarb, fenthion, fenvalerate, glyphosate, hexaconazole, imidacloprid, iprobenfos, isoprocarb,
malathion, mancozeb, metaldehyde, methomyl, niclosamide, oxamyl, oxine-copper, paraquat, pencycuron,
pendimethalin, permethrin, phenthoate, phorate, probenazole, prothiofos, terbufos, thiobencarb

thiophanate-methyl, tricyclazole

R~ AREMRER HERESE

Table 2. List of high-use pesticides which were evaluated in ranking of chronic health hazards

Health effect Pesticides

Cancer (n=16)

acephate, butachlor, carbaryl, carbendazim, chlorothalonil,

cyperme-

thrin, difenoconazole, dimethoate, glyphosate, hexaconazole, malathi-
on, mancozeb, metaldehyde, pendimethalin, permethrin, thiophanate-

methyl

Endocrine disruption (n=33)

acephate, ametryn, butachlor, carbaryl, carbendazim, carbofuran, chlo-

rothalonil, chlorpyrad, copper oxychloride, cypermethrin, difenocona-
zole, dimethoate, ethion, fenitrothion, fenthion, fenvalerate, glyphosate,
hexaconazole, imidacloprid, malathion, mancozeb, methomyl, oxamy],
oxine-copper, paraquat, pencycuron, pendimethalin, permethrin,
phenthoate, prothiofos, terbufos, thiobencarb, tricyclazole

Developmental/reproductive

toxicity (n=4)

carbaryl, dimethoate, mancozeb, thiophanate-methyl.
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(International Agency for Research on
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of Health, NIH) B8 B HHEH
(National Toxicology Program, NTP) &F
i L 788 45 5500 G P o AL B 0 o

S

. EREIIINER{RS (California Environmental

Protection Agency in USA, CalEPA) FFfh
HLYEAE B M B JE s M AL E

B Y. 0.
3. BB #ASEHE (National Institutes

= HEREREESFRERN GERER

Table 3. Carcinogenicity “class” weighting system

Carcinogenicity List (s) and Designations

Cancer Class

Weight
(Pesticide has been listed under/designated as all 4 of the following: NTP, Prop 65, 10
USEPA “known” carcinogen, and IARC Group I carcinogen)
(Pesticide has been listed under/designated as at least 2 of the following: NTP, Prop 65, 9
USEPA “known” carcinogen, or IARC Group I carcinogen)
(Pesticide has been listed under/designated as at least 1 of the following: NTP, Prop 65, 8
USEPA “known” carcinogen, or IARC Group I carcinogen; and it is also designated as an
IARC Group 2A carcinogen and as a U SEPA “probable” carcinogen)
(Pesticide has been listed under/designated as at least 1 of the following: NTP, Prop 65, or 7
USEPA “known” carcinogen, or IARC Group I carcinogen; and it is also designated as an
IARC Group 2A carcinogen or as a USEPA “probable” carcinogen)
(Pesticide has been listed under/designated as at least 1 of the following: NTP, Prop 65, 6
USEPA “known” carcinogen, or IARC Group I carcinogen)
(Pesticide has been listed under/designated as an IARC Group 2A carcinogen and as a 5
USEPA “probable” carcinogen)
(Pesticide has been listed under/designated as an ITARC Group 2A carcinogen or as a 4
USEPA “probable” carcinogen)
(Pesticide has been listed under/designated as an IARC 2B carcinogen and/or as a USEPA 3

“possible” carcinogen)

NTP: National Toxicology Program
USEPA: United States Environmental Protection Agency
IARC: International Agency for Research on Cancer

Prop 65: Chemicals known to the state to cause cancer or reproductive toxicity (Proposition 65)

assessed by California Environmental Protection Agency in USA
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() Wi T8mbg (#Y) i SR I+ AL Y E & i T
B,

1. SEBIER IR B RUEN & 4 o v R ) B i 2

#} # (Endocrine Disruptor Screening (=) ZEFH b Hi 42 i) 38 & 5 1k Jol B

Program, EDSP) /N[22 52 FHEELLA 53

WT- B LBy s 2 i e 0 . 1. SEBITINER TR Jy 3 At B 78 A SO R 1 5
2.BR H X B2 & (European Commission, A En s LEYEEE (Y.

ECO) AT BN i T ALEYE 2. RERREREZHEEYE REIEHH

b HEE B () & (Toxics Release Inventory Program,

3. Dr. Colborn At PI/ribHEYVEREMG TR 4.2 JEMESE 18 M Ja b

R ZALEY)

i@ #: (The endocrine disruption ex- iz E &N R (Integrated Risk

change, TEDX) N 8RN T#8 Information System, IRIS) ZE5E{IAEFH/
AL ER G E @Y BE B ACEYE W) S AT

4. REAAEEINER R G (Illinois EPA) FF g O

xR~ AR W TEREAREES LB IRREE

Table 4. Endocrine disruption (ED) “class” weighting system

Endocrine Disruption List(s) and Designation ClassE\;)leight

(Pesticide has been listed under/designated as all 3 of the following: EDSP, EC category 1, 10

and IEPA “known” endocrine disruptor, and it is also present in TEDX.)

(Pesticide has been listed under/designated as at least 2 of the following: EDSP, EC cate- 9

gory 1, or IEPA “known” endocrine disruptor.)

(Pesticide has been listed under/designated as at least 1 of the following: EDSP, EC cate- 7

gory 1, or IEPA “known” endocrine disruptor; and it is also listed under EC category 2 or

has been designated an IEPA “probable” endocrine disruptor.)

(Pesticide has been listed under/designated as at least 1 of the following: EDSP, EC cate- 6

gory 1 or IEPA “known” endocrine disruptor.)

(Pesticide has been listed under/designated as at least 1 of the following: EC category 2 or 5

IEPA “probable” endocrine disruptor; and it is also present in TEDX.)

(Pesticide has been listed under/designated as an IEPA “suspect” endocrine disruptor; and 4

it is also present in TEDX.)

(Pesticide is present in TEDX.) 3

EDSP: Endocrine Disruptor Screening Program

EC: european commissionl

IEPA: Illinois Environmental Protection Agency

TEDX: The endocrine disruption exchange list of potential endocrine disruptors
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Table 5. Weight table of hazards use in ranking of pesticide risk
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LGB HIRATE - SO 4 TR EE
EATAE/ AR T L fEEFERT
fili

2. B aR I« AR [F B EE R 5 M S B P
FIEZFHAIFIE (acceptable daily
intake, ADI) BB FTREE /8L 1-10 43
GRh) » EAXZYEAZGEFR B
fEFBRE » pHEERERHEFBER
_,%"‘ o

3. {EFEE ¢ Al R ARSI R R 1 M E
AL Ry 5 RECGRBRE AR RIVRES) - B
P 00 e P B A7 B R SR A B R
ZIFEARE - BRI R BHEC [l R Ry H
2% B i fe — BRI R A S A 0 A0
RIEARGHBEER - HEtEARX
%% Glotfelty % AWF9E (1989) ®© » 5F
EER L E 2 H R R SRR R
RIEWIFEAT (Agriculture & Environment
Research Unit, AERU) Ff/\FH 2 B gEkE
E&EF BB E (Pesticide Properties
DataBase, PPDB) ©7 J ggi £ ff =F fi}

Potency Flux Volatilization Persistence Soil half-life

Weight

RfD Value Flux (days)
1 >1 <107 <25 or NA
3 >0.1-1 107-10° 25-50
5 >0.01- 0.1 >10°-10" 51-75
8 0.001 - 0.01 >107 - 10" 76 - 100
10 <0.001 or NA >10"" >100
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(The pesticide manual) ' 75352 7% G &
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Table 6. Carcinogenic pesticides ranked according to hazard-adjusted pesticide use

Pesticide Class Potency Flux Persistence I;I‘::forf > z/;ag):se Hazardl-;;dj usted
mancozeb 7 8 8 1 0.45 3,700.30 1,657.74
pendimethalin 3 5 10 10 1.50 530.77 796.15
butachlor 4 5 10 5 1.00 609.08 609.08
chlorothalonil 7 5 10 1 0.35 1,494.74 523.16
glyphosate 7 3 3 1 0.06 7,481.09 471.31
hexaconazole 3 8 8 10 1.92 130.35 250.28
carbendazim 3 5 10 3 0.45 240.77 108.35
thiophanate-methyl 4 5 8 1 0.16 601.35 96.22
difenoconazole 3 8 3 10 0.72 113.18 81.49
dimethoate 3 8 8 1 0.19 416.15 79.90
malathion 7 5 8 1 0.28 177.47 49.69
carbaryl 7 8 10 1 0.56 49.87 27.93
acephate 3 5 3 1 0.05 405.96 18.27
metaldehyde 3 1 10 1 0.03 188.53 5.66
cypermethrin 3 5 8 1 0.12 34.20 4.10
permethrin 4 5 8 1 0.16 10.11 1.62

* Amount use of active ingredients within 2012~2016 in Taiwan.
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Table 7. Endocrine disrupting pesticides ranked according to hazard-adjusted pesticide use

Pesticide Class Potency Flux Persistence Hazard Syearuse  Hazard-Adjusted
factor (ton)* use
chlorpyrifos 3 8 10 10 2.40 1,658.85 3,981.25
mancozeb 5 8 1 0.32 3,700.30 1,184.10
ethion 3 10 8 1.92 552.83 1,061.43
carbofuran 6 8 10 3 1.44 692.10 996.63
butachlor 3 5 10 5 0.75 1,285.04 963.78
pendimethalin 3 5 10 10 1.50 530.77 796.15
paraquat 3 8 1 10 0.24 2,626.23 630.29
chlorothalonil 6 5 10 1 0.30 1,494.74 448.42
terbufos 3 10 10 1 0.30 1,335.30 400.59
hexaconazole 3 8 10 1.92 203.09 389.94
tricyclazole 3 5 10 1.20 279.00 334.80
ametryn 3 8 3 0.58 563.13 324.36
fenitrothion 3 8 10 3 0.72 378.57 272.57
dimethoate 7 8 8 1 0.45 460.01 206.09
glyphosate 3 3 3 1 0.03 7,481.09 201.99
pencycuron 3 5 8 0.96 208.10 199.78
carbendazim 5 5 10 3 0.75 240.77 180.58
phenthoate 3 8 10 3 0.72 206.09 148.38
methomyl 4 5 1 0.16 927.02 148.32
difenoconazole 3 8 10 0.72 142.26 102.43
fenvalerate 4 5 10 3 0.60 143.06 85.84
prothiofos 3 10 10 0.90 80.06 72.05
fenthion 3 8 10 0.24 294.95 70.79
imidacloprid 3 5 1 10 0.15 425.57 63.84
malathion 5 5 8 1 0.20 177.47 35.49
carbaryl 6 8 10 1 0.48 49.87 23.94
acephate 3 5 1 0.05 405.96 18.27
oxine-copper 3 5 1 0.08 200.90 15.07
oxamyl 3 8 1 0.12 106.95 12.83
thiobencarb 3 5 10 1 0.15 62.65 9.40
cypermethrin 6 5 8 1 0.24 34.20 8.21
copper oxychloride 3 1 3 10 0.09 68.64 6.18
permethrin 6 5 8 1 0.24 10.11 2.43

* Amount use of active ingredients within 2012~2016 in Taiwan.
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Table 8. Pesticides which cause reproductive/developmental toxicity ranked according to

hazard-adjusted pesticide use

Pesticide Potency Flux Persistence Hazard factor 5 year use Hazard-Adjusted
(ton)* use
mancozeb 8 8 1 0.64 3,700.30 2,368.19
thiophanate-methyl 8 10 1 0.80 601.35 481.08
dimethoate 5 8 1 0.40 460.01 184.00
carbaryl 5 8 1 0.40 49.87 19.95

* Amount use of active ingredients within 2012~2016 in Taiwan.

RN - BEFEFEBRARYF - REERENEREEAR B RARIT

Table 9. Overall hazard ranking of pesticides according to hazard-adjusted pesticide use

.. N f i
Rank  Pesticide umber of associated

Average hazard ranking

Overall hazard

health effects placement ranking
1 mancozeb 3 1.33 2.25
2 chlorpyrifos 1 1 1.00
3 Pendimethalin 2 4 0.50
3 butachlor 2 4 0.50
5 thiophanate-methyl 2 5 0.40
6 ethion 1 3 0.33
6 chlorothalonil 2 6 0.33
8 dimethoate 2 6.5 0.31
9 carbofuran 1 4 0.25
9 carbaryl 1 4 0.25
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Hazard Rankings Based on Chronic Health
Effects of High-use Pesticides in Taiwan

Chun-Lin Liao'*, Chun-Lan Lin’, Shui-Yuan Lu', Wei-Ren Tsai'

Abstract

Liao C. L., Lin C. L, Lu S. Y., and Tsai W. R. 2018. Hazard-ranking of high-use pesticides for
chronic health effects in Taiwan. Taiwan Pestic. Sci. 5: 53-73.

This study applied a hazard-ranking approach to the evaluation of high-use pesticides
in Taiwan. Specifically, we were concerned with three types of chronic health hazards that
are of international concern: carcinogenicity, endocrine disruption, and reproduc-
tive/developmental toxicity. In evaluating each pesticide, both toxicity and exposure were
used as chronic hazard indicators. Toxicity and exposure were employed to assess the
long-term evidence weights of different health risk factors that may occur under environ-
mental exposure. We first determined the frequency of use of various pesticides in Taiwan
in order to establish a list of high-use pesticides. We then evaluated the toxicity risk of
each high-use pesticide according to “toxic class” and “toxic potency”. We further assessed
the “volatilization flux” and “soil persistence” of each pesticide to determine the potential
exposure risk faced by individuals who are exposed to pesticides in the surrounding
environment. Pesticide hazard scores were adjusted according to the frequency at which
each pesticide was used in order to improve the reliability of our health risk assessment
and to achieve early warning about pesticides that present health risks. Finally, the overall
health risk posed by each high-use pesticide was determined by combining the hazard
scores obtained for the three types of chronic health hazards. According to the overall
chronic hazard level, risk ranking results showed that the top ten riskiest pesticides are

mancozeb, chlorpyrifos, pendimethalin, butachlor, thiophanate-methyl, ethion, chlorotha-lonil,
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dimethoate, carbofuran, and carbaryl. Our findings of this study should provide managers
with more comprehensive risk information and thereby help improve risk management and

control.

Key words: pesticide, risk ranking, toxicity, exposure, carcinogenicity, endocrine disruptor



