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Table 1. Recommended usage of 14 organophosphate pesticides in Taiwan according to the Plant
Protection Manual (2000)

. Conc . Max._ Used ' A
Pesticdes " Formulation Recommended Crop Aquatic Region
(%) :
(kg or liter/ha)
Acephate 25 EC Paddy rice, Fruit tree, Special crop, 24
Vegetables
Acephate 50 WP Paddy rice, Flowers 12
Acephate 75 SP Paddy rice, Special crop, Vegetables, 12
Food grains other than rice and wheat
Chlorpyrifos 25 D Special crop, Food grains other than rice D
and wheat
Chlorpyrifos 5 GR Fruit tree, Vegetables, Food grains other -
than rice and wheat
Chlorpyrifos 10 Fumigant Stored grain -
Chlorpyrifos 22.5 EC Paddy rice, Baneful animal, Vegetables 2.7
Chlorpyrifos 25 WP Vegetables -
Chlorpyrifos 40.8 EC Fruit tree, Flowers, Special crop -
Diazinon 5 GR Paddy rice 30
Diazinon 10 GR Paddy rice 18
Edifenphos 50 EC Paddy rice 12
Fenitrothion 3 D Paddy rice 40
Fenitrothion 40 WP Fruit tree -
Fenitrothion 50 EC Paddy rice, Fruit tree, Special crop, Fruit 12
tree, Food grains other than rice and
wheat
Fenitrothion 93.2 ULv Paddy rice 0.75
Fenitrothion 95 ULv Special crop -
Fenthion 50 EC Paddy rice, Fruit tree 12
Methamidophos 50 SL Fruit tree, Flowers, Special crop, Forest, -
Food grains other than rice and wheat
Methyl -2
parathion
Monocrotophos 55 SL Paddy rice 0.6
Phenthoate 50 EC Paddy rice, Baneful animal, Fruit tree 12
Phenthoate 92 uLv Paddy rice 1
Phorate 10 GR Fruit tree, Fruit tree, Food grains other
than rice and wheat
Phosmet 15 D Paddy rice 60
Phosmet 50 WP Paddy rice, Fruit tree 12
Temephos 44 EC Baneful animal 0.3
(Water deep: 20
cm)
Terbufos 10 GR Fruit tree, Special crop, Food grains other -
than rice and wheat
Trichlorfon -

Y No applied in aquatic region.
2 No recommended.
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Table 2. Acute toxicity to aguatic organisms of different formulations of 15 organophosphate

pesticides
Conc. Toxicity (mg ai./)*? Toxicity ratio®
Pesticides %) Formulation Water flea Fish Water flea Fish
(48 hr, EC5) (96 hr, LCs)

Acephate 25 EC 31.6 30.80 24-10 0.31
Acephate 50 WP 315 > 100 24-1.0 1.0
Acephate 75 SP 100 > 100 7.7-3.1 1.0
Acephate > 94 TG 13.0-32.5 > 100 1.0-25 1.0
Chlorpyrifos 225 EC 0.01 0.51 0.020-0.13 2.55-300
Chlorpyrifos 40.8 EC 0.03 < 0.10 0.065-0.40 0.5-59
Chlorpyrifos > 94 TG 0.08-0.49 0.0017-0.20 1-6.1 1.0-119
Diazinon 10 D 0.5 0.5 357-521 3.0-3.3
Diazinon > 89 TG 0.00096-0.001 0.15-0.168 1.0-15 1.0-11
Edifenphos 50 EC 25 20 5.8 0.34
Edifenphos 85.3 TC 043 58 1 1.0
Fenitrothion 40 WP 0.004 0.33-43 0.36-400 0.09-55
Fenitrothion 50 EC 0.94 0.39 85-94000 0.10-0.5
Fenitrothion > 95 TG 0.00001-0.011 0.78-3.75 1.0-1100 1.0-4.8
Fenthion 50 EC 0.023-0.038 0.65-2.78 4.0-7.3 0.20-1.2
Fenthion > 93 TG 0.0052-0.006 0.55-3.2 1.0-11 1.0-5.8
M ethamidophos 50 SL 2.3-10.47 18-57.6 88-175 0.53-2.3
M ethamidophos 74 TG 0.026 25-34 1.0 1.0-14
Methyl Parathion 21 0.028 6.44 201 0.72-1.7
Methyl Parathion 43.1 0.0087 22 62 0.25-0.59
Methyl Parathion 90 TG 0.00014 3.7-8.9 1 1.0-24
Monocrotophos 10 GR 0.0073-0.018 > 100 37-90 2.0-8.3
Monocrotophos 55 SL 0.058 13 290 0.3-11
Monocrotophos 100 TG < 0.00020 12.1-50 10 1041
Phenthoate 50 EC 0.00026 21 0.026 21
Phenthoate 99 TG < 0.010 < 0.1 1.0 1.0
Phorate 20 GR 0.037 0.0022-0.045 80-0.04 0.008-35
Phorate 89.5 TG 0.00046-0.9 0.0013-0.28 1.0-1957 1.0-215
Phosmet 50 WP 0.011 0.069-9 19 0.0065-409
phosmet 94.3 TG 0.0056 0.022-10.6 1.0 1.0-482
Temephos 50 EC < 0.001 22 0.2-0.1 220
Temephos 86.2 TG 0.0050-0.01 < 0.1 1.0-2.0 1.0
Terbufos 15 GR 0.0063 0.0017-1.8 20 0.0044-2338
Terbufos 85 TG 0.00031 0.00077-0.39 1 1.0-506
Trichlorfon 80 WP < 0.10 0.78-3.25 556 0.099-14
Trichlorfon 98 TG 0.00018 0.23-7.9 1.0 1.0-34

D The data are summarized from aguatic organisms toxicity database of TACTRI, which are set up by Sun
since 1981. And all test method is fitting in with guideline of USEPA/OECD.

2 The test species of water flea are all belong to family of Daphnidae; the test species of fish are Brachydanio
rerio, Pimephales promelas, Cyrpinus carpio, Oryzias latipes, Poecilia reticulata, Lepomis macrochirus or
Salmo gairdneri.

Toxicity of formulation to water flea/fish

Toxicity of technical grade to water flea/fish

3 Toxicity ratio =
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Table 3. Risk assessment of 15 organophosphates to aquatic organisms according to the
recommended uses in agquatic areas

Toxicity Value (mg/l)

Pesticides Conc. Formulation Water flea Fish EEC T(?XIC.I% Risk 2
(%) (mg/l) Criteria” Assessment
(48 hr, ECsp) (96 hr, LCsp)
Acephate 25 EC 31.6 30.8 2.00 Il S
Acephate 50 WP 315 > 100 2.00 Il S
Acephate 75 SP 100 > 100 3.00 v S
Acephate 94 TG 325 > 100 v C
Chlorpyrifos 22.5 EC 0.01 0.51 2.03 I D
Chlorpyrifos 94 TG 0.49 0.2 I E-P
Diazinon 10 D 0.5 0.5 6.00 I D
Diazinon 89 TG 0.001 0.168 I E-P
Edifenphos 50 EC 25 2.0 2.00 I S
Edifenphos 85.3 TC 0.43 5.8 I E-P
Fenitrothion 50 EC 0.94 0.39 2.00 I D
Fenitrothion 95 TG 0.011 3.75 I E-P
Fenthion 50 EC 0.038 2.78 2.00 I D
Fenthion 93 TG 0.006 3.2 I E-P
M ethamidophos 74 TG 0.026 34 I E-P
Methyl Parathion 90 TG 0.00014 8.9 I E-P
Monocrotophos 55 SL 0.058 13 1.10 I D%
Monocrotophos 100 TG < 0.0002 50 I E-P
Phenthoate 50 EC 0.00026 2.1 2.00 I D
Phenthoate 99 TG < 0.01 < 0.1 I E-P
Phorate 89.5 TG 0.9 0.28 I E-P
Phosmet 50 WP 0.011 9 3.00 I D
phosmet 94.3 TG 0.0056 10.6 I E-P
Temephos 50 EC < 0.001 22 0.04 I D
Temephos 86.2 TG 0.01 < 01 I E-P
Terbufos 85 TG 0.00031 0.39 I D
Trichlorfon 98 TG 0.00018 7.9 I E-P
Y Toxicity criteria
Toxicity Acute toxicity to freshwater fish | Acute toxicity to freshwater invertebrate
classification LCs, (96hr) ECs, (48hr)
High toxicity | = 1mgll = 1mgll
Middle toxicity Il >1- = 10 mg/l >1- = 10 mg/l
Light toxicity 11l >10- = 100 mg/l >10- = 100 mg/l
Low toxicity 1V > 100 mg/l > 100 mg/I

% Risk assessment: C: the toxicity data of end product to aguatic organisms are not required
unless it is applied to use in aguatic region; D: there are potentially dangerous to aquatic
organisms even under recommended used condition; E-P: the toxicity data of end product to
aguatic organisms are required for further assessment; S: there are safe to aquatic organisms
under recommended condition.
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Table 4. Risk quotients to crustaceans of 11 organophosphate pesticides recommended for use in

aguatic areas
- Endproduct . Toxicity EEC
Pesticides Species (ECso, RQY Remark?
(%) (mg/l)
mg/1)
Acephate 25% EC  Daphnia pulex 316 2 0.06 1
Acephate 75% SP  Daphnia pulex > 100 3 <0.03 1
Chlorpyrifos 22.5% EC Daphnia pulex 0.01 2.03 4 1
Diazinon 10% D Daphnia pulex 0.5 6 12 1
Edifenphos 50% EC Daphnia pulex 0.43 2 4.7 1
Fenitrothion 50% EC Daphnia pulex 0.94 2 2.13 1
Fenthion 50% EC Daphnia pulex 0.023-0.038 2 53-87 1
Monocrotophos 55% SL  Daphnia pulex 0.058 11 19.0 1
Phenthoate 50% EC Daphnia pulex 0.00026 2.00 7692 1
Phosmet 50% WP Daphnia magna 0.0109 3 275 2
Temephos 44% EC  Daphnia pulex <0.001 0.04 > 40 1
Trichlorfon 80% WP Gammarus pseudolimnaeus  0.017 0.2-0.3 12-18 2
Trichlorfon 98% TG Daphnia pulex 0.00018 0.2-0.3 1111-1667 1
Trichlorfon 98% TG Gammarus lacustris 0.04 0.2-0.3 5-8 2
Trichlorfon 98% TG Gammarus pseudolimnaeus  0.032 0.2-0.3 6-9 2
Trichlorfon 98% TG Penaeus duorarum 0.00036 0.2-0.3 556-833 2
Trichlorfon 98% TG Simocephalus serrulatus 0.0007 0.2-0.3 286-429 2

Y RQ = EEC/ECsy,.

2 The source of toxicity data. 1: Toxicological studies conducted by Residue Control Department of
Taiwan Agricultural Chemicasl and Toxic Substances Research Institute, in accordance with the
OECD guidelines for the testing of chemicals. 2. Toxicological studies conducted by commercial
laboratories and submitted by pesticide companies in support of their products, which have been
reviewed and categorized as fully or partially acceptable for fulfillment of pesticide registration
and reregistration guideline requirements as explained under US FIFRA Subdivision E, Parts

158.145 and 158.150.
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Table 4. Risk quotients to fishes of 11 organophosphate pesticides recommended for use in

aguatic areas
Pesticides Endproduct (%) Species LCs (mg/l) EEC (mg/l) RQY Remark
Acephate 25% EC  Cyprinuscarpio 30.8 2 0.06 1
Acephate 75% SP Cyprinus carpio > 100 3 <0.03 1
Chlorpyrifos 22.5% EC Cyprinuscarpio 0.51 2.03 203 1
Diazinon 10% D Cyprinus carpio 0.5 6 12 1
Edifenphos 50% EC  Cyprinus carpio 5.8 2 0.3 1
Fenitrothion 50% EC  Channa gachua 12.2 2 0.16 2
Fenitrothion 50%EC Cyprinus carpio 0.39 2 5.13 1
Fenthion 50% EC  Carassius auratus 2.78 2 0.7 2
Fenthion 50% EC  Cyprinus carpio 1.16 2 17 1
Fenthion 50% EC Ictalurus melas 1.35 2 15 2
Fenthion 50% EC I ctalurus punctatus 0.65-1.6 2 1.3-3.1 2
Fenthion 50% EC Lepomis cyanellus 1.88 2 11 2
Fenthion 50% EC Lepomis macrochirus 1.38 2 14 2
Fenthion 50% EC Micropterus salmoides 1.54 2 1.3 2
Fenthion 50% EC  Oncorhynchus kisutch 1.32 2 15 2
Fenthion 50% EC  Oncorhynchus mykiss 0.93 2 2.2 2
Fenthion 50% EC Perca flavescens 1.65 2 12 2
Fenthion 50% EC Pimephales promelas 1.68 2 12 2
Fenthion 50% EC  Salmo trutta 1.33 2 15 2
Monocrotophos  55% SL Cyprinus carpio 13 11 0.08 1
Phenthoate 50% EC  Cyprinus carpio 2.1 2.00 1.0 1
Phosmet 50% WP Ictalurus punctatus 7.5 3 0.40 2
Phosmet 50% WP  Lepomis macrochirus 0.069 3 43 2
Phosmet 50% WP  Oncorhynchus mykiss  0.29-0.5 3 6-10 2
Phosmet 50% WP  Pimephales promelas 9.0 3 0.33 2
Temephos 50% EC  Cyprinus carpio 22 0.04 0.002 1
Trichlorfon 80% WP  Morone saxatilis 2.0 0.2-0.3 0.10-0.15 2
Trichlorfon 80% WP  Oncorhynchus clarki 3.25 0.2-0.3 0.06-0.09 2
Trichlorfon 80% WP  Oncorhynchus mykiss 0.78 0.2-0.3 0.26-0.38 2
Trichlorfon 98% TG Ictalurus melas 0.515 0.2-0.3 0.39-058 2
Trichlorfon 98% TG I ctalurus punctatus 0.88 0.2-0.3 0.23-034 2
Trichlorfon 98% TG  Leiostomus xanthurus 1.0 0.2-0.3 0.2-0.3 2
Trichlorfon 98% TG Lepomis macrochirus 0.23 0.2-0.3 0.87-1.3 2
Trichlorfon 98% TG Micropterus salmoides 34 0.2-0.3 0.06-0.09 2
Trichlorfon 98% TG  Oncorhynchus clarki 0.375 0.2-0.3 0.53-0.8 2
Trichlorfon 98% TG  Oncorhynchus mykiss 0.43 0.2-0.3 0.47-0.70 2
Trichlorfon 98% TG Pimephales promelas 7.9 0.2-0.3 0.03-0.04 2
Trichlorfon 98% TG  Salmo salar 0.3 0.2-0.3 057-1.0 2
Trichlorfon 98% TG  Salvelinusfontinalis 0.24 0.2-0.3 08313 2
Trichlorfon 98% TG  Salvelinus namaycush 0.55 0.2-0.3 0.36-055 2
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Fig. 1. Risk quotient (RQ) level of 12 pesticides to crustacean and fish.
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Risk quotient levels

of 1, 2, 3, and 4 indicate that the RQ was < 0.05, 0.05-0.1, 0.1-0.5, and > 0.5,

respectively.
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ABSTRACT

Sun, F.*, Wong, S. S., and Li, G. C. 2002. Risk assessment of organophosphates to
aquatic organisms. Plant Prot. Bull. 44: 171 - 183. (Residue Control Department,
Taiwan Agricultural Chemicals and Toxic Substances Research Institute, Wufeng,
Taichung, Taiwan, ROC)

The risks to aquatic organisms of 15 organophosphate pesticides (OPs) including
acephate, chlorpyrifos, diazinon, edifenphos, fenitrothion, fenthion, methamidophos,
methyl parathion, monocrotophos, phenthoate, phorate, phosmet, temephos, terbufos,
and trichlorfon, which have highly utility in Taiwan, were assessed. Water fleas and
fish were used as indicators to represent invertebrate and vertebrate aquatic
organisms, respectively. Sixteen formulations of 11 OP active ingredients were used
in an aguarium environment according to the Plant Protection Manual. Based on the
applied concentrations, there were only 3 formulations of acephate (including 25%
EC, 50% WP, and 75% SP), which had low or slight toxicity to aguatic organisms,
and were safe for use in rice fields. Temephos with 40% EC was highly toxic to
aguatic organisms according to the toxicity criteria of the Council of Agriculture,
Taiwan (COA), but was safe to aguatic organisms under the applied concentration.
Potential risks to aquatic organisms presumed from the risk quotient (derived from
the estimated environmental concentration and toxicity to organisms) according to the
US EPA are also discussed. Among the 12 pesticides, only acephate with 75% SP
had a low potential risk to aquatic organisms.  There were also high potentially
acute toxicity risks to aquatic organisms from the use of chlorpyrifos with 22.5% EC,
diazinon with 10% D, fenthion with 50% EC, and phenthoate with 50% EC in aguatic
areas.

(Key words: organophosphate pesticides, aquatic toxicity, fish, water fleas, risk
assessment)
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