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Table 1. Recommended use of 13 different formulations of carbamate pesticides in paddy rice in
Taiwan according to the Plant Protection Manual (2000)

Active ingredient

Max. used in aquatic region

Pesticides (%) Formulation (kg or liter/ha) Prevent target
Benfuracarb 5 GR 40 Pest
20 EC 2.4 Pest
Benomyl 50 WP 0.8 Disease
Benthiocarb 10 GR 40 Weeds
50 EC 10 Weeds
Carbaryl 50 WP 2.4 Pest
85 WP 0.7 Pest
Carbofuran 40.64 SC 1.5 Pest
Carbosulfan 40 WP 15,1 Pest
48.34 EC 15 Pest
Fenobucarb 50 EC 1.2 Pest
Isoprocarb 20 EC 15 Pest
Oxamyl 24 SL (seed dip) Disease
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Table 2. Acute toxicity of carbamate pesticides for aquatic organisms

Active Toxicity (mg a.i_./I)l’ 2 Toxicity ratio®
Pesticides  ingredient (_%) &Waterglga)(48 hr, Flsté%)hr’ Water flea Fish
formulation %0 20
Low  High Low High Low High Low High
Benfuracarb 5 GR 0.012 1.7 0.26 4.5
20 EC 0.022 0.21 0.47 0.57
90 TC 0.047 0.37
Benomyl 50 WP  0.068 0.092 3.7 0.24 0.02 0.02 282
95-99 TC 029 238 0.013 338
Benthiocarb 10 GR 0.46 0.56 15 46 0.85
50 EC 051 0.22 5.0 0.33
94.4-955 TC  0.101 0.66 25
Carbaryl 50 WP  0.093 6.4 85 17 0.45 18
85 WP 0.18 11 16 32 0.75 30
99.5-99.9 TC 0.0056 0.011 035 14
Carbofuran 40.64 SC  0.025 1.2 0 0.86 0.84 36
96.1-99 TC 0.029 32 0.033 14
Carbosulfan 40 WP  0.0009 57 0.35 10
48.34 EC  0.0031 2.3 1.19 0.40
97 TC 0.0026 5.7
Fenobucarb 50 EC  0.0002 24 0.005 17
95 TC 0.040 1.5
Isoprocarb 20 EC 0.39 4.2 > 3900 0.14
95 TC <0.0001 31
Oxamyl 2SL 049 56 3.7 14 0.09 13 01 52

90-97.1 TC 0.42 5.7 2.6 28

Y The data are summarized from aquatic organisms toxicity database of TACTRI, which was set
up in 1981. All test method, followed the guideline of USEPA/OECD.

%) The test species of water flea all belong to the family of Daphnidae. The test species of fish were
Brachydanio rerio, Pimephales promelas, Cyrpinus carpio, Oryzias latipes, Poecilia reticulata,
Lepomis macrochirus and Salmo gairdneri.

2 Toxicity ratio = Toxicity of formulation to water flea/fish/ Toxicity of technical grade to water
flea/fish
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Table 3. Risk assessment of carbamate pesticides for aquatic organisms according to the

recommended uses in aquatic areas

Pesticides Active ingredie_nt Toxicity (mg a.i./l) EEC_l) quic_it / Risk )
(%) & Formulation ~\n/ater flea Fish (mga.i./l) criteria” assessment
Benfuracarb 5GR 0.012 1.7 6.67 | D
20 EC 0.022 0.21 1.28 | D
90 TC 0.047 0.37 | E-P
Benomyl 50 WP 0.068 3.7 1.07 | D
95-99 TC 2.8 3.8 1 E-P
Benthiocarb 10 GR 0.46 15 10.67 | D
50 EC 0.51 0.22 13.33 | D
94.4-955TC 0.10 2.5 | E-P
Carbaryl 50 WP 0.093 6.4 3.2 | D
85 WP 0.18 11 1.59 | D
99.5-99.9 TC 0.011 14 | E-P
Carbofuran 40.64 SC 0.025 1.2 1.63 | D
96.1-99 TC 32 1.4 1 E-P
Carbosulfan 40 WP 0.0009 57 1.20, 1.07 | D
48.34 EC 0.0031 2.3 1.93 | D
97 TC 0.0026 5.7 | E-P
Fenobucarb 50 EC 0.0002 24 1.6 | D
95 TC 0.040 15 | E-P
Isoprocarb 20 EC 0.39 4.2 0.8 | D
95 TC <0.0001 31 | E-P
Oxamyl 24 SL 5.6 14 no” I S
90-97.1 TC 5.7 27.5 1 E-P

Y EEC = (maximum recommended conc. x 1000 g/kg x 1000 mg/g) / (3 cm of water deep X
100000 I/ha).
2 Toxicity criteria:

Toxicity Acute toxicity to freshwater fish  Acute toxicity to freshwater invertebrate
classification LCso (96hr) ECso (48hr)

High toxicity | = 1 mg/l = 1 mg/l

Middle toxicity |1 >1- = 10mg/l >1- = 10mg/l

Light toxicity 111 >10- = 100 mg/l >10- = 100 mg/l

Low toxicity IV > 100 mg/I > 100 mg/l

3

Nd

Risk assessment: C: the toxicity data of end product to aquatic organisms are not required unless
it is applied to aquatic region; D: potentially dangerous to aquatic organisms even under
recommended used condition; E-P: the toxicity data of end product to aquatic organisms are
required for further assessment; S: safe to aquatic organisms under recommended condition.

“ For use in seed dip of rice only.
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1. Risk quotient (RQ) level of 13 carbamate pesticdes for fish and crustacean under
maximum applied concentration. RQ levels of 1, 2, 3 and 4 indicate that the RQ was
<0.05,0.05-1, 0.1 - 0.5 and >0.5, respectively.
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ABSTRACT

Sun, F.* 2006. Risk assessment of carbamate pesticides for aquatic organisms.
Plant Prot. Bull. 48: 153-162. (Residue Control Division, Taiwan Agricultural
Chemicals and Toxic Substances Research Institute, Wufeng, Taichung 41358, Taiwan
(ROC))

The risks to aquatic organisms of 9 carbamate pesticides including benfuracarb,
benomyl, benthiocarb, carbaryl, carbofuran, carbosulfan, fenobucarb, isoprocarb and
oxamyl, which have high utility in Taiwan, were assessed. Water fleas and fish were used
as indicators to represent invertebrate and vertebrate aquatic organisms, respectively.
Thirteen formulations of 9 active ingredients of carbamate pesticides were used in an
aquarium environment according to the Plant Protection Manual. Based on the applied
concentrations, there was only oxamyl 24% SL, which applied in seed dip of rice, had
middle toxicity to aquatic organisms, and was safe for use in rice fields 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 13 pesticides, only oxamyl
with 24% SP had a low potential risk to aquatic organisms. There were also high potential
acute toxicity risks to aquatic organisms from the use of the other pesticides in aquatic
areas.

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