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Abbreviation 

CAS No. Chemical Abstracts Service number 

EC50 Median Effect Concentration 

Koc Sorption constant or adsorption coefficient 

LC50 Median Lethal Concentration 

PEC Predicted Environmental Concentration 

PNEC Predicted No Effect Concentration 

RQ Risk Quotient 
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Abstract: 

Molinate, glyphosate and thiobencarb are three commonly used herbicides in rice 

fields. The purpose of this study is using the exposure: effect ratio (RQ value) to 

quantify the risk of these herbicides to fish in some Californian watersheds. The 

risk assessment process follows the framework suggested by US-EPA. For the 

exposure assessment, data reported by California Department of Pesticide 

Regulation was used. The largest surface water exposure concentrations of 

glyphosate, molinate and thiobencarb in San Joaquin and Sacramento Basins 

were 39.0000µg/L, 44.0900µg/L and 16.9000µg/L respectively. For the effect 

assessment toxicity data for fish from laboratory studies was retrieved from 

databases and the open scientific literature. The most sensitive fish to glyphosate 

was Oreochromis sp. (LC50 value 3.5mg/L); the most sensitive fish to molinate 

was Cyprinus carpio L. (LC50 value 0.21mg/L); and the most sensitive fish to 

thiobencarb was Lepomis macrochirus (LC50 value 0.33mg/L). A comparison of 

RQ values of the herbicide in counties with high usage in San Joaquin and 

Sacramento Basins, Colusa shows a relatively high RQ value of 5.12 for 

thiobencarb while the RQ for molinate in Colusa, Sutter and Yolo are 21.00, 

11.29 and 9.14 respectively. Glyphosate has a lower average risk, and the highest 

RQ value is 1.11 in Fresno. 

 

Key words: risk assessment, herbicide, freshwater fish, molinate, glyphosate, 

thiobencarb 
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1. Introduction 

1.1 Risk 

Herbicides are known as a kind of pesticide used to kill unwanted weeds and 

plants. Since the late 1940s with the introduction of the first herbicide (2, 4-D), it 

has been widely used. However, herbicides have both favorable and adverse effect 

on the ecological system. Social concern of herbicide risk wasn’t fully realized 

until the year of 1984 when high concentrations of herbicides in rice field water 

caused a substantial of fish death in the Sacramento River Valley (Cochran et al., 

1997). The California government launched a 24-day watery restraining order to 

prevent thiocarbamates herbicide pollutant from runoff and leaching into 

freshwater system (Villalobos et al., 2000). USDA (1984) reported glyphosate to 

have an impact on the aquatic environment and other aquatic organisms, 

although it has only a slight toxicity to mammal and fish. 

Herbicides run into ground water by leaching and enter surface water as runoff, 

and they have during the last decades been found to affect cellular functions, 

growth and behavior of aquatic organisms (Relyea, 2005). Fish, as one of the 

most representative organism in freshwater, is often on the top of the trophic 

level. Due to bioaccumulation of herbicides, the concentration of herbicide in 

fishes may become high enough to induce toxic responses in fishes and also in 

humans that may use the fish for consumption. Fish may also be a good 

bioindicator for ecosystem health (Cavas, 2011; Favari et al., 2002). 

1.2 Aim 

The aim of this study is to perform a risk assessment of 3 commonly used 

herbicides (i.e. active substance glyphosate, molinate and thiobencarb) to 

freshwater fish using exposure data in some Californian watersheds, USA and 

effect data presented in the open scientific literature and in databases. 
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1.3 Background 

1.3.1 Herbicide’s Mechanism 

Glyphosate (N-(phosphonomethyl) glycine), CAS No.: 1071-83-6, commonly 

recognized as the active ingredient of Roundup
®
. It is a nonselective, 

non-residual broad-spectrum, foliar applied herbicide used in the postharvest 

treatment of crops. Glyphosate enter the plant through the stem-leaf surface wax 

coat and it exerts its toxic effect by inhibiting enzymes involved in protein 

synthesis. It can effectively control the growth of annual and biennial plants in 

Poaceae, and Cyperaceae as well as in broadleaf weeds (Nongyao001, 2012). 

Molinate (S-ethyl hexahydro-1H-azepine-1-carbothioate), CAS No.: 2212-67-1, 

is the active ingredient of the marketed herbicide Ordram
®
. After being absorbed 

by the shoots and the root, it inhibits enzyme activity and prevents protein 

transformation. Thus making the cell unable to obtain protoplasm for 

proliferation and causing young leaves not to grow. This selective herbicide is 

used once a year on fields during rice seeding to kill the echinochloa weeds (Look 

Chem, 2012). 

Thiobencarb (S-[(4-chlorophenyl) methyl] N, N-diethylcarbamothioate), CAS 

No.: 28249-77-6, is traded as the active ingredient of the contact herbicide 

Saturn
®
 and is highly effective against grasses, broadleaf weeds, fescues and 

sedges. It is a selective paddy herbicide, and can be absorbed by the root and 

shoots of weeds. It has strong inhibition of plant growth and disturbs cell mitosis. 

This herbicide is always used in pre-emergence and early post-emergence weed 

control in rice fields (Nongyao001, 2012). 

1.3.2 Herbicide’s Property and Toxicity 

Glyphosate is released to the environment through various waste streams 

resulting in its direct release to the environment. Glyphosate exists solely in the 

particulate-phase in the ambient atmosphere. If it released to soil, it is expected 
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to show low mobility based upon a Koc value of 1435 (Pesticide Properties 

Database, 2011). In aerobic conditions the biodegradation half-lives of 

glyphosate is short and it has been measured to 2 days in a sandy loam and silt 

loam soil. If released to water, glyphosate is expected to adsorb to suspended 

solids and sediment in the water column based upon the Koc values. The aerobic 

and anaerobic biodegradation half-lives of glyphosate in flooded sediment are on 

average 96 and 22. Glyphosate is stable to hydrolysis. Bioconcentration in 

aquatic organisms is low (PAN Pesticide Database, 2012).  

The usage of molinate as an herbicide is expected to result in its direct release 

to the environment. If released to air, molinate will exist solely as a vapor in the 

ambient atmosphere. If released to soil, molinate is expected to have high 

mobility (Koc of 190 in average). If released into water, molinate is not expected 

to adsorb to suspended solids and sediment. (Pesticide Properties Database, 

2011). Both biodegradation and volatilization are important environmental fate 

process. Volatilization from water surfaces is important based upon this 

compound's Henry's Law constant. Estimated volatilization half-lives for a model 

river and model lake are 12 and 94 days, respectively. Hydrolysis is not expected 

to occur in water (PAN Pesticide Database, 2012). 

The use of thiobencarb is expected to result in its direct release to the 

environment, and it exists both in the vapor and particulate phases in the ambient 

atmosphere. If released to soil, thiobencarb is expected to have low-to-slight 

mobility based upon a range of experimental Koc values and an average value of 

530 has been established. At last, most of it will be biodegraded in soil. The 

half-life of thiobencarb in soil has been reported to be 37 days in aerobic 

conditions and 306 days in average in anaerobic conditions. If released into water, 

thiobencarb is expected to adsorb to suspended solids and sediment based upon 

its Koc value. Thiobencarb will also be biodegraded in aquatic ecosystems. 

Hydrolysis half-life in aquatic system is on the average 160 days. Volatilization 

from water surfaces is not expected to be an important fate process (PAN 

Pesticide Database, 2012). 
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1.3.3 Herbicide’s Toxicity and Effect 

In previous research, glyphosate is defined as slight toxicity to fish in the range 

of no acutely toxic to short-term effect (Phuy et al., 2006). Peña-Llopis et al. 

(2001) conclude that molinate has a higher and variable toxicity in fish than in 

mice and rats. Thiobencarb is defined as moderate to high toxicity to fish by 

Villalobos et al. (2000), because it resist hydrolysis in aquatic environments and 

is bioaccumulated is in fish in vivo 

 

Table 1 Observed effects of three herbicides on fishes (summarized from Pesticide 

Action Network Pesticide Database, Pesticide Action Network, North America, 2011) 

Effect Subgroup Glyphosate Molinate Thiobencarb 

Accumulation -- √ √ √ 

Behavioral  

Avoidance √ -- √ 

Feeding -- -- -- 

General  -- √ √ 

Biochemistry 

Biochemical √ √ √ 

Enzyme √ √ √ 

Hormone -- -- -- 

Cellular  

Cellular -- √ -- 

Genetics -- √ -- 

Histology √ -- √ 

Growth 

Development √ √ √ 

Growth √ √ √ 

Morphology √ √ √ 

Mortality -- √ √ √ 

Physiology 

Immunity √ -- √ 

Injury -- -- √ 

Intoxication √ -- √ 
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In Table 1 the different types of observed effects of a particular pesticide on 

fishes is shown. Measured effects responses are diverse and include mortality 

(used to define the acute toxicity rating) and behavioral changes. 

1.3.4 Ecological risk assessment 

The risk assessment in this study follows the US EPA framework (U.S. 

Environmental Protection Agency, EPA/630/R-92/001.) and the general outline is 

shown in Figure 1. 

 

Figure 1 Risk characterization: a systematic procedure through estimation of exposure 

and effect (redrawn from Suter, 2007) 

The effect measurement, the ecological response analysis and finding a 

relationship between the magnitude and duration of exposure and the endpoint 

effects are the major steps in a risk assessment (US Environmental Protection 

Agency, 2011). In this study, I used the Predicted Environmental Concentrations 

(PEC) for the exposure assessment and the Predicted No Effect Concentrations 

(PNEC) for the effect assessment. The risk characterization was described by 

quantifying the effect and calculating the risk quotient (RQ). 
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2. Material and Method 

2.1 Exposure assessment 

In this study, the chosen method was to use data for measured concentrations 

in the environment. Herbicide concentration statistics were collected from the 

Surface Water Monitoring Database for California Department of Pesticide 

Regulation, California, USA, 2011. 

The database is supported by the California department's surface water 

protection program. There are 780 sampling sites in herbicide high-use counties 

in San Joaquin and Sacramento Basins, in California, during weeding period 

from 1991 to 2006. The program group takes care of high-use counties and 

newly emerged intense farming area. After one period monitoring, the results 

were used to select high-use areas where there may be a need to add more 

monitoring sites and samples. The counties of southern San Joaquin Basin region, 

including Fresno, Kings, Kern, Madera, and Tulare contained only a few  

sampling site in the past ten years because the agricultural fields in these counties 

are far from surface water basin and they are therefor unlikely to result in a 

substantial concentration of herbicides in the watershed. Considering the 

extensive pesticide utilization along with intense farming in this area, the 

program established an exclusive assessment concerning potential risk of these 

regions. (Surface Water Database Description, 2011)  

The surface water protection program group has monitored thiobencarb and 

molinate since the program started in May 1991. In October 2002 the group also 

began to monitor the concentration of glyphosate. Figure 2 explains the process 

of data selection in this thesis. As the RQ value increase with the PEC value, 

using the highest concentrations during peaks instead of the mean PEC value can 

reflect the risk level of the all whole area. 
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Figure 2 Data selection steps used for retrieving data for the exposure assessment in 

this thesis 

2.2 Effect assessment 

For the effect assessment toxicological data found in databases and open 

scientific literature was used. Only data from acute toxicity tests were used as 

there was a lack of chronic effect values. 

To extrapolate from laboratory studies to the field a common extrapolation 

method which is introduced by Suter (2007) was used. This method is to 

multiply or divide the test endpoint (LC50) by a numerical factor i.e. an 

assessment factor. 

The model can be described as: 

Ee = a1 a2 * an *EP 

Ee is endpoint value i.e.LC50 

EP is PNEC value 

a is assessment factor 

Assessment factor gives corresponding value to data to classify data 

robustness. Each factor can simply be a predetermined value between one and 

ten to express order-of –magnitude precision. The main purpose of using 

assessment factor is to minimize the uncertainty resulted from different 

circumstance in experiments, species diversity and duration time. Therefore, 
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assessment factors are also often called uncertainty factors. In this study, three 

factors were taken into consideration. They are the acute/chronic factor, species 

factor and laboratory/field factor. The following assumptions are made: an acute 

effect concentration is ten times higher than a chronic effect concentration; the 

effect concentration in laboratory experiments is ten times smaller than in the 

field. the first is that fish could affect human health by passing the herbicide 

through the food chain and the second is that the bioaccumulation effect of fish 

make the herbicide concentration in fish higher than other species. Figure 3 

shows a macrovertebrate on the top of the aquatic trophic levels, while fish is the 

most common macrovertebrate, so the species factor is set to one.  

According to previous studies in herbicide induced toxicity, PNEC value is 

derived from the most sensitive species risk-endpoint value divided by the 

assessment factors (Suter, 2007). 

In this case, that is: PNEC = LC50 of most the sensitive species for the 

particular herbicide/10*10*1 

 

 

 

 

 

 

 

 

Figure 3 Aquatic trophic levels 

2.3 Risk characterization 

As with most of the research, this study uses Risk Quotients (RQ) to quantify 

their risk, and evaluate their risk level. RQ value equals to PEC divided by 

PNEC. Therefore, in this study, the RQ calculate equation can be described as 

RQ = Peak freshwater concentration / Most sensitive fish species LC50 or EC50, 

 

Macrovertebrate 

Macroinvertebrate 

Zooplankton (Daphnia) 

Phytoplankton (Algae) 
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which can easily reflect the risk’s level of herbicides in freshwater. 

  Referring to risk index approach used by Håkansson (1980), in this study risk 

quotients index have been divided into five levels describing the risk 

significance. 

RQ < 1: "Insignificant", slight impact within small area;  

1 < RQ < 3: "Minor", minor or short-term impact within medium area;  

3 < RQ < 6: "Moderate", considerable impact within large area;  

6 < RQ < 36: "Major", serious or long-term impact within extensive area; 

RQ > 36: "Catastrophic", widespread serious long-term impact to freshwater 

system. 

3. Result and Discussion 

3.1 Exposure assessment -- results 

This study selected the maximum concentration values of the three herbicides 

in San Joaquin and Sacramento Basins from over 780 sampling sites of 17 

counties to get the PEC value (Table 2). Sutter, Glenn, Butte and Colusa are all 

agricultural counties with nearly 80% being farmland. In 2009 the magnitude of 

molinate use in these counties were 3141, 1563, 180, 160 pounds respectively 

according to the report from Pesticide Action Network (PAN) Pesticide Database 

(2011).  

Table 2 Monitored maximum concentration values of 3 herbicides in two California 

River Basin (µg/L) (Select data from Surface Water Monitoring Database for 

California Department of Pesticide Regulation, California, USA, 2011) 

Basin County Name Glyphosate Molinate Thiobencarb 

Sacramento Butte NM
a
 0.2400 <0.0001 

Sacramento Colusa NM 44.0900 16.9000 

San Joaquin Fresno 39.0000
d
 <0.0001 1.5000 

Sacramento Glenn <0.0001
b
 <0.0001 0.0984 

San Joaquin Kern <0.0001 <0.0001 <0.0001 
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Basin County Name Glyphosate Molinate Thiobencarb 

San Joaquin Kings <0.0001 0.0350 0.0350 

San Joaquin Madera <0.0001 <0.0001 <0.0001 

San Joaquin Merced 12.0000 4.0000 5.8000 

Sacramento Sacramento <0.0001 3.2100 0.9000 

San Joaquin San Joaquin 180.0000
d
 0.1450 0.5280 

Sacramento Solano <0.0001 <0.0001 <0.0001 

San Joaquin Stanislaus 35.0000 0.2800 0.6970 

Sacramento Sutter <0.0001 23.7000 150.0000 

Sacramento Tehama NM <0.0001 <0.0001 

San Joaquin Tulare <0.0001 <0.0001 <0.0001 

Sacramento Yolo 13.0000 19.2000 4.3800 

Sacramento Yuba NM 0.5500 0.0350 

a. 
NM means not measured 

b.
 <0.0001 means measured concentration below detection limit. 

c.
 the deep background color value means in Sacramento basin, no background color 

value means in Can Joaquin basin. 

d. italic values are significantly different to other values, underlined values are 

selected PEC value for three herbicides. 

The detection limit in this surface water protection program is 0.0001 ppb. As 

water density is assumed as 1 kg/L, 1 ppb equals 1 µg/L. The abnormal high 

concentration 180µg/L of glyphosate appear on Dec.19 2005 in San Joaquin 

County. In this year a glyphosate-resistant biotype of horseweed (Conyza 

canadensis) was reported in the San Joaquin Valley of California (Shrestha et al, 

2010). Local farmers may have used more glyphosate in horseweed killing 

causing this short peak. After this affair, California government imposed 

restriction on the usage of glyphosate. So the obvious high glyphosate 

concentration only continued for a month. The abnormal high concentration 150 

µg/L of thiobencarb appeared on Jun.14 2005 in Sutter. The highest 

concentrations for these three herbicides were observed in Fresno and Colusa 
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with the highest values of 39.0000 µg/L for glyphosate, 44.0900 µg/L for 

molinate and 16.9000 µg/L for thiobencarb respectively.  

3.2 Effect assessment -- results 

In order to determine the lowest LC50 for each species of fishes, in this study 

data was retrieved from previous risk assessment research, which is listed in the 

Appendix. Data was found for several freshwater fish species for example are 

Bluegill (Lepomis macrochirus), Common Carp (Cyprinus carpio L.), Channel 

Catfish (Ictalurus punctatus), and Western Mosquitofish (Gambusia affinis). The 

commonly use fish species have three basic characteristics: strong adaptability to 

water, major fish used for food supply and spawn many times per year. 

Table 3a Comparison of LC50 value from experiments with different test duration. 

Herbicide Common Name Days LC50 mg/L Reference 

Thiobencarb Medaka, High-Eyes 2
 a
 4.1 Tsuda et al., 1997 

Thiobencarb Medaka, High-Eyes 1 10 Tsuda et al., 1997 

Table 3b Comparison of LC50 value between different weight of fish and water exposure 

type. 

Herbicide 
Common 

Name 
Weight(g) 

Exposur

e Type 

LC50 

mg/L 

Min 

mg/L 

Max 

mg/L 
Reference 

Molinate Bluegill 0.5 Static 14 11 18 OPP, 2000 

Molinate Bluegill 1.5 Static 19.67 18.2 20.9 OPP, 2000 

Molinate Bluegill 0.91 Flow 23.1 18 32 OPP, 2000 

Table 3c Comparison of LC50 value from different age (stage) of fish. 

Herbicide Common Name Age(Stage) 
LC50 

mg/L 
Reference 

Thiobencarb Medaka, High-Eyes embryo 2.91 Wolfe et al., 1995 

Thiobencarb Medaka, High-Eyes larval 3.9 Villalobos et al., 2000 

a.
 underlined value indicate results from different condition  
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Table 3 abc compares three examples to explain relationships between acute 

toxicity effect and experimental parameters. Table 3a shows that the LC50 value 

of Medaka, High-Eyes in a 48 hours test is lower than that in a 24 hours acute 

test. It could be explained that herbicide tolerate capacity decreases with the 

increase of experiment duration owning to bioaccumulation in fish. It is a well 

known that for most persistent pollutants a longer exposure time will result in 

higher toxicity. 

The weight of same species rises with age in the initial stages of a fish. LC50 of 

fish in lowest weight (0.5g) has the lowest value, as s nascent fish is more 

sensitive than an adult fish (Table 3b). LC50 value is a good indicator estimating 

sensitivity of fish to toxicant. Water exposure type is also an important influential 

factor as the fact that water flow accelerates diffusing function, and dilutes the 

herbicide concentration. Due to the water is static in this test, although the fish 

with 1.5g weight is heavier than that which was 0.91g in weight, it still has a 

lower LC50 value (Table 3b). Wolfe et al. (1995) and Villalobos et al. (2000) did 

two similar experiments on the same fish species and herbicide. They used 

Medaka embryo, larva and adult to look into the impact from stages. Embryos 

have been proven to be more sensitive to the effect of toxicant than those in the 

larvae stage, while the adult stage is not significantly affected (Table 3c). 

In this study, all LC50 values found in literature search are presented in Table 

4-6 and the lowest LC50 value for each herbicide was used as PNEC value. In 

total, there are seven different kinds of fish that were found in the literature for 

the effect assessment of glyphosate (Table 4), eleven species for the effect 

assessment of molinate (Table 5) and twelve species for the effect assessment of 

thiobencarb (Table 6). LC50 value ranged from hundreds to hundred thousands of 

µg/L. Because Prochilodus lineatus only inhabits the basin of South America, in 

this study, the most sensitive fish to glyphosate is Oreochromis sp. reported by 

Relyea (2005), whose LC50 is 3500 µg/L. Sancho et al.(2000) reported the lowest 

LC50 value of molinate and it is 210 µg/L to Cyprinus carpio L..The lowest value 

for thiobencarb is 330µg/L to Lepomis macrochirus (OPP, 2000). 
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Table 4 Minimum LC50 of different fish species to glyphosate. 

Scientific Name Common Name 
LC50 

(mg/L) 

Min 

(mg/L) 

Max 

(mg/L) 
Reference 

Cyprinus carpio L. Common Carp 620 607 638 Neškovic et al., 1996 

Ictalurus punctatus Channel Catfish 13 11 16 OPP, 2000 

Lepomis macrochirus Bluegill 5.8 4.4 8.3 OPP, 2000 

Oncorhynchus mykiss Rainbow Trout 10.42 9.37 11.67 Morgan and Kiceniuk, 1992 

Oreochromis Sp. Tilapia Merah 3.5 - - Relyea ,2005 

Prochilodus lineatus - 1.369 - - Langiano and Martinez, 2008 

Rhamdia quelen Silver Catfish 7.3 - - Leonardo et al.,2008  

 

Table 5 Minimum LC50 of different fish species to molinate. 

Scientific Name Common Name 
LC50 

(mg/L) 

Min 

(mg/L) 

Max 

(mg/L) 
Reference 

Ameiurus nebulosus Brown Bullhead 34 20 58 OPP, 2000 

Anguilla anguilla Common Eel 33.46 - - Peña-Llopis et al.,2001 

Carassius auratus Goldfish 30.3 19 192 OPP, 2000 

Cyprinus carpio L. Common Carp 0.21 - - Sancho et al.,2000 

Lepomis macrochirus Bluegill 14 11 18 OPP, 2000 

Melanotenia fluviatilis Rainbow Fish 14.81 13.76 15.93 Yin et al.,2006 

Morone saxatilis Striped Bass 8.1 6.3 9.8 OPP, 2000 

Oncorhynchus mykiss Rainbow Trout 0.99 0.6 1.9 OPP, 2000 

Oncorhynchus tshawytscha Chinook Salmon 13 11 15.2 OPP, 2000 

Oryzias latipes Medaka, High-Eyes 26.5 - - Wolfe et al.,1995 

Pimephales promelas Fathead Minnow 27 21 32 OPP, 2000 
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Table 6 Minimal LC50 to different fish species of thiobencarb. 

Scientific Name Common Name 
LC50 

(mg/L) 

Min 

(mg/L) 

Max 

(mg/L) 
Reference 

Anguilla anguilla Common Eel  13.2 - - 
Fernandez-vega et 

al.,2002 

Anguilla japonica Japanese Eel 0.89 - - Wang et al.,1992 

Ctenopharyngodon 

idella 
Grass Carp 1.51 - - Wang et al.,1992 

Cyprinus carpio Common Carp 1.93 - - Wang et al.,1992 

Gambusia affinis 
Western 

Mosquitofish 
- 1.2 1.8 

Persichino et 

al.,1998 

Hypophthalmichthys 

nobilis 
Common Carp 2.45 - - Wang et al.,1992 

Ictalurus punctatus Channel Catfish 2.28 - - OPP, 2000 

Lepomis macrochirus Bluegill 0.56 0.33 1.2 OPP, 2000 

Misgurnus 

anguillicaudatus 

Oriental 

Weatherfish 
2.54 - - Wang et al.,1992 

Oncorhynchus mykiss Rainbow Trout 1.05 - - OPP, 2000 

Oreochromis 

mossambicus 
Mozambique Tilapia 1.99 - - Wang et al.,1992 

Oryzias latipes Medaka, High-Eyes 2 - - 
Villalobos et 

al.,2000 

3.3 Description of the most sensitive species to the three herbicides 

3.3.1 Tilapia Merah (Oreochromis Sp.) 

Tilapia Merah is fast growing and tolerant to environment, which makes it 

introduced outside its native range to all around the world, and are important in 

aquaculture. Fry can grow up to adult unit within 120 days weighting from 150 

to 750g. Tilapia Merah is commonly red. It may hybridized with species of 
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tilapia and then it may also be pink red, orange red and bright red. Tilapia Merah 

is adaptive to salinity ranging from 0-30‰, temperature from 15-38℃ with the 

optimal range of 24-32℃. It is also tolerant to anoxic condition. Tilapia Merah 

mainly feeds on phytoplankton, but some omnivorous Tilapia Merah also feeds 

on zooplankton and algae. (Texas Parks and Wildlife Department, 2012) 

3.3.2 Common Carp (Cyprinus carpio) 

The Common Carp is a kind of minnow has heavy weight which is 35cm long 

in average, with barbels on either side of the upper jaw. Coloration are varies 

from green or yellow, to golden-brown, or even silvery-white on the backside. Its 

belly is usually yellow-white. Both its dorsal fin and anal fin have heavy toothed 

spine. It was first introduced into North America in 1877 and became one of the 

most widely distributed fish species (Texas Parks and Wildlife Department, 

2012). As it is major fish specie used for food supply, the risk assessment of it is 

indispensable with regard to protect the human body from the containment 

passing through the food chain (Banarescu and Coad, 1991). 

3.3.3 Bluegill (Lepomis macrochirus) 

Bluegill is a kind of sunfish, with dark spot at the base of the dorsal fin, 

vertical bars on their sides, and a relatively small mouth distinct from other 

species (Texas Parks and Wildlife Department, 2012). Bluegill is generally only 

15 to 23 cm length and 0.05 to 0.1kg weight. It appears to have been native to the 

eastern half of the United States. It is commonly used in experiment because it 

spawns many times per year and has strong adaptability to water bodies.  

PNEC value can be calculated from the value of most sensitive species 

risk-endpoint divided by the assessment factor. In this case, the risk endpoint is 

LC50. As the effect values found were all acute values and they were all obtained 

from laboratory work, the assessment factor equals to 10 times 10. So the PNEC 

values for the 3 different herbicides are: for glyphosate is 3500/100 = 35µg/L; 
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for molinate is 2.1µg/L and PNEC (thiobencarb) is 3.3µg/L. 

3.4 Result of RQ value 

3.4.1 Glyphosate 

The red lines in Figures 4, 5 & 6 illustrate the risk boundary. According to the 

calculations of RQs and the risk classification used, Stanislaus and Fresno have 

slight risk of glyphosate to freshwater fish, which are 1.11 and 1.00 respectively. 

The highest RQ in glyphosate is less than 3 which indicates it is at a "minor" risk 

level to freshwater system. In line with this result, recent data shows that there is 

a substantial glyphosate usage in rice fields in Fresno and Stanislaus, in which 

were all above 300,000 pounds in 2009(PAN Pesticide Database, 2012). Proper 

attention and remedial action are suggested for glyphosate removal in freshwater. 

Figure 4 RQ values of glyphosate in 17 counties 

3.4.2 Molinate 

In five counties the RQ value is higher than 1 and there is risk for negative 

effects on fishes in the watersheds (Figure 5). Sacramento and Merced are 

classified in the "minor" risk level with RQ of 1.53 and 1.90 respectively, while 

Yolo, Sutter and Colusa are in the "major" risk level. The RQ for Yolo, Sutter and 

Colusa are 9.14, 11.29 and 21.00 respectively. As the definition of RQ risk level, 
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molinate has a serious and long-term effect to these areas. The total amount of 

molinate used for the whole California in 2009 was reported as 5233 pounds 

(PAN Pesticide Database, Pesticide Action Network, North America, 2012).  

Figure 5 RQ values of molinate in 17 counties 

3.4.3 Thiobencarb 

Figure 6 RQ values of thiobencarb in 17 counties 

Compared with Figure 5, Figure 6 shows that thiobencarb has a lower average 

risk to freshwater system. However, there are still four counties showing "minor" 

risk. These are Yolo, Sutter and Merced, and their RQ values are 1.33, 1.24 and 

1.76 respectively. In addition, Colusa’s RQ value reaches 5.12 and it means that 
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there is a moderate risk. The rice field use of thiobencarb at Yolo, Sutter and 

Colusa rank among the top three counties in 2009 (PAN Pesticide Database, 

Pesticide Action Network, North America, 2011). Besides the three thiobencarb 

intense using counties, high RQ value in Merced may be caused by long-term 

accumulation.  

Compared with previous literatures’ conclusions introduced in 1.3.3, 

glyphosate is demonstrated to show a slight toxicity to fish according to Figure 4. 

Molinate has a serious and long-term effect to fish, and it also meet with 

Peña-Llopis et al.(2001). Although thiobencarb is stable in aquatic environment 

and bioaccumulate in fish in vivo, it shows low toxicity except in Colusa. 

4. Conclusion  

Glyphosate, molinate and thiobencarb are commonly used herbicides in rice 

fields. After assessing the risk of three herbicides by using risk quotient value, 

the risks were classified into 5 risk levels. The risk of molinate in Colusa reached 

21.00 indicating a severe risk that need to be reduced as soon as possible, and 

California also has introduced some regulations to limit the usage of molinate. 

After converting the environmental concentration unit from µg/L into µmol/L 

dividing their molecular weight (Mglyphosate=169.1, Mmolinate=187.3, 

Mthiobencarb=257.8), glyphosate has the highest concentration of 0.231µmol/L 

while molinate and thiobencarb are 0.235 and 0.066 respectively. In light of the 

risk characterization, thiobencarb is a kind of herbicide with high risk at low 

concentration when used in rice fields. Among these three herbicides, molinate 

has highest risk to fish and aqueous environment.  

Several methods are suggested to reduce the risk of herbicide in freshwater 

system. First of all, the way to do this is to control high risk herbicide usage. In 

recent years, the usage of pesticides in each country has become more restrictive. 

In EU, there are now more than 400 kinds of pesticides and more than 100 

herbicides that have been banned or can be used only under certain 

circumstances. Although the American government still allow some high risk 
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herbicide use, US-EPA has an ‘EPA’s Pesticide Program’ to review and evaluate 

all pesticides every year. (US-EPA, 2012) 

Second, it is important to control active herbicide dosage. Extensive and 

unnecessary use of herbicides to increase the agriculture yield may be the biggest 

reason causing the fresh water herbicide risk. Neuman et al. (2010) reported that 

since the first glyphosate-resistant weed to pose a serious threat to agriculture was 

spotted in a Delaware soybean field in 2000, more than ten resistant species of 

weed in at least 22 states infesting millions of acres field. Only by reducing the 

dosage of an herbicide it can be possible to solve this problem completely. In 

addition to some old methods like dilution spraying technology, there are several 

new methods such as circulation spraying technology, electrostatic spraying 

technology and computerized numerical control (CNC) technology (Sun et al., 

2009) and they may all be used. The computer control system for example 

identifies the shape of fruit trees through the ultrasonic sensors, and adjusts an 

appropriate spray dosage. In China, Qi et al. (2008) design an auto pesticide 

spraying target conveyer device based on programmable logic controller (PLC).  

Third, it is important to disseminate technological knowledge of herbicide use. 

Local farmers should be informed about how to spray herbicide to weed in a 

proper way at a proper time.  

At last, it should be possible to treat the run off from the rice field before it 

enters the aquatic ecosystem. These waters near the spraying zone may have high 

concentrations of herbicides.  
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Appendix A – Acute toxicity test parameters list of glyphosate in previous researches from 1992 to 2011 
 

 

Scientific 

Name 

Common 

Name 
Age Weight(g) Length(cm) Days 

Exposure 

Type 

LC50 

mg/L 

Min 

mg/L 

Max 

mg/L 
Reference 

Cyprinus  
carpio  L. 

Common 

Carp 
- 4.0-5.5 3.6-4.2 2 Static 645 632 655 

Neškovic et al., 

1996 

Cyprinus  

carpio  L. 

Common 

Carp 
- 4.0-5.5 3.6-4.2 4 Static 620 607 638 

Neškovic et al., 

1996 

Ictalurus 

punctatus 

Channel 

Catfish 
- 0.6 - 4 - 13 11 16 OPP, 2000 

Ictalurus 
punctatus 

Channel 

Catfish 
- 3 - 4 - 16 9.4 26 OPP, 2000 

Lepomis 
macrochirus 

Bluegill - 0.25 - 4 Static 5.8 4.4 8.3 OPP, 2000 

Oncorhynchus 

mykiss 

Rainbow 

Trout 
- - 9.5 ±0.1 4 Static 10.4 9.4 11.7 

Morgan and 

Kiceniuk, 1992 

Oreochromis 

Sp. 

Tilapia 

Merah 
- - -  - 3.5 - - Relyea, 2005 

Prochilodus 
lineatus 

- - 16.32 ±8.35 - 4 Static 13.7 - - 
Langiano and 

Martinez, 2008 

Rhamdia 

quelen 

Silver 

Catfish 

120-da

y 
15.7 ±3.3 - 4 Static 7.3 - - 

Cericato et at., 

2008 
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Appendix B – Acute toxicity test parameters list of molinate in previous researches from 1992 to 2011 
 

Scientific 

Name 

Common 

Name 
Age Weight(g) Length(cm) Days 

Exposure 

Type 

LC50 

mg/L 

Min 

mg/L 

Max 

mg/L 
Reference 

Ameiurus 
nebulosus 

Brown 

Bullhead 
- - 12 4 Flow 34 20 58 OPP, 2000 

Anguilla 

anguilla 

Common 

Eel 
- 22-46 24-30 4 Static 33.5 - - 

Peña-Llopis et 

al., 2001 

Carassius 

auratus 
Goldfish larval - - 4 Static 30.3 19 192 OPP,  2000 

Cyprinus 
carpio L. 

Common 

Carp 
embryo - - 4 - 0.21 - - 

Sancho et al., 

2000 

Lepomis 
macrochirus 

Bluegill - 0.5 - 4 Static 14 11 18 OPP, 2000 

Lepomis 

macrochirus 
Bluegill - 1.5 - 4 Static 19.7 18.2 20.9 OPP, 2000 

Lepomis 

macrochirus 
Bluegill - 0.91 - 4 Flow 23.1 18 32 OPP, 2000 

Lepomis 
macrochirus 

Bluegill - 0.4 - 4 Static 24 18 30 OPP, 2000 

Lepomis 
macrochirus 

Bluegill larval - - 4 Static 29 20 40 OPP, 2000 

Melanotenia 

fluviatilis 

Rainbow 

Fish 
5 week  1.5-2 4 Static 14.8 13.8 15.9 

Phuy et al., 

2006 

Morone 

saxatilis 

Striped 

Bass 
- - -  - 12.1 - - 

Sancho et al., 

2000 



 

III 

Scientific 

Name 

Common 

Name 
Age Weight(g) Length(cm) Days 

Exposure 

Type 

LC50 

mg/L 

Min 

mg/L 

Max 

mg/L 
Reference 

Morone 
saxatilis 

Striped 

Bass 
- - 12 4 Flow 8.1 6.3 9.8 OPP, 2000 

Morone 

saxatilis 

Striped 

Bass 
- - 16.2 4 Flow 12 8.4 15.6 OPP, 2000 

Oncorhynchus 

mykiss 

Rainbow 

Trout 
larval - - 4 Static 0.99 0.6 1.9 OPP, 2000 

Oncorhynchus 

mykiss 

Rainbow 

Trout 
- 1.5 - 4 Static 7.62 6.4 9.5 OPP, 2000 

Oncorhynchus 
mykiss 

Rainbow 

Trout 
- 0.8 - 4 Static 8.3 5.6 18 OPP, 2000 

Oncorhynchus 

mykiss 

Rainbow 

Trout 
- - 2.8 4 Flow 14 6 23 OPP, 2000 

Oncorhynchus 

mykiss 

Rainbow 

Trout 
- 0.9 - 4 Static 19.5 9.8 31 OPP, 2000 

Oncorhynchus 

mykiss 

Rainbow 

Trout 
- 2.74 - 4 Flow 20 17 27 OPP, 2000 

Oncorhynchus 
tshawytscha 

Chinook 

Salmon 
- - 3.8 4 Flow 13 11 15.2 OPP, 2000 

Oryzias latipes 
Medaka, 

High-Eyes 
embryo - - 4 - 26.5 - - 

Wolfe et al., 

1995 

Oryzias latipes 
Medaka, 

High-Eyes 
2 day - - 5 - 124 - - 

Wolfe et al., 

1995 

Pimephales 

promelas 

Fathead 

Minnow 
- 0.8 - 4 Static 27 21 32 OPP, 2000 
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Appendix C – Acute toxicity test parameters list of thiobencarb in previous researches from 1992 to 2011 
 

Scientific 

Name 

Common 

Name 
Age Weight(g) Length(cm) Days 

Exposure 

Type 

LC50 

mg/L 

Min 

mg/L 

Max 

mg/L 
Reference 

Anguilla 
anguilla 

Common  

Eel 
- - - 4 Static 13.2 - - 

Fernandez-vega 

et al., 2002 

Anguilla 

japonica 
Japanese Eel - - 12-15 2 Static 0.89 - - 

Wang et al., 

1992 

Ctenopharyn

godon idella 
Grass Carp  - - 3.5-4 2 Static 1.51 - - 

Wang et al., 

1992 

Cyprinus 
carpio 

Common 

Carp 
- - 3.5-4 2 Static 1.93 - - 

Wang et al., 

1992 

Gambusia 
affinis 

Western 

Mosquitofish 
- - - 4 Static 2.6 - - 

Persichino et 

al., 1998 

Gambusia 

affinis 

Western 

Mosquitofish 
- - 3.2 4 Static  1.2 1.8 

Persichino et 

al., 1998 

Hypophthal

michthys 
nobilis 

Common 

Carp 
- - 5-6.5 2 Static 2.45 - - 

Wang et al., 

1992 

Ictalurus 

punctatus 

Channel 

Catfish 
- - - 4 Flow 2.28 - - OPP, 2000 

Ictalurus 
punctatus 

Channel 

Catfish 
- 1.2 - 4 Static 2.29 - - OPP, 2000 

Lepomis 

macrochirus 
Bluegill - 0.16 - 4 Static 0.56 0.33 1.2 OPP, 2000 

Lepomis 

macrochirus 
Bluegill - 0.6 - 4 Static 1.66 - - OPP, 2000 



 

V 

Scientific 

Name 

Common 

Name 
Age Weight(g) Length(cm) Days 

Exposure 

Type 

LC50 

mg/L 

Min 

mg/L 

Max 

mg/L 
Reference 

Lepomis  
macrochirus 

Bluegill - 0.5-1.5 - 4 - 1.7 - - 
Persichino et 

al., 1998 

Lepomis 

macrochirus 
Bluegill - 0.6 - 4 Static 2..48 - - OPP, 2000 

Misgurnus 
anguillicaud

atus 

Oriental 

Weatherfish 
- - - 2 Static 2.54 - - 

Wang et al., 

1992 

Oryzias 

latipes 

Medaka, 

High-Eyes 
- - - 4 Static 2 - - 

Villalobos et 

al., 2000 

Oryzias 
latipes 

Medaka, 

High-Eyes 
embryo - - 4 - 2.91 - - 

Wolfe et al., 

1995 

Oryzias 
latipes 

Medaka, 

High-Eyes 
larval - - 4 Static 3.9 - - 

Villalobos et 

al., 2000 

Oryzias 

latipes 

Medaka, 

High-Eyes 
- 0.23-0.33 2.3-2.6 2 Static 4.1 - - 

Tsuda et al., 

1997 

Oryzias 

latipes 

Medaka, 

High-Eyes 
- 0.23-0.33 2.3-2.6 1 Static 10 - - 

Tsuda et al., 

1997 

Oryzias 
latipes 

Medaka, 

High-Eyes 
2 day - - 6 - 19 - - 

Wolfe et al., 

1995 

Oreochromis 

mossambicus 

Mozambique 

Tilapia 
- - 3.5-4 2 Static 1.99 - - 

Wang et al., 

1992 

Oncorhynch

us mykiss 

Rainbow 

Trout 
- 0.6 - 4 Static 1.05 - - OPP, 2000 

Oncorhynch

us mykiss 

Rainbow 

Trout 
- 1.1 - 4 Static 1.5 1.2 1.9 OPP, 2000 

 


